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ABSTRACT
Biomass from California’s forests, cities and towns, and agriculture is abundant, diverse
and technically available. There are many current and newly emerging technologies for
converting biomass to energy. Yet biomass use for energy has remained static or
declined in recent years despite the state’s policy commitment to significant levels of
greenhouse gas reduction, which prudent biomass use supports. Biomass energy is
generally more expensive than fossil alternatives, so bioenergy must be justified by the
logic of greenhouse gas (GHG) reductions resulting from biomass substitution for fossil
energy sources, to minimize adverse effects from climate change. But additional
correlated benefits associated with improved landscape management also should be
identified and accounted to better value the benefits of biomass use. Forest and
agricultural biomass is the product of landscapes and ecosystems. Use of biomass has
unavoidable, frequently complex effects on these landscapes, some beneficial, some
potentially harmful. The key to the fullest use of suitable biomass in California is
linking uses for energy to other important ecosystem functions and public goods
associated with landscape maintenance, often called sustainability. The use of forest
biomass for energy is associated with the preservation of desirable, functioning forest
ecosystems (forest health), reduction in wildfires, the well‐being of rural communities,
and additional benefits in addition to displacement of fossil energy and GHG reduction.
For agricultural biomass, use of crop residues like rice straw or manures (especially
dairy manures), can be linked to GHG and pollution reduction (methane, nitrate) while
creating alternative forms of renewable energy and valuable byproducts. For urban
organic residues, more alternative energy production is possible than currently
achieved, with valuable reductions in associated GHG emissions, but state waste
management policy is not well aligned with the state’s GHG reduction and alternative
energy policies. Research should identify biomass energy projects with multiple
benefits and quantify benefits where possible. Research should also identify the
complete costs and benefits of bioenergy projects including those that allow for
ecosystem maintenance, and address technical issues and obstacles associated with
particular, desirable bioenergy production pathways. The issue of carbon accounting is
particularly challenging for forest and agricultural biomass, due to underlying scientific
uncertainty and interest group advocacy for conflicting positions about the benefits of
biomass use. Without agreement about benefits and methods of accounting, uncertainty
and associated policy instability will continue to inhibit further biomass energy
development in the state. Stable agreement at the policy level is necessary to allow
investment in beneficial projects.
Keywords: biomass, bioenergy, power, wooody biomass, urban biomass, agricultural biomass,
technology, policy
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EXECUTIVE SUMMARY
Biomass has always been humankind’s principal source of energy. During the industrial era it
has been supplanted by cheaper, more energy dense and convenient fossil sources. Fossil
energy remains abundant, and is even declining in price in unexpected ways. As a consequence,
incentives to use biomass for energy rely increasingly on the justification and logic of
greenhouse gas (GHG) reductions due to substitution for fossil energy sources to minimize
predicted adverse effects from climate change, plus any additional correlated benefits
associated with landscape management and environmental remediation. But as many analyses
show, including those reported here, economic returns from biomass energy systems commonly
are insufficient to support more than modest levels of biomass use in California, compared to
abundant, technically available supplies from farms, forests and urban sources. For example,
the absolute amount and percentage of renewable electricity produced in California has
declined since 2000, despite the presence of abundant biomass in California, technological
advances in conversion systems, recent governors’ intentions and state policies that biomass be
used for alternative energy and fuel production within California.
Biomass resources are the products of landscapes and ecosystems, most but not all managed.
The use of biomass has unavoidable, frequently complex effects on these landscapes, but not all
effects are harmful. The key to the fullest use of suitable biomass in California is linking uses to
other important ecosystem functions. For forest biomass, maintaining functioning ecosystems
(forest health), reduction in wildfires, and the well‐being of rural communities are additional
benefits added to substitution for fossil energy and GHG reduction. For agricultural biomass,
use of crop residues like rice straw or manures (especially dairy manures) can be linked to GHG
and pollution reduction while creating alternative forms of renewable energy. For urban
organic residues, more alternative energy production is possible than currently achieved, with
valuable corresponding reductions in associated GHG emissions, but state waste management
policy is not well aligned with the state’s GHG reduction and alternative energy policies.
Even if the value of energy produced is more expensive than from fossil sources, ecosystem
remediation and preservation may justify the use of biomass resources for energy. Conservation
goals and ecosystem services are often unaccounted goods with real costs. The creation of jobs
and new industries also is possible and desirable. Linking bioenergy production to the range of
important public goods associated with biomass energy is essential for its further development
in California. Research should emphasize quantifying those links, identifying the costs

of bioenergy production that supports improved ecosystem maintenance, and solving
any technical issues correlated with particular bioenergy production pathways
considered desirable. Multple benefits may justify biomass energy projects even when
GHG reductions are modest.
Policy recommendations
Diverse forms of biomass are abundant in California. Many new and some existing technologies
are already deployed in the state and the opportunity for technological innovation and new
2

business development is large. Yet biomass energy is declining as portion of renewable energy.
Public policies play a key role in this discrepancy.
Urban sources: Energy recovery should be added as an objective to the state’s waste
management hierarchy. The state should re‐evaluate how waste is managed in light of its new
and challenging GHG reduction objectives and the need for green jobs in California. Currently,
California, unlike US EPA and the EU, considers energy recovery from post‐MRF residuals to
be equivalent to landfilling. A closer alignment of waste management policy to the AB32
climate change legislation could become a pathway to reduced landfill disposal. Appropriate
policy instruments should be developed based on a neutral evaluation of current practices that
reflects current science and incorporates life‐cycle modeling to compare waste management
options (recycling, energy, landfill, etc.). This analysis should evaluate actual impacts and
emissions from recycling commodities from California that enter the global market, compared
to in‐state energy recovery alternatives. This analysis may result in removal of a bias against
gasification systems in current state policy.
Forest sources: Better accounting of GHG and ecosystem benefits, to define and properly price
carbon savings from fuel treatment programs linked to bioenergy and forest health, is needed.
There must be agreement and stability for methods for carbon accounting. Agreement is also
needed on sustainability standards and processes. Local, community‐based biomass projects,
with technical support from appropriate state and federal agencies and the university system,
(especially cooperative extension), should be able to create agreement on desirable ecosystem
characteristics and socially acceptable forest health outcomes. The state should support these
community‐based planning activities by certifying that locally derived plans are congruent with
statewide management objectives and help defend prudent outcomes legally.
An aging set of biomass to energy facilities is still generating power from forest biomass. Many
will require investment to modernize and meet increasingly strict air emissions targets. Many of
these facilities would be difficult to replace and modernization remains an important option in
helping to meet the state’s future GHG reduction targets. Adequate power prices, carbon credits
that include the value of ecosystem maintenance, or other GHG reduction incentives all would
help these facilities to remain competitive and sustain the existing infrastructure of biomass to
power plants, especially those serving rural forested areas.
Agricultural sources: Agricultural residues like rice straw and manures could be used to create
power, especially using anaerobic digestion (AD) technology. In each case, fugitive methane
emissions affecting the atmosphere associated with these sources could be diverted more
efficiently to energy production. With respect to dairy manures, biopower production could
help with nutrient management in regions with large concentrations of livestock if it supports
the creation of high analysis commercial fertilizers from AD system effluents that could be used
elsewhere on other farms. These fertilizers could substitute for conventional ones or enter the
organic farming market. Fertilizer production may be uneconomic or only marginally
profitable. In both instances, a carbon credit system may help support these energy enterprises
and GHG reduction programs.
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General: The California Biomass Collaborative created a Biomass Roadmap for the state in 2006
(Jenkins et al., 2006). It was a comprehensive assessment of resources, market access, research
and development, educational programs and policy recommendations, including for regulation
and statute. Its creation was the outcome of a broadly consensual process relying on
participants from all relevant sectors and groups, including the NGO community. Many of the
original Biomass Roadmap suggestions remain valid and some in particular are echoed here in
this report. Some have been implemented in policy.
The two Biomass Action Plans created by the state’s Bioenergy Interagency Work Group have
drawn on the Roadmap and other sources and include further input from state agencies and
interest groups and identify a large number of action items briefly summarized here. These
plans are being implemented.
The state should focus on in‐state alternative energy production so far as possible for both
landscape beenfits and local job creation. It should eliminate any policy biases against the
development of prudent biomass projects. Identifying ways to simplify project approval and
permitting processes is essential to in‐state project development. This can only occur at the state
level based on a prioritization of commitments to a green transformation. Ways to align state
agency actions, especially with respect to sustainability goals and laws like CEQA, project
approval, and permitting are needed. Remaining committed to existing GHG reduction policies,
or modifying them in ways which are transparent, predictable and supportive of
entrepreneurial investment is required if projects are to be developed in the state.
Interconnection issues with IOUs and POUs can be costly and difficult for smaller distributed
generation projects. These issues deserve special attention and support from the CA PUC and
other relevant agencies. Interconnection does not inhibit European policy and projects,
suggesting that complicated regional and national power systems can accommodate distributed
sources if policies are supportive. For example, some EU or national policies adjust the

tariff rate price for power based on estimates of the cost of use for specific biomass
feedstocks to enable their use (Table 3.1).
Research Recommendations:
Urban sources: A comprehensive, unbiased review of the state’s waste management system
should be carried out from the perspective of alternative energy production, GHG reduction
and other environmental effects, and on in‐state employment.
Forest sources: Certainty is needed about methods of carbon accounting. Especially with respect
to GHG effects and the appropriate timeline or discount rate for measuring climate benefits.
Analysis as required should be supported. A systematic weighting of promising and needed
forest biomass projects should be carried out to identify the most promising locations and
sources of sustainable biomass from forests. This should be correlated and ranked according to
other recognized criteria like risk to ecological values, property and public health, and
supported by the state. Revenues from the state’s Cap and Trade program might be used
productively to help improve forest health by supporting fuel load reduction and feedstock
concentration costs.
4

Agricultural sources: Agricultural biomass‐based energy projects should be linked to the
remediation of environmental management problems in agriculture where feasible. The two
largest sources of relatively consistent agricultural biomass that currently are underutilized are
livestock manures and rice straw and hulls. Large amounts of nut residues, especially almond
and walnut shells, are produced annually but currently have alternative uses. Both rice and
manure residues are associated with harmful emissions of GHG and/or nutrients. Both sources
can be managed to reduce emissions and generate power. Previous efforts to use rice straw and
hulls via direct combustion and by using newer gasification techniques have not proved
successful. AD systems for parts of the rice straw supply, especially involving co‐digestion with
food processing residues and purpose grown silage crops to enhance gas yields from straw‐
based systems could prove successful and lead to reductions in methane emissions and an
increase in bioenergy from biogas produced. A systematic analysis of pathways towards this
objective should be developed and explored with rice industry representatives and a roadmap
created if analysis suggests AD systems could be feasible.
A key to improved biogas production from dairy digesters is co‐digestion with more
fermentable feedstocks. Glycerin from biodiesel production, crop residues or biomass from
crops produced for that purpose, food processing residues, and many other materials may be
co‐digested. But adding additional nutrients (and salts) to dairy farming systems is problematic
since many already have a problem with excessive nutrient availability (Harter and Lund,
2012). To allow for digestion, a means of upgrading the nutrient‐rich effluents from AD systems
on dairy farms might be developed, that allows for their use on organic or other farms
elsewhere in the state, where they might substitute for traditional fertilizers. There is also an
expanding market for high analysis organic fertilizers that can be produced from AD effluents.
These markets will also reduce local threats to groundwater on dairies from excessive or long‐
term manure additions.
General: Many of the original CBC Biomass Roadmap research and development suggestions
remain valid.
Forest and agricultural biomass projects will reflect the character of the landscape in which they
are located and be based on the biomass materials most optimally produced in those locations.
For local or community based project development, and for small, startup businesses, technical
support in the form of usable models and supporting analysis would help inspire new biomass
use. The state should support the creation of user friendly tools to aid project analysis and
planning, and support institutions like the university’s cooperative extension system and non‐
profit groups dedicated to sound public process, and disinterested analysis.
Carbon accounting remains challenging. Indirect Land Use Change ILUC) is perceived to be a
special concern associated with biofuels but all landscape based practices and biomass use
affect land use and correlated carbon cycles through market mechanisms. For example,
restrictions on irrigation water supplies have much more profound consequences on land use
and crop substitution than potential crop shifting on existing agricultural land for modest scale
production of bioenergy feedstock crops, leading to land use change elsewhere. Market
influenced land change and associated carbon losses are only assessed for biofuel production,
5

however. This leads to unintentional but unavoidable distortions in policy‐based incentives and
less than optimal outcomes. There is significant scientific uncertainty associated with

assumptions and methods used for carbon accounting. Uncertainty inhibits project
development, even when associated ecosystem and economic benefits may be
obviousCommon methods and pathways for GHG assessment are needed for all activities
affecting landscapes and research in this area should be supported. These should identify
unique characteristics for California biomass where they occur. For example, forests are more
prone to fire in California than in temperate regions and California’s agriculture differs from
agriculture in most other parts of the world.

6
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CHAPTER 1:
Biomass Resources in California
Biomass is a chemically rich set of feedstocks suitable for multiple processes and markets
including power, heat, fuels, chemicals, and other products (Jenkins et al. 2006; Parker et al.,
2010). Biomass resources have the potential to support local and statewide economic
development and diversify domestic energy sources, with less reliance upon imported and
domestic fossil fuels (Jenkins et al., 2006). California generates large amounts of diverse biomass
resources (Figure 1.1), distributed throughout the state (Figure 1.2). The use of biomass
materials for energy, including currently uneconomic residues, when prudently done, will
enhance the economic value of biomass and contribute to the state’s greenhouse gas reduction
goals. Much biomass remains unused, however, (Figure 1.1) due to a variety of reasons
including declining prices for domestic natural gas, existing regulations, legal and regulatory
uncertainty, changing technology, limited access to biomass, especially forest biomass, and
limits on access to capital for investment (Morris, 2009).

Figure 1.1. California’s potential biomass feedstock resources. Technical biomass resource are
estimates of those that can be sustainably recovered with minimal impacts to erosion, riparian
zones, soil organic matter, and other agronomic factors. No economic filter is applied to the
technical resource. Williams et al., 2008, and http://biomass.ucdavis.edu/tools/california-biomassfacilities-reporting-system.)
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Figure 1.2. Distribution of biomass by type in California. (From Tittman et al., 2008.)

Biomass was always the source of energy for human society and remains so in much of the
underdeveloped world. With the advent of the use of fossil fuels, its importance for energy has
diminished, but is expected to grow again1. Over the last century, practices to handle and
manage undervalued, mostly residual biomass have concentrated on using biomass in power
generating facilities, incineration of municipal solid waste, in‐field burning (both agricultural
and forestry residues) and landfilling. More recently, large scale use of crops for conversion to
transportation fuel, like ethanol and biodiesel, has developed at a significant level.
New federal and state energy policies support converting biomass to energy and bio‐products
as part of a broader set of goals to reduce greenhouse gas emissions and improve energy
security. If effective, these policies will result in increased local use and transformation of
biomass resources to energy. In California, Executive Order S‐06‐06 (2006) encouraged the
production and use of energy from the abundant biomass resources found within the state. This
order placed emphasis on utilizing all available biomass resources to produce transportation
fuels and electricity and create employment in green busineeses2. Special emphasis was placed
1

http://www.worldenergyoutlook.org/media/weowebsite/2013/LondonNovember12.pdf
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Governor Schwarzenegger sanctioned a California Bioenergy Action Plan (BAP) in April 2006 .
Direction was given to the California Energy Commission to continue leadership of the Bioenergy
Interagency Work Group (BIWG) in Executive Order S‐06‐06. The Governor directed the Air Resources
Board, Energy Commission, California Environmental Protection Agency, California Public Utilities

9

on the management and utilization of forest biomass to help reduce the risk of catastrophic
wildfire, and agricultural biomass to reduce air pollution from open burning and overall
reduction in greenhouse gas emissions from all biomass sources. Senate Bill 1X23, signed by
Governor Brown in April of 2011, makes the use of biomass for renewable energy a crucial
pathway to meeting the state’s goals of increased renewable energy.
Although a major focus of recent efforts is on energy production, utilization of biomass
(especially residuals from cities and forests, but also purpose grown crops and agricultural
residues) provides a variety of real or potential social and environmental benefits including:
• Reducing the severity and risk of wildfire,
• Improving forest health and providing watershed protection,
• Improving air and water quality,
• Restoring degraded soils and lands,
• Reducing greenhouse gas emissions,
• Improving management of residues and wastes,
• Reducing dependency on fossil energy sources,
• Improving electric power quality and supporting the power grid,
• Creating new economic opportunities for forestry, agriculture and other industries, especially
in rural and under‐privileged communities
• Creating jobs and economic revitalization of rural agricultural and forest communities.
This list of benefits is based on recognition of the multiple consequences of biomass
management and the goal of using biomass management to protect and enhance landscapes.

Biomass use for power and heat
In 2008, California consumed approximately 8, 350 trillion BTUs of energy. Approximately 10%
was derived from renewable sources, with biomass providing 2.8 % of total energy use in the
state (EIA, 2011). California has extensive areas of forest that can produce residues and post‐
harvest materials for power and fuel. It has a large and diverse agricultural economy which
produces potentially usable crop and tree residues. Under supportive circumstances, crops may
be grown as power or biofuel or energy feedstocks. Its large urban population also produces
residual biomass wastes as MSW (municipal solid wastes or urban derived materials) and
urban wastewater, adding additional sources of potential biomass feedstocks.

Commission, Department of Food and Agriculture, Department of Forestry and Fire Protection,
Department of General Services, Integrated Waste Management Board, and the State Water Resources
Control Board to continue to participate in the BIWG, chaired by the Energy Commission. The Bioenergy
Action Plan (BAP) committed the members of the BIWG to meeting the Plan’s goals. The Plan provides
the specific actions and timelines that the agencies have agreed to take to implement the Executive Order.
3

http://www.leginfo.ca.gov/pub/11‐12/bill/sen/sb_0001‐
0050/sbx1_2_cfa_20110214_141136_sen_comm.html
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Biomass power systems can operate as base‐load generators without the intermittency inherent
in wind and solar power systems and some systems can scale their production during the day
to meet periods of peak demand. Both capacities provide firm supply of electricity during peak
demand periods, allowing greater opportunities for natural gas generators to reduce fossil fuel
consumption. Integrated biorefineries that may be created for biofuel production will also
generate power under many possible scenarios, so it is difficult to estimate separately the
potential for fuel and power for the new projects proposed for California or for those
developing outside of California currently. This report focuses on the use of biomass for power.
Biofuel use will be discussed in TASK 4, in preparation.
The renewable and technical potential of biomass in California is summarized briefly here.
More detailed assessments have been created for the California Energy Commission in a series
of reports since the CBC was established, including the Biomass Whitepaper (Jenkins, et. al.,
2005) the California Biomass Roadmap (Jenkins, et. al., 2006), and the 2007 California Biomass
Resources Assessment (Williams, et. al., 2008). A revision of these estimates is part of TASK 3 in
the current CREC contract and is in progress. Estimates of biomass supplies and the availability
of that biomass are always subject to change. Bioenergy accounts for 3.0% of in‐state power
generation (GWh basis)4. There is approximately 1 GW of operating bioenergy capacity
currently in California including about 650 MW produced from 29 to 35 solid fuel combustion
facilities5 (5 MW‐50 MW in size), 280 MW from 70 landfill gas facilities, 60 MW from waste
water treatment facilities and a few megawatts from dairies and food processors. The solid fuel
biomass plants use about 5 million bone‐dry tons (BDT) of woody biomass per year producing
approximately 600‐650 MW of power. The number operating at any time changes due to each
facility’s circumstances. These facilities were constructed during a period from the late 1970’s to
early 1990s, to promote domestic renewable energy production6. They convert biomass from
forests, agricultural residues and urban wood wastes to electricity. If not used for bioenergy,
these materials would decompose in place without additional benefit to society, be burned in
forests or fields, generating smoke and other pollutants, or be placed in landfills.
All biomass eventually decomposes and returns to the atmosphere where it resides ultimately
as carbon dioxide (CO2). The assumption is that new biomass growth removes CO2 from the
atmosphere, making biomass carbon neutral7. Every ton of woody biomass converted to power
offsets 0.4 t of CO2 from California’s average grid electricity fossil energy use (Jenkins, 2005).
This is equivalent to 600,000 t/y CO2 of avoided fossil emissions. Other biomass to power
4

California Total Electricity System Power (2009). Accessed June, 2011;
http://www.energyalmanac.ca.gov/electricity/total_system_power.html
5

The most up to date list of the status of California’s biomass power facilities is available at:
http://ucanr.org/sites/WoodyBiomass/Woody_Biomass_Utilization_2/California_Biomass_Power_Plants/,
maintained by Peter Tittman at UC Berkeley.
6

http://128.120.151.3/biomass/files/2013/10/10‐11‐2013‐CEC‐500‐2012‐060.pdf

7

This issue is disputed. For example, US EPA is not in agreement with the UN’s IPCC and US DOE on
this determination. They have delayed their determination on this conflict in US policy for three years.
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facilities include power produced from generators using biogas produced at landfills, waste
water treatment plants, dairy farms, and diverse food processing facilities. Urban woody
biomass is largely derived from construction, demolition and remodeling projects, hazard tree
reduction and some woody yard wastes in urban areas.
Bioenergy is also produced from biogas (methane) captured from the anaerobic digestion of
manure, from food processing industry wastes, and biosolids at some wastewater treatment
plants, and from anaerobic decomposition of fermentable materials in landfills. Biogas is used
to power electric generators and/ or for direct heat. If conditioned to high purity, it can be used
in fuel cells. Only 1% of the manure on dairy farms is currently captured for this purpose, and
the use of food processing wastes also represent similarly small proportions of potential
resources (Amon et al., 2010). Some newer projects seek to ferment the organic fraction of urban
MSW. The use of biogas for power substitutes for natural gas, coal, or other sources of
electricity. Capturing fugitive methane from manure, landfills, and possibly rice fields reduces
greenhouse gas emissions from the state. Methane has 25‐33 times the atmospheric warming
potential as carbon dioxide.
To meet the state’s new 33% RPS standard for renewable electricity, meet CO2 reduction goals,
and create economic value within the state, more complete use of the state’s biomass resources
is needed. A technically achievable amount of biomass resource if used for power generation
would generate approximately 4,700 MWe. This capacity could generate about 35,000 GWh of
electrical energy or approximately 10 % of projected electricity needs in CA. If fully used, this
would displace approximately 12.9 MMt /y of CO2 emissions from fossil energy sources
(Jenkins, 2005).
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Table 1.1. Summary of operating bioenergy facilities in California8.

Solid
Fuel

Gross (MW) Net (MW) No. Operational
Woody & Ag. Biomass
724.9
574.6
27
MSW
70
63
3
Total Solid Fuel

Landfill Gas

794.9

637.6

Power
(MW)
Facilities
371.3
79

Direct‐use gas
(MM scfd)
Facilities
24.66
11

Waste Water Treatment Plants

Power
(MW)
Facilities
87.8
56

Farm AD Projects

Power
(MW)
Facilities
3.8
11

FoodProcess/Urban AD Projects

Power
(MW)
Facilities
0.7
2

Biofuels

EtOH
Biodiesel
Totals

30

(MGY)
179
62.1
241.1

(gpd)
18,000

LNG
Facilities
2

Direct‐use gas
MMscfd
Facilities
26.8
3

Direct‐use gas
MMBtu
Facilities
3,724,215
7
Facilities
4
13
17

Resources by Biomass Type
Woody Biomass from Forests
Summary: Substantial amounts of woody biomass could be available in California for energy. Various
estimates of technically recoverable biomass exist, depending on many factors. The current CBC estimate
is 14 bBDT of technically available biomass. Of this Cal Fire estimates approximately 4.8 b BDT of forest
biomass is present in areas near urban developments (WUI). A strong scientific consensus exits that fuel
load reduction through mechanical treatment and managed controlled fire is needed in the sierra and
Southern Cascades Forest Regions, and the Upper Modoc Plateau. This literature is summarized here.
Biomass energy recovery form woody biomass associated with fuel load reduction can help create and
preserve sustainable forest ecosystems in California and reduce losses of valuable forested ecosystems,
8

CBC Bioenergy Facilities Database : http://biomass.ucdavis.edu/files/2013/09/11‐13‐2013‐Copy‐of‐cbc‐
facilities‐database_1May_2013_update.xlsx
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rural property and livelihoods, and adverse effects on public health. Treatment costs can be high on a per
acre basis, and are uneconomic if separated from commercial timber harvest.
Mill wastes from commercial logging and lumber manufacture have been used for several
decades to make power and provide heat for drying lumber and other purposes at mills and in
surrounding communities. This use is energy production from residual or waste resources.
Direct harvest of woody biomass for energy production occurs for two reasons. One is a market
for wood chips or pellets for heat and power production, the second for fuel load reduction to
preserve forest health and reduce the risk of wild fire. Residues that may be converted to energy
would otherwise be burned in uncontrolled forest fires (Table 1.2), or in residue piles following
commercial wood harvest. Wood residue accumulation in forests eventually decomposes. Un‐
thinned small shrubs and trees exist as undergrowth, increasing wildfire risk. Especially for
forested ecosystems, decomposing residue piles and fuel accumulation in undergrowth may
lead to greater carbon, soot, and criteria pollutant emissions and larger effects on public health
and climate than when used for bioenergy or power.
Table 1.2. Criteria Pollutant Emissions, Combustion of Woody Biomass (lb/ dry ton fuel) from
2000-2005.

HC's

CO

NOx

SOx

PM

California Solid Fuel Biopower
(permitted average)*

1.0

13.0

2.6

0.5

0.7

Wild Fire**

24.2

141

7

2.5

16.9

Estimated Annual Emissions (tons)
HC's
CO
NOx
2,385
32,530
6,534
Biopower (5 MBDT consumed)
108,295 630,975
31,325
Wildfire (500,000 acres consumed)

SOx
1,317
11

PM
1,781
75,628

Sources; * Review of operating facility permits; ** CARB Emission Estimation System for wildfire
(http://www.arb.ca.gov/ei/see/see.htm ) and US EPA AP‐42

Prudent forest biomass use may also affect forest ecosystem structure and function less
adversely than allowing forests to remain unmanaged (Long et al., 2013; USFS, 2010; WFLC,
2010; Morris, 2009). But these assertions are not universally accepted. The carbon neutrality of
wood use for bioenergy has been challenged by opponents of these uses (discussed in Chapter
3). Both uses also evoke debate about the purpose of forest management, the desirable
characteristics of forested landscapes, and the means of achieving and maintaining them.
Whether woody biomass is available for energy production depends on the outcome of these
issues.
In‐forest biomass is only a portion of the total biomass feedstock used for power production. In
2009, about 800,000 BDT of in‐forest material was used as fuel. This is 15% of the total

14

consumed (5,250,000 BDT total)9. Estimates by region in 2009 were: Coast (Humboldt, Trinity,
Del Norte, Mendocino) = 35%; Northern California (Sacramento north) = 50%; Central CA =
20%. These materials consist of unusable residues from lumber and other wood product
manufacture, and residual materials from round log harvest or from fuel load reduction
treatments in forests. Southern California facilities consume primarily urban wood waste10.
Urban wood wastes are more than half of the total consumed by this sector, while agricultural
residues make up about 30 %. Approximately 650 MW of electricity is generated from these
sources (Williams et al, 2008). The current low price received at many of these facilities has
some of them in curtailment (approximately 80 MW). New EPA boiler MACT standards could
lead to permanent closure of a number of facilities (discussed in Chapter 2).
There is substantial additional opportunity to use forest biomass for energy in California
beyond current levels. The CBC estimates a technical, yearly potential harvest of 14.2 M BDT
(bone dry tons) per year, using statewide feedstock supply estimates including residues from
commercial harvests. This would yield approximately 1,900 MW. Current use for power is
approximately 6 % of estimated yearly available amounts. In particular, the need in some
forested areas to reduce fuel loads to prevent catastrophic fire and correlated loss of timber
resources and the ecological values provided by intact forests, as well as impacts on property
and public health, could provide biomass resources for electricity or transportation fuel
production. Recent large fires in the Sierra Nevada and San Gabriel Mountains have produced
large amounts of discomfort and adverse health effects in the Central Valley of California and
the Los Angeles Basin11.

9

Personal communication, F. Tornatore, TSS Consultants, Inc., and CBC board member and other
industry observers.*

10

The most current list of the status of California’s biomass power facilities is available at:
http://ucanr.org/sites/WoodyBiomass/Woody_Biomass_Utilization_2/California_Biomass_Power_Plants/,
This website compiles information from several sources, including the CBC.
11

Examples are recent fires in southern California. “In 2003, 13 large wildfires in Southern California
burned >750,000 acres of forest and brushland, destroyed >4500 structures, displaced ~100,000 people,
and conservatively cost the state and federal governments $1.2 billion in total expenditures. It was the
deadliest and most devastating series of fire events in more than a decade, prompting evacuations and
public advisories about excessive levels of particulate matter (PM), carbon monoxide, volatile organic
compounds, and ozone. … PM10 levels increased by a factor of 3–4 in the Los Angeles air basin, resulting
in a higher incidence of asthma and other respiratory ailments. The October 2007 fires in Southern
California were even more devastating, displacing >500,000 residents, destroying >3200 structures, and
burning >500,000 acres...estimates of atmospheric pollutants … exceed those of the 2003 wildfires. When
wildfires occur in heavily overstocked forests, they often become larger and more severe, moving from
brush and smaller trees (“ladder fuels”) up into the crowns of larger trees. Crown fires are usually more
severe, produce more emissions, and damage forests more than lower intensity fires. The mechanical
removal of small trees and understory biomass reduces the risks of catastrophic wildfires.” Necoderm et
al., 2008.
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Woody Biomass from Fuel Load Reduction in Forests12.

More than one million housing units in California are within wild land‐urban interface or
wild land areas (Cal Fire, 2004). Cal Fire estimates a yearly potential removal of 4.8 MBDT if
only the most available and threatened woody biomass resources were collected for this
purpose (FRAP, 2005). Their estimate emphasizes harvests from areas near urban areas (WUI)
and excludes forests and shrub lands in protected areas, locations with steep slopes or near
streams, and other exclusions associated with good forest management practices. But social
agreement about appropriate levels of woody biomass harvest from forests in California
remains elusive. The State Board of Forestry and Fire Protection (Cal Fire) lists 2.2 million
acres as being at extreme risk of wildfire, and more than 15 million acres at very high risk
Cal Fire, 2004; FRAP 2005). On average since 1950, more than 250,000 acres of forest and
rangeland have been affected by wildfire each year. Since 2000, the average annual area
burned exceeds 500,000 acres in approximately 10,000 wildfires. Average annual wildfire‐
related costs in California for local, state, and federal agencies exceed $900 million per year.
Expanding urban development in wildland‐urban‐interface areas creates increasing risk
from fire. Drought and bark beetle infestations have exacerbated these problems in the
southern regions of the state. The effects of wildfire vary with event and location. For example,
in October 2003, 13 large wildfires burned more than 750K ac of land across southern California,
and increased PM10 levels in the urban Los Angeles area by up to fourfold above pre‐fire levels,
CO, NO and PN by up to two fold (Phuleria, et al., 2005). Reducing fuel loads in forests
reduces these risks, but would produce large amounts of biomass needing disposal or
utilization. When intense wildfires occur, sometimes mature, highly valued forests can be
destroyed, as occurred in the 2013 Rim Fire, and ecosystem structure and function can be
adversely affected for long periods of time, if not permanently (Long et al., 2013).
It is difficult to quantify the ecological values provided by intact forested ecosystems since some
of them reflect preferences. Beyond esthetic or emotional values associate with forests, intact
forests provide wildlife habitat, maintain water quality in the streams and rivers that originate
there, and prevent erosion and siltation of rivers and reservoirs (Long et al., 2013). Morris (2000)
estimated that these benefits plus rural employment equal several times the value of
commercial rate of electricity, but newer efforts are required, especially connected to new
bioenergy projects.
Excess forest biomass that would otherwise be lost to wildfire could be beneficially used for
energy. Reducing excess forest biomass to reduce wildfire losses is referred to as fuel load
reduction. Wildfire risk is estimated to be increasing in many forested areas of California due to
biomass accumulation (Nechodom, et al., 2008) and shifts in climate (projected warming; Bryant
and Westerling, 2009; Westerling, et al., 2009; Long, et al., 2013). The United States Forest
Service (USFS) evaluated the potential to maintain or increase the forest inventory on public
lands. They found that current management of underutilized woody biomass will lead to lower
12

Adapted from Kaffka et al, 2011, Biomass Management Zones and New Pathways to Bioenergy, CEC
contract 500‐2011‐017.
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forest inventories within two decades, due primarily to forest disturbance events such as pests
and wildfire. In looking at several management options, USFS concluded that significant
investment in management actions including pre‐fire forest thinning and post fire reforestation
will be needed to maintain forest resilience, wood inventory and health. In the most recent,
comprehensive forest science assessment, Long et al., (2013) have argued for the use of small
scale fire as a management tool to reduce fuel loads and the incidence of the largest and most
damaging fires. They suggest that mechanical treatments, in combination with fire, are
appropriate within an overall landscape management approach, especially near settled areas
and in areas where the use of fire would be more difficult to control. The studies cited support
the removal of biomass to restore forest conditions so that light to moderate severity fires might
then be utilized to reduce fuel structures that result in large high intensity fires (Long et al.,
2013). California forest ecosystems developed in a manner that co‐existed with frequent light to
moderate severity wildfire. This natural dynamic was and remains critical to the maintenance of
wildlife and associated habitat throughout the Sierra Nevada and Southern Cascade forests13.
A modeling study from Cal Fire supports similar conclusions. (Robards, 2010) estimated current
annual net growth in tons of CO2 for all California forests. He reported that carbon was
accumulating in all California forests, but especially in forests on public lands. Using Cal Fire’s
2008 Forest Inventory Analysis Data and the Forest Vegetation Simulator model, results
predicted an annual net growth of 25 million metric tons per year (MMt/yr) of carbon on public
lands, and 5 MMt/yr of carbon on private lands, equivalent to approximately 30 MMT/yr (lower
right hand cell of Table 1.3). One dry ton of biomass is equal to approximately 1.8 tons of CO2.
A summary of the model estimates for all California forestlands, including public and private
lands, is reported in Table 1.3. Estimates account for losses of carbon stocks from harvest,
mortality, and wildfire. The storage of carbon in long‐term wood products was also considered.
The USFS and Cal Fire reports suggest that some of this increasing woody biomass inventory
can and should be removed to sustain or improve forest ecosystem resilience. The amount of
biomass will vary locally based on current forest stand conditions, including quantities to be
removed to reduce potential losses from pests and wildfire. A number of studies examining the
changes in forest structure after the implementation of strong fire suppression policies have
concluded that the forest stand densities (trees per acre) are increasing. That this increased tree
density adds to the risk of large damaging fires, particularly in consort with a drying climate
suggested by some estimates as an effect of future climate change (Hurteau and North 2009).
Though this condition has increased the total biomass (carbon) on many forest stands, a
disproportional amount of the total biomass is in the lager stems within each stand (Fellows and
Gould, 2008). The smaller stems create fuel conditions that are conducive to large intense
wildfire and thus removal of a portion of this dense understory will result in a forest stand with
greater wildfire resilience.
The extent of the removal required to reduce wildfire and retain a full health forest ecosystem
has been examined by groups such as the Society of American Foresters and processes for
13

A detailed recent review of these issues is provided by Long et al., 2013)
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outlining forest stand treatments have been developed (Morris, Peterson, and Raymond, 2007)
have been developed. Since this analysis, guidelines for fuel hazard reduction treatments have
been developed. An example of such guidelines is the ʺ Comprehensive Fuels Treatment Guide
for Mixed Conifer Forests: California, Central and Southern Rockies, and the Southwestʺ14 ,
(Evans et al., 2011). These guides and studies speak to the initial treatment of the current
wildfire fuel conditions as do the current estimates of biomass available from forest thinnings.
These same studies indicate that retreatments or maintenance of the initial fuel hazard
reduction will be required in the range of 30 years following the initial treatment. The amounts
of biomass available from these areas following treatments are yet to be estimated. Thus
consideration of the commercial use of biomass needs to include the amount of area needing
treatment near a proposed facility, the volume that can be produced from that area annually,
and the time over which those treatments will occur. After the full areas at risk of wildfire have
been treated there will likely be a decrease in biomass available from forest thinnings. This
needs to be considered in estimating feedstock needs for proposed facilities. A new analysis of
sustainable biomass yields from local fuel load reduction programs is underway in cooperation
with Cal Fire and FRAPS staff under Task 4.
Table 1.3. Estimates for carbon stocks for all California forestlands (tonnes) (32.1 million ac)15.

Source
Growth
Model Mortality

Type
C
CO2eq
Storage 16.367,285 60,067,936
Emission ‐5,455,351 ‐20,021,137

Wildfire
Emission ‐1,719,915 ‐6,312,087
Harvest (merchantable)
Emission ‐565,315 ‐2,074,706
Harvest (non‐merchantable) Emission ‐792,776 ‐2,905,819
Wood Products (in‐use)
Pool
389,436 1,429,231
Wood Products (landfill)
Pool
48,796
179,081
Net
8,272,160 30,362,499
Treatment Costs
Economic benefits of fuel load reduction can exceed treatment costs. The best cost estimates for
fuel reduction treatments in the Southern Cascades are from Hartsough, et al., (1998) that show
mechanical fuel treatments costs range from $1,400 to $2,600/acre (mean value: $2,100/acre).

14

http://www.firescience.gov/projects/09‐2‐01‐7/project/09‐2‐01‐7_final_report.pdf
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“The estimated annual sequestration rate for all California forestlands was about 30 Tg (MMt) of
CO2eq. A third of the approximately 60 Tg of CO2e per year that could be sequestered was lost to non‐
wildfire related mortality. 10% was estimated to be lost to wildfire‐related mortality. About 8% was lost
to harvest‐related emissions while less than 3% was estimated to be in wood product pools. This left
about one half of the potentially sequestered live tree carbon after estimated emissions deductions. These
percentages varied slightly for private and public landowner classes due to most harvesting being
associated with private lands.” page 6, Robards, 2010.
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Depending on the quality and quantity of timber production that was extracted, the revenues
ranged from $2,200 to $4,300/acre (mean value: $3,300/acre). This cost structure provides a net
benefit of $800 to $1,700/acre (mean value: $1,200/acre) and estimates are based on plots where
the majority (80%) of the biomass removed was logs, with the slash, small trees and other
woody debris being used as chips. In practice, work accomplished by the USFS in the Sierra is
resulting in the production of 5, 000 bd.ft of saw logs per acre plus more than 13 dry tons of
chips per acre (personal communication, Steve Brink, Feb 2012). Private land saw log yield from
fuels treatments may be smaller (in the range of 2‐4,000 bdft/acre of saw logs) but chippable
material will be similar to the 13 dry tons per acre yield The value of this material will have
significant variation because lumber and wood chip markets are volatile. In sum, there are
market opportunities for forest biomass that will offset part or all of the cost for fuel hazard
reduction treatments. The stronger the market for chips or fiber (v. dimension lumber), the
more likely fuel hazard reduction treatments can become a self‐supporting activity.
In another study that looked at mechanical removal with small track mounted equipment
(Delsaux et al., 2009), the cost per acre was estimated as $450 ‐ $3,000/acre, depending on local
conditions. This study looked at a combination of small tree removal and mastication but could
serve as a reasonable analog for fuel reduction treatments that would produce biomass fuel for
renewable power. Current price estimates (2010) for biomass fuel range from approximately $37
to $54 per BDT. These estimates are similar to those reported by TSS Consultants (2010). Using
these estimates, and a removal rate of 13.5 BDT/ac, $500‐ $730/acre could be generated to offset
treatment costs. All costs change with time and more current estimates are likely higher.
Long et al (2013) suggest that the use of controlled fire is cheaper than mechanical treatments.
There are also risks involved, including fire escape, and temporary increases in air pollution
from fires. They suggest, however, that these are less cumulatively than emissions from the far
more damaging fires controlled burning is intended to retard, and that some fire is both
unavoidable and desirable event if managed, that the benefits exceed the harms over time.
Forest biomass released in this way cannot be used for energy. Especially near developed areas
in the Sierras and Cascade regions, mechanical treatments will be necessary and provide
biomass for energy purposes.
Determining the economic potential of forest biomass is not straightforward. Forest biomass
(wood) generation is costly due to harvest, transportation and processing costs. Biomass
technologies must be applied across a wide range of scales from small distributed systems to
large centralized facilities16. The largest facilities (50 MW) often have to draw feedstock from
longer distances, increasing feedstock costs. Smaller scale plants (< 10 MW) have higher capital
costs per installed kilowatt hour, and a higher per unit energy cost.
The profitability of wood products is determined by the commodity prices set by those markets.
Using biomass for fuel is often its lowest valued use. Only the material which cannot be used
16

Much of this data was supplied by Mark Rosenberg, Justin Johnson and Doug Wickizer of Cal Fire).
Fred Tornatore of TSS Inc., provided data as well.
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for higher value wood products will be used for energy. Forest biomass facilities that make use
of both heat and electricity (cogeneration) are more efficient than facilities that only produce
power. Large, stand‐alone forest biomass facilities also incur significant expenses when they use
large quantities of water to dissipate waste heat. Waste heat that is used for complimentary
purposes offsets these operational expenses, which enhances the facility’s financial viability.
However, many rural facilities have no market for waste heat, apart from internal uses for
lumber treatment or other manufactured products.
Woody biomass resources
The technical potential of forest biomass from Cal Fire estimates in Figure 1.3 and Table 1.4,
represents biomass available for removal based on topographic slope constraints and legal
limitations on access and is less than modeled potential for fuel load reduction disregarding
many current restrictions. California has large amounts of woody biomass in its forest and
shrub land ecosystems. A map of the location of total technically available forest biomass is
shown in Figure 1.4, derived from the 2005 FRAP report and county level forest biomass
supplies17. Non‐merchantable (< 9” d.b.h), technically available biomass is estimated as
approximately 14.2 million BDT. To annualize total biomass data (Table 1.5), the assumption
was made that privately owned forests are entered for commercial thinning every 25 years, with
a final rotation harvest no more frequently than once in 70 years. On public lands, a single
commercial thinning entry at 67 years can be assumed with a final rotation harvest no more
frequently than once every 100 years. These assumptions are reasonable given the way private
forestlands are managed, and that harvesting has diminished on national forests in recent years
as greater emphasis has been placed on fire threat reduction than commercial wood production.
A 20‐year rotation on shrub lands is a typical period for regeneration to pretreatment low fire‐
hazard levels. Annual achievable biomass harvests can be further restricted by focusing on
woodlands and shrub acres near urban areas where the risk of damaging fires lends greater
urgency to the fuel load reduction strategies. Non‐merchantable, technical biomass capacity,
and energy potential from this particular category are summarized in Table 1.5. Public policy
will influence the actual amount of woody biomass made available for energy and related uses
in the future, and is discussed below.

17http://frap.fire.ca.gov/publications/BIOMASS_POTENTIALS_FROM_CA_FOREST_AND_SHRUBLAN

DS_OCT_2005.pdf
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Figure 1.3. Forest biomass available after adjusting for environmentally protected areas, and
difficulty of access.
Table 1. 4. Annual non-merchantable (including mill waste and slash/thinnings) Technical
potentialfor forest and shrub biomass (mBDT/y), power generation capacity (MWe), and energy
(mMWh/y), by ownership, statewide. (FRAP, 2005, Table 10 in report).

Energy
Factor

Owner
Slash
Private

Federal
BDT/y
State and Local
Total
Private
Federal
MWe
State and Local
Total
Private
Federal
mMWh/y
State and Local
Total

2.4
1.8
0.45
4.25
342
255
6
604
2.55
1.9
0.047
4.5

Forestry Biomass (Technical)
Forest (technical)
Shrub Tech.
Potential
Thinnings Mill Waste Potential Potential
3.46
0.59
0.057
4.1
492
84
8
583
3.66
0.62
0.06
4.35

1.39
1.91
0.03
3.33
188
258
4
451
1.4
1.9
0.03
3.36

7.26
4.29
0.13
11.7
1023
597
18
1638
7.6
4.46
0.14
12.2

1.21
1.3
0.72
2.58
153
163
3259
325
1.14
1.22
0.07
2.42

8.47
5.59
0.2
14.2
1175
761
28
1963
8.75
5.66
0.21
14.6

mBDT/y: million BDT per year, mMWh/y: million Mega watt hours per year. Figures are rounded. Slash: from logging harvest,
branches, tops, and other; thinnings: for wildfire threat reduction, ecological purposes, or stand improvement; Mill waste: sawdust,
planer shavings and trim ends.
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Figure 1.4. Annual electricity capacity (MWe) from forestry biomass, by country for Gross
potential (a); Technical potential(b); Fire Threat Treatment Area (c) and commercial harvest (d).
From FRAP 2005.
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Urban Residuals: Resources
Summary: A large amount of organic material is present in urban residuals (MSW, 59 % of total) and is
mostly buried in landfills. The potential energy from the MSW landfill stream is large. If converted to
electricity, the disposal stream would support more than 1800 MW of generating capacity or about
16,000 GWh of electric energy (1190 MW and 10,400 GWh renewable energy from the biogenic
components).
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California diverts approximately 65% of its municipal solid waste (MSW) from landfill.18
Diverted material is recycled or otherwise repurposed (e.g., compost, etc.). The amount of
California MSW disposed in landfills was 29.3 million tons in 201219.Total and per‐capita and
total waste disposal has decreased by about 30% since 2006 (Figure 1.3)20.

Great Recession
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15
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Figure 1.5. Per-capita and total solid waste disposal in California (1989-2012)

Resource Potential
Disposal Stream
Biomass or biogenic materials account for approximately 59% of the landfill disposal stream
[Note: this is based on a 2008 characterization study]. Plastics, textiles and carpet make up 15%

18

CalRecycle (2013). “Estimated stateside diversion rates” Accessed August, 2013;
http://www.calrecycle.ca.gov/lgcentral/goalmeasure/disposalrate/Graphs/EstDiversion.htm

19

CalRecycle (2013b). “Californiaʹs Statewide Per Resident, Per Employee, and Total Disposal Since 1989”
Accessed August, 2013; http://www.calrecycle.ca.gov/lgcentral/goalmeasure/disposalrate/MostRecent/default.htm
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Note: The 2006 local disposal peak closely follows a local housing construction peak in 2004 and 2005.
Like disposal, housing starts dropped drastically in the lead up to the Great Recession (CA Dept. of
Finance, California Construction Data:
http://www.dof.ca.gov/html/fs_data/latestecondata/FS_Construction.htm )
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of the disposal stream, inert and non‐wood construction waste contribute 14.6% and glass and
metals account for another 6% (Figure 1.6).

Special Waste, 3.9%

Mixed Residue , 0.8%

HHW, 0.3%

Glass, 1.4%
Metal, 4.6%
Electronics, 0.5%
Plastic, 9.6%

Inerts & non‐wood
C&D, 14.6%

Textiles, Carpet, 5.4%

C&D Lumber, 14.5%
Paper & Cardboard,
17.3%

Biomass Components
sum to 59%

Green Matl, 11.5%
Food, 15.5%

Figure 1.6. California landfilled waste stream by material type.21

Energy Potential in the Disposal Stream
The potential energy from the California MSW landfill disposal stream is large. Primary energy
of the disposed stream is about 0.28 Quads per year which is equivalent to the energy in 50
million barrels of crude oil. If converted to electricity, the disposal stream would support more
than 1800 MW of generating capacity or about 16,000 GWh of electric energy (1190 MW and
10,400 GWh renewable energy from the biogenic components) (Table 1.5)22.

21

Adapted from Cascadia Consulting Group. (2004). ʺStatewide waste characterization study.ʺ Contractorʹs
report to CIWMB. Publication #340‐04‐005. Available at;
http://www.ciwmb.ca.gov/Publications/default.asp?pubid=1097

22

See Table 1.5 ‐note d) for assumptions used to estimate electricity potential
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Table 1.5. Landfill stream composition and energy potential. (2012 disposal amounts and 2008 waste stream composition data.)23
Landfilled a
(Million ton‐
as is)

% of

Ashb

Total

(%wb)

Ash

HHV b

(Million

(MJ/kg

Ton y‐1 )

ar)

HHV
Contribution to

Moisture b

Composite (MJ

(%wb)

kg‐1 as received)

Lanfilled

HHV

P rimary Energy

(Million

(MJ/kg,

by Component

Ton Dry

Dry)

(EJ) c

P rimary

Electricity

Energy by

P otential d

Component
(%)

Paper/Cardboard

5.1

17.3

5.3

0.3

16

2.77

10

4.6

17.8

0.074

26

Food
C&D Lumber
Prunings, Trimmings,

4.5
4.2

15.5
14.5

5
5

0.2
0.2

4.2
17

0.65
2.47

70
12

1.4
3.7

14
19.3

0.017
0.066

6
23

1

3.3

3.6

0.03

11.4

0.38

40

0.6

19

0.01

4

1.3

4.3

10

0.1

8.5

0.37

4

1.2

8.9

0.01

3

1.1

3.8

4

0

6

0.23

60

0.4

15

0.006

2

17.2

58.8

0.18

64

1.8

6.2

2

0.04

22

1.37

0.2

1.8

22

0.036

13

1
1.6

3.4
5.4

3
7

0.03
0.11

45
17.4

1.53
0.94

0.2
10

1
1.4

45.1
19.3

0.041
0.025

14
9

4.4

15

0.1

0.3

Other C&D

4.3

14.6

100

4.3

Metal
Other Mixed and

1.3

4.6

100

1.6

5.6

0.4
7.7
29.3

1.4
26.2
100

Branc hes, S tumps e
Other Organics
Leaves and Grass
Biomass Components of
MSW Total
All Non‐Film Plastic
Film Plastic
Textiles
Non‐Renewable Carbon
Compounds Total

Mineralized e
Glass
Mineral Total
Totals

0.9

6.9

0.18

11.9

3.84

4.2

0

0

4.3

1.3

0

0

1.3

100

1.6

0

0

1.6

100

0.4
7.7
8.8

0

0
0
10.7

0.4
7.7
23.8

19

13.2

0
0.284

(MWe)

(GWh y‐1 )

0
100

467
155
416

4,089
1,361
3,641

63

556

62

540

27

240

1190

10,427

230
258

2,015
2,260

158

1,388

646

5,663

0

0

1837

16,089

a) 2008 California waste stream composite data (http://www.calrecycle.ca.gov/Publications/Detail.aspx?PublicationID=1346)& California Solid Waste Generation and Diversion
(http://www.calrecycle.ca.gov/LGCentral/GoalMeasure/DisposalRate/Graphs/Disposal.htm) Accessed April, 2013, b) Adapted from Tchobanalglous, G., Theisen, H. and Vigil,
S.(1993),ʺIntegrated Solid Waste Managementʺ, Chapter 4, McGraw‐Hill, New York& Themelis, N. J., Kim, Y. H., and Brady, M. H. (2002). ʺEnergy recovery from New York City
municipal solid wastes.ʺ Waste Management & Research, 20(3), 223‐233. c) EJ = 10^18 J (exajoule) ) EJ = 10^18 J (exajoule) and is approximately equal to 1 Quad (1 Q = 1.055 EJ) d)
Electricity generation calculations assume thermal conversion means for low moisture stream (paper/cardboard, other organics, C&D Lumber, all plastics and textiles) and biological
means (anaerobic digestion) for the high moisture components (food and green waste). Energy efficiency of conversion of matter to electricity by thermal means is assumed to be 20%.
Biomethane potentials of 0.29 and 0.14 g CH4/g VS for food and leaves/grass mixture respectively are assumed for biogas production which is converted at 30% thermal efficiency in
reciprocating engines. Capacity factor of 1 is used. e) Note: updated to show 2012 disposal. Does not include green ADC and AD
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Adapted and updated from Williams, R.B., B.M. Jenkins, and D. Nguyen. (2003). Solid Waste Conversion‐ A review and database of current and emerging technologies. Final
Report. CIWMB interagency agreement IWM‐C0172.
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Municipal Solid Waste
There are three mass burn facilities that combust municipal solid waste in California. One in
Long Beach, one in the City of Commerce, and one near Los Banos in Stanislaus County. Only
one facility qualifies as a source of renewable electricity by statute, though this is a legal
distinction only and does not affect the manner in which these plants operate, or the
composition of the MSW consumed.
The use of post‐recycled MSW for power or fuels is being pursued by many companies and
municipalities in California but is complicated by inhibitory regulation and the active
opposition of some non‐profit groups which favor additional efforts to increase recycling
percentages and the use of suitable organic materials primarily for composting. Most post‐
recycling MSW is land‐filled in California, while some is composted for sale or use as cover
material for the landfill. As a consequence, large amounts of organic materials continue to be
buried in landfills over time. Estimates of waste‐in‐place exceed 1.25 billion tons of assorted
materials, including fermentable organic fractions. Due to the absence of oxygen, portions of
these organic materials ferment and produce methane (CH4). Some landfills capture this biogas.
Preliminary data for 2010 supplied by Cal Recycle24 indicates 10 billion scf (standard cubic feet)
of methane are collected and flared on site to meet air pollution standards and 17 billion scf
methane recovered. Not all landfills have reported their data so extrapolation to all landfills
with collection and control systems in California estimates 16.6 billion scf of methane flared and
28.2 billion scf methane recovered. Cal Recycle currently estimates that the recovered methane
is used to generate 279 MW of power using biogas‐powered generators and an additional
capacity of 102 MW is planned. An additional 15 million scf/d btu is used directly in some
facilities for heating needs. This total includes some projects that create alternative fuels from
biogas in the form of LNG and CNG as well, but most use is for power. The majority of older
landfills do not have methane capture. It is unclear if it would be economic to capture methane
from all landfills in California. Currently, Sacramento Municipal Utility District, as part of its
obligation to meet the new 33% RPS standard, purchases pipeline quality renewable methane
gas (and RECs) from landfills in Texas, though the actual gas may not reach California.

Agricultural Biomass Resources
Agricultural residues
Summary: Principal sources of biomass from agriculture in California are residues from crop and
livestock production. These include orchard and vineyard prunings and tree and vine removals; straws
and stovers from field and seed crops; leaf, vine, and other plant residuals from vegetable crops; food and
fiber processing residues including nut shells, pits, hulls, cotton gin trash, paunch contents, offal, and
other residuals from meat processing; and animal manures. Much of the primary food, feed, and fiber
production from agriculture eventually appears in the biomass stream as manures and wastes from
24

Scott Walker, Cal Recycle., June 3, 2011.
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livestock production, human wastes, and municipal solid wastes. Purpose grown crops, primary
agricultural biomass that can be used for fuel or power production like sugarcane, sugarbeets, oilseed
crops, and forage like materials are most likely to be used for biofuels, so are not considered here25. Crop
residues like straw from small grain (wheat, barley) harvests, corn stover, tree and vine prunings, and
many, diverse other materials have current markets, can be costly to recover and concentrate, and may
not be economic for energy conversion. Rice straw and hulls and manures represent underutilized
residual materials and offer promise, especially fusing anaerobic digestions sytsems.

Woody residues and straw
Approximately 2,000,000 acres of largely irrigated tree and vine crops are cultivated in
California. Each year, prunings from these acres generate woody biomass, as do tree and vine
removals. Traditionally, prunings were burned in place for both phyto‐sanitary reasons and
convenience, but open field burning of these materials is now largely illegal. Another significant
source of biomass is rice straw and rice hulls, produced on approximately 500,000 acres in the
Sacramento Valley each year (1.5 MBDT/y). Current estimates for the use of woody agricultural
wastes like tree and vine prunings, orchard and vine removals and some nut shells and pits
suggest that approximately 30 % of the feedstock used in existing biomass to electricity power
plants is derived from these sources. This is equal to about 0.3 GW of power that would
otherwise be derived from other sources, including presumably fossil sources like natural gas
and coal.

25

These are considered in: Task 4: Integrated Assessment of Agricultural Based Biofuel Production in
California (in preparation).
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Table 1.6. Technically available biomass from crop residues and animal manures in California by
region per year

Northern Central Southern Central
California
CA
CA
CA
Coast
Total Agricultural Crops
(Million dry tons)
Field and Vegetable Crops
Orchard and Vine Crops
Total Agricultural Livestock
(Million dry tons)
Dairy Manure
Other Manure

1.9

2.9

3.9

4.9

5.9

1.61
0.34

1.24
1.08

0.1
0.07

0.03
0.12

2.99
1.6

0.4

3.4

0.6

0.1

4.5

0.04
0.37

1.62
1.74

0.22
0.37

0.00
0.12

1.90
2.60

Crop and livestock residuals are based on the 2007 Census of Agriculture, especially for the regional distributions.
Technically available biomass other than from field crop residuals utilized the total value of dry biomass
production from the 2005, Biomass in California: Challenges, Opportunities, and Potentials for Sustainable
Management and Development Report:
http://biomass.ucdavis.edu/materials/reports%20and%20publications/2005/2005_Biomass_in_California.pdf.
Existing manure digester projects are less than 1% of technically available energy from manure. Landfill gas
technical potential is based on the technical potentials established in the 2005 Collaborative Report with the
regional distribution based on the EPA, Landfill Methane Outreach Program (LMOP), waste‐in‐place for
California.

Almond Shells
Most almonds and Walnuts are produced in the central valley. The San Joaquin Valley also
accounts for 86% of the total technical energy potential from almond shells. Sources, including
the California Almond Board and the Almond Hullers and Processors Association, use a ratio of
0.67 pounds of shell per pound of kernel. At 8% moisture (Gene Beach, 2010), the total amount
of almond shells equal 496,000 dry tons, with a technical energy potential of 84 MW and 38
million therms (3.8 MMBtu) of co‐product heat assuming thermal conversion (Table 1.7).
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Fig. 1.7. Location of almond and walnut orchards.
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Fig 1.8. Distribution of the production of almond hulls and shells and walnut shells by county and
central valley production area.
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Table 1.7. Locations and quantities of almond residues

County

Amount
Production, Hulls in
1
Million Lbs Million
2
Lbs

Kern
Fresno
Stanislaus
Merced
Madera
San Joaquin
Tulare
Kings
Subtotal

354.3
322.2
340.6
187.3
142.7
82.1
36.2
23.4
1388.8

99204
902.16
673.68
524.44
399.56
229.88
101.36
65.52
3888.6

Colusa
Butte
Glenn
Yolo
Tehema
Sutter
All Other
Subtotal
Total

86
56.9
48.6
10.4
9.7
5.3
5.2
222.1
1610.9

240.8
159.32
136.08
29.12
27.16
14.84
14.56
621.88
4510.5

Annual Low Moisture
Solids (LMS)
Hulls (Wet
Tons)

3

Total (Dry
Tons)

San Joaquin Valley
496020
446420
451080
405970
336840
303160
262220
236000
199780
179800
114940
103450
50680
45610
32760
29480
1944320
1749890
Sacramento Valley
120400
108360
79660
71690
68040
61240
14560
13100
13580
12220
7420
6680
7280
6550
310940
279840
2255260
2029730

Potential
Thermal
Energy
(MMBtu)

CHP from LMS

Power
(MW)

Recovered
Heat
(MMBtu)

7677080
6981520
5213390
4058470
3092070
1778970
784390
507040
30092930

75.54
68.7
51.3
39.93
30.43
17.5
7.72
4.99
296.1

3454680
3141690
2346030
1823310
1391430
800540
352980
228170
13541830

1863470
1232930
1053080
225350
210180
114840
112680
4812530
34905460

18.34
12.13
10.36
2.22
2.07
1.13
1.11
47.36
343.47

838560
554820
473890
101410
94580
51680
50700
2165640
15707470

(1) California Almond Board (CAB), 2009 Almond Almanac, pg. 31
(2) 2.8 pound hulls per pound kernel, CALIFORNIA AGRICULTURE, MARCH, 1965, pg. 13.
http://ucce.ucdavis.edu/files/repositoryfiles/ca1903p12‐59109.pdf
(3) 10% moisture under air‐dry conditions, Almond Hullers & Processors Association, California Almond
Board
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Table 1.8. Almond Production, Shells to Energy Conversion

Annual Low Moisture
Solids (LMS)
County

Production,
1

Million Lbs

Kern
Fresno
Stanislaus
Merced
Madera
San Joaquin
Tulare
Kings
Subtotal

354.3
322.2
240.6
187.3
142.7
82.1
36.2
23.4
1388.8

Colusa
Butte
Glenn
Yolo
Tehema
Sutter
All Other
Subtotal
Total

86
56.9
48.6
10.4
9.7
5.3
5.2
222.1
1610.9

Shells (Wet
Tons)

2

Total (Dry
Tons)

Potential
Thermal

Energy
(MMBtu)
San Joaquin Valley
118691
109430
1881920
107937
99520
1711420
80601
74310
1277980
62746
57850
994870
47805
44080
757970
27504
25360
436090
12127
11180
192280
7839
7230
124290
465248
428960
7376820
Sacramento Valley
28810
25930
445900
19062
17160
295030
16281
14560
251990
3484
3140
53920
3250
2930
50300
1776
1600
27490
1742
1570
26960
74404
66980
1151590
539652
495940
8528410

CHP from LMS

Power
(MW)

Recovered
Heat
(MMBtu)

18.52
16.84
12.58
9.79
7.46
4.29
1.89
1.22
72.6

846860
770140
575090
447690
341090
196240
86530
55930
3319570

4.39
2.9
2.48
0.53
0.49
0.27
0.27
11.33
83.9

200660
132760
113390
24270
22640
12370
12130
518220
3837790

(1) California Almond Board (CAB), 2009 Almond Almanac, pg. 31
(2) 7.8% moisture content. New and renewable energy technologies for sustainable
development, 2004. Assumes 0.67 of a pound per pound kernel. Almond Hullers &
Processors Association, California Almond Board
Walnut Shells
To estimate walnut shell biomass, a ratio of 0.50 pounds of shells (at 8% moisture) per pound of
kernels was assumed (Thompson, 2011, and Kader, 2011). The total amount of walnut shells
produced statewide in 2009 is estimated at slightly more than 199,000 dry tons, with a technical
energy potential of almost 34 MW and 1,542,000 MMBtu recovered heat assuming thermal
conversion CHP (Table 1.9).
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Table 1.9. Walnut Production, Shells to Energy Conversion

County

Butte
Colusa
Fresno
Glenn
Kings
Lake
Madera
Merced
Placer
San Benito
San Joaquin
San Luis Obispo
Solano
Stanislaus
Sutter
Tehama
Tulare
Yolo
Yuba
Total

Production,
1

Million Lbs

46656
8716
8282
21718
17125
7618
1967
9586
1855
2588
57573
4962
12240
38287
36977
27605
42854
17613
51914
432334

Shells
(Wet
Tons)

2

23328
4358
4141
10859
8562
3809
983
4793
927
1284
28636
2481
6120
19144
18488
13802
21427
8807
25957
216165

Annual Low Moisture Solids
(LMS)
Total (Dry
Tons)

3

21510
4020
3820
10010
7890
3410
910
4420
860
1190
26400
2290
5640
17650
17050
12730
19760
8120
23880
199270

Potential
Thermal
Energy
(MMBtu)
369880
69100
65660
172180
135760
60390
15590
76000
14700
20520
454050
39340
97040
303540
293150
218850
339740
139630
410481
3426391

CHP from LMS

Power
(MW)
3.64
0.68
0.65
1.69
1.34
0.59
0.15
0.75
0.14
0.2
4.47
0.39
0.95
2.99
2.88
2.15
3.34
1.37
4.03
33.7

Recovered
Heat
(MMBtu)
166450
31090
29540
77480
61090
27180
7020
34200
6620
9230
204320
17700
43670
136590
131920
98480
152880
62840
184742
1541902

(1) 1.9 tons per acre, where 227,000 bearing acres in 2009, produced 432,334 in‐shell tons.
USDA, NASS. 2009b. California Walnut Acreage Report and Walnut/Raisin/Prune Report, State
Summary‐ 2009 Crop Year.
(2) 0.50 tons of shells per ton of kernel. Expert opinion from Jim Thompson and Adel Kader, UC
Davis, 2011.
(3) 8% moisture. Expert opinion from Jim Thompson and Adel Kader, UC Davis, 2011.
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Rice Straw and Hulls
Rice production is a major agricultural land use in the Sacramento Valley with approximately
500,000 acres cultivated annually. Two million tons of rice are produced annually, with and
output value of $1.8 billion and resulting in 12,700 jobs annually to the California economy26.
Rice straw and hulls produce a significant amount of agricultural residues in the state. They are
relatively consistent in quality and located within a well‐defined region of the Sacramento
Valley. These properties, and the current lack of profitable alternatives for the use of this large
quantity of annual material, make rice straw and hulls appealing as a feedstock source for
biopower or fuels. Winter flooding of rice field provides valuable habitat for water fowl and
other wildlife species, creating at the same time conditions for the evolution of methane from
those fields.
The passing of the Rice Straw Burning Reduction Act of 1991 mandated reductions to the
practice of open field burning of residual rice straw in the year 1992 to no more than 25% of an
individual farmers planted land, or a maximum of 125,000 acres within the Sacramento air
basin, annually. This bill also scheduled a complete phase out of this straw management
practice by the year 2001 with limited exceptions for disease outbreak, handled through a
petition process. This act created a major shift in rice straw management to soil incorporation
instead of open burning, and initiated investigation into markets for straw including biopower
and biofuels and other products. The chemical properties of rice straw, primarily its high silica
content, provide a unique set of conditions that make it resistant to decomposition and limit its
value as livestock feed. Rice plants accumulate silica and other cations in their tissue and may
have as much as 13% ash content, which limits its use as forage and also as a fuel in thermal
conversion technologies.

Current Straw Management Practices
The primary, current cultural practice is to incorporate most straw residue into the soil for
decomposition. Straw incorporation in rice fields in California may improve soil fertility and
increase soil carbon storage. Another benefit of incorporation is retention of straw nutrients in
fields which are primarily potassium (K) and phosphorus (P). Decomposition of rice straw
occurs slowly under typically saturated winter soil conditions. When combined with flooding
for rice production during the growing season, the potential for additional methane production
is increased compared to straw disposal through burning.

26

Economic Contributions of the US Rice Industry to the US Economy. James W. Richardson and Joe L.
Outlaw. Agricultural & Food Policy Center, Texas A&M Univeristy. College Station, TX. AFPC Research
Report 10‐3. August 2010. http://www.calrice.org/pdf/RR‐10‐03‐
Economic+Contributions+of+the+US+Rice+Industry.pdf.
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Fine‐textured, formerly wetland soils dominate in this area and are particularly well‐suited for
rice cultivation, but have fewer alternate crop choices so rice is produced with limited rotation
on these soils. Sufficient water has been available from the Sacramento River and secondary
streams in the region that formerly created permanent and ephemeral wetlands in pre‐
settlement times. This specialized set of soil resources is surrounded by larger areas with more
easily tilled soils and better drained regions with extensive perennial tree fruit production.
There are several agricultural food processing enterprises, including a large tomato processing
facility.

Combustion of Rice Straw
Rice produces straw yielding about 3 dry tons per acre (Schuetzle, et al., 2008b; Williams, et al.,
2008.) of which about 1.5 t per acre might be technically and sustainabily recoverable Schuetzle,
et al. (2008b); Williams et al (2008) , Alternatively, different fields could be harvested more
completely in alternate years.
Because there are large supplies of relatively consistent biomass in a concentrated region, much
attention has been paid to rice straw as a possible fuel for power generation. But none of the
existing boilers in California can use it without modification due to ash deposition and fouling
(a power plant in Williams operates exclusively with rice hulls, not straw). Europe (especially
Denmark) has implemented straw fired boilers which are designed to better handle straw and
other high‐fouling fuels. This technology could be implemented in California. Thermal
gasification is also an interesting potential conversion pathway for straw. An integrated
gasification combined cycle (IGCC) facility fueled by straw has been demonstrated in Sweden
but not yet attempted in California (Williams, 2005).
Most previous analyses of rice straw and hulls have focused on combustion for power
generation. Two biomass power facilities already exist within the rice growing region of the
Sacramento Valley. Rice straw is a problematic feedstock for combustion. It is very high in
biogenic silica, and contains large amounts of K and chlorine (Cl), which lead to problems with
combustion (slagging) due to the low melting point of this silica or emission exceedences
(Jenkins and Bakker, 1996). There are modest amounts of nitrogen (N) in the straw. The
Wadham Energy biomass power plant in Williams operates exclusively with rice hulls, not
straw. It is a 25 MW, suspension‐fired (as opposed to fluidized bed or grate‐fired boilers) steam
cycle power plant.
Leaching of alkali elements and chlorine from straw by rain‐washing or other water washing
methods has been demonstrated to substantially improve the fuel value of straw and other
high‐alkali biomass. Full‐scale tests demonstrated the technical feasibility of using leached rice
straw in existing grate, suspension, and fluidized bed boilers in California (Jenkins et al., 1997;
Jenkins et al., 1999). However, handling costs to feed straw into existing boilers remain high and
grinding and other processing requirements lead to the emission of fugitive dust, accelerated
wear rates on fuel yard equipment, increased parasitic loads, and possible reductions in net
power plant capacity (Jenkins et al., 2000) . Rain‐washing by leaving the straw in the field over
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the winter is possible but has lower yield and leads to scheduling and timeliness difficulties for
planting the next rice crop due to the limited predictability of the weather (Jenkins and Bakker,
1996; Bakker, et al., 2002; Bakker and Jenkins, 2003). Problems with straw use in what are
essentially wood‐based combustion design concepts has so far excluded this resource from
contributing to renewable power generation in California
All programs that remove rice straw also remove nutrients that must over time be replaced
through fertilizer applications. Doberman and Fairhurst (2002) report that about 40% of the N,
30% of the P, and 80% of the K taken up by the crop remains in the straw. Removing 1.5
ton/acre of rice straw would also remove 22 lb. of nitrogen, 49 lb. of potassium and 2.8 lb. of
phosphorus per acre per year (Nader, 2009).
Purpose grown crops
Crops grown for energy have their primary use in the production of liquid and gaseous
transportation fuels in the United States, with the possible exception of short rotation woody
biomass crops (coppiced trees like hybrid poplars and willows; Sodjo et al., 2013). In Europe,
there are examples of crop residue use (straw) for power and heat or perennial grasses
harvested for power. In Germany especially, crops are grown (primarily corn silage) for biogas
production and often mixed with animal manures in anaerobic digesters. The biogas is used for
power and heat (see below). We know of no known purpose grown crops produced as
feedstocks for biomass to power facilities in California, though at least one project was
proposed in the Imperial Valley that would use elephant grass and Bermuda grass hay. One
large (several thousand acres) Eucalyptus sp. plantation in Tehama County has been used in
part to supply a combustion facility in that region, but now is used primarily for wood product
manufacture. This stand is primarily rain fed.
Food processing industry residues
Food processing facilities (meat processors, creameries, fruit, vegetable, nut processors, and
wineries historically have used land discharge methods to dispose of liquid and solid food
residues, but more recently have had to comply with more stringent water, soil and air quality
standards. Food processors that discharge to municipal wastewater treatment facilities (WWTF)
have had to reduce organic loads to comply with new WWTF rules and higher fees. Some
companies have no alternative but to dispose solid organic residues at landfill facilities, and are
motivated to find alternatives. Corporate sustainability goals are also a driver for these
businesses to invest in bioenergy and other renewable energy systems, as well as achieve water
and energy consumption reductions. Technically, almost 100% of the residues from the cannery,
dehydrated, fresh and frozen fruit and vegetable canning industry could be useful as feedstock
for energy A more statewide food industry residue assessment estimates the technical potential
to generate energy from California’s cannery, dehydrated, fresh and frozen fruit and vegetable
industry to equal 50 MW of equivalent electricity. This estimate is based on data collected from
164 companies that represent 79% of the total sample population. The San Joaquin Valley region
has the potential to generate 28.8 MW of equivalent electricity or 57% of the technical potential
from this sector of the food processing industry (Amon et al., 2011). Compared to potential,
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there is less than 1 MW of active bioenergy projects in this segment of the food processing
industry currently. Within the San Joaquin Valley, Fresno County has the potential to generate
31 %of the region’s technical potential followed by Stanislaus County with the potential to
generate another 27% of the region’s technical potential. (Amon et al., 2011).
Relatively few of these companies in California have invested to date in anaerobic digesters or
thermochemical energy conversion systems. AD technology treats wastewater effluent, and
produces biogas fuel. In doing so, fugitive methane emissions to the atmosphere from residues
can be reduced. Air quality regulations governing the emission of NOx from combustion of
biogas limit the scope of cost‐effective technology options available to utilize biogas for
electricity generation. These regulations are similar to those affecting digesters installed on
dairy farms, especially in the San Joaquin Valley. Consequently, most current projects are
satisfying internal thermal fuel needs by using biogas directly for boilers, displacing natural gas
use. In addition to being a highly efficient conversion system, using biogas to fuel boilers
displaces fossil fuels, is used in low NOx industrial burners, and the potential for carbon credit
allocations under California’s Cap and Trade Program. There is a need to align policy incentives
and technology adoption options, while considering costs. This will facilitate compliance with
environmental regulations while generating renewable natural gas and reduction of greenhouse
gas emissions, helping to meet the state’s AB 32 objectives.
Table 1.10. Food processing residuals by region and potential energy production (Amon et al.,
2011).

Region

Wastewater
HMS Biogas
Biogas Power
Power (kWe)
(kWe)

LMS Biogas
Power*

Total
Biogas
Power
(kWe)

LMS Biogas
Power (kWe)

LMS Thermo
Chemical
Power
(kWe)

San Joaquin Valley
Region

11147

7505

10141

28793

5345

Northern California

2525

1893

4453

8871

2346

Central Coast

141

707

8680

9529

4575

Southern California

988

822

0

1810

0

Bay Area

329

468

907

1704

478

15130

11395

24181

50707

12744

Statewise Totals

HMS = High Moisture Solids; LMS = Low Moisture Solids; * = Anaerobic Phased High Solids System
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CHAPTER 2:
Technological Overview
Conversion Pathways: General
Summary: Conversion of organic (or carbon‐containing) material can proceed along three main
pathways—thermochemical, biochemical, and physiochemical, which can produce a variety of products
that include heat, electricity, solid, liquid, and gaseous fuels, chemicals and more (Figure 3). Different
conversion technologies are reviewed in this section, with some emphasis on new or currently developing
gasification systems. Thermochemical conversion systems can be used for low moisture content biomass
from urban, forest or agricultural sources. Higher moisture biomass is converted most efficiently using
biochemical systems, especially anaerobic digestion. The most likely conversion systems for the
predominant forms of biomass from each set of sources is discussed in greater detail under headings for
each biomass source. For woody biomass, biomass to energy facilities, built in the 1980s, convert wood
waste to power in California. These facilities would benefit from modernization and repowering. Several
new smaller scale power facilities based on woody biomass are under development in response to AB
1122. Elsewhere in the US, and especially in Europe, wood chips and pellets are the dominant form of
biomass feedstock for power production. Urban waste to energy facilities are also common in Europe, and
many new gasificationt echnologies are under development there. For agricultural biomass, rice straw
and hulls and dairy manures are the largest consistent sources of biomass that are underutilized.
Anaerobic digestion technology might be used for both with multiple energy and environmental benefits.

Feedstock

•
•
•
•
•

Production
Collection
Processing
Storage
Transportation

Conversion
Products
• Thermochemical Conversion • Energy
– Combustion
– Gasification
– Pyrolysis

• Bioconversion
– Anaerobic/Fermentation
– Aerobic Processing
– Biophotolysis

• Physicochemical
– Heat/Pressure/Catalysts
– Hydrotreating/Cracking/Refining

– Heat
– Electricity

• Fuels
– Solids
– Liquids
– Gases

• Products
– Chemicals
– Materials

Figure 2.1. Principal Biomass Conversion Pathways. Graphic Source: B.M. Jenkins, University of
California, Davis.

There is a wide range of processes, feedstocks and end products possible given this multi‐
pathway potential for biomass. A recent comparison of the efficiency of diverse uses and
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pathways was published by the European Environment Agency to help guide policy there
(Figure 2.2). There is a great deal of variance within each set of technologies and the report
acknowledges that site specificity plays an important role in efficiency.

Figure 2.2. Relative efficiencies of bioenergy pathways (energy output per volume of biomass
input). Data represent net efficiencies taking into account results of standard life-cycle analysis
for the production process from the point of harvest to energy end use. Land use impacts are also
accounted. (For details see EEA, 2013.)

Thermochemical Conversion
Thermochemical (thermal) conversion processes include combustion, gasification and pyrolysis.
Thermal conversion is characterized by higher temperature and conversion rates and can
generally convert all the carbon‐containing components in the feedstock (e.g., lignin and
lignocellulose or woody materials). It is best suited for lower moisture feedstocks.

Combustion
Combustion, also called incineration, is the complete oxidation of the feedstock without
generating intermediate fuel gases, liquids, or solids for use. Combustion processes can provide
useful heat at high temperature for heating or steam production. Electricity can be produced
usually from a steam turbine power system (steam Rankine cycle).
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Gasification
Gasification is the conversion of a solid or liquid carbonaceous feedstock into a gaseous fuel.
This is often done by direct heating (autothermal) through partial oxidation of the feedstock to
provide the necessary heat to drive the gasification reactions. Gasification can also occur by
indirect heating (allothermal) with steam used for the gasification agent. The product fuel gas
has a wide range of potential uses or final products. It can be burned directly in a furnace or
boiler to produce heat and/or steam (like the direct combustion pathway), or with sufficient
cleaning and upgrading, the gas can be used as a fuel for stationary engines, gas turbines or
even fuel cells for work or power production. With the appropriate level of gas processing and
reforming, a “synthesis” gas or “syn‐gas”, composed of carbon monoxide and hydrogen can be
produced which can then be used as a feedstock for liquid or gaseous vehicle fuels or chemical
production.

Pyrolysis
Pyrolysis is the thermal decomposition of a feedstock by heating in the absence of oxygen (or
air). Energy must be supplied to the process from an outside source (or by burning some of the
feedstock or product and transferring the heat into the pyrolyzer). Pyrolysis yields a fuel gas, a
liquid (pyrolysis liquids or bio‐oil) and a solid char and ash product or residue. The relative
amounts of these three products depend on reactor temperature and rate of feedstock heating
and feedstock composition and morphology. Further processing or upgrading of pyrolysis
products is usually required before use as fuel or energy products. Catalytic pyrolysis
technologies use appropriate catalyst material in the pyrolysis reactor to improve product
quality and/or increase relative amounts of a particular product type.

Plasma Arc and Radio Frequency
Plasma arc and radio frequency, or microwave heating refers to specific devices used for reactor
heating. These systems can operate as gasifiers or pyrolyzers depending on the amount of
oxygen fed to the reactor.

Biochemical Conversion
Biochemical conversion (bioconversion) processes include anaerobic digestion, aerobic
conversion, fermentation and others. Bioconversion proceeds at lower temperatures and lower
reaction rates. Higher moisture feedstocks are preferred. Bioconversion does not readily convert
or degrade the lignocellulosic or woody materials in the feedstock.

Anaerobic Digestion
Anaerobic digestion is a fermentation technique that is sometimes employed in waste water
treatment facilities for sludge degradation and stabilization but also the principal process
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occurring in landfills. Engineered anaerobic digester systems can be used to treat or stabilize
waste waters and solid residues from food processing, confined animal feeding operations, etc.
as well as some components of the municipal solid waste stream (food wastes, high moisture
green waste, etc.). Anaerobic digestion operates without free oxygen and results in a fuel gas
called biogas containing mostly methane and carbon dioxide.
Aerobic Conversion
Aerobic conversionincludes most commercial composting and activated sludge wastewater
treatment processes. Aerobic conversion uses air or oxygen to support the metabolism of the
aerobic microorganisms degrading the substrate. Aerobic processes operate higher reaction
rates than anaerobic processes and produce more cell mass, but generally do not produce useful
fuel gases.
Fermentation
Fermentation, also operating without oxygen, is generally used industrially to produce fuel
liquids such as ethanol and other chemicals as well as consumable alcohol products. Although
fermentation and anaerobic digestion are commonly classified separately, both are fermentation
methods designed to produce different product streams. Cellulosic feedstocks need
pretreatment (acid, enzymatic, or hydrothermal hydrolysis) for sugar molecules to be available
for fermentation.

Physicochemical Conversion
Physicochemical conversion involves the synthesis of products using physical and chemical
processing at near‐ambient temperatures and pressures. It is primarily associated with the
transformation of fresh or used vegetable oils, animal fats, greases, tallow, and other suitable
feedstocks into useful liquid fuels and chemicals such as biodiesel, frequently by
transesterification, a reaction of an organic glyceride with alcohol in the presence of catalyst.

Technology for Woody Biomass from Forests
Existing Biomass to Power Systems
Woody biomass residues from lumber mill operations, commercial tree harvests and fuel load
reduction treatments are used in Californiaʹs existing biomass power plants and constitute
about 15% of biomass used (approximately 800K BDT per year). Most are steam power facilities
with approximately 20% to 25% conversion efficiency. The number of facilities that operate in
California varies depending on the status of individual contracts, feed‐in tariff rates, and the
costs of biomass feedstock. The 29 (of 34) facilities currently operating represent approximately
2% of the stateʹs electrical generation capacity. The most recent map of existing biomass to
electricity facilities and the primary feedstocks combusted was created by Mayhead and
Tittman (2012). Most were established starting in 1978 and supported by the Public Utility
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Regulatory Policy Act (PURPA). Most of these older facilities are nearing the end of their long‐
term contracts for power sales27. Due to low prices for power, changes in regulatory
requirements for emissions, and an apparent lack of policy commitment within the state to the
maintenance of older biomass based facilities, a large number face idling.

Figure 2.3. Diagram of generic Rankine cycle solid-fuel combustion plant28.

These biomass plants range from 5 MW‐50 MW in size. Improving the efficiency of these
facilities would improve their competitiveness with other transformation pathways for biomass
and increase renewable electricity supplies. The absolute amount and percentage of renewable
electricity produced in California has declined since 2000, despite abundant biomass in
California and recent governors’ intentions and state policies that biomass be used for
alternative energy and fuel production within California. The current low price received at
many of these facilities has some of them in curtailment (approximately 80 MW; Mayhead and
Tittman, 2012).

Use of wood chips and pellets for power, and co-firing of biomass and coal
The use of wood for co‐firing with coal (10% wood, 90% coal) or as a sole source for new or
converted power plants, has grown in both the US and in Europe in response to policies
supporting GHG reduction29. Co‐firing biomass with coal is probably the least expensive
27

http://www.calbiomass.org/

28

Western Virginia University (http://www.mae.wvu.edu/~smirnov/mae320/notes.html/) From Birdsall et
al., 2012
29

http://www.economist.com/news/business/21575771‐environmental‐lunacy‐europe‐fuel‐future
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method to bring large amounts of new biopower online and allows compliance with
increasingly limiting GHG reduction goals for some plants without the need for replacement
under current policies. In 2010, European demand for wood chips and pellets from forest and
other landscape sources was 10 MMT for energy with projections of growth to 25 MMT/y. Many
European countries also make use of waste heat from wood combustion and use it for local
heating (Sikema, et al., 2011, Fig. 2.4). The U.S. Energy Information Administration has
predicted that the use of wood and waste biomass to generate power will increase in 2014
compared to 2013. Across all electricity generating sectors, the EIA predicts wood biomass will
be used to generate 106,000 MWh per day of power in 2013, increasing to 111,000 MWh per day
in 2014. The use of waste biomass (other biomass) is also expected to increase, from 54,000 MWh
per day to 55,000 MWh per day. In the domestic electric power sector, 0.189 quadrillion Btu
(quads) of wood biomass is expected to be consumed in 2013, increasing to 0.217 quads in 2014.
Biomass, both as fuel sources for power and as biofuels provides a large amount of the total
alternative energy supply in the United States (Fig. 2.5).

Figure 2.4. Projected growth of biomass energy by use in Europe by use (AEBIOM, 2013).
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Figure 2.5. http://www.eia.gov/forecasts/steo/data.cfm

Figure 2.6. DRAX Power plant in Great Britain, the largest in Europe, is converting to woody
biomass from coal.
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Most renewable energy production and use in Europe is from biomass (Figure 2.8; AEBIOM,
2013). Demand is expected to increase significantly as many power plants attempt to shift from
reliance on coal (Sikema et al., 2011). Unlike the US, many European power plants also have
markets for heat using municipal distribution and heating systems. The DRAX power plant in
Great Britain is an example of the use of wood chips for power that is occurring on a large scale
in Europe. Wood chips are incrementally replacing the current use of coal. DRAX generates
3,960 MW from 36000 tons of coal per day. When finally converted, it will use 70,000 tons of
wood chips per day to produce the same amount of power. Wood chips and pellets have
approximately half the energy density of coal on average, requiring larger amounts of material.
Most of this wood will be derived from forests in the southeastern region of the US and
Canada30. Currently, Denmark is the largest importer of wood pellets in the world with greater
than 2 MMT per year31. Europeans are accustomed to intensively managed forests and wood
use is embedded in long‐established cultural patterns different from the United States. There is
also a long‐established system of central heating in many cities and towns that facilitates energy
recovery from combusted wood and other sources of biomass. These efficiencies and a
determination that the use of wood chips and pellets are carbon neutral have supported
expansion of the use of this resource in Europe. This assumption has been questioned by
several groups (US EPA, 2011).

Fig 2.7. Wood chip harvest in the southeastern USA, destined for European markets. The carbon
neutrality of this source of biomass has been challenged.

30

http://www.starnewsonline.com/article/20130406/articles/130409747 ;
http://online.wsj.com/news/articles/SB10001424127887324082604578485491298208114
31

http://www.biomassmagazine.com/articles/9656/pellet‐consumption‐in‐denmark‐projected‐to‐grow
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Fig. 2.8. Share of wood and wood waste in total renewable energy in the EU, 2010 (% of gross
inland consumption of renewable energy) in the EU 27. Wood and wood waste was the
principal source of renewable energy consumed in the majority of EU Member States.
Approximately 42% of all wood biomass resource use if for energy. AEBIOM, 2013.

Co‐firing with coal is a well investigated option for the utilization of biomass in power
generation. The California power grid is, however, dominated by natural gas though there are
(or were) several small coal fired facilities in the state. There are at least two facilities in
California that have converted (or in the process of) from coal to biomass for fuel source (Ione
and DTE Stockton). Natural gas is currently co‐fired with biomass in some direct combustion
(solid fuel) facilities, but to co‐fire biomass in natural gas thermal power stations would require
specific redesign of most facilities, especially combined‐cycle facilities, where the biomass is not
first converted to a biomethane or substitute natural gas (SNG) for pipeline injection (Birdsall et
al., 2012). There are other scenarios for co‐firing biomass with fossil fuels including separate
biomass boiler to preheat water or produce steam that is added to steam produced from the coal
or natural gas fuel, or adding a biomass gasifier after which the product gas is burned with the
natural gas in the steam boiler side of combined cycle systems. Some of these scenarios have
been implemented in Europe. It does not seem likely that California will adopt large‐scale co‐
firing with woody biomass or install new large scale facilities for this purpose. Smaller scale
facilities (< 3 MW) have recently been identified in statute (AB‐1122) as desirable and are
discussed below.
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Status of Technology for Woody Biomass32
Solid‐fuel power generation systems in California account for approximately 60% of the nearly
1 GWe of biomass electricity generating capacity in the state and provide a significant portion of
the state’s base load renewable electricity. They face large economic uncertainties from
competition in the renewable power market with other alternative power sources, the need for
future equipment replacement as facilities approach the end of their economic life, and the need
to meet more stringent air quality regulations being developed at the national and state level
(Birdsall et al., 2011). As noted, most woody biomass from forest sources is currently used in
existing biomass to energy facilities. Competition‐based pricing disfavors solid‐fuel biomass
energy generation compared with wind and geothermal power within the RPS, or against
natural gas and other sources in the electricity market. As a consequence, and also due to low
prices for power offered to these facilities compared to their cost of operation, several have been
idled or closed.
The state’s solid fuel biomass power plants were built in the 1980’s and are 25‐30 years old.
Because of NOx and particulate matter (PM) emissions, and relatively low efficiency of these
older systems (combustion boilers with a steam Rankine power cycle), it is unlikely that any
significant new capacity using this technology will be sited in non‐attainment air quality
regions in the state.
Besides Rankine Cycle systems, other devices (or prime movers) used for power generation
from biomass combustion include steam turbines, steam piston engines, steam screw engines,
steam turbines in combination with an organic Rankine cycle (ORC), external Brayton cycles
(externally fired gas turbine), or Stirling engines. The steam screw engine and external Brayton
cycle have not been proven for large combustion processes. Steam piston engines (which have
relatively low efficiency) and steam turbines with ORC are used for smaller (less than 1.5 MWe)
applications, along with current demonstrations of Stirling engines (Koppejan, 2008). Steam
Rankine cycles are generally utilized in solid‐fuel combustion facilities larger than ~ 5 MWe.
Current systems at permitted sites might be upgraded. Repowering existing facilities includes
upgrading an existing facility by increasing boiler efficiency, replacing/improving the prime
mover, adding an additional cycle, or replacing the entire system with a different technology
such as gasification with combined cycle power generation. Any other equipment on site which
did not need upgrading would continue to be used (e.g., fuel and ash storage and handling,
components of grid connection, water treatment and conditioning, etc., so there may be some
efficiencies at existing sites and using existing facilities. System efficiency can be improved by
increasing steam temperature and/or pressure, pre‐heating combustion air and boiler feed
water (by heat exchange with boiler flue exhaust), improving air flow, optimizing boiler
insulation, maintaining a low inlet air flow, or decreasing furnace exit gas temperature. Most
facilities have incorporated many of these efficiency measures, but boiler‐tube materials limit
32

Adapted from Birdsall, J., R. Williams, B. Jenkins and S. Kaffka. California Biomass Collaborative. 2012.
Repowering solid fuel biomass electricity generation—Draft Interim Project Report. California Energy
Commission. Publication number: CEC‐XXX‐2012‐XXX.
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maximum steam temperature and pressure (tube life and strength limited by temperature and
temperature dependent corrosion). Most energy losses are due to heat losses from the boiler or
incomplete combustion (Cheng, 2010). Stoker boilers are simple and more flexible in fuel
particle size, thus decreasing fuel preparation costs, but are being replaced by higher efficiency
fluidized bed boilers (Cheng, 2010). Bubbling fluidized beds (BFB) and circulating fluidized
beds (CFB) are more flexible in fuel moisture content than stokers; however, they require a
more stringent particle size and ash controls. Repowering allows for continued utilization of
capital invested in existing equipment. The economic opportunity for repowering lies in part in
the reduced feedstock demand associated with higher conversion efficiency (Figure 2.9).
The economic opportunity for repowering lies in part in the reduced feedstock demand
associated with higher conversion efficiency (Figure 2.10). For a reference 45 MWe power plant
fueled with biomass operating at an 85% capacity factor and generating 335 GWh per year of
electrical energy, an increase from 20% to 30% electrical efficiency would reduce annual
feedstock requirements by 123,000 dry tons and increase annual net revenues by $3.7 million for
an electricity price of $0.08/kWh and feedstock cost of $30/dry ton. This would also allow
increased capacity and generation from the feedstock available in the biomass market as well as
potentially affecting feedstock market price due to changes in market demand. As fuel costs
increase, the incremental net revenue due to an improvement in efficiency does as well. At
$60/dry ton feedstock cost, the same increase in efficiency results in an annual net revenue
increase of $7.4 million, although total net revenue is reduced at any efficiency due to the higher
cost for feedstock (Figure 2.11). The effect is amplified if electricity prices increase, or buffered if
electricity prices decrease (Figure 2.11). At a $30/dry ton feedstock cost, the increase in net
revenue is $17.1 million as efficiency increases from 20 to 30% and electricity price increases
from $0.08 to 0.12/kWh, nearly 5 times the increase at constant electricity price. A decline in
electricity prices from $0.08 to 0.05/kWh at 20% efficiency, would result in annual net revenues
declining by $10.1 million. If electricity price declined while efficiency improved from 20 to
30%, the loss in annual net revenue would be only $6.4 million. These values account only for
the differences between electricity revenues and feedstock costs. Changes in capital, operating
and maintenance, permitting, and other costs or benefits associated with any attempt to
repower the facility all can interact a well, so the decision to upgrade an older facility will have
to be made in each case.
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Figure 2.9. Feedstock demand and changes in annual feedstock costs and electricity revenues
with conversion efficiency for a reference 45 MWe biomass power plant.
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Figure 2.11. Net of annual electricity revenue and feedstock cost with efficiency for a 45 MWe
reference biomass power plant. Electricity price increment between curves is $0.01/kWh.

Alternative Scenarios
Birdsall et al (2012) carried out a preliminary assessment of the potential to repower or upgrade
existing facilities near or at their economic lifetimes. They considered replacing older boilers,
adding heat recovery, adding a new gasifier (single gas turbine), an integrated, combined–cycle
gasifier, an integrated, combined–cycle gasifier plus a fuel cell and lastly an integrated,
combined–cycle gasifier plus a fuel cell and steam bottoming cycle. Markets for residual heat
always reduced the cost of upgrading. Implementing heat capture and reuse or sale (CHP)
where possible in facilities currently generating electricity only has some clear advantages on
LCOE if heat is consistently valued with that from purchased natural gas, the competitive
alternative. Their preliminary analysis suggests economic conversion opportunities exist for the
biomass power industry in addressing refurbishment or replacement needs for generating
equipment or for installing new systems. However, a number of uncertainties remained. As the
price of natural gas declines, repowering becomes less competitive on strictly on economic
terms. Integrated gasification combined cycles (IGCC) may realize cost advantages in
comparison with Rankine cycle combustion power plants, but the likelihood of conversion
being profitable depends on what may be very narrow differences in profit after accounting for
capital costs, so assumptions about reliability of operation based on the types of biomass
actually available are critical to new investments. In part, accurate estimation is limited by the
relatively few examples of operating systems using this technology for biomass to date.
Integrated fuel cell systems may also offer substantial efficiency advantages, but estimated
capital costs result in LCOE above both the reference Rankine cycle and IGCC systems.
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Reductions in emissions would also allow for capacity expansions at existing sites, and help
facilities comply with changing air quality standards proposed for boilers by EPA.33
Gasification systems
Another alternative is to replace older facilities with newer technology, or add new projects and
technology to existing state capacity. The generally applicable pathways for woody biomass
from all sources are indicated in Fig 2.12. Here, only electricity and CHP are considered. For
woody biomass in particular, some of the new technology proposed or considered suitable for
urban residual biomass (see: conversion technlology for urban biomass, below) is also suitable
and being considered for woody biomass from forests as well as for urban C&D materials.

Figure 2.12. Thermochemical conversion pathways (Williams, 2010).

Several new projects are in advanced stages of planning or in early stages of construction in
California and are based on the use of Forest Biomass, and diverse technologies. The first
project is a proposed three MW gasification plant to be located in Placer County at the Cabin
Creek recycling facility near Lake Tahoe (Fig. 2.13). The project has successfully completed the
environmental review process (CEQA), and most other permitting efforts are completed.
Financing is close to completion and construction should be started in 2014. A second project is
of similar size and is to be located at an old sawmill site in North Fork, California. North Fork is
in Madera County. This project involves a number of partners including the local government,
US Forest Service, California Energy Commission, and Sierra Nevada Conservancy. A number
of grants have been secured by the project for feasibility studies, engineering design, and
environmental review & permitting34. The target for beginning of construction is 2015.

33

http://www.epa.gov/boilercompliance/

34

http://www.sierranevadaconservancy.ca.gov/our‐work/snfci‐home/north‐fork‐biomass‐utilization
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Figure 2.13. Location for new Biomass gasification project near Lake Tahoe.

Other SB1122 projects
California passed SB 112235 in 2013, which established a mandate to develop 250 MW of
capacity made up of bioenergy facilities sized at 3 MW or less. The bioenergy facilities will
utilize all three main feedstock sources of agriculture, municipal, and forest biomass/biogas.
These facilities will receive a higher value for electricity produced than the current market rate.
That value will be established through the relatively new Feed‐in‐Tariff pricing mechanism
administered by the California Public Utilities Commission (CPUC). The increased energy cost
to be paid for this electricity was justified in the legislation based on the added social and
ecosystem service values that come from bioenergy, such as the reduction in GHG emissions
and reduced risk of large high intensity wildfire.
An example of efforts to meet the legislative mandate is the Biomass Workgroup (BWG) which
is a new, integrated effort of public and private members focused on forest biomass.
Membership includes local and state government, federal agencies, public utilities, energy
consultants, non‐governmental organizations. This group has worked with the CPUC in
conjunction with the California Department of Forestry and Fire protection to develop criteria
for ʺsustainable forest biomass.ʺ Under the legislation only ʺsustainable forest biomassʺ from
fire threat areas can be used as feedstock for the biomass facilities. The BWG is also undertaking
further efforts to assist in meeting SB 1122 objectives. A Woody Biomass Utilization Grant
($250K) has been obtained from the US Forest Service to provide development assistance for the
small community based projects. The assistance service will be administered by the Trinity
River Watershed Council (non‐profit). The assistance to be provided will include technical
35
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guidance, feedstock sourcing, pre‐feasibility studies. A process and team has been established
to provide this assistance which may include small sub‐grants in the order of $2,500.
Even though this effort is new, there is interest being expressed in other potential projects.
RePowering Humboldt36 is working with a local Native‐American tribe (Hoopa Tribal Council) to
install a 1‐2 MW biogas system in the Mad River drainage. In Mendocino County the Economic
and Development Corporation is developing a plan for the installation of four 1 to 3 MW
systems37. This group has approached the BWG team for assistance in pre‐feasibility analysis of
three old sawmill sites in the communities of Branscomb, Covelo, and Ukiah.

Technology for urban residuals38
Municipal solid waste (MSW) or urban residuals include significant fractions of biomass or
organic waste. Appropriate conversion technologies include thermal, biochemical as well as
physicochemical depending on the feedstock characteristics (e.g., low or high moisture, waste
fats, oil, grease.)
There are some 800 solid fuel combustion systems consuming MSW worldwide (three are in
California). Approximately 100 gasification facilities that consume some kind of waste material
are operating worldwide, most of which is high energy industrial or source‐separated plastic
wastes. Most MSW gasifiers operate as close‐coupled combustion (“two‐step oxidation”, but
some advanced facilities are in development including projects in North America and
California.
Anaerobic Digestion of the organic fraction of MSW has been extensively developed in Europe
(installed capacity is more than 6 million tons per year) but there are a number of projects
operating in California with more being developed.
AD in California is perceived to be relatively benign by the legislature and some stakeholders
and enjoys some policy advantages. Thermochemical conversion of solid waste suffers from
poor public image and is somewhat handicapped by state policy (is considered the same as
landfilling). Countries in Northern Europe have achieved very low landfill rates by
implementing policies that favor waste reduction and recycling as well as energy recovery (both
from thermal conversion and AD).
There are several MSW gasification projects being planned or built in the United Kingdom,
including an “advanced system” which will employ high efficiency gas‐turbine‐combined‐cycle
energy system (along with the necessary and extensive gas cleaning equipment). Economics are
36

http://www.schatzlab.org/news/2013/04/repowering‐humboldt‐with‐community‐scale‐renewable‐
energy/
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http://city.fortbragg.com/pages/viewpage.lasso?pagename=4%7CBiomass%20Energy%20Facility ;
http://cemendocino.ucdavis.edu/Forestry/Biomass_Feasibility_in_Mendocino_County/
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From Williams, RB, and Zhang, T. 2013. Survey of MSW Conversion Options. Draft Report. CEC
Contract No. 500‐11‐020.
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more favorable in the UK for waste gasification projects due, in part, to relatively high tip fees
(more than $100 per ton) and the availability of Renewable Obligation Credits (ROCs).
Electricity from waste gasification that employs close‐coupled combustion with a steam cycle
(so called standard gasification) is eligible for 0.5 ROC/MWh of delivered electricity. Advanced
gasification systems (defined in the UK as gasifiers that utilize engines or gas turbines and/or
combined cycles to produce power) are eligible for 2 ROCs/MWh39. ROCs in the UK are worth
about £42 which is equivalent to ~$0.12/kWh for 2 ROCs/MWh40.
Pilot and pre‐commercial demonstration projects targeting high value liquid fuels production
from MSW gasification (and sometimes industrial wastes) are being pursued currently
worldwide. A variety of conversion techniques and product types (e.g., alcohol or “drop‐in”
hydrocarbon fuels) are being developed. Projects being developed by Sierra Energy, Ineos Bio,
and Enerkem are briefly discussed below.
Examples of gasifier‐close‐coupled‐combustion systems fueled by solid waste are the Ebara
“TwinRec” and the Energos systems (Figures 2.14 and 2.15).
Ebara TwinRec
The Ebara TwinRec system consists of an air‐blown fluidized bed gasifier which is close‐
coupled to a combustion chamber. Product gas leaves the gasifier and enters the combustion
chamber along with secondary air where it is burned. Temperatures are high enough in the
combustor (up to 1350 °C) to melt or slag the ash that carries over with the product gas41. Hot
flue gas can be sent to a heat recovery boiler. There are approximately 15 TwinRec facilities
operating in Japan and at least one in Europe42.

39

Department of Energy and Climate Change, UK. (2011). Consultation of proposals for the levels of
banded support for the Renewables Obligation order 2012. Available:

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/42842/3235‐consultation‐ro‐banding.pdf
40

Renewables Obligation buy‐out Price (2013). Available: https://www.ofgem.gov.uk/ofgem‐
publications/58136/buy‐out‐price‐and‐mututalisation‐ceiling‐201314.pdf
41

Themelis, N. J. (2008). Developments in Thermal Treatment Technologies. NAWTEC16‐1927. Paper
presented at the NAWTEC 16th Annual North American Waste‐to‐Energy Conference, Philadelphia.
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Whiting (2012), Themelis (2008), op cit.
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(Source: Themelis et al. (2013)
Figure 2.14. Ebara TwinRec schematic.

Energos
The Energos system is essentially a grate‐fired combustor operated as a gasifier in ‘partial
oxidation’ mode. The product gas transfers to an oxidation chamber where secondary air is
added to complete the combustion. The hot flue gases continue on to a heat recovery boiler.
The Energos system was developed in Norway to provide relatively small communities with an
economic alternative to much larger conventional mass burn combustion facilities. The capacity
of Energos facilities ranges from 30 to 118 tons per day. They consume similar types of MSW
feedstocks as the large combustion systems and produce the same types of air pollutants (which
means that appropriate flue gas emissions controls are needed to meet permit levels). There are
eight operating Energos facilities in Europe43.
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To Boiler

Longden, et al. (2010)

Figure 2.15. Energos system schematic.

Direct‐fire application with intermediate gas conditioning.
Kymijärvi II
The Kymijärvi II facility at Lahti, Finland is an example of solid waste gasification where the
raw product gas is conditioned prior to being burned in a boiler for steam production. This
facility began operation in 2012 and consists of two Metso circulating fluidized bed gasifiers.
The facility produces 50 MW electricity (from a steam turbine‐generator) and 90 MW thermal
energy for district heating purposes. The facility capacity is 250,000 metric tonnes per year of
solid recovered fuel (SRF) spec’d to meet the CEN/TC 343 SRF standard. The SRF is described as
a shredded, source‐separated solid waste mixture of wood, and non‐recyclable paper,
cardboard and (non PVC) plastic44.
The gas conditioning step consists of cooling from about 900 °C to 400 °C to condense alkali
chlorides, lead and zinc compounds while leaving tar compounds in vapor phase. This is
followed by hot gas filtering to remove solid and condensed particulate matter. This gas
conditioning reduces the potential for boiler tube corrosion which allows for higher steam
pressure and temperature (120 bar and 540°C compared to 65 bar and 480°C typically). Better
steam parameters give improved steam cycle energy efficiency.
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Lahti Energia. Accessed August 2013: http://www.lahtigasification.com/power‐plant/terminology

55

Figure 2.16. Schematic of the Kymijärvi II facility

Thermoselect
Thermoselect is an oxygen‐blown gasifier system developed in Europe in the 1990’s with
approximately six facilities now operating in Japan.45 The product gas is variously used in
boilers or, with sufficient gas cleaning, in stationary engines for heat and power. Temperatures
are high enough to melt the ash which is cooled and recovered in vitrified form. Figure 2.17,
taken from the Thermoselect website, shows potential gas cleaning and conditioning apparatus
that could be employed to produce high quality syngas suitable for chemical or fuels
production. It’s not clear if the existing facilities have this level of gas cleanup installed since
currently they are producing heat or steam or running stationary reciprocating engines for heat
and power.

Figure 2.17. Thermoselect schematic. www.thermoselect.com
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Themelis, N. J. (2008). Developments in Thermal Treatment Technologies. Paper presented at the
NAWTEC 16th Annual North American Waste‐to‐Energy Conference, Philadelphia.
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Plasma Systems
Plasma or plasma arc is a heating method that can be used in pyrolysis, gasification or
combustion systems depending on the amount of air, oxygen, steam or hydrogen fed to the
reactor. Plasma is a high temperature ionized gas created by flowing gas through an electric arc.
The technology was used as a heat source in the metals industry (electric arc furnaces) and
lighting (carbon arc lamp) beginning in the late 19th century. In recent decades, the technology
has been adapted to treat hazardous radioactive waste through vitrification, making the
material less susceptible to leaching to ground water when buried. The main advantage of
plasma in waste treatment is the intense heat and very high temperatures it can generate.
Plasma based gasification systems are being developed and marketed by multiple technology
and project developers. Based on an internet search, we believe there remains one plasma
gasification facility in commercial operation that consumes MSW (and sewage sludge). This is a
24 ton per day Westinghouse Plasma facility in Mihama Japan. A larger facility (220 tons per
day MSW and auto shredder residue) in Utashinai Japan has closed sometime after 2010 due to
lack of feedstock46.
There are numerous plasma‐based melters and gasifiers operating in the world consuming
hazardous wastes.
Westinghouse Plasma (AlterNRG)
The system developed by Westinghouse Plasma Corp. (now owned by AlterNRG) is probably
the best known or most marketed plasma gasifier technology. The reactor design employees
plasma torches near the lower end of the reactor which provide heat for reaction and to melt the
inorganic (or ash) residue. Air, oxygen, and/or steam are injected to support gasification or
combustion (Figure 2.18).

Figure 2.18. Westinghouse Plasma (AlterNRG) Reactor
46

AlterNRG, accessed September, 2013; http://www.alternrg.com/waste_to_energy/projects/
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Tees Valley Renewable Energy Facility
A large waste‐to‐energy facility that will use the Westinghouse Plasma technology is being built
in Tees Valley, England. The project developer is Air Products. The facility will be sized to
consume up to 1100 tons per day of non‐recyclable MSW and produce about 50 MW electricity.
The integrated‐gasifier‐combined‐cycle (IGCC) facility will use a single large Westinghouse
Plasma oxygen‐blown plasma gasifier. The product gas will be cooled and cleaned to remove
particulate matter, HCl and other acid gases, ammonia, sulfur, and mercury. The gas will fuel
two combustion gas turbine‐generators with exhaust heat recovered in a heat recovery steam
generator. The steam will run a steam turbine‐generator for additional electricity (Figure 2.19).

Figure 2.19. Schematic of Tees Valley IGCC facility (steam turbine cycle not shown).

The “largest plasma gasifier reactor vessel in the world” was delivered to the Tees Valley site
May 2013 with commissioning and start‐up planned to occur in 201447. The facility capital cost is
$500 million ($10,000/kW). In addition to power sales, project revenue will include Renewable
Obligation Credits, and tipping fee for the feedstock material (tipping fees in England are ~
$125/ton)48. Air Products is developing or planning two similar projects in the UK (same scale
and technology).
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Howard, W. (2013). Plasma Gasification. Alter NRG. Presentation at the Regulatorsʹ Workshop,
Gasification Technologies Council, Terre Haute, IN.
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Ibid.
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Figure 2.20. Delivery and installation of plasma gasifier vessel, Tees Valley. Source: Howard 2013.

InEnTec Plasma System
InEnTec, Richland, WA has developed the “Plasma Enhanced Melter” (PEM) system that uses a
fixed bed oxygen and steam blown gasifier to convert most of the carbon containing feedstock
to gas. The char and ash residue is transferred to the plasma process vessel where plasma arcs
operate to provide heat to rapidly gasify the remaining carbon and melt the inorganic (ash)
fraction. The gas from the gasifier and the plasma vessel flow to a thermal residence chamber
(TRC) to allow final gas products to reach equilibrium (Figure 2.21)49.
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Surma, J. (2012). Conversion of MSW into Clean Energy Products using the InEnTec Plasma Enhanced Melter.
Presentation at the California Bioresources Alliance 7th Annual Symposium, Sacramento, CA.
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Figure 2.21. Schematic and photo of the InEnTec PEM system

The InEnTec PEM is operating at a Dow Corning facility processing industrial byproduct and
producing hydrochloric acid and syngas. There is also a demonstration facility at the Columbia
Ridge Landfill, Arlington, OR that consumes about 25 tons per day of high plastics content
MSW.
Plasco
Plasco (Ontario, Canada) has developed a gasifier system for MSW that utilizes a grate fired
reactor operated as a gasifier (see “Converter” in Figure 2.22). The system also employs plasma
torches in two locations; (1) the “solid residual melter,” which gasifies the char and melts the
inert material left over from the main gasifier, and, (2) the duct between the gasifier and cyclone
where the raw product gas is subjected to high temperatures which crack hydrocarbons and
tars to improve gas quality. Proposed projects would use the product gas to fuel stationary
reciprocating engine generators for power and heat.

60

Air Water

Heat
Exchange

Hot Air (Recycled Process Heat)

Figure 2.22. Schematic of Plasco gasifier system

Plasco operates an 85 tpd demonstration facility in Ottawa, Canada and a 5 tpd research facility
in Spain. Plasco is currently designing and permitting a 150,000 ton per year facility in Ottawa50.
The facility will use three gasifier modules and a number of engine‐generators and a steam
turbine system to generate approximately 20 MW gross with about 15 MW net available to the
grid. A tipping fee of more than $80 per ton has been negotiated for material consumed in the
facility.
Plasco participated in a number of California requests for information (RFIs) and requests for
proposals (RFPs) including both the City and County of Los Angeles and the Salinas Valley
Solid Waste Authority (SVSWA). Plasco was ranked among the top two responses in the
SVSWA evaluation. In preparation for potential permitting and project financing, Plasco
obtained a legal opinion in 2010 on their technology from CalRecycle that helped earn pre‐
certification for RPS eligibility for the project from the Energy Commission. Approximately 18
months later, CalRecycle rescinded the 2010 legal opinion51. Plasco appealed to the Governor
and lobbied the legislature for relief. Plasco ceased development in California when the appeal
effort failed52.
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Plasco. (2012). Plasco to build 150,000 tonnes per year Waste Conversion Facility in Ottawa. Press
Release Retrieved September, 2013, from http://www.plascoenergygroup.com/2012/12/plasco‐to‐build‐
150000‐tonnes‐per‐year‐waste‐conversion‐facility‐in‐ottawa/
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The 2010 legal opionion and the 2012 Rescission Letter are available here:

http://www.terutalk.com/pdf/plasco‐salinas/20101123CalRecycle.pdf
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Rubin, S. (2012). Plasco puts trash gasification plant on hold after state declines to redefine renewables,
Monterey County Weekly. Retrieved from

61

Fuels production from MSW
Liquid and gaseous fuels can be produced from thermochemical and biochemical conversion
processes. Fuels typically have higher value than electricity and there are many companies
attempting to commercialize processes that convert biomass and MSW into fuels. Companies
with pilot or demonstration projects in California include Sierra Energy, West Biofuels and
KORE Infrastructure LLC, among others.
Sierra Energy
Sierra Energy is a small company with a development unit at McClellan Business Park,
Sacramento. The main component of their process is an updraft oxygen‐blown gasifier based on
a blast furnace design used in the steel industry. They are working with Velocys, a Fischer
Tropsch technology provider to produce “drop in” hydrocarbon fuels (diesel and gasoline)
from thermal conversion of biomass, MSW, petcoke, tires and other waste materials. A small
process development unit has operated on various feedstocks for short duration test runs.
Sierra Energy has several grants from the Energy Commission and the Federal Government
including a project funded by the Department of Defense to demonstrate electricity production
from waste materials generated on base at US Army Fort Hunter Liggett in Monterey County53.
Ineos Bio
Ineos Bio reported July 2013 that operation has begun at its woody/green waste‐to‐ethanol
facility in Vero Beach Florida54. The facility is designed to produce 8 million gpy of ethanol and
6 MW of electricity. The process uses a combination of thermal conversion (gasification) and
biochemical conversion (fermentation) to produce ethanol (Figure 2.23). Ineos Bio licensed the
process from Bioengineering Resources, Inc. (BRI) in 2008. The BRI process, developed by a
team led by Dr. James L. Gaddy at the University of Arkansas, utilizes a culture of acetogenic
bacteria (Clostridium ljungdahlii) that produces ethanol from CO and H2 (syngas)55.

http://www.montereycountyweekly.com/news/local_news/article_c34d45d4‐3780‐57b8‐8006‐
bd5100e15fd2.html
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Sierra Energy (2012). U.S. Department of Defense Selects Sierra Energy for 2013 Installation. Press
Release, 15 November, 2012. http://www.sierraenergycorp.com/estcp2012/
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Ineos Bio (2013). “INEOS Bio Produces Cellulosic Ethanol at Commercial Scale”. Press Release.

http://www.ineos.com/en/businesses/INEOS‐Bio/News/INEOS‐Bio‐Produces‐Cellulosic‐
Ethanol/
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Vega, J. L., Prieto, S., Elmore, B. B., Clausen, E. C., & Gaddy, J. L. (1989). The Biological Production of
Ethanol from Synthesis Gas. Applied Biochemistry and Biotechnology, 20‐1, 781‐797.
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Figure 2.23. Ineos Bio process schematic.

Enerkem
Enerkem is building a facility at the Edmonton Solid Waste Management Center (Canada) to
convert post‐MRF solid waste to methanol and ethanol fuels. This is the first commercial facility
built by Enerkem. The system will use a bubbling fluid bed oxygen‐blown gasifier with
extensive gas cleaning and conditioning followed by catalytic reactors to produce methanol and
ethanol (Figure 2.24). The product capacity is 36 million liters per year (about 10 million gallons
alcohol per year, or 7 million gallons gasoline equivalent/year) from conversion of 110,000 tons
(dry basis) of refuse derived feedstock (RDF). The facility capital cost is reported to be $80
million with commissioning planned for late 201356. The capital cost equates to ~ $11.40/ gallon‐
gasoline‐equivalent of annual capacity which is within the $7.60‐$15.10 /gge annual capacity
range discussed by Anex et al. (2010) for a 37 million gge facility57.
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Enerkem., Accessed June and September, 2013; http://enerkem.com/en/home.html
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Anex, R. P., Aden, A., Kazi, F. K., et al. (2010). Techno‐economic comparison of biomass‐to‐
transportation fuels via pyrolysis, gasification, and biochemical pathways. Fuel, 89, S29‐S35. doi:
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Figure 2.24. Enerkem process schematic. Source: Enerkem

Biochemical Conversion Systems (Anaerobic Digestion)
AD Systems in California
There are a number of anaerobic digestion facilities in California that are operational or planned
that consume (or will consume) food waste, green waste, or fats, oil and grease (FOG). At least
six facilities are believed to be operating with another twenty five projects that some stage
ranging from pilot demonstration, feasibility study, permitting, construction or commissioning.
The known operating AD projects include co‐digestion at East Bay MUD, green & food waste
digestion in Marina, and projects in Sacramento, Los Angeles and Chino58.
East Bay Municipal Utility District
East Bay Municipal Utility District (EBMUD) is a publically owned waste water treatment
facility in Oakland which has excess biosolids digester capacity. In order to utilize some of the
idle digester capacity and increase biogas production for onsite energy purposes, EBMUD
began investigating co‐digestion of foodwaste and eventually developed infrastructure for
receiving, pre‐processing, and digesting pre‐ and post‐consumer food waste and waste fats, oils
and grease (FOG). The facility processes about 20 tons per day of food waste. It is claimed that
EBMUD is the first sewage treatment plant in the United States to co‐digest food scraps59.
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Franco, J. (2013a). California Anaerobic Digestion projects (A partial list, August 2013). CalRecycle.
Franco, J. (2012). Project Descriptions. Preview of Diguesting Urban Residuals Forum. May 30, 2012.
Sacramento.http://www.calrecycle.ca.gov/Organics/Conversion/Events/Digesting12/CaseStudies.
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Clean World Partners
Clean World Partners (CWP) has licensed
the APS, high‐solids, two‐stage digester
system developed at UC Davis and is
developing projects in the Sacramento Area.
The projects are partially funded by Energy
Commission and Federal grants. CWP
operates a facility in Natomas at American
River Packaging (ARP) where 5‐7 tons per
day of food waste and cardboard scraps are
digested (Figure 2.25). Microturbines are
used to produce electricity that is used by
ARP.

Figure 2.25. CWP facility at American River
Packaging.

Another CWP facility is being
commissioned at the Sacramento Area Transfer Station (SATS). The SATS facility is designed to
convert 25 tons per day of food waste. The facility includes equipment to upgrade the biogas
into renewable natural gas (biomethane) for vehicle fuel (identical to compressed natural gas).
The biomethane is used in Atlas Disposal’s waste trucks. CWP and UC Davis are planning a
digester installation at the closed UCD landfill. Feedstock would come from various campus
residue sources (approximately 10,000 tons per year of food and green waste and possibly
animal manures). The gas would be used for electric power to contribute to the “Net Zero”
energy goal of the West Village community on the west side of campus.

Zero Waste Energy
Zero Waste Energy (ZWE) is involved in at least six
AD projects in California; one is operating and the
others are either under construction or in
permitting and planning stages. ZWE has licensed
the “Kompoferm” and “Smartferm” high solids (or
dry) digestion systems developed by Eggersmann
Group in Germany. These systems use “garage
type” or container style reactor vessels which are
have an air tight door on one end. The relatively
Figure 2.26. ZWE Smartferm facility in
dry feedstock (~40% solids) is batch loaded with a
Marina
front end loader. After loading and closing the
door, a biologically active percolate (liquid) is circulated through the substrate during anaerobic
decomposition. After the appropriate reaction time (on the order of 10‐21 days), the percolate
flow is stopped and the digestate is removed and sent to compost for final stabilization.
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ZWE built and operates a Smartferm facility for the Monterey Regional Waste Management
District in Marina, CA. The Marina facility is designed for 5,000 tons per year of green and food
waste (Figure 2.26). The biogas is used for energy production from a containerized combined
heat and power system supplied by 2G‐Cenergy60. The energy system includes 100 kWe
reciprocating engine‐generator (MAN Engines) with heat recovery.
The ZWE facility at San Jose is under construction with the first phase expected to be
operational by the end of 2013. The facility is planned for three phases each with capacity of
about 80,000 tons per year of pre‐ and post‐consumer food waste, MRF residuals and green
waste. This facility will use the Kompoferm technology which is generally larger than
Smartferm installations and includes the “dry” digestion components as well as an in‐vessel
composting system. Each 80,000 tpy phase is expected to produce about 1.6 MW of power plus
up to 1.8 MWth of heat61, 62. The facility is being built on a closed landfill.
Other ZWE Smartferm facilities being built, permitted or planned in California include a 10,000
tpy facility in South San Francisco that will produce biomethane for CNG fuel, and two facilities
in Ventura County; a 5000 tpy facility with 100 kW electric power production and a 150,000 tpy
facility for biomethane CNG production and a 20,000 tpy facility in the city of Napa63.
Kroger’s, Compton CA
Kroger resource recovery project uses non sellable food items
returned from Ralph’s and Food4Less to the Kroger’s
Compton distribution facility. The anaerobic digester system
was designed and is operated by Feed Resource Recovery Inc.
(Figure18). The facility is expected to process 50,000 tpy of
material that otherwise would have been hauled some 100
miles to a compost facility. The gas is used for heat and power,
partially offsetting the distribution center’s purchased energy.
Figure 2.27. Kroger’s Compton
Digester

Other California AD Projects

Other California AD Projects in varying stages of development
include: Aarefurbishment and restart of a closed digester facility, owned by the Inland Empire
Utility Agency (IEUA) in Chino, Environ Strategies Consultants has leased the facility and is in

60
61
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the process of restarting. The facility will used source separated food waste from the area.
Biogas will be used for power production which will be sold to IEUA64.
The Central Marin F2E (food to energy) project is in permitting and preliminary construction. It
is a public‐private partnership between the Marin Sanitary Service ([MSS] a private solid waste
collection and recycling/recovery company) and the Central Marin Sanitation Agency ([CMSA]
a publically owned waste water treatment facility). The project involves sourcing and
separating food waste at the MSS which is then hauled to the CMSA where the material will be
processed into a slurry and added to existing activated sludge digesters. The extra biogas
produced by the co‐digestion will increase energy production which is used onsite and will be
exported if there is excess65.
AD in Europe
AD of the organic fraction of municipal solid waste (MSW) is used in different regions
worldwide to66:


Reduce the amount of material being landfilled



Stabilize organic material before disposal in order to reduce future environmental
impacts from air and water emission



Recover energy

Anaerobic digestion of MSW technology has advanced in Europe over the past 30 years due in
large part to progressive waste management policies intended to reduce long‐term health and
environmental impacts of landfill disposal67. This, and relative scarcity of land (compared to the
US) has led to high waste tipping fees for landfill disposal. Total installed capacity of AD
systems that process MSW in Europe is now more than six million tons per year (Figure 19)68.
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Anaerobic digestion used to ferment agricultural crops ensiled for that purpose, sometimes in
combination with livestock manures or MSW is discussed below.

Technology for Agricultural Biomass
Appropriate conversion technologies for agricultural residues include thermal and biochemical
generally depending on the feedstock characteristics (e.g., low or high moisture).

Anaerobic Digestion of manures and crop residues
Rice straw is a significant agricultural residue in California. An environmental benefit from the
use of rice straw for the production of energy is the potential to reduce CH4 emissions from
current rice production practices. Because of the large amounts produced annually, rice straw
represents a significant potential energy source. It can be recovered in a low moisture state after
grain harvest and would seem attractive for use in thermal conversion. Because of the quantity
and characteristics of rice straw ash it is a problematic feedstock for conventional solid fuel
combustion systems (see Chapter 1).
AD might be used to capture methane from rice straw fermentation, instead of allowing fugitive
emissions from similar, uncontrolled decomposition processes in rice fields. But doing so is
expensive initially. Costs can only be partially compensated from energy and by‐product sales.
The difference can be considered the cost associated with capturing other environmental
benefits like reduced natural gas use and fewer harmful GHG emissions.

Methane Emissions from Rice Fields
Rice straw burning was once the common method of disposal but is now severely limited. Most
rice straw currently is re‐incorporated into fields where it contributes to methane generation,
but rice hulls are combusted in a biomass to power facility near Maxwell. Much of the woody
biomass from trees and vines finds its way to biomass to electricity power plants located in or
near agricultural areas. On a per ton basis, burning crop residues in well‐maintained energy
facilities has lower emissions of particulate matter, NOx, VOCs , CO and hazardous compounds
generated compared to open field burning. This has the effect of reducing public health
exposure to these compounds and reducing black carbon (soot) addition to the atmosphere
where it has short term climate effects. Estimates for reductions in emission from control
combustion in boilers compared to open field burning indicate 85% to nearly 100% reductions
in emissions of a range of pollutants including (Darley, 1979). While most open burning of
residues is illegal in California, rice straw incorporation is not. If the rice straw from 500,000 ac
per year were converted by thermal means (combustion or gasification) or to biogas in
anaerobic digestion systems, approximately 1.3 MMton CO2 equivalent emissions from rice
fields could be spared and the gas used for power.
Rice is a unique plant that is adapted to saturated (flooded) soils. Prolonged saturation results
in anaerobic conditions and the emission of methane (CH4), a greenhouse gas 25 times more
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potent than carbon dioxide (CO2)69. It is estimated that 20% of all anthropogenic CH4 emissions
come from wetland rice production (Bossio et al 1999)70. The ultimate sources of the carbon that
is transformed into CH4 are the rice straw and roots that are incorporated into the fields after
harvest. Since straw burning is now limited, the potential for methane emissions from rice
production in California has increased. An important benefit of rice straw removal and
utilization in a bioenergy system is the reduction of greenhouse gases (in this case methane,
CH4) emitted from rice fields.
Bossio et al (1999) estimated that 9.2 grams (g) C/m2 as CH4 is emitted during the spring from a
field that has had rice straw incorporated. Fitzgerald, et al., (2000) provided different estimates
from work carried out in fields in California in various time periods. The low value reported for
CH 4 emissions from incorporated rice straw is 13.1 g CH4/m2 and the high was 27.3 g CH4/m2.
The comparative values for burned rice straw CH4 emissions reported by Fitzgerald, et al.,
(2000) were 5.2 g CH4/m2 and 5.7 g CH4/m2. The California Energy Commission (CEC, 2002),
following the IPCC protocols, and adapting a variety of California study results, identifies 12.2
g CH4/m2 as the appropriate annual source of methane emissions averaged across all practices
(including burned and incorporated)71. Using the CEC value of 12.2 g CH4/m2, converting to
acres and multiplying by the 334,000 acres of rice in the BMZ, yields a total annual methane
emission of 16,500 Mg CH4. This value serves as a reference point from which to reduce
methane emissions from rice straw.

Using Rice Straw for Production of Biogas in Anaerobic Digestion Facilities
An alternative idea is to collect straw in fall, while still moist, ensile it similar to corn silage, and
then use it as a feedstock with other readily available biomass materials collected in the region
in anaerobic digestion (AD) systems. Large‐scale silage making campaigns are common in
agriculture but have not been attempted with rice straw before. Nader (2009) reported higher
rates of in vitro gas (biomethane) production under controlled conditions from fresh (moist)
versus dried rice straw72. Their tests do not replicate gas production from ensiled rice straw or
from mixtures of rice straw and more highly fermentable organic residuals that might also be
produced for co‐digestion during winter months in rice areas, or derived from dairy farmers or
food processing industries in the region, but do indicate that AD fermentation is possible.
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As discussed, AD is a mature technology with many companies providing engineered systems.
It is a biochemical conversion pathway and can utilize a wide range of organic materials. The
products produced are biogas, water, nutrients, and recalcitrant organic materials, enriched in
lignin. Residual, highly lignified materials might be used subsequently for combustion or
thermochemical processes because of their increased energy density compared to the original
biomass. For rice straw, Zhang and Zhang (1999) found that digestion reduced levels of K, Cl,
and S, and that preliminary combustion of digested straw did not show signs of fouling even at
higher temperatures. Alternatively, given the large amount of biogenic silica in rice, residues
could be used for animal bedding, composted, or spread on fields directly.
The use of AD holds promise to address disposal and management issues associated with rice
straw in the Sacramento Valley (Zhang and Zhang, 1999). Rice straw can produce renewable
bioenergy in several forms such as biogas, electricity through conversion from biogas, with or
without heat capture; and conversion of AD residues to energy by combustion or gasification.
Alternatively, AD residues could be composted. The majority of water used and nutrients in the
straw could be recycled short distances locally to fields. Anaerobic digesters are readily scalable
and could be dispersed in rice production areas, perhaps near rice drying facilities, to allow for
short feedstock transport distances. Existing rice driers are strategically located throughout the
rice producing region and already operate on natural gas. Biomethane from rice straw digesters
could offset or replace this natural gas use and be sold offsite when driers are not in use. If
electricity were produced, heat from IC systems could be used seasonally to help dry rice.
Alternatively, or in addition, purified methane could be compressed and used to power trucks,
similar to the use for biogas at the Hilarides dairy near Lindsay, California73. Water, nutrients,
and organic residues and minerals in effluent from the digester would be returned locally to
surrounding fields, since the facility would be located within the feedstock supply region. If
methane were captured from rice straw in AD systems, fugitive methane losses would be
reduced from rice fields compared to current management. Resulting alternative energy can be
used locally or exported. There may be a market for carbon credits generated. Jobs in rural areas
would be created. The logistics of handling large amounts of rice straw will be challenging.

Hypothetical Commercial Facility
Only limited data is available to evaluate the use of AD systems with rice straw. It is insufficient
to provide the quality of data necessary to support commercial investment. Nonetheless, some
initial calculations are possible. Using experimental data (Zhang and Zhang, 1999) and a generic
cost calculator (Rapport, 2011), some broad, general impacts can be demonstrated. Three
configurations of electricity production or direct gas use were evaluated (Table 2.1). It is
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Although not commercial digester biogas, landfill gas is also being liquefied as fuel at the Altamont
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assumed that 30% of all biogas produced would be required to operate the system. The three
scenarios, and facility types, are based on all remaining biogas used in 1) gas export (70% gas
export), 2) half gas export and half power sold off‐site (35% power sales/35% gas export), and 3)
all biogas converted to power for off‐site sales (70% power sales). Gas export could be to the rice
dryer or to a pipeline, or to a CNG facility for fuel.

Table 2.1. Description of three projected biopower configurations.

Alternative
Straw Input Rate
Biopower
Configurations*
Facility Type 1
140 ton/day
Facility Type 2
Facility Type 3

Electrical and
Heat Use at
Facility
30% of gas
production
capacity

Electricity
Generated for
Export
0%
35%
70%

Gas Export
70%
35%
0%

* In all cases 30 % of gas production was utilized to supply the electricity and heat demands for the
facility.
By scaling AD facilities to use 140 tons of rice straw per day a single facility would require
51,100 tons of straw annually from 76,650 acres, approximately 120 square miles or 15 % of
average rice acreage. If all rice straw were used, 6 facilities at this scale could be sustained, but it
is unlikely and unadvisable to use all rice straw generated in any given year. But each such
facility would allow more rice straw methane to be avoided. This allows for some combustion
of fields, as noted, and return of large amounts of straw to soils for soil organic matter
maintenance. In addition, most nutrients, water and some lignified residues are conserved in
AD processes and these can be returned to fields supplying straw. A detailed economic analysis
for hypothetical rice straw anaerobic digesters was presented in the Kaffka et al., (2011). The
products produced would be biogas, residual, compostable solids and water and soluble
nutrients in water.

Rice Straw Digestion Facility GHG Emission Avoidance Benefits
Methane that is captured by digesting rice straw in an AD facility reduces uncontrolled
emissions to the atmosphere, and its use for power substitutes for the use of fossil natural gas
for electricity production or other uses (Table 2.2). These GHG offset values are based upon a
hypothetical example of real BMZ resource levels. But both the yield of energy products and the
GHG emission offset estimates are modeled rather than measured. The values in Table … are
presented for illustrative purposes. The calculations are based on a number of critical
assumptions. These include the use of Zhang and Zhang (1999) laboratory conversion factors of
rice straw to methane in an experimental digester. The methane yield, scaled up to cubic meters
of methane per metric ton of rice straw is 172.6 m3/Mg. This experimental methane yield was
reduced by 75% to adjust for commercial conditions that would have a shorter residence time in
the digester than the experimental values (reducing the digester residence time allows for a
smaller digester and also lowers the yield). The natural gas and power estimates are based on
the 1.5 ton/acre rice straw yield (Williams, et al, 2008).
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The power generation assumptions include a conversion efficiency of 30% and a California
electricity emissions factor of 124.06 g CO2 e/MJ or 446.7 g CO2/kWh (CARB, 2009). The natural
gas emissions factor is based on an EPA (2012) value of 0.0053 Mg CO2/therm. The table is
organized by economic facility scenario as well as different regional rice straw utilization rates
of 100%, 66%, 50%, and 33%. The total CO2 production in the field is based on the CEC (2002)
rice straw emission value of 12.2 g CH4 m‐2. The CH4 Emissions Avoided estimates reflect 50
percent removal of rice straw (technically available at the 1.5 ton/acre yield with 50% remaining
behind) plus the emission offsets created through natural gas offsets, power offsets, or both.
Based on the values presented in Table 2. 2, the rice straw AD, natural gas emissions avoided
are 60% of the estimated field emissions while the emissions avoided from only electricity
production are 57% of estimated field emissions. The scenario that produces both natural gas
and power is at 58.5% of the field emissions.
These estimates suggest that digesting rice straw silage in a commercial anaerobic digester
could reduce rice straw methane emissions by 57% to 60%. This estimate only considers 50
percent of the technically available rice straw removed plus the offset for either power or
natural gas avoided from fossil‐based sources. It does not include GHG emissions occurring
from feedstock harvest, ensiling, and transportation operations to the physical site location.
Logistical issues of biomass handling require much more analysis74.
Table 2.2. Potential CO2 Equivalents Offset by AD of Rice Straw at a 140 ton/day Facility

Percent of
BMZ Straw

100%
66%
50%
33%
100%
66%
50%
33%
100%
66%
50%
33%

CH4 Offsets from
CH4 Offsets from
CH4
Natural Gas
Mg CO2
Power Generation Emissions
Generation (Mg
Avoided
(field)
(Mg CO2)
CO2)
(Mg CO2)
35%
70%
35%
70%
Facility 1, Biogas Distribution = 70% NG:0% Power
92,500
9,061
55,311
6,000
5,980
35,980
47,500
4,530
28,280
30,000
2,990
17,990
Facility 2, Biogas Distribution=35% NG:35% Power
92,500
4,530
3,354
54,135
60,000
2,990
2,214
35,204
47,500
2,265
1,677
27,692
30,000
1,495
1,107
17,602
Facility 3, Biogas Distribution=0% NG:70% Power
92,500
6,709
52,959
60,000
4,428
34,428
47,500
3,354
27,104
30,000
2,214
17,214
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https://inlportal.inl.gov/portal/server.pt/community/bioenergy/421/supplying_high‐
quality%2C_raw_biomass . The Idaho national Lab has a program on straw harvest and storage.
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Evaluating the Benefits
These estimates provide some rational benchmarks for policy and planning. Reducing methane
emissions from rice straw emissions is feasible, but complex economically. For instance, if a $20
million facility was constructed to achieve, initially, a 60% reduction of methane emissions, a
grant for 50% of capital costs would reduce these to $10 million. A low interest loan could
reduce the interest to 2%, and a 50% feedstock purchase subsidy, such as those provided by the
federal BCAP program, could provide a $40 per ton rice straw silage price delivered for $20 to
the facility. Extending the payback period from 10 years to 20 years would further lower the
annual cost of capital. There are many assumptions in this illustration. Changing them alters the
costs. The annual cost of capital, O&M (even maintaining a $1.4 million annual fee), and using
the $20/ton price, reduces the annual costs to $3 million. This would lower the ‘green’ energy
costs of such a facility to $0.17/kWh for power and $17/MMBtu for natural gas.
Additional cost savings could be found in combining materials with a higher energy value than
rice straw silage like food waste or glycerin from a biodiesel facility in the same digester.
Perhaps there may be a way to combine rice straw silage digestion at a public wastewater
treatment facility which would lower the cost of the digester portion of the capital costs. Using
the residual solids in an onsite thermal conversion facility could likely increase the value of the
digested solids to a value greater than $10/ton for solids. This example facility illustrates how
multiple excess biomass liabilities might be combined to achieve multiple economic and
environmental benefits.
Economic details remain to be determined. However on the basis of available feedstocks,
conversion to power, and methane emissions avoided, the rice straw silage anaerobic digester
facility has benefits. Table 2.3 illustrates these for a typical AD facility. The first two rows of the
table show the inputs, energy output, and methane emissions avoided for a hypothetical, 140
ton/day rice straw silage facility. In this table, the energy output is presented as either power
(MW) or heat (MMBTU). The lower two rows scale up the 140 ton/day facility and scale this
technology up to the total rice acres in the BMZ, or 4.5 AD units.
Table 2.3. Estimated benefits from anaerobic digestion of rice straw.

Feedstock
Power
Heat Value
BDT
Capacity, MW MMBTU
1. Rice Straw AD
140 tons/day
4.0 AD units

Power
Heat Production
Power
Heat Production

50,000
50,000
200,000
200,000
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1.9
17,700
7.6
710,000

CH4
Mg CH4
55,000
53,000
220,500
220,500

ANAEROBIC DIGESTION of MANURES
Dairy Manure
California dairy herds contain about 1.8 million dairy cows (Williams, et. al. 2008). Based on
conservative assumptions and known characteristics of manure and biogas by the California
Biomass Collaborative, these dairy cows producing 54 standard cubic feet of biogas per day
have a technical potential of 35.3 billion cubic feet of biogas production per year. Using a biogas
energy value of 600 btu/cubic foot, the technical potential for energy is estimated at 21,200,000
MMbtu/year. Converted to electricity at an efficiency of 20%, approximately 1.2 MMW could be
available to meet RPS goals. The US EPA, 2011, reports 29,600 dairy cows included in 11 biogas
projects in California. This is 1.6% of the California dairy herd.
The most common value‐adding market for manure biogas is electricity. There are multiple
environmental and economic challenges with this solution. The conversion of biogas to
electricity captures roughly 25% of the energy for electrical use with 75% of the energy being
used in the conversion process or lost. In addition, the distributed generation power markets
are in the early stages of development with no transparent, efficient commercial market model
in current use, especially in comparison to European policies. The large‐scale commercial
adoption of dairy manure biogas projects has was postponed while the state decided how to
manage nitrous oxide emissions from stationary power sources but a few new projects have
been started in the last year (see Chapter 3).
The most efficient utilization of farm‐generated biogas is in local conversion of the biogas to
process heat for manufacturing on on‐site use. This solves the loss of efficiency and generally
the air quality issues. But to solve the economic issue requires a local demand for this heat. A
small number of food processing/biomass energy projects in the state convert organic food
wastes into process heat, like National Beef, in Brawley, California. Using the biogas as a fuel
for heat is an excellent choice, but it only makes economic sense if there is a need, or an
economic demand for that heat near where the biogas is produced.
The CEC has characterized existing diary digester projects in California (Western United
Resource Development, 2009). Technology choice and management influence the efficient
output of biogas from manure. The technical potential estimated by Williams, et al. 2008, above
is the theoretical maximum. Digestion technologies and management will reduce that potential.
The diary manure projects listed in the EPA AgStar database that are only loading manure into
the digesters are reaching about 60% of the digester theoretical potential. Cattle manure has
already been digested once in the animals’ rumens, so the efficiency of the second stage
digestion in an anaerobic digester can be improved by the addition of other, non‐manure feed
stocks. For example, adding cheese wastewater from on‐farm cheese processing plants or many
other available organic waste materials will increase the energy output above the theoretical
estimate for manure alone. In Europe, co‐digestion of additional feedstocks with manure is
common practice.
A reasonable economic, energy potential for the dairy manure resources is 12,700,000 MMbtu
(60% of the earlier number). Converting this to electricity would reduce the economic potential
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far lower than the 25% energy utilization, due to the conflicting air quality policies. If this
technology were currently economically feasible, adoption could be fairly rapid.

Status of Agricultural Biomass Conversion Technologies
Some agricultural biomass is being combusted using gasification systems. (Russ Lester), some is
being burned in existing biomass to energy systems, and some is being used in anaerobic
digestion systems (particularly dairy waste and food processing industry waste).
Agricultural biomass derived from tree removals is combusted at some existing biomass to
power facilities located in the Central Valley. The same analysis with respect to repowering and
conversion efficiency applied to facilities burning forest biomass applies as well to those
combusting orchard biomass.
Anaerobic digestion and technology are relatively mature and a number of companies are
capable of helping to design and build AD systems in California. Several new dairy‐based AD
systems are being installed. These all include emission control systems on generators to allow
for compliance with air quality regulations.
Biogas is used to make electricity on most dairies using internal combustion engines. In air
districts with strict limits on emissions, exhaust gases must be treated to reduce emissions,
especially NOx. This is achieved in diverse ways. A microwave treatment system is visible in
Figure X. Gas conditioning for use in engines and emissions cleanup systems add costs to
digester systems. Since manure is not a high gas yielding feedstock, upgrading feedstocks by
co‐digestion would increase gas yield from existing or new digesters on dairies, helping them to
become more economic.
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Figure 2.28. Elite Energy thermophilic anaerobic digester at Brazil Dairy in Merced
County (3000 cows). Dewatered solid materials from the AD effluent are sold to local
bedding plant nurseries. Liquids and most nutrients are returned to fields.
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Fig. 2.29. NOx emissions reduction from dairy manure biogas using microwave technology at the
Tolenaar Dairy in Sacramento County. V. Tiangco,SMUD. CBC 8th Forum (May 2011).

Gasification
A gasification system consuming walnut shells and producing 100kW of electricity is operating
in Solano County. Walnut shells are an excellent feed stock for gasification and other termal
conversion systems.
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Figure 2.30. Dixon Ridge Farm uses 2.0 million pounds of shells for power and heat each year in a
100 kW gasifier provided by Community Power, Inc.

A 500 kW gasifier system in Merced consumes agricultural and urban wood chips. Other
systems have been proposed or operated on a small scale. A pilot facility to gasify almond
wood chips has been installed at Red Rock Ranch in Fresno County.

CHAPTER 3:
Applicable Resource Limitations: Technical,
Regulatory, and Policy Barriers
General
Summary: Biomass of diverse types in California is technically available, existing and new conversion
technology is available and greenhouse gas reduction requirements and the desire to create new green jobs
support the use of biomass for energy. There could be many, substantial environmental and landscape
management benefits from the prudent use of residual biomass in California. Policy and political and
legal disagreements and the difficulty of permitting new projects inhibit the further development of
biomass energy. Policy harmonization would support this process. Regulations affecting biomass from
urban, forest and agricultural sources are discussed. For forest and agricultural biomass, disagreement
about life cycle greenhouse gas reductions and which methods should be used to properly account for them
are a particular obstacle to investment and biomass energy use. European countries in contrast have
aggressively developed biomass resources for energy as part of a comprehensive social program to reduce
GHG emissions.
Recently, Governor Brown and the legislature have increased the state’s renewable power
production goals to reach a target of 33% of power consumed in California by 2020. To meet its
policy goals, the state will need to add between 20,000 and 40,000 MW of additional renewable
generation capacity to meet projected growth in demand to achieve the goal of more than 33%
renewable energy sources over the next 15‐20 years, mandated by Senate Bill 1X2. To meet local
and statewide goals of increased renewable energy production, use of all prudently accessible
sources of biomass resources is essential. Unlike intermittent wind and solar energy sources,
biomass can be used for base load production of energy, complimenting these other intermittent
sources, and facilitating their use.
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The absolute amount and percentage of renewable electricity produced from biomass in
California, however, has declined since 2000, despite the presence of abundant biomass in
California, technological advances in conversion systems, and recent governors’ intentions and
state policies that biomass be used for alternative energy and fuel production within California
(CEC, 2011; O’Neill and Nuffer, 2011). The causes of this decline are varied. A large number of
biomass to energy facilities were located at lumber mills, relying on the forestry industry for
feedstock. When the mills closed, feedstock supplies disappeared. Others have seen the price
they receive for electricity decline past the point of profitability, or seen increases in the costs of
feedstocks, or both.
Public policy often determines the availability of biomass and strongly influences the economic
value of the use of biomass for power and fuels. In addition to the broader laws and regulations
that govern the use of natural resources in both California and the US generally, there are a very
large number of specific laws and regulations affecting the development and use of alternative
energy. Because of their great diversity, sometimes conflicting focus or intent, and the novelty
of new applications, these rules and regulations largely are not harmonized (Kaffka and Endres,
2011). A new or existing biomass power project is affected by many different laws and
regulations across a range of jurisdictions, from local to federal. A comprehensive or systematic
analysis of all such laws and regulations has not been attempted to our knowledge.
The development of any bioenergy facility using diverse feedstock sources will have to
reconcile laws and regulations that may have conflicting or overlapping provisions. Federal and
state regulations provide both incentives and barriers to biofuel and biopower development
that must be considered. The most important omnibus laws affecting natural resource extractive
activities like biopower and biofuel production include the National Environmental Policy Act
(NEPA), the Clean Air Act, the Clean Water Act, US Farm Bill, and the Energy Independence
and Security Act (EISA). For California these include the California Environmental Quality Act
(CEQA), Porter‐Colon Act, and the Global Warming Solutions Act (AB32).
With respect to power production California, The Little Hoover Commission (2012) has recently
reported on the complexity and lack of integration of state policy to support renewables and
their integration with existing systems of power production and distribution. They highlight the
scale of policy objectives for alternative energy, (33% of all power), the speed with which this
must be achieved, the lack of a comprehensive strategy to achieve these ends with minimal
disruption, and the lack of mechanism to achieve an orderly transition. The cost of alternatives
was highlighted in the report and unequal sharing of these costs among different consumer
groups and locations in the state was emphasized. The intermittent supply of solar and wind
systems complicate these problems, while biomass and geothermal systems may help resolve
them, but most new contracts have favored solar and wind at the expense of these other
alternative sources (Little Hoover , 2012)75. The Commission identifies multiple state agencies
75

“The Commission is concerned that the Renewable Portfolio Standard is being implemented
simultaneously with numerous other far‐reaching policies, including greenhouse gas reduction and the
associated Cap‐and Trade program; regulations to reduce the use of coastal water to cool power plants;
the expansion of distributed electricity generation to 12,000 megawatts; and potential regulations
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with authority over some aspect of power generation and distribution in California: The CPUC,
the CEC, CARB, SWRCB, DWR, and CA Fish and Game. At the Federal level, the Federal
Energy Regulatory Commission (FERC), and at a regional level, the Western Electricity
Coordinating Council (WECC) have roles in power production and regulation. The CA ISO and
several local municipal and other utility districts and power providers are part of the state’s
system. They note as well that the interests of existing power providers such as the IOU’s are
not aligned with state policy, creating conflicts at multiple levels in the development of
alternative energy sources. There is no single entity in the state looking at the system as a whole
and ensuring that environmental policies linked to energy are integrated (Figure 3.1, Little
Hoover, 2012). No overall roadmap exists. These circumstances make alternative energy
development more difficult and isolated policies less likely to result in beneficial long‐term
outcomes.
The most significant barriers to biomass use for energy and other purposes in California are not
then technical, but instead involve infrastructure and policy barriers. The science of biomass
conversion is well developed, and as the technology review provided here indicates, is
continuously advancing. It is sufficient for at least initial project development in many
instances. Many legacy regulatory policies were created before concern for reducing greenhouse
gas emissions became a prominent state objective. Many policies do not account for, or are not
focused on this significant new state objective. These barriers apply to most biomass pathways
and include:
1. Siting and permitting costs and uncertainty or delays in securing permits are significant
barriers to bioenergy project startups.
2. Low energy prices available to developers, and price uncertainty.
3. Lack of a uniform state or federal carbon tax and a low carbon market price have been
barriers. It is not clear how the state’s new Cap and Trade program in California will
affect this situation. Since the state’s Cap and Trade policy applies only to California, it
is uncertain how a state level regulation will affect companies that operate in national or
international markets.
4. Some types of ecological or societal benefits from bioenergy projects are difficult to
value and monetize, or to assign a carbon value. So prices do not reflect cumulative
benefits, especially greenhouse gas reduction benefits. This situation is not unique to
California.
5. There are many and diverse inhibitory definitions in statute, most evident currently in
the regulation of MSW and urban wastewater conversion technologies for energy.
6. There is uneven support and inconsistent policies supporting technology innovation and
improvement at different scales, including uneven net metering regulations that may
disadvantage smaller, distributed facilities.

dictating water flow from the state’s hydroelectric facilities to improve the health of the Delta’s
ecosystem. On its own, each policy or regulation could influence electricity rates and reliability.
Combined, the impact is far greater.” Pg iv.
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7. There are unequal policies or incentives across different renewable technologies. Some
used with success elsewhere, such as the combustion of MSW, are seen as undesirable
without an objective basis, biopower from the combustion of biomass residuals is not
subsidized equivalently to more costly technologies like solar.

Figure 3.1. Regulatory complexity affecting alternative energy development in California. Little
Hoover Commission, 2012.

Additional development and greater certainty about carbon credits
Carbon credits could increase the economic viability of many bioenergy projects. Several
regulations affecting GHG emissions include accounting features that are used as carbon
credits. Carbon credits are considered to be a mechanism that can reduce the cost of compliance
for the GHG reduction goals in AB 32. Some of these carbon credits are tradable and take on a
market value. In general, carbon reduction credits must represent actual reduction in GHG
emissions compared to some status quo or business as usual condition. They must not duplicate
81

actions that may occur in any case due to other government requirements or mandates, and
represent an extra reduction in GHG emissions (additionally) due to actions taken by the project
claiming the reduction. For example, it is already necessary to recycle fractions of MSW in
California, so claiming credits for that activity would not be allowed. Emissions reductions
must be real, be able to be adequately quantified, and must be a permanent reduction in
emissions. If all these criteria can be met, then carbon credits will have an economic value.
Carbon credits and carbon credit markets may provide a mechanism to help fund biomass to
energy projects. In a sense, these credits embody some of the previously excluded costs of
biomass projects, or any project to which they are applied. They are not synonymous with
sustainability standards, but to the degree that sustainability standards also include practices
which reduce carbon emissions, their objectives coincide.
The price of carbon credits varies, and reflects the costs associated with non‐compliance in a
regulated activity or industry. At some point, they may be sufficient to support biomass to
energy projects that otherwise are uneconomic. Slow progress to date in developing biomass
projects in California, despite encouragement in state policy, reflects the influence of economic
barriers. Compliance and certification costs may be large, depending on the project and the
regulations governing the program, offsetting some of the gain from the sale of the credits. An
example of a carbon credit scheme for forest biomass in the Tahoe Basin is discussed below.
There is extensive debate in the economics and public policy literature around these issues. It
remains unclear, whether carbon credits will be traded in a free market or will reflect the policy
preferences of the agencies or organizations issuing them. The first Cap and Trade credits have
been issued by CARB for free to the first industries to require them. CARB anticipates sales of
credits in the future and a market in which credits can be traded.
One of the most significant issues associated with carbon credits is accounting for them
accurately. Do they in fact represent real carbon savings, how much and under what conditions
and how can they be verified? For example, if farmers alter their practices to add cover crops for
soil organic matter accumulation, does this new practice result in inefficiencies elsewhere in the
system that end up costing more carbon or result in yield loss with reputed secondary, market –
mediated consequences (called indirect land use change, ILUC)? Complex models may be
needed for accounting purposes, but these require calibration and include both measurement
and model uncertainty. If highly spatially variable processes are modeled, then no certainty
may be possible. These issues are discussed at greater length below.

Competition for end uses: Power or fuel from biomass?
The focus of this analysis is the use of biomass for power as part of an integrated approach to
the use of diverse sources of renewable energy in California. But diverse forms of biomass can
also be used to create transportation fuels and such use has been advocated (Sedjo, et al., 2013).
Over the last decade, the promise of new technologies capable of transforming biomass into
liquid fuels of various types has driven a variety of pilot projects, fuel availability reports and
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investigations. An assessment of the relative availability of biomass on a statewide basis,
combined with the location of key transportation infrastructure facilities and estimates of the
cost of conversion was carried out by the California Biomass Collaborative for the Public
Interest Energy Research (PIER) program (Tittmann, et al., 2008)76. The optimization model
identifies the best locations for bio‐refinery and biopower facilities in California as a function of
biomass distribution, type and relevant infrastructure like roads and power lines and cost of
biomass regionally. While large amounts of biomass are technically available in California, the
costs to purchase, collect and assemble biomass, including regulatory costs, are high and limit
its use significantly. Supply is contingent on feedstock price (Tittmann et al., 2008). Based on
their price and technology assumptions, biomass supply curves were developed that estimated
the availability of biomass for either biofuels or for biopower (Figure 3.2). These curves indicate
biomass quantities that could be consumed given various biofuel prices in dollars per billion
gallons of gasoline equivalents ($/gge, vertical axis). While prices are not current, the relative
value of biomass for use as fuels remains greater than for power under current conditions.

Figure 3.2. Estimated biofuel price at which different types of biomass are converted to fuels or
power. (Tittmann et al., 2008.)
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The California Biorefinery Siting Model integrates geographically explicit biomass resource
assessments, engineering and economic models of the conversion technologies, models for multimodal
transportation of feedstock and fuels based on existing transportation networks, and a supply chain
optimization model that locates and supplies a biorefinery based on inputs from the other models . To
identify the locations for biorefineries, the model first maximizes the profitability of the entire state
bioenergy industry. The profit maximized is the sum of the profits for each individual feedstock supplier
and fuel/power producer. Costs minimized in the model are those associated with feedstock
procurement, transportation, conversion to fuel, and fuel transmission to distribution terminals. Fuel
production and selling price determine industry revenue. Co‐product revenues are included, Tittmann, et
al., (2008).
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Transportation fuels are worth more than electricity in the absence of regulations, mandates or
other factors that would favor renewable electricity over biofuels. The Biorefinery Siting Model
assumptions and prices are of value for comparison purposes and no longer reflect either
current prices or the current state of technology options. The model is indifferent to policies that
might affect siting, or to local circumstances that might either inhibit or favor biomass use.
Economic potential cannot be separated from policy issues that affect or constrain the use of
biomass. Additionally, new developments in conversion technologies continue to influence and
alter estimates of the profitability of biomass conversion to energy reported in the model.
Without biopower policy incentives, and at current natural gas prices, biomass will tend to be
diverted to fuel rather than power in new uses. Some new technologies will be able to produce
both fuels and power, and some heat. For the remainder of this analysis, however, biomass will
be treated solely as a feedstock for power production.

Woody Biomass from Forests
A number of factors act as barriers to use of forest biomass use for energy. These include
dispersal of woody biomass and low energy density of all forms of biomass, compared to fossil
sources of energy. New biomass transformation technologies are still developing and most
promising technologies are not yet mature. The capital costs of new facilities that are first of a
kind tend to be very large, creating an economic barrier to commercialization. But on the whole,
policy and regulatory barriers appear to be more important contributors to cost.
The search for alternative energy sources goes back several decades in the United States. The
energy crisis of the 1970’s (primarily politically motivated curtailment of oils supplies from the
Middle East) led to enacting the Public Utility Regulatory Policies Act (PURPA) at the federal
level in 1978. California responded to this act by instituting policies to stimulate renewable,
domestic energy sources through economic incentives. During the 1970’s and 1980’s, a number
of facilities that converted biomass into electricity were constructed. This phase of infrastructure
development focused on cogeneration and combined heat and power (CHP) facilities, often
located at sawmills. These facilities utilized the abundant residual process wood (sawdust, bark
and pieces) and wood chips were transported to these facilities under initally favorable market
conditions. Other biomass‐to‐electricity facilities were constructed to use urban wood wastes (to
reduce landfilling) and residual woody materials from agriculture.
Those biomass to power facilities that rely on largely urban woody waste materials or which
use mixed biomass feedstocks may be especially affected by new air pollution and greenhouse
gas emission rules. New US EPA boiler Maximum Achievable Control Technology (MACT)
standards that are part of Clean Air Act regulation, could lead to permanent closure of a
number of facilities77. EPA at this writing had not yet issued final guidelines, but many of
77

“On February 21, 2011, EPA issued final standards for major and area source boilers and commercial and
industrial solid waste incinerators. On May 16, 2011, EPA announced it is allowing time to seek and review
additional public input on the final standards for boilers and certain solid waste incinerators. EPA is also issuing a
stay to delay the effective date of the standards for major source boilers. Additional public comments were sought
to attempt to avoid closure of existing facilities. Non‐Hazardous Secondary Materials Rule,77 which EPA

84

California’s existing biomass power facility operators have been concerned that several
components of the rules will make it difficult for facilities with narrow profit margins to
continue to operate78. Summarized industry’s concerns to US EPA’s boiler MACT rule include79:
1. Restrictions on what qualifies as acceptable feedstock in a competitive biomass market
(e.g. urban wood waste and agricultural fuels that have relatively higher levels of salts
and metals),
2. A requirement for large new capital expenses to meet new emissions limits, and
uncertainty about long‐term performance of expensive new systems. Most California
facilities have fixed rates for sale of electricity, which may not allow for expensive new
investments.
3. Classifying biomass facilities in California as solid waste incinerators increases
regulatory uncertainty and risk. An unknown number of companies may not be able to
make expenditures when costs cannot be recovered and choose to suspend activity, and
4. Concerns that installing additional control systems and equipment such as wet
scrubbers would increase energy and water consumption, and reduce the efficiency of
the plant.
In addition, many of these facilities will be reverting from stable, higher fixed price contracts to
variable prices just as these rules come into effect in 3 to 5 years. The closure of these facilities
will make economic management of woody biomass materials for energy in California more
difficult, at least in the short‐ to mid‐term, and compromise state objectives to increase reliance
on alternative energy sources. These rules are still under judicial review.
Federal: GHG Programs
Since the U.S. Supreme Court’s decision in Massachusetts, et al., v. EPA80, EPA has pursued
regulatory programs to reduce GHG emissions from mobile and stationary sources. In March of
2010, as part of its regulation of the Clean Air Act, USEPa issued rules affecting emmisions from

promulgated at the same time as the Boiler Maximum Achievable Control Technology Rules, was not changed. This
rule has the potential to classify urban wood fuel (approx. 30% of total biomass fuel in California) as a “solid waste”
and thus biomass facilities using this feedstock would fall into the Commercial and Industrial Solid Waste
Incinerator category. A major source facility emits or has the potential to emit 10 or more tons per year (tpy) of
any single air toxic or 25 tpy or more of any combination of air toxics. 22 of the 31 existing solid‐fuel biomass
facilities in California would be classified as a major source emitter. The final rule will reduce emissions of a
number of toxic air pollutants including mercury, other metals, and organic air toxics (polycyclic organic matter
(POM) and dioxins). Toxic air pollutants, also known as hazardous air pollutants or air toxics, are those pollutants
known or suspected of causing cancer and other serious health effects.” US EPA boiler MACT fact sheet:
http://www.epa.gov/airquality/combustion/docs/20110516nextstepfs.pdf
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On December 2, 2011 EPA issued proposed reconsiderations for rules to reduce emissions of air pollutants from
new and existing boilers and solid waste incinerators.
http://www.epa.gov/airquality/combustion/actions.html#jun11
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US EPA boiler MACT fact sheet: http://www.epa.gov/airquality/combustion/docs/20110516nextstepfs.pdf
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549 U.S. 497 (2007).
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combustion systems that emit greenhouse gases, such that other pollutants subject to regulation
must be considered and best available control technology (BACT) applied for their mitigation.
EPA has finalized these rules under existing Clean Air Act (CAA) provisions including a
stationary source “tailoring” rule81. The tailoring rule was adopted to reduce (signifincatly) the
number of regulated entities, which otherwise would run into the many thousands, potentially
overwhelming the agency’s capacity. EPA has delayed for three years a determination whether
biomass combustion will be treated as carbon neutral under the program82. Policymakers must
consider how to reconcile the GHG accounting and other sustainability aspects of energy
biomass feedstocks between the RFS83, BCAP, and the CAA. It is difficult to imagine a
straightforward way to do so without some form of net benefit analysis. Even so, some
necessary tradeoffs will be incommensurate.
Biomass facilities in California that use urban wood wastes may combust painted or treated
wood materials. Other forms of biomass are high in chlorine and produce acids on combustion.
New standards included in the tailoring rule would be difficult for at least some of the existing
biomass to energy facilities to control, and may lead to closure. This would have the adverse
effect of reducing the amount of electricity made from renewables in California. This issue
remains unresolved and adds uncertainty for biomass developers.
Federal: Biomass Crop Assistance Program (BCAP)
Potentially the most important subsidy from a biomass production perspective is the USDA
Farm Service Administration’s (FSA) Biomass Crop Assistance Program (BCAP). Despite its
name, it also has been applied in California to woody biomass resources supporting biomass to
energy facilities. There is a great deal of uncertainty associated with the operation and funding
of this program, and in an era of budget cuts its future funding is uncertain. FSA implemented
BCAP throughout the later part of 2009 and early 2010, only to be halted pending finalization of
a formal implementing rule. In late October 2010, the Commodity Credit Corporation (CCC)
issued the final rule, with immediate resumption of implementation84. The program provided a
“matching payment” of up to $45 for the price received by eligible material owners (EMOs) for
the collection, harvest, storage and transportation of eligible biomass to qualified conversion
facilities for use as heat, power, bio‐based products, or biofuels. All BCAP‐subsidized material
must be produced according to a conservation or forest stewardship plan or the equivalent, and
the regulation limits growing of invasive or potentially invasive species. The Biomass Crop
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EPA, Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule, 75 Fed. Reg. 31514‐
31608 (Jun. 3, 2010) (codified at 40 CFR Parts 51, 52, 70, and 71).
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EPA, Final Rule: Deferral for CO2 Emissions from Bioenergy and Other Biogenic Sources under the
Prevention of Significant Deterioration (PSD) and Title V Programs (July 1, 2011),
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CCC, Biomass Crop Assistance Program: Final Rule, 75 Fed. Reg. 66202‐66243 (Oct. 27, 2010) (codified at 7
C.F.R. Part 1450).
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Assistance Program (BCAP) has been used since 2009 to support the cost of biomass fuel
acquisition for many of the state’s biomass to power facilities85. Payments for woody biomass in
diverse counties in California are reported in Table 2.9 in Kaffka et al., (2012). The BCAP Final
Rule is not entirely consistent with the federal Renewable Fuel Standard (RFS2), as RFS2
excludes biomass from federal forest lands categorically. In California, enrollment in the BCAP
program to date has included many forest biomass suppliers, and most biomass has gone to
power producing facilities. Electric vehicles using low carbon power comply with state
regulations. If BCAP funds were used to secure biomass from federal lands, it is not clear if the
use of electricity made from this biomass would be out of compliance. It is also unclear how
long BCAP funds will continue to be available due to budget sequester and related budget
reduction provisions.

Figure 3.3. Wood pellets at a combustion facility.

In general, biomass resources are expensive to consolidate, and both this expense and their
lower energy content limit the distance from which they can be assembled. A limiting distance
of 50 miles is commonly used and assumed in the model, but is not absolute. If the energy
content of distributed biomass supplies can be increased through pre‐treatment technologies
like pelleting or torrefaction, then biomass can be assembled at combustion, gasification
facilities, or mixed biorefineries from larger distances. Pelleting is common for treatment of
wood wastes for combustion facilities because they are easy to ship and combust uniformly, but
torrefaction has not become a widely used densification method.
Forestry Standards.
California has a large and complex set of statutes and regulations that apply to the commercial
harvesting of trees from timberland. These regulations both facilitate and hinder biomass
access. The regulations are developed and adopted by the Board of Forestry and Fire Protection
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(board), and subsequently administered by Cal Fire86. This body of law addresses harvest levels
and forest stand conditions, harvesting practices, reforestation, water quality maintenance,
wildlife habitat, endangered species, soil erosion, hazard reduction, and cultural resources.
Together these rules embody concern for and provide a level of sustainability for the full suite
of forest ecosystem values. Regulations are constantly being re‐evaluated by the Board to assure
proper protection of these values. The re‐evaluation of regulations is required by the Forest
Practice Act. Cal Fire receives input from interested public, industry, and academic sources on a
constant basis. Each year the Board makes adjustments to the regulations based on the input it
receives to improve protection of the Stateʹs natural resources.
Though there has not been a great deal of progress towards higher level of fuels treatment
projects across the Sierra landscape, a body of scientific analysis supports the need for such
work. This body of work has resulted in regulations and guidance documents with more
refined recommendations for fuels treatments. For example the USFS Pacific Southwest Range
and Experiment Station released An Ecosystem Management Strategy for Sierran Mixed Conifers87.
This strategy provides criteria to guide the location and intensity of fuels treatments that are
needed to reach a desired future forest condition. That future forest condition will vary by slope
location, aspect, moisture regime, species composition and other factors. This type of analysis
will have to be considered in adjusting the expectations of the biomass feedstock supply
available from the forestlands within a biomass project area.
Some work has been done on guidelines that are more specific for actual biomass harvests or
fuels treatment projects. Cal Fire has recently adopted regulations for a Modified Timber
Harvesting Plan that outline harvesting criteria for fuel hazard reduction that are considered to
have less environmental impact and therefore the permitting requirements are more
streamlined88. The Society of American Foresters has provided guidance on the development of
specific forest stand conditions that increase wildfire resilience while maintaining ecosystem
balance89. The USFS and Forest Guild have developed a guide for fuels treatment that considers
past forest conditions and the management actions that will be conducive to attaining a desired
future condition for a specific forest/watershed90. Using these guidelines and standards
provides transparency about the factors considered in developing the feedstock supply for a
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biomass project, along with the potential impacts and benefits associated with the
harvesting/treatments necessary to produce the forest related biomass.
Lastly an additional set of guidelines for sustainable forest biomass have been developed for
California by Cal Fire in partnership with the Biomass Workgroup (BWG) in order to meet the
mandates of SB 1122. Under SB 1122 the CPUC will provide a higher price for electricity
produced from small (<3MW) biomass or biogas facilities up to 250 MW (50 MW of forest
biomass). To qualify forest biomass must be sourced from Fire Threat Treatment Areas (2010
Fire and Resource Assessment Program Report) and be determined to be ʺsustainableʺ. Cal‐Fire
was charged with developing guidelines for CPUC to confirm that forest biomass is sustainably
sourced. This was done in collaboration with the BWG which is an integrated group of NGOʹs,
local, state and federal government agencies; public utilities, and energy consultants. The work
of this group was provided to the CPUC in November 2013. There was not complete group
consensus on the guidelines provided to CPUC even though the guidelines were the product of
6 months of collaboration. However, the guidelines do closely follow the work referenced in
previous paragraphs.
Woody Biomass from Fuel Load Reduction in Forests
There are disputes in policy about the proper use of biomass from forests, even if biomass use is
justified as tool for forest management and fire suppression. Most parties acknowledge the need
for some level of management of seasonally dry forests, but disagreement about location, scale
and intensity of management persists. Fire is a natural feature of the state’s forested landscape.
Increasingly, however, destructive wildfires result in unproductive loss of biomass, large
emissions of criteria pollutants and greenhouse gases (GHG), property destruction, adverse
public health consequences, and sometimes permanent loss of ecosystem structure and
function. These changes in turn lead to increased soil erosion, sedimentation of dams, declining
water quality, and habitat and species loss.
Fighting massive wildfires is very costly. Since 2005, wildfires have burned more than 900,000
acres statewide on average, while over the last two decades, the area burned has been
increasing. Cal Fire has estimated the costs of fighting fires on the 200,000 acres in its area of
responsibility cost over $200 million per year for suppression with an associated average
property loss over $100 million annually91.
Active 20th century fire suppression in western US forests, and a resulting increase in stem
density, is thought to account for a significant fraction of the North American net carbon sink.
Comparing California forest inventories from the 1930s with inventories from the 1990s reveals
that stem density in mid‐montane conifer forests increased by 34%, while live, aboveground
carbon stocks decreased by 26%. Increased stem density reflected an increase in the number of
small trees and a net loss of large trees. Large trees contain a disproportionate amount of
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D. Pimlott. 2011, CAL FIRE, cited in: Placer County Air Pollution Control District: Opening Comments to October
13, 2011 Renewable Feed in Tariff staff proposal. Rule Making 1105‐005, May 5, 2011; and D. Wickizer, CAL FIRE,
personal communication, Placer County estimates rely on CAL FIRE data.
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carbon, and the loss of large trees accounts for the decline in biomass between surveys. 20th
century fire suppression and increasing stand density may have decreased, rather than
increased, the amount of aboveground carbon in western US forests (Fellows, 2008).

Figure 3.4. Large scale, intense wildfire

Due to the costly and harmful effects of wildfires, a number of efforts have been extended to
provide policy makers with information on their full cost in the US. A 2010 report by the
Western Forest Leadership Council (WFLC)92 reviewed six case studies in the Rocky Mountain
and Pacific West. When full costs were evaluated the conclusion was that they exceeded the
reported suppression cost from 2 to 30 times.
A recent assessment reported to the CPUC by Placer County Air Pollution Control District
attempted to summarize the economic costs of current forest management policies and contrast
them to a set of policies that include additional (modest) levels of fuel load reduction93. This
work included evaluating a pilot‐scale biomass utilization plant and was supported by the US
DOE. Wildfire management costs in California for all sources of data were reported to average
approximately $1.2 billion dollars per year from 2006 to 2010. These costs include those for post‐
fire landscape mitigation and compensation to landowners for fires related to transmission
infrastructure or other public responsibilities94. Climate change predictions suggest that wildfire
losses will increase in a warmer and perhaps drier future (Bryant and Westerling, 2009;
Westerling et al., 2009).
Aside from accounting for the costs of wildfire suppression, estimating accurately all the costs
of diverse ecosystem functions lost from uncontrolled wildfires is difficult. Nonetheless, fuel
load reduction in at‐risk forests is regarded as a means of minimizing costly and ecologically
harmful consequences of intense wildfires95. In addition to direct costs for fire management and
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damage to ecological values, there are adverse public health effects from fires96. Open burning
of all types of biomass produces as much as 100 times more conventional pollutants than
controlled combustion or gasification in a power boiler, and much greater quantities of
greenhouse gases due to poor (incomplete) combustion conditions. In addition the Placer
County report cited estimates that with some developmental second generation
(thermochemical) conversion technologies, up to a 24% reduction in GHG (CO2) emissions
could be achieved compared to open burning of harvest residue piles97.
There have been many attempts in recent years to improve access to and increase the use of
forest biomass for traditional wood products and for other uses, including energy. Federal
forests for many years have restricted tree removal and biomass accumulation rates and
standing biomass density have increased. In parts of California with forests located in drier or
seasonally dry conditions, excess biomass accumulation has increased the risk of wildfire.
Despite agreement about the need for fuel load reduction, insufficient progress has been made
on forest maintenance to reduce the risk of wildfire and ecosystem alteration.
One of the most intensive and politically important efforts to improve forest management in
part of the forested areas of Sierra and Plumas Counties has been carried out by the Quincy
Library Group (QLG)98. It was initiated in 1992 by local residents but soon attracted interest,
broad participation by many groups, including environmental groups, and the attention and
participation and support from then Congressman Herger and Senator Feinstein. It was active
until 2009. The QLG worked to develop a “Community Stability Proposal” that suggested
improvements in management for the Lassen National Forest (NF), the Plumas NF, and the
Sierraville Ranger District of the Tahoe NF. This plan suggested many progressive
modifications to traditional forest management practices as well as reduction in unmanaged
areas and increasing risk to catastrophic wildfire99.
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These included: a consensus definition of the Desired Future Condition for these forests, characterized by
“an all‐age, multistory, fire‐resistant forest; deferral of certain sensitive areas from scheduled harvest;
timber management plans based on group selection and single tree selection; implementation of
California Spotted Owl (CASPO) fire and fuels management objectives; riparian habitat protection and
watershed restoration; continuation of SBA/SSTS set‐asides; expanded stewardship contracting; and a
northern Sierra working circle.” There was also a desire to help slow the loss of the local timber industry
vital to the region, including a Forest Health Pilot Program.
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Despite efforts to be inclusive and to follow a careful deliberative process, and the occurrence of
a catastrophic wildfire within the region with significant ecosystem loss during this period, the
Quincy Library Group and its plans met significant opposition 100. Reduction in the risk of
wildfire loss is one reason to increase use of excess woody biomass, but the ability to acquire
such biomass has been resisted by some groups and individuals due to concerns for the effects
on the types of ecological characteristics of forests that they prefer. The Quincy Library website
documents the legal and political challenges to implementing its objectives through 2009101. It
has a reduced level of activity currently after nearly twenty years of intensive effort.
The most recent effort to use forest residues has taken place in Placer County. They have
recently estimated the economic benefits from forest biomass use for power in its part of the
Sierra Nevada region. They estimate that a modest increase in fuel load reduction that treats an
additional 31,000 acres of forestland per year, if converted to power in 50 MW of new, locally
distributed facilities, would generate an additional 372 (gigawatt‐hours) GWh per year102. To
treat forests in this way, they assume $0.055/kilowatt‐hour (kWh) is paid to the power producer
(to pay for wildfire hazard reduction) and estimated total power costs to Investor‐Owned
Utility (IOU) ratepayers to be equal to $0.15/kWh per month.
Despite extensive efforts to assess costs and justify biomass use, some environmental groups
oppose the use of woody biomass for power and energy. In a recent letter to US senators a large
group of environmental organizations asserted that “wood‐fired power plants are neither clean
nor CO2 neutral, within a time frame relevant to addressing climate change.”103 They assert that
(the nation)…” is facing a climate crisis that demands immediate and effective GHG emissions
reductions.” Other assertions are: 1. That biomass has lower energy density than fossil sources
and releases more CO2 per MWh than these sources, and 2. that federal subsidies should only be
given to the most GHG efficient biomass projects. Additionally, they assert that 3. The harvest
of wood (pellets) for biomass threatens existing forest industries through competition for wood
resources (presumably economically), and 4. that the greater demand for wood pellets threaten
forest resources generally (presumably ecologically and environmentally).
This letter does not seem to call for elimination of all biomass power, just those that fail to meet
the group’s preferred criteria. These are significant GHG reductions to compared to BAU by
2020 (within effectively 5 to 6 years, referred to earlier as the relevant time frame), and a
minimum GHG reduction compared to BAU of 60%. A five year time line for net GHG
reductions is much shorter than other time steps traditionally considered of 20 to 100 years.
There is no justification offered for choosing 60%.
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Previously, in 2012, one of these groups had challenged the Cabin Creek Biomass Facility to be
sited immediately north of Lake Tahoe in Placer County on similar grounds. This 2 MW
biomass gasification project was created to reduce the risk of catastrophic wildfire in the Tahoe
Basin by creating a beneficial use and market for residuals from forest harvest operations and
fuel load reduction, and produce power and improve air quality in the Basin. The Center for
Biological Diversity appealed the permit given to the project based on the grounds of an
allegedly inconsistent fuel mix description, the reported combustion efficiency of gasification
compared to open burning, project impacts on forest habitat, and improper baseline
(comparisons) for project improvement104. The appeal was denied.
Of all the issues raised by both the letter and the lawsuit, the one of relevance is the need to
demonstrate positive GHG reduction benefits. How soon net reductions from new CO2
accumulation in re‐growing biomass, or standing forest biomass preserved from fire loss must
be accounted is an open scientific question and depends on the sense of urgency determined for
cumulative reductions. There is no correct answer because too many assumptions are based on
large areas of uncertain knowledge, including the severity and rate of climate change. A very
short pay –back period assumption serves the purpose of halting projects. In such cases, a more
comprehensive assessment of all potential benefits from biomass projects is a better basis for
decision making.
Carbon Debt from Forest Biomass Use for Energy
The concept of ʹcarbon debtʹ has been raised in the scientific literature as well when estimating
the GHG mitigation potential from the use of forest biomass for energy (Cherubini et al., 2011;
Schulze et al., 2012). These and others contend that GHG reductions from using forest biomass
for energy are negated for several decades or longer if commercial stem wood (round logs) is
used for energy rather than being retained in forests or used for long‐lived products like lumber
for construction or furniture (a form of storage). When harvested, wood or woody residues are
directly combusted to provide energy, the carbon content of the wood is released as a one‐time
burst of CO2 in a very short period. Forest regrowth requires several decades to replace the
carbon emitted and results in a short to mid‐term carbon debt, declining to zero with time. The
extent of the so‐called carbon debt depends strongly on the forest and energy system baseline
against which additional forest bioenergy use is compared. This includes factors such as carbon
stocks in forests, types of forest biomass used, decay rates of forest products, and substituted
fossil energy systems, including their efficiencies (EEA, 2013). The use of forest harvest residues,
that are commonly piled and burned in place (Figure 3.5), or even those that are left to
decompose, does not fit the carbon debt concept. The use of forest thinnings to prevent wildfire
is justified by the prevention of large carbon debts from fire, otherwise indistinguishable from
sudden release due to intentional round log combustion, and the demonstration of increased
carbon storage due to better forest health conditions.

104

http://www.epa.gov/region9/organics/symposium/2013/cba‐session6‐siting‐issues‐cabin‐creek‐
haas.pdf accessed 11‐1‐13

93

Figure 3.5. Open burning of residuals from commercial forest practices

Sedjo et al., 2013, however, recently have suggested that the use of residues from traditional
industrial forests and supplemental fuel wood plantations can produce large amounts of
biomass feedstocks for energy on so‐called marginal lands (compared to lands suitable for
agricultural feedstocks), without incurring market‐mediated effects (indirect land use change)
on forests or cropland elsewhere. Sedjo (2012)105 has also argued that managed forest, when
viewed as part of a long‐term biomass system and as parts of markets for woo‐based materials,
are managed to increase carbon stocks over time. Considering this increase is essential to proper
carbon accounting. Most models examine only reductions in wild forests. Sedjo et al., (2013)
suggest that using woody species from non‐crop lands is superior to the use of cellulosic crops
because even these result in competition for limited crop land. They do not consider the issue of
carbon debt, essentially assuming that it is a non‐issue in currently managed (industrial) forests.
Regulators and legislators will ultimately have to decide how to balance risks and benefits from
biomass‐based projects using forest biomass (US EPA, 2011). But uncertainty about climate
benefits will acts as a barrier to new projects or reinvestment in old ones. The CBC included this
topic in one of its recent forums (8th Forum, 2011), but it is not clear that definitive progress has
been made in policy areas.

Urban and State Waste Policy
There is approximately 1.2 billion tons of waste‐in‐place in California landfills with an
estimated remaining capacity of 1.5 – 3 billion tons statewide. There are some local regions with
limited landfill capacity including City and County of Los Angeles. State policy for solid waste
management requires that 50% of generated waste be diverted from landfill (AB 939, Sher,
Statutes of 1989) by 2000. The 50% diversion was generally achieved by 2005 with many
jurisdictions moving beyond that target. The current estimated statewide diversion rate is
approximately 65%. More recently, the legislature declared a policy goal for 75% waste
diversion by 2020 (AB 341, Chesbro, Statutes of 2011). If the goal is realized, then some local
landfill lifetimes would be extended before reaching capacity. Time will tell whether the AB 341
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75% diversion goal is achieved. If it appears not to be on track as 2020 approaches, enabling
policy measures could be taken.

Pending legislation
Pending California legislation related to MSW that may affect landfill disposal includes AB 1126
(Gordon) and SB 804 (Lara). AB 1126 defines an engineered MSW feedstock for energy
purposes.
AB 1126 (Gordon) Engineered Municipal Solid Waste (EMSW) conversion: defines a
processed waste derived fuel for use in energy recovery and that replaces/displaces fossil fuel
feedstocks. It sets a minimum moisture and energy content and limits the facility to 500 tpd. The
bill declares that EMSW conversion is not “transformation”, is not “recycling” but that it is
defined as “disposal”. The bill apparently meant to provide a permitting pathway to facilities such
as cement kilns (and possibly coal fired power plants) to use MSW derived fuel as a means of
offsetting fossil fuels presumably in order to reduce greenhouse gas emissions of the facility. No
disposal or RPS credits would accrue.

Though this would repurpose material that would have been landfilled, it would not be eligible
for diversion credit.
The landfill disposal stream (disposed MSW) represents a significant energy resource. Solid fuel
combustion and Anaerobic Digestion are used extensively worldwide as a non‐landfill method
of waste treatment and for energy production. Gasification of MSW is still considered emerging
though there are examples of operating facilities in Europe and Japan. Most of these facilities
operate in close‐combustion mode (or two‐step oxidation) but there are perhaps a handful of
facilities that upgrade the gas and use it in reciprocating engine‐generators. Advanced MSW
gasification facilities (for heat and power and/or fuels production) are being built or planned in
Europe and North America. These are either commercial scale demonstration projects or the
first commercial facility (for technology/energy product type). There are no commercial
operating solid waste gasification facilities in North America (the Ineos Bio facility being
commissioned in Florida has not yet used MSW on a regular basis). There are numerous pilot
and demonstration facilities that have tested MSW or are planning to. There are a handful AD
systems in California now operating on food or green waste.
Waste management policy in California prioritizes source reduction and recycling/reuse as does
the US EPA and the European Union. However, unlike the US EPA and the EU, energy
recovery from post‐MRF residuals is considered the same as landfill disposal. California
legislature and CalRecycle have published goals to minimize landfill disposal including
increasing diversion of the biogenic fraction of the waste stream.
Northern European countries have achieved high levels of both recycling and energy recovery
which has resulted in very low amounts of landfill disposal, due primarily to policy
instruments and relative scarcity of space for landfills. It remains to be seen if California waste
policy and goals will achieve low levels of landfill disposal and reduced greenhouse emissions
from the waste sector. A closer alignment of waste management policy to the AB32 climate
change legislation could be a pathway to reduced landfill disposal. Appropriate policy
instruments based on best practices, that reflect current science and incorporate life‐cycle
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modeling of waste management options (recycling, energy, landfill, etc.) that reflect actual
impacts and emissions for recycling commodities from California that enter the global market
should be considered.

Comparisons and Contrasts with Federal and European Policies
Many California communities still rely on landfills, which is the least expensive method of
disposing of MSW. Recent projects attempt to recover energy in the form of biogas from
landfills and use the biogas for transportation fuels (Waste Management example). There are a
number of landfill gas capture systems in place (CBC database). But direct treatment of the
biogenic fraction of California’s MSW is much more efficient than recovery of biogas from
landfills. For the most optimistic assumptions about landfill‐gas‐to‐energy (LFGTE), the net life‐
cycle GHG burden is 2 to 6 times the amount of that from WTE. GHGs for WTE ranged from 0.4
to 1.4 MTCO2e/MWh, while the best LFGTE scenario was 2.3 MTCO2e/MWh (landfill carbon
storage not included (Kaplan, et al, 2009). In general, the less landfilling of biomass, the better
provided the material is source‐separated and collection is efficient. Also, the more recycling the
better, under similar assumptions. But a zero landfill objective, without employing energy
recovery for mixed and soiled material (black bin), is not likely with practical/economic
constraints in waste management systems. A zero landfill policy would encourage more energy
recovery using waste to energy facilities106, but also add costs that might be justified in light of
the state’s GHG reduction goals.

Agricultural Biomass
Crops grown directly for bioenergy are most likely to be used for biofuels, so are not discussed
here (see Chapter 1). They will be discussed in greater detail in an upcoming report on energy
crop production for biofuels in California under TASK 4. This report includes a discussion of
sustainability standards and other relevant policy issues. Woody biomass from orchard
removals are excellent sources of biomass for biomass to power facilities and are largely used
for that purpose in California currently. These facilities and the issues affecting them are
discussed elsewhere.

Comparisons and Contrasts with European Policies
Biogas production for power
German and EU policy supported the construction of more than 7,500 biogas facilities in
Germany over the last decade. Many of them are based on manure and purpose‐grown crops as
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waste and of residues from recycling of materials and biological treatments.” (Finnveden, Björklund et al.
2007)
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feedstocks. There is no single feed‐in‐tariff rate. Tahter, rates or subsidies based on power rates
were inversely proportional to the size of the facilities, with smaller facilities receiving larger
rates due to proportionally larger capital and O&M costs. Rates are also based on the estimated
biogas yields from the mix of feedstocks available to the facility (Table 3.1). Feedstock types
were differentiated by potential gas yield. Direct crop use was also allowed to take advantage of
improved efficiency from biogas facilities when crop biomass was mixed with manures. Land
use was not considered. In general, the development of agricultural policies affecting land use
in the EU has been to reduce crop subsidy levels and create surplus production in wheat, sugar
and oilseed crops. Land generating these surpluses was considered appropriate for use for
bioenergy purposes.

Figure 3.6. Installation of new biogas facilities in Germany over the last decade. Anlagezhal=
number of installations, installierte electrische Leistung = installed capacity in MW.
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Figure 3.7. Biomass composition of Germany’s biogas facilities in 2012. Totals in A and
composition of the agricultural feedstocks (purpose grown crops) in B. In A: Nachwachsende
Rohstoff = annual and short-lived perennial crops primarily; excremente -= manures, primarily
from cows and pigs; Bioabfall is organic materials from urban sources. In B: maissilage=corn
silage, Getreidekorn = grains (primarily wheat), Getreide-GPS: silage made from grain crops;
Grassilage= silage made from grass crops; Zuckerruben= sugar beets; Zwischenfruchte = catch
crops or cover crops, commonly brassicas; Landschaftspflegenmaterial=yard wastes, grass
clippings and other materials from landscape maintenance.
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Table 3.1. Rates for electricity in Germany based on anaerobic digester facility size and
feedstocks (2012 rates).

Biogas Installations (non‐MSW)

Facilities)
System
Scale
[kW]
≤75
≤150
≤500
≤750
≤50,000
≤20,000

Basic
Rate

1

Feedstock
Specific
2

Rate Class

Feedstock
(Biogas Yield)

MSW
Biogas

Manure
(Smaller
4

5

Facilities

Gas Conditioning
Bonus

3

Class

[€ct/kWhel]
14.3
12.3
11
11
6

6

8

3

≤700 Nm /h: 3

25
16

3

≤1,000 Nm /h: 2
5
4

3

8/ 6

3

≤1,400 Nm /h:1

14

Basic rates are applied based on size class. Additional amounts are paid per kWh depending on size class
and feedstock type. Feedstock types are rated based on well‐defined values for biogas yield by type. 2)
Based on the definitions used in the general biomass regulation and biogas yield by feedstock type. 3)
Feedstock classes are based on estimated biogas yields. Additional value applied to power for larger
scaled systems (> 500 kW) if they rely on manure (6 ct/kWh). 4) Applies only to installations smaller than
75kW and using a minimum of 80% of manure (excluding poultry manure) as a feedstock. 5) Applies
only for MSW based systems that also compost effluent residues. If biogas is distributed in the natural
gas network, an additional subsidy is applied.
http://www.dbfz.de/web/fileadmin/user_upload/Tools/Verguetungsrechner_Biogas_EEG_2012.xls
Accessed: 11‐12‐13.

The EU regulations focused on power generated from biomass do not have to meet minimum
standards for GHG reduction in contrast to biofuel products, which do. An important
consideration is that regulations also required utility companies to accommodate all distributed
generation power that became available. This is not the case in California, where
interconnection issues remain unresolved in many instances. From the perspective of
developing a large amount of biogas in a short period, the regulations discussed here were
highly effective. An undesirable consequence, however, is that Germany’s electricity price for
consumers is among the highest in the world.
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Figure 3.8. Typical anaerobic digester facility in Germany using crops ans manure as feedstocks.

CHAPTER 4:
Research Needs and Suggested Policy Changes
Summary: A number of characteristics of biomass act as inherent barriers to its use for energy. These
include its dispersed character, high costs for aggregation except for some urban residuals, low energy
density of all forms of biomass compared to fossil energy, and heterogeneity. Biomass use affects
landscapes and ecosystems to a greater degree than most other alternative forms of energy, and in more
diverse and complex ways. Some biomass energy processes are well‐understood and exist at a commercial
scale, particularly those that combust biomass and anaerobic digestion systems. But other, newer biomass
transformation technologies are still developing and require initial demonstration and smaller‐scale
industrial facilities to be developed and then improved. The capital costs of new facilities that are first of a
kind tend to be very large, creating an economic barrier to commercialization. Despite these barriers, the
level of entrepreneurial activity involving biomass transformation is significant and many new
transformation systems are beginning to be adopted. Thus, on the whole, policy and regulatory barriers
may be more important considerations contributing to the cost of new technology and delaying its
adoption than technical issues. The need for rationalized regulation is a profound challenge to
governance, due to the complexity of existing regulation, the diversity of interests affected, and a lack of
consensus about what is socially optimal. Policy instability, either real or perceived, is a significant
issue.107 For urban biomass, energy production should become a part of the state’s waste management
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An example of policy instability is US EPA’s recent announcement of reductions in mandated fuel
levels for certain types of advanced and cellulosic biofuels.
http://www.eia.gov/todayinenergy/detail.cfm?id=13891&src=email This decision is seen by many
industry observers as changing a clear rule established for an extended period into a process enacted
annually, subject to influence by diverse interests and events. In turn, this reduces incentives to invest in
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hierarchy, similar to the US EPA and the EU. Research should support public interests in in assessing
the most GHG reducing and energy efficient pathways for urban residual biomass use. Optimal outcomes
would produce new jobs and industries in California. For agricultural biomass, research should focus on
co‐benefits from biomass use for power, especially the reduction in pollution potentially associated with
the development of a fertilizer industry based on the use of manure AD systems, and for rice the reduction
in fugitive methane emissions. Co‐digestion with other fermentable substrates in each case would improve
system efficiency. For woody biomass, linking biomass energy production to the maintenance of
sustainable forests and rural communities should be a priority. Research to support GHG accounting
methods suitable for California conditions and state level support in policy, law and enforcement for
community based processes linked to biomass use are necessary.
Both the state and federal government have programs to encourage or mandate the use of
renewable forms of power, and low carbon biofuels. But the number of laws, regulations and
incentive programs is very large, creating both numerous incentives and obstacles. Nonetheless,
most biomass energy facilities currently operating in California were developed under
provisions of the PURPA (1978) and related regulations. There has been no equally effective
program to stimulate the development of biomass energy since that time.
According to the Little Hoover Commission (2012), the laws and regulations that affect power
production in California are insufficiently harmonized. In contrast to European conditions,
which effectively force harmonization among private enterprises, California has not created a
uniform policy environment affecting all alternative sources of power equally. These conditions,
combined with legal activity based on disagreements related to the management of landscapes
and extractive biomass use inhibit investment (Figure 4.1). The state’s Low Carbon Fuel
Standard (LCFS) and the federal RFS2 encourage the use of biomass for fuel production, but the
state’s RPS could better emphasize the use of biomass as means of meeting that standard. The
site‐specific character of biomass also must be accounted in policy. For isolated biomass sources
like some forestry residues, it may be more economical to create power than fuel, despite lower
potential revenues for power. How to accommodate the specificity of landscape conditions, and
integrate these with biomass supplies and diverse biomass transformation options remain
important topics for state agencies and the Bioenergy Interagency Workgroup, among others, to
address.

costly new technology. http://www.biofuelsdigest.com/bdigest/2013/11/17/obama‐messes‐with‐the‐
rfs/?utm_source=Nov+18+2013&utm_campaign=Nov+18+BD&utm_medium=email
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Figure 4.1. Accessibility of different types of biomass. Costs for biomass harvest and
concentration and low biomass energy density, together with constraints on access due to
regulation and statute, interact to reduce effective access to biomass resources and increase their
costs.

The need for rationalized regulation is a profound challenge to governance, due to the
complexity of existing regulation, the diversity of interests affected, and a lack of consensus
about what is socially optimal. Contributing to a lack of consensus is complexity in properly
identifying and valuing environmental and indirect social benefits from biomass use.
Incorporating concern for GHG emissions does not make this problem easier because it is
impossible to know with certainty how harmful future climate change will be. Not knowing, it
is difficult to determine how much should be sacrificed economically and socially to moderate
future damage. Most predictions, however, suggest that the state’s forested ecosystems will be
at greater risk of damage from fire and, insect pests and pathogens, making the need for long‐
term forest maintenance programs, at least, more, not less compelling. Predictions for effects on
agricultural biomass are variable, with some positive and others negative. Society will continue
to generate organic materials as waste that can be used for various energy purposes,
irrespective of climate change.
To help advance prudent biomass use, the state of California has developed two Biomass Action
Plans (BAP; O’Neill and Nuffer, 2011). The plans were created by the Bioenergy Interagency
Work Group, with assistance from the California Biomass Collaborative. The Bioenergy
Interagency Work Group (BIWG) includes participants from the state and regional agencies
most concerned with biomass energy use. These agencies use the workgroup to identify areas
where regulations and agency actions can be harmonized to improve the sustainable use of
biomass in the state. Progress to plan for the earlier version of the BAP on the more intransigent
issues was limited (Orta et al., 2010).
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The 2011 Plan identifies legislative and regulatory actions to facilitate permitting, support
bioenergy development, support research and development of new technologies, increase use
of organic material from waste streams, and preserve and create jobs in rural communities.
Some of the key findings of the 2011 BAP are:
•

Biomass of diverse types is abundant;

• The use of biomass has diverse benefits, including many that have not been adequately
quantified and incorporated into the price for bioenergy;
• Electric grid interconnection issues and the overall cost to collect and transport biomass
feedstock remain economic barriers to the development of bioenergy projects in California;
• Regulatory uncertainty continues to reduce options to finance projects in the
predevelopment stage, further inhibiting the development of bioenergy and other distributed
energy projects; and
• Additional actions will be needed by the Biomass Interagency Working Group and the
Legislature to streamline permitting for distributed energy projects. These are difficult
challenges.
Staff at the California Energy Commission (CEC, 2011) likewise have identified barriers to
biopower adoption. These include fragmented or overlapping (redundant) licensing authority,
different interpretations or standards for permitting, and unclear, duplicative and
uncoordinated requirements for distributed generation projects. These are similar to those cited
by the Little Hoover Commission. They include recommendations to address these and related
issues.
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Forest Biomass, Barriers to Use and Recommended Research108
While all alternative energy production facilities require or affect land, collection and harvest of
biomass can affect landscapes at a larger scale through their alteration for production purposes.
This is especially characteristic of agricultural landscapes (Kaffka, 2009), but landscape
alteration also results from harvest practices in forestry that reduce biomass stocks and may
alter ecosystem structure. These large‐scale actions influence carbon emissions, water and
nutrient cycles, and wildlife at a large scale.
There is a widely shared technical consensus that fuel load reduction in Sierran and southern
Cascade forests would have many beneficial environmental, economic and public health effects
(Long et al., 2013; North, 2012; Stewart et al., 2011; Morris, 2009; Necodom et al., 2008). In this
case, productive use and conservation objectives are usefully linked. While there is consensus
about the need for forest management to reduce the risk of catastrophic wildfire, access to much
of this biomass is restricted by chronic legal and political conflict. Economic barriers exist. For
the most part such forest treatments are uneconomic without integration with commercial
harvesting (Fried et al. 2005), or are restricted from areas where need is greatest, like federal
forests in California (Nechodom, 2008; North et al., 2008). New mobile biomass densification
technology may eventually increase the amount of woody biomass available in the state, but the
economic costs of forest treatment for fuel load reductions still emphasize the need for some
traditional tree harvest for timber products to support fuel load reduction109. Even if the use of
these residues was increased, large amounts of forest biomass would remain legally inaccessible
and at risk of loss to wildfire in protected areas or public lands. The recent RIM fire in
California, the fourth largest in state history, consumed primarily federal forest land, including
within Yosemite National Park. Long et al, (2013) defend the need to manage forests at a
landscape scale, because damaging fires do not respect political boundaries or classifications,
108

We focus here on energy related research requirements, but forest health and sustaining functioning
forest ecosystems are a precondition for economic use of forests of any kind, including for energy. Long
et al, (2013) consider research requirements for the Sierra and Southern Cascade regions from a forestry
perspective and identify several cross cutting research gaps: “1. High‐elevation forests, including the
upper montane and sub‐alpine zones, warrant increased attention and research due to the projected
effects of climate change. 2. Forested riparian areas are highly valued, yet they have not been a focus for
restoration research. 3. Long‐term effects of wildfire and treatments both pre‐ and post‐wildfire remain a
significant research gap. 4. Key questions remain concerning removal of burned trees and woody debris
as part of post‐wildfire treatments, given limited understanding of fuel bed succession following fires of
different intensity. 5. There is a great need for more integrated research that evaluates how ecological
restoration efforts affect important socio‐economic and cultural values. 6. Benchmarks and performance
criteria can be valuable tools for evaluating progress toward meeting broad restoration goals, and there
are large efforts to develop integrated indexes of ecosystem health that consider ecological and social
conditions. However, at a broad strategic landscape level, it can be problematic to emphasize quantitative
targets. More research on these types of benchmarks and criteria would help to inform management goals
and strategies.” Section 1.4, page 9.
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A Strategic Assessment of Forest Biomass and Fuel Reduction Treatments in Western States ‐ RMRS‐
GTR‐149, 2005. http://www.fs.fed.us/rm/pubs/rmrs_gtr149.html‐

104

and watersheds often overlap several jurisdictional boundaries. Accounting for biological
realities that transcend traditional political boundaries and even settled policy proscriptions is a
significant public policy challenge. Resistance to the use of biomass for power and fuel reflects
reluctance on the parts of some social actors to encourage additional productive use of the
landscape (Stewart et al., 2011). Even well‐structured, inclusive, community scaled approaches
to landscape management have had difficulty achieving their objectives. All projects involve
tradeoffs, and participants in collaborative processes rarely are in agreement about all aspects of
tradeoffs. This uncertainty frustrates the formation of community groups and projects and
inhibits investment in new biomass recovery and transformation systems based solely on
woody biomass from forests.
In the absence of economic levels of commercial wood harvest, subsidies for biomass collection
and removal requires a public policy decision to use tax revenues, fees, or be reflected in energy
rates instead. Diverse objectives in state policy limit the current ability to raise electricity rates to
include such costs. Federal programs like Biomass Crop Assistance Program (BCAP) in recent
years have subsidized the collection and transport of forest management residual materials to
biopower facilities in several locations in the state. 110 The reduction of these costs of material
collection and transport are the most important cost cited in the Quincy‐NREL study about
ethanol manufacture. This would also be true for gasification systems. This program was been
created to bridge the gap between the cost of removing forest residues to a power facility and
their combustion in place in forests, at least initially, but future funding appears unlikely. Other
state or locally based programs might also be created to supplement or support biomass
collection activities. A carbon credit program, if applicable, might serve a similar function as
BCAP.
Well‐intentioned, inclusive and transparent efforts by citizen groups like the Quincy Library
Group to treat forests and preserve forest product industries and jobs in rural areas of
California have met with a variety of obstacles, and so far proven less successful than
anticipated. State policy should support the efforts of such groups when the projected outcomes
recommend are largely beneficial, help with permit processes, and defend them against legal
challenge as necessary.

Better Accounting for the Benefits of Biomass Use and Agreement about Green
House Gas Assessment
New biomass transformation technologies may improve opportunities to use biomass. When
and where these are available, more comprehensive analysis of the net benefits of forest
biomass use for energy may justify increased use of this form of biomass. So too will recognition
and improved valuation of the ecosystem services provided by prudent biomass use. Some
value for these services needs to be assessed to help pay for new technology or retrofitting. The
careful development and monitoring of a carbon credit system and a market to set values for
these credits would be one way to identify the cumulative or net benefits from biomass projects.
110

See chapter 3 below for a discussion of this program.
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TSS (2010) has estimated the tariff rate needed to support distributed power production from
woody biomass in the Yuba County Region (relying on advanced gasification technology when
it becomes commercially available) to be from $0.1025 /kWh to $0.13/kWh depending on
whether or not an investment tax credit for facilities were available. Current electric power rates
in California are closer to $0.05/kWh due to the low current cost of natural gas used for most in‐
state power production and for heating and cooking. Estimates for maintaining existing older
biomass to energy facilities when new contracts are renegotiated are $0.065/kWh. The costs for
repowering existing facilities occur within the higher range of these estimates.
Older estimates of ecosystem services should be updated. For areas where access to biomass
may be possible currently or in the near‐term, Morris (2000) converted the cost of non‐market
based public goods into payments for green electricity from biomass in the state’s existing
biomass to power facilities. These were avoided fire prevention costs, loss of revenue from
wood products lost to fire, and public health costs as part of a market price for such electricity.
He estimated the value of non‐power benefits from biomass use to be $0.0107/kWh in 1999
dollars. Depending on the range and type of benefits assumed, including social benefits, he
asserted that even larger values could be justified. The difference between the current market
price of electricity and the cost of producing electricity from biomass provides an estimate of
natural resource management costs that the public should support to reduce current GHG
emissions and capture other public environmental goods. For example, Morris’ estimates do not
include the climate effects of CH4 from biomass decomposition, black soot effects from fires,
public health costs from smoke and soot from fires, impaired ecosystem services related to soil
erosion, water supply, and wildlife habitat, changes in albedo and local climate effects, and
other more recent concerns related to climate change.
Morris’ estimates need to be updated, and publicly available tools created for on‐going
assessment, since prices, costs, technology, and policy preferences change constantly. Properly
accounting for such benefits should facilitate the creation of supportive and aligned public
policies. Transparency of the models, tools and assumptions used supports public confidence.
The recognition and improved valuation of the ecosystem services provided by prudent
biomass use is one way to support new project development and sustain existing facilities. The
careful development and monitoring of new carbon credits and a market to set values for these
credits would be one way to identify the cumulative or net benefits from biomass projects.
The cheaper the cost of fossil energy, the larger the difference in cost becomes between the
current economic value of biomass energy and the cost of correlated ecosystem services.
Currently, the cost difference between biomass energy and fossil alternatives remains large,
especially with new discoveries of natural gas and historic low prices and is a significant barrier
to biomass energy development. But as the efficiency of biomass transformation improves,
biomass energy costs will further decline as well. An incentive structure that promotes such
improvements in biomass transformation efficiency, allowing public costs for alternative power
and fuel to decline as improvements are achieved, would increase biomass resource use. This
would only work if feedstock costs are stable or decline and if regulatory costs for new
transformation systems do not increase. Both circumstances have affected the older biomass to
power facilities present in California.
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For the most part, the prices received for avoided GHG emissions have not been sufficient to
stimulate significant adoption of new technological approaches to biomass use. Some (O’Hare
et al., 2009) have argued that more immediate emission reductions are more valuable than
longer term emission reductions in combating climate change. However, similar arguments
underlie calls for restraint in the use of some biomass resources (EEC, 2013) or opposition to the
use of woody biomass from forests (Manomet, 2009,; ECC, 2013; Cherubini et al., 2011;
McKechnie et al., 2011, Zanchi et al., 2010; Plevin et al., 2013). Plevin et al., (2013) describe the
need to include not just the carbon effects of a particular project, but the large consequences of
the adoption of that project on climate. They also discuss the large amount of irreducible
uncertainty associated with such large scale considerations, inherent in the calculation and
modeling exercises. They summarize and point to a robust scientific debate about the benefits
and costs of using biomass. This debate extends to all types of biomass use, but so long as there
is no clear public policy agreement about the GHG benefits from woody biomass use, project
development and project financing will remain uncertain. These issues remain difficult in part
because of the need for significant amounts of information. Lippke et al, (2011 a and b) point out
the need to include all phases of wood use (including product manufacture and lifetime
product use when creating LCA based carbon budgets, and the risk of creating policies that
have perverse effects on GHG emissions and forest management (Figure 4.2). Daigneualt et al
(2013) asserted that when market factors are included in the a carbon analysis, expanded
demand for biomass energy increases timber prices and harvests, but reduces net global carbon
emissions because higher wood prices lead to new investments in forest stocks. Clearly,
scientific uncertainty exists aboutthe use of woody biomass for energy. USEPA (2011) has
created a framework for evaluating net carbon storage and losses for biomass energy projects in
terrestrial systems, and the net effect of emissions compared to a business as usual estimates
and other baselines. Whether carbon emissions are neutral increased, or decreased is project
and location specific and dependent on assumptions about the timeframe of concern and carbon
accounting measures. Because of uncertainty, they acknowledge that decisions about the
benefits and costs associated with some or all of these factors are, in part, political.
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Figure 4.2. Major global carbon pools and their interactions111. Lippke et al. 2011b.

Durable agreement at the policy level about how to account for the carbon costs and GHG
benefits of woody biomass use is essential to advance woody biomass use for energy in
California and should be a public priority. Efforts to achieve this agreement are underway
based on the activities of the new (forest) Biomass Work Group112, the Sierra Nevada
Conservancy113 and other groups. This work should continue to be supported and is the
appropriate way to help resolve questions about the cumulative benefits from woody biomass
projects.
Older laws and regulations helped create the state’s biomass to power industry in the 1970s and
1980s, but there has been no similarly effective state‐level policy since. Regulatory requirements
at both the state and federal level have increased, however, making new, equivalently dramatic
levels of development of biomass energy in the state more expensive and difficult (Birdsall et al,
2012). Since 2012, US EPA has released more stringent emission standards for criteria pollutants
and trace gases from all types of combustion facilities. A lawsuit to speed implementation and
final adoption of these rules mandates adoption for all regulated facilities by 2014. The current
biomass facilities in the state are affected. Alignment of state alternative energy targets with
policies that allow the higher cost of biomass energy to be met are another critical part of
achieving more biomass energy use within the state (Morris 2009; 1999). This can be done in
part by including the economic value of non‐market based costs associated with current
management of biomass resources.
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“Fossil emissions flow one way from deep reserves to the atmosphere, whereas, as forests grow, they
absorb atmospheric carbon that is transferred to long‐lived product pools, while also displacing fossil fuel
emission‐intensive products and fuels.” Lippke et al., 2011b.
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http://ucanr.edu/sites/swet/Biomass_Working_Group/

113

http://www.sierranevada.ca.gov/
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Using biomass for energy and related by‐products is disruptive. It may disrupt or supplant uses
for some biomass currently supplied to existing markets, but also potentially to the ordered
relationships and understandings that have led to current regulations, formed for different
objectives and under assumptions about of the prioritization of public goods identified before
the state’s adoption of GHG reduction policies. Local or regional resource agencies have been
active participants in planning for biomass use. What has been missing currently or ineffective
is an active role of state government to facilitate the development of biomass energy businesses.
The state, however, will not be able to identify the viable ideas about bioenergy businesses as
well as companies or community‐based groups. For forest biomass especially, community‐
based processes are essential to identifying which resources are most readily available locally,
where development of projects may be most advantageous, and to a degree, the most important
environmental and social values to be preserved as projects develop.
These groups and processes should be encouraged in policy. A landscape‐based learning and
development community will best be able to achieve a harmonized regional vision for new
biomass. Local, landscape‐based learning processes (community groups) supported by
appropriate technical analyses related to the multi‐functionality of landscapes, and actively
supported by appropriate state and federal agencies like Cal Fire and USFS and the University
of California’s cooperative extension programs, are needed to help create beneficial biomass
energy projects with multiple levels of benefits with a public interest perspective. These
community groups, however, must have some assurance that projects undertaken have a
reasonable hope of being implemented.
Supportive participation by state agencies in these processes is essential. State agency
participation would be beneficial if focused on providing creative solutions to the regulatory
obstacles that appear to have inhibited development so far, and to harmonizing regional scale
projects with overall state objectives. The Bioenergy Interagency Workgroup (BIWG) provides
one mechanism for improved coordination among resource and regulatory agencies, and the
new Biomass Action Plan provides some goals or benchmarks against which to measure
progress towards this goal. Overcoming the legacy of failure for many recent efforts in
California should be the outcome. This kind of participation by government may require some
rethinking of current ideas about regulation and governance. This is best done within the
context of case studies on biomass energy development, by identifying and reviewing specific
regulatory or statutory obstacles to local project development.
Examples of supportive action by the state are the recent completion of a Programmatic
Environmental Impact Report EIR for municipal solid waste anaerobic digesters114 and for dairy
digesters115. Similarly, a recent announcement of a new forest planning rule116 for federal forests
that will rely on local assessment and includes consideration of multiple landscape functions
has emphasized participation by local groups and site‐specificity. Another recent example is Cal
114

http://www.calrecycle.ca.gov/swfacilities/Compostables/AnaerobicDig/PropFnlPEIR.pdf
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http://www.calrecycle.ca.gov/swfacilities/Compostables/AnaerobicDig/DairyDigDEIR.pdf
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http://www.fs.usda.gov/planningrule ; http://www.fs.usda.gov/main/planningrule/101
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Fire’s recommendations to the Public Utilities Commission for Forest Sustainability and
Feedstock Verification for compliance with SB 1122 projects (Cal Fire, 2013). This document was
developed with the participation of a multi‐stakeholder and expert group led by the Biomass
Work Group for forestry under Cal Fire and USFS guidance and the Sierra Nevada
Conservancy. Recently, the Office of the President of the United States announced an effort to
modify and reinvigorate the National Environmental Policy Act (NEPA) in ways that, in part,
will allow more rapid implementation of another newly announced plan by the USFS called the
Programmatic Impact Statement117. This plan establishes an adaptive management strategy that
uses public involvement, learning and consultation to create unique management plans suited
to diverse locations118. Progress has continued on a national planning rule for forest and
rangeland resources119 and many observers are optimistic about its successful adoption. This
could lead to more access to woody biomass in national forests in California. Modification of
the NEPA and forest planning are integrated efforts and provide an example of public processes
that may lead to improved biomass use. Some examples f progress already achieved under
initial USFS efforts are described in a USFS November, 2011 report120.

Integrated analysis of multiple effects of woody biomass use.
The California Biorefinery Siting Model (Tittman et al, 2008), created for the CEC, has the
capacity to suggest the optimal location for bioenergy facilities, based on biomass
concentrations and type and road and other infrastructure. It does not include explicit
calculation of GHG effects or other LCA or landscape (sustainability) factors, or community
economic effects. Some of these elements are being added or will be used together with the
GBSM under Task 4 for integrated assessment in the current CEC contract in an on‐going
project. But the creation of user‐friendly tools to help community groups plan local projects
based on biomass, especially forest biomass, would be a useful objective for future research and
development.
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Final Programmatic Environmental Impact Statement, National Forest System Land Management Planning,
January 2012. US Forest Service. See: http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5349141.pdf
“The planning rule is designed to ensure that plans provide for the sustainability of ecosystems and resources; meet
the need for forest restoration and conservation, watershed protection, and species diversity and conservation; and
assist the Agency in providing a sustainable flow of benefits, services, and uses of NFS lands that provide jobs and
contribute to the economic and social sustainability of communities” (US Forest Service, 2012).Cited by Long et al.,
2013.
118 Final Programmatic Environmental Impact Statement, APPENDIX I – MODIFIED ALTERNATIVE A.
See: http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5349156.pdf
119

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5441374.pdf
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People Restoring America’s Forests: A Report on the Collaborative Forest Landscape Restoration
Progra. Collaboratively developed by the CFLRP Coalition Steering Committee and the USDA Forest
Service. November 2011. See: http://www.fs.fed.us/restoration/CFLR/index.shtml and
http://www.fs.fed.us/restoration/CFLR/documents/CFLRPAnnualReportNov2011.pdf

110

An example of a modeling approach combining multiple levels of assessment is provided by
Steubing et al (2014) for potential woody biomass use for energy and other bioproducts in
Switzerland. Under the policy and technology conditions available in Europe which support the
use of forst biomass for energy, Steubing et al, 2014 describe a systematic approach to the use of
woody biomass from forests in Switzerland for bioenergy production using currently available
gasification technology and projected future technology. Power, heat and or fuel could be
produced from synthetic natural gas, depending on local market needs and infrastructure and
life cycle assessment. A robust market for heat was essential for facility siting. Tradeoffs
between economic efficiency and environmental indicators required a balancing of benefits.

Figure 4.3. Location of SNG plants form woody biomass plant locations, woody biomass
availability (base and maximum harvest scenarios) and harvest method type and distribution for
Switzerland. (Steubing et al., 2014.)
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Figure 4.4. Degree of biomass gasification system readiness (Steubing et al., 2014).

This effort was entirely technical, considered the entire Swiss landscape, and involved no
consideration of or participation by community or non‐profit groups. It was focused solely on
modeling outcomes. To be helpful in California, similar analyses should primarily aid
community groups and state policy makers in evaluating and planning woody biomass
projects. This role is currently fulfilled by consulting groups, but public tools would also aid the
development of future projects. Similarly, environmental impact assessment in this study was
model based. Models can suggest potential concerns as well as benefits, but local community
knowledge and input would improve any model based assessment. Nonetheless, agreement
about the GHG benefits and the importance of co‐benefits should be made easier by high
quality integrated assessments.
Support community-scale processes
Biomass Management Zones are areas considered ʹsustainably managed woodsheds or
production regionsʹ that will promote the management of urban interface, woodlands and
forested lands to: (1) reduce fuel loading and the potential of uncontrolled wildfire, (2) utilize
biomass and residues from forest management/products, combined with other regionally
appropriate resources, to produce bioenergy and bio‐products and (3) stimulate local economic
activity and long‐term stability. There are several common elements characterizing BMZ
projects occurring in California (Kaffka et al., 2012):


They involved the participation of multiple individuals, groups, non‐governmental and
governmental agencies. Most were originated within rural communities. Considerable
care and attention was given to group process and documentation of activities, data
review, and outcomes.
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Creative interactions and group learning are essential to success and must be
emphasized. A rationally defined BMZ allows for groups and individuals to self‐
organize.



Most studies concluded that large amounts of diverse biomass were available, and that
if accessible in sufficient quantities, economically viable systems for collection,
transformation and use were possible.



All studies emphasize the vulnerability of large amounts of forest biomass to loss and
the adverse ecological consequences of intense wildfire in the regions they study. It is
reasonable to assume that there is a widespread consensus among knowledgeable and
affected communities about the need for intervention and management in many forested
regions in California to prevent senseless losses and ecosystem degradation.



Additionally, all studies define and highlight employment gains in rural regions as an
additional benefit of management.

Local groups with deep knowledge of landscapes and interested in rural community viability
are capable of careful assessment and analysis of resources, creative project design and
planning, and broad consideration and integration of multiple perspectives and values. The
state should find a way in policy to support the creation and operation of such groups, and help
insure that outcomes arrived out through participatory processes are able to result in actual
bioenergy and ecosystem management projects.
To support community scale processes, accessible modeling tools and access to data and
graphic programs that citizen groups can use would be helpful. The provision of staff support,
especially through the University of California’s cooperative extension program can help
facilitate community‐based programs and provide technical expertise where needed to such
groups. Long et al (2013) provide a recent overview of some of the management tools currently
available121. Others may be developed to help community‐scale projects as needed.

“A number of tools have been developed to help national forest managers assess the financial and
economic dimensions of biomass removal during fuels treatments. They are summarized in Morgan et al.
(2011) and described in Loeffler et al. (2010), with links for gaining access to them, a summary of data
requirements, and key contacts provided. Tools that may be most relevant to forest managers in the
Sierra Nevada are the Forest Service’s Forest Inventory and Analysis program’s BioSum model (Barbour
et al. 2008, Daugherty and Fried 2007, Fried and Christensen 2004), which assesses how fuels reduction
treatments and the siting of biomass‐based energy facilities can be optimized to reduce fire hazard at the
landscape scale; the Forest Residue Trucking Simulator, which compares the relative costs associated
with alternative methods of transporting biomass from the forest to a utilization facility; the Fuel
Reduction Cost Simulator, which estimates the cost of fuels reduction projects that entail tree removal for
wood products or chips; and the Forest Service’s Southern Research Station’s Moisture Content
Converter, which helps managers estimate the dry mass of biomass that will be sold and processed from
121
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Urban Residuals
AD in California is perceived to be relatively benign by the legislature and some stakeholders
and enjoys some policy advantages. Thermochemical conversion of solid waste suffers from
poor public image and is somewhat handicapped by state policy (is considered the same as
landfilling). Countries in Northern Europe have achieved very low landfill rates by
implementing policies that favor waste reduction and recycling as well as energy recovery (both
from thermal conversion and AD).
High rates of recycling coexist with relatively high levels of waste‐to‐energy in some countries
in the EU. In fact, those countries with the lowest landfill disposal rates have the highest
recycling rates (composting/biotreatment and conventional recycling). (See Figure 4.5, where
Group 1 countries are: Switzerland, Germany, Austria, Netherlands, Sweden, Denmark,
Belgium, Norway, Luxembourg, and France.)

Group 1

Figure 4.5. MSW treatment strategies in the EU. Eurostat 2011

a treatment.” http://www.fs.fed.us/pnw/fia/biosum/ ;

http://www.srs.fs.usda.gov/forestops/biomass.php ;
http://www.fs.fed.us/pnw/data/frcs/frcs.shtml ; http://www.srs.fs.usda.gov/forestops/biomass.php “

cited from Chapter 9, page 19, Long et al., 2013.
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The Group 1 countries have achieved conventional recycling and energy recovery rates greater
than 25% each, while landfill rates vary from almost zero (Switzerland) to about 33% (France).
The low landfill rates were achieved by implementing a range of policies since the late 1980’s
that include landfill bans for biodegradable and/or combustible material, landfill taxes, source
separated collection schemes for various waste types and other122. Figure 4.6 shows the
combined disposal, recycling, energy and compost trends for the Group 1 EU countries.
Landfilling, on average, has declined from more than 40% of waste in 1995 to about 10% by
2009.

Figure 4.6. MSW treatment strategy trend, EU Group 1. Eurostat 2011

Europe has essentially adopted a life cycle strategy for solid waste management with the
primary objectives of 1) reducing environmental and health impacts of waste sector and 2) to
decouple waste generation from economic activity.
A review and synopsis of the literature on environmental impacts of waste management
practices, including recycling, waste‐to‐energy, landfilling, composting, etc. would conclude
that beyond waste reduction (Edelmann et al., 2004; Finnveden et al., 2007; Hellweg et al., 2005;
Seo et al., 2004; Thorneloe et al., 2007):

122

European Environment Agency. (2007).The road from landfilling to recycling: common destination,
different routes. Copenhagen.
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•

•

•

The more recycling, the better; provided the material is clean enough to be suitable for
recycling (i.e., source‐separated or at least not comingled with food waste) and collection
and transport of the material is efficient
The less landfilling of the biogenic fraction (biomass), the better (biodegradable
components in the landfill decompose producing a leachate that needs to be managed
for decades to protect ground water, and methane which is only partially recovered in
the best landfill gas collection systems)
Zero landfill (or zero waste) without employing energy recovery for mixed and soiled
material is not likely with practical waste management systems

These broad conclusions from waste management LCA literature generally support the US
EPA/ EU waste hierarchy but are somewhat inconsistent with the California hierarchy. If one
recognizes that, in practice, moving completely away from landfilling through source reduction
and conventional recycling is not likely, combined with the fact that a large component of the
California recycle material flow moves overseas in the global economy, then the current
California waste hierarchy (legacy waste management policy) may no longer be optimal with
respect to human health and environmental impacts (our waste problem is in part exported and
impacts workers and the environment elsewhere).

Policy Recommendations/ Research Recommendations
Northern European countries have achieved high levels of both recycling and energy recovery
which has resulted in very low amounts of landfill disposal, due primarily to policy
instruments and relative scarcity of space for landfills. It remains to be seen if California waste
policy and goals will achieve low levels of landfill disposal and reduced greenhouse emissions
from the waste sector. A closer alignment of waste management policy to the AB32 climate
change legislation could be a pathway to reduced landfill disposal.
The single policy and research recommendation for the California waste management sector is
to set policy based on what will have lowest overall health and environmental impact. This is a
life‐cycle based approach that reflects actual impacts and emissions for recycling commodities
from California that enter the global market. It includes international impacts from global
recycle commodity movements and local work / environmental conditions. It also follows from
a life‐cycle based policy that management strategies, choices, etc. are based on performance and
life‐cycle impacts (that is, for example, technologies and methods are selected on actual
performance rather than from a list that defines “allowed” and “banned” technologies in
statute). This is a performance based set of strategies rather proscribed technologies. The state
and the legislature should not be tasked with picking winners and losers; let the market
through innovation make those choices.
The research recommendation would be to develop these best practices that reflect current
science and conduct life‐cycle modeling of waste management options (recycling, energy,
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landfill, etc.) that reflect actual impacts and emissions for recycling commodities from
California that enter the global market.
Research Recommendations: Agricultural Biomass
Biomass has always been humankind’s source of energy. With the industrial era, it has been
supplanted by cheaper, more energy dense and convenient fossil sources of energy. Fossil
energy is still abundant and even declining in price in surprising ways. Incentives to use
biomass for energy rely primarily on the justification and logic of greenhouse reductions from
biomass use. But as many analyses show, including those reported here, economic returns from
biomass energy systems have been mostly insufficient to support more than modest biomass
use in California, compared to the abundant technically available supplies from farms, forests
and urban sources.
But biomass resources are the products of landscapes and ecosystems, most but not all,
managed. The use of biomass has unavoidable effects on these landscapes. The key to the fullest
use of suitable biomass in California is linking biomass use to other important ecosystem
functions. For forest biomass, the preservation of forest health, reduction in wildfires, and the
well‐being of rural communities are additional benefits added to substitution for fossil energy
and GHG reduction. For agricultural biomass, the use of crop residues like rice straw or
manures (especially dairy manures) can be linked to pollution reduction. Even if the value of
energy produced is less than other forms of energy from fossil sources, ecosystem remediation
and preservation may justify the use of biomass resources for energy.

Rice straw use
Lowland rice production, including rice production in California, emits methane as an
unavoidable side effect. As a wetland plant, rice is cultivated in flooded fields which generate
methane, especially if large amounts of organic carbon are present. Current preferred
management for rice straw leads to its incorporation after harvest, where is both provides
residual nutrients, primarily potassium, and serves as a source of carbon for methane emissions
during flooded periods. Initial analysis carried out by Kaffka et al., 2012 and others indicates
that removing some straw would reduce methane emissions from rice fields. And that straw in
turn could be used in anaerobic digesters to generate biomethane. These AD systems, if located
near rice dryers, could provide biogas for heat to dry rice at harvest (the most efficient use), and
for other purposes during the rest of the year. Water and effluents from AD systems have value
for farming and wetland management within the rice growing region, completing a cycle of
nutrient removal and return.
There are a number of obstacles to the use of rice straw for biogas production. The largest
appears to be logistical. A large amount of straw must be harvested and transported to locations
with AD systems and stored. These are likely to be near rice drying facilities. If straw is
harvested while still green, it can be stored as silage. Silages make excellent feedstock for AD
systems. If dry, water would be needed when the feedstock was introduced into AD systems,
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but much of this water can be returned to use or recycled. Rice straw alone is not a particularly
productive AD feedstock. Combined with other plant materials, either biomass crops grown
during idle winter months and ensiled in spring, or residues form regional food processing
facilities or dairy farms, biogas yields would be improved.
The initial analysis provided by Kaffka et al (2012) suggests that more through assessment of
costs, logistics of biomass harvest, transport and storage, life cycle affects and co‐digestion
analyses. By linking reduction in methane emissions from rice production to the generation of
bioenergy, the use of biomass becomes complimentary with other environmental goals.

Manure biogas
California has approximately 2,000,000 million dairy cows and a large number of associated
stock. Manure from these animals can be used in AD systems to produce methane but there are
few AD systems built and operating to date. For the most part, they have been uneconomic at
the price they receive for the electric power they produce from biogas, even though it is
alternative or green energy. It has also been expensive to comply with strict air quality
standards limiting NOx and other emissions from combustion systems using the gas for power.
One of the reasons economic performance may not be competitive is that biogas yields from
manure are relatively low, because manure from ruminants has already been digested
anaerobically by the animal. Co‐digesting other feedstocks with manure would raise biogas
yields from dairy based digesters, making them more economic. For example, estimated biogas
yields from manure are estimated at 17 m3 per mt fresh weight (FW), conr silage at 106 mmt
FW, and resdiues for oilseeds (canola) oil extraction at 274 m mt FW123. Feedstocks are
commonly mixed in German AD systems. Yet regulations limit the ability to bring additional
materials onto farms for waste treatment, effectively limiting this means of increasing economic
performance. Such practices are more common in Europe however.
A significant problem with co‐digestion, if waste management regulations were to be relaxed is
the problem of excess nutrient accumulation on dairy farms. This has been recognized for many
years. Livestock feeding operations like dairy farms necessarily concentrate nutrients because it
is efficient to feed large numbers of animals and there are abundant feed materials from by‐
products or crops grown for feed available. These systems have evolved to produce livestock –
based foods like milk, meat and leather cheaply. Excessive nutrients accumulate on farms when
more manure is available as fertilization material than can be recovered by the crops growing in
fields to which it has been applied. Recent reports by Harter and Lund (2012) and others have
identified excess nutrient application in the San Joaquin Valley, where most of the state’s dairy
herds are located. The state’s water quality control board has initiated a rule making process to
address this issue.

123

http://www.dbfz.de/web/fileadmin/user_upload/Tools/Verguetungsrechner_Biogas_EEG_2012.xls
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A recent comprehensive analysis of groundwater and agricultural practices in the San Joaquin
Valley has estimated that currently excess amounts of nutrients (especially nitrogen) are applied
to crop lands in the region. This is exacerbated by the presence of large numbers of dairy cows
concentrated in parts of the region, especially Tulare and Merced counties. Combing both
manure nitrogen and fertilizer nitrogen, more nutrients may be applied on some farms than can
be recovered by crops during the year, and some of this N leaches to groundwater. Projections
are for this problem to increase in severity with time. Livestock feeding operations concentrate
nutrients as feeds as sound economic practice. The use of by‐product feeds, abundant in
California, for livestock like dairy cattle is an important way in which agriculture becomes ever
more efficient. So the nutrient management problem is difficult. If excess nutrients could be
used elsewhere in farming, then the tendency for loss to groundwater would be reduced.
Creating high value fertilizer products from dairy manures is one possible pathway to a
solution. Using anaerobic digester systems to make biomethane and treating the effluents from
AD systems to make commercial fertilizers, links several important state objectives: alternative
energy production, GHG reduction, and reduction in pollution threats from excess manure use.

Figure 4.7. Nitrates in groundwater associated with dairies, vineyards, and orchards in the San
Joaquin Valley. Harter and Lund, 2012.
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Figure 4.8. Groundwaternitrate predictions using groundwater loading rates. Exceedence
Probability, for nitrate above 45 mg/L (MCL). Harter and Lund, 2012.

Part of the problem identified by Harter and Lund (2012) and others is the uneven distribution
of nutrients in the region and the state associated with manure application. If nutrients from
manures could be concentrated and removed to other locations where they could substitute for
purchased fertilizers, the proper role for manure in agriculture would be insured, and dairies
could continue to operate efficiently. Effluents from manures after anaerobic digestion are
uniform, and can be treated to be deodorized. Solids recovered from effluents can be reused for
bedding on the dairy. If nutrients in liquid effluents could be concentrated in ways that allow
them to act more like commercial fertilizers, and economically transported, then nutrient
imbalances could be eliminated and less fertilizer derived from fossil sources would be needed
in other regions of the state. An important additional benefit would be the possibility of co‐
digesting other biomass from outside of the farming system, increasing biogas yields. This
could help make AD systems more economic based on improved gas yield.
It is costly to transform AD effluents into uniform and high quality fertilizer products. It will
require energy to do so. Power produced from AD systems on dairy farms could help reduce
these costs and allow dairies to continue to function in their traditional role of nutrient
concentration while reducing the adverse effects of nutrient concentration locally. Research on
the systems needed for high analysis fertilizer production is needed, and quantification of the
benefits and costs of such systems, including the GHG benefits that might be associated with
their production and use is needed. Some of the products produced could be specialty organic
fertilizers. There is increasing demand for these products and ma specialty fertilizers sell for
very high values. Increasing the supply will likely drive down price but organic fertilizer
products remain a potential outlet for excess nutrients on dairy farms.
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Figure 4.9. Growth of the organic fertilizer industry (US Census Bureau)124.

Figure 4.10. Comparison of Liquid Nitrogen Fertilizer Products, WSU125.

124

U.S. organic industry valued at nearly $29 billion in 2010. Organic Trade Association. April 21, 2011.
http://www.organicnewsroom.com/2011/04/us_organic_industry_valued_at.html

124

USDA, Economic Research Service, Organic Production Data Tables. Table 2‐‐U.S. certified organic
farmland acreage, livestock numbers, and farm operations, 1992‐2008.
http://www.ers.usda.gov/Data/Organic/
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An initial assessment of this opportunity is underway as part of the current CEC contract as
part of Task 4 (Figure 4.11), but to seriously pursue this at the state level, more extensive and
detailed analyses will be required. Some of the same issues that affect carbon accounting and
life cycle analysis for forest biomass will also be important for the issues of dairy manure
management, AD systems, co‐digestion of additional biomass materials on dairies, and
alternative power systems.

Figure 4.11. Combined model anaerobic digestion system linked to algae and fertilizer production.
Co-digestion and use of exogenous CO2 is included. (Zhang and Kaffka, Task 4, in prep).
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