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Introduction

Visualize millions of tons of yard trimmings and wood that cannot be composted, of low-value paper and plastic residuals from materials recovery facilities (MRF) for which there is no recycling market, and of agricultural residues that can no longer be burned in fields. All of these materials are either landfilled today or might be headed for landfills in the future. Now—imagine a future where unwanted materials destined for landfills are instead converted into high-value products such as energy, ethanol and other fuels, and citric acid and other industrial products.  That future could revolve around a new generation of “conversion” technologies, such as hydrolysis, gasification, and anaerobic digestion.

These technologies were the subject of a California Integrated Waste Management Board (CIWMB) forum held on May 3-4, 2001, in Sacramento, California. The objectives of the forum were multiple:

(1) To build a shared understanding of issues, concerns, and interests regarding municipal residuals, conversion technologies, and related laws and policies.

(2) To gather input from a wide range of stakeholders and interest groups on opportunities, barriers, and possible solutions.

(3) To develop a set of recommendations that could be presented to the California Integrated Waste Management Board for further discussion. This forum was the first public discussion of this topic since a seminal meeting held in December 1999 in Santa Barbara, California, under the auspices of the Community Environmental Council and sponsored by the Wendy P. McCaw Foundation and MSW Management magazine.

These proceedings provide a summary of the forum and subsequent Board actions. For additional information on conversion technologies, see www.ciwmb.ca.gov/Organics/Conversion/.

Summary of May 3-4, 2001 Forum

Background

In pursuit of its mission to foster solid waste prevention, reuse, and recycling, the Board has made a concerted effort to target large components of the waste stream, organic materials being one priority. Existing compost and mulch facilities and operations use about 6 to 8 million tons of organic materials (e.g., yard trimmings and other woody debris), a two- to three-fold increase from the early 1990s.

However, despite this growth, organic materials still make up 40 percent (about 15 million tons) of what is landfilled in California. Thus, current market use of organic materials is sufficient for only about one-third of collected organic materials. Moreover, as California’s population continues to grow, the amount of organic materials sent to landfills will likely increase. In addition, millions of tons of low-grade paper and other residuals from materials recovery facilities are also sent to landfills; paper constitutes 30 percent of what is landfilled in California. Furthermore, if existing biomass-to-energy plants that use woody materials and agricultural residues as feedstocks continue to close in response to electricity deregulation, millions of tons more may also end up being landfilled.

These trends may profoundly impact both the ability of local jurisdictions to meet diversion requirements and the longevity of landfills around the state. Therefore, the Board has been interested in examining new, innovative market opportunities to utilize these materials.

Conversion technologies such as hydrolysis and gasification might be able to take organic materials that cannot be composted and low-grade paper that cannot be recycled and convert them into high-value products such as energy, ethanol and other fuels, and citric acid and other industrial products. Some projects that would use these urban-derived materials are on the drawing board, but several barriers limit further commercialization. These include lack of financing for commercial-scale facilities; questions about the availability and costs of feedstocks, the costs of processing, and the breadth of regional markets for products; and questions about permitting and statutory limits on diversion credits. Overcoming these barriers could result in major economic and multiple environmental benefits.

These conversion technologies were the subject of the CIWMB forum held on May 3-4, 2001, in Sacramento, California. As stated in the Introduction, the objectives of the forum were to 
(1) build a shared understanding of issues, concerns, and interests regarding conversion technologies and related laws and policies; (2) gather input from a wide range of stakeholders and interest groups on opportunities, barriers, and possible solutions; and (3) develop a set of recommendations that could be presented to the Board for further discussion and consideration. The Board made available funding to provide logistical support for the forum through an interagency agreement with California State University Sacramento Foundation.

A background technical paper (Appendix E) was distributed to all participants prior to the forum. This paper described technological, environmental, economic, and regulatory aspects of these technologies.

Forum Participants and Agenda

Representatives from technology companies, solid waste management companies, environmental groups, financing entities, local jurisdictions, and State and federal government agencies were invited to the forum to discuss their roles and opinions about conversion technologies. Approximately 160 people, including CIWMB facilitators and notetakers, attended (Appendix G). Opening speakers discussed national and state trends in the development of alternative energy technologies and the potential applicability of conversion technologies in managing residual materials otherwise destined for landfills. Appendix A provides the forum agenda. On the evening of Day 1, a reception for attendees was sponsored by MSW Management magazine, the Solid Waste Association of North America (SWANA), and three California SWANA chapters (Northern California Gold Rush Chapter, Southern California Founding Chapter, and Central California Sierra Chapter).

Most of the forum consisted of small working groups that identified barriers to implementing conversion technologies and potential recommendations for overcoming these barriers (Appendices B and F). Each working group had a facilitator and notetaker. On 
Day 1, sixteen working groups addressed five issue areas: (1) technology feasibility and environmental emissions, (2) permitting and siting, (3) financing and commercialization, 
(4) public perceptions, and (5) economics and markets. On Day 2, ten working groups developed recommendations and categorized them as major or minor recommendations.

Key Issues and Findings

CIWMB staff summarized input from Day 1’s working groups on barriers and provided a summary to attendees prior to the time the recommendations working groups met on Day 2. This summary, Appendix B, lists the major barriers attendees identified and provides a summary statement about each barrier and notes from the working group sessions. The major barriers identified at the forum were:

I. Lack of cohesive political leadership and support

II. Statutory constraints

III. Regulatory constraints

IV. Lack of funding

V. Economics and markets

VI. Public perception and understanding

VII. Lack of data

VIII. Feedstock access

Staff then summarized input from the 10 working groups on recommendations and provided this to attendees prior to the end of the forum. This second summary formed the basis for Appendix C, which lists the top 21 recommendations, by barrier, from the forum. Appendix C also includes staff’s assessment, as of mid-May 2001, of the general timeframe needed to implement each recommendation and staff’s post-forum recommendations on whether and how to proceed with each forum recommendation.

Feedback from forum participants was positive, as illustrated in Appendix D.

Summary of CIWMB Actions at May 22-23, 2001 Board Meeting

Findings and recommendations from the forum were provided to the Board at the May 22-23, 2001, Board meeting (agenda item 26— “Discussion And Consideration of Findings and Recommendations From the 2001 Conversion Technologies For Municipal Residuals Forum”)(. Because some of the forum recommendations (in Appendix C) for different barriers are related, CIWMB staff grouped those forum recommendations into five areas and suggested to the Board that staff should act on those recommendations. The Board approved further staff work in all five of these areas, as follows:

A. Work with the California Environmental Protection Agency (Cal/EPA), Resources Agency, Technology, Trade and Commerce Agency, other State agencies, and the Governor’s Office to establish a formal interagency working group on conversion technologies and biomass issues and an external advisory group (see Recommendations 1 and 2 in Appendix C; these recommendations address Barrier I).

Implementation: CIWMB staff had participated in an informal interagency biomass task force during 2000 and early 2001. To implement this action area, staff would work with other members of the informal task force to develop a proposal that could be considered by policymakers such as the Board, Cal/EPA, and the Governor’s Office. Representatives from the Department of Forestry and Fire Protection and the Technology, Trade and Commerce Agency who participated in the conversion technologies forum expressed their interest in working together on this objective. Staff also would work with external stakeholders who attended the forum to develop a proposal regarding an external advisory group on conversion technology issues; staff would bring this proposal to the Board for consideration.

Resource requirements: Existing staff can participate in an interagency commission and conduct the initial work described above. An external advisory group, if established, may need funding for travel and other administrative expenses, but such needs would be included as part of any proposal brought to the Board for consideration.

B. Begin planning follow-up public education workshops and symposia that focus on county and city officials and the general public, working with partners such as the Solid Waste Association of North America, the California Refuse Removal Council, the Southern California Association of Governments, and the League of California Cities This action would include surveying local officials on information needs (see Recommendations 15 and 17 in Appendix C; these recommendations address Barriers VI and VII).

Implementation: Staff would develop and conduct a survey of local officials and begin discussions with potential partners regarding workshop/symposium design and location. Already, as a result of the conversion technology forum, the Solid Waste Association of North America has indicated interest in working with the CIWMB on a follow-up conversion technology workshop/symposium at its 2002 conference, which will be held in Long Beach.
Resource requirements: Existing staff can develop and implement a survey of local officials and conduct initial planning for workshops and symposia. Actual workshops and symposia may require funding for venue expenses, speaker and vendor arrangements, and printing. If the Board approves initial planning for follow-up workshops and symposia, staff will seek needed funding support through the CIWMB’s fiscal year (FY) 2001/02 consulting and professional services funding allocation cycle and from interested partners.

C. Develop a budget change proposal seeking support for a grant program for small-scale demonstration projects (including ones in rural and tribal areas) that produce energy and fuels, life-cycle assessments of environmental and economic costs and benefits, and assessments of financial incentives, feedstock availability, and product markets (see Recommendations 8, 11, 12, 18, 19, and 20 in Appendix C; these recommendations address Barriers IV, V, VII, and VIII).
Implementation: Staff would develop a budget change proposal for the FY 2002/03 budget cycle. This proposal would focus on the energy production potential of conversion technologies and would request general funds. There would be no impact on CIWMB funds.
Resource requirements: Existing staff can develop a budget change proposal as part of their existing duties and workload.
D. Work with the California Pollution Control Financing Authority, Technology, Trade and Commerce Agency, and other State agencies to ascertain existing funding availability for conversion technology projects; work with the Federal Biomass R&D Council on existing funding opportunities for California projects (see Recommendation 9 in Appendix C; this recommendation addresses Barrier IV).

Implementation: Staff would initiate discussions with appropriate State agencies and the Federal Biomass R&D Council to determine whether existing funding programs are applicable to conversion technology projects in California. To the extent that such funds are available, staff would publicize this information on the CIWMB Web site and through other mechanisms. Depending on the nature of the funds and interest on the part of potential applicants, staff may subsequently work with potential applicants to develop grant applications for these funds.

Resource requirements: Existing staff can undertake discussions with relevant State agencies and the Federal Biomass R&D Council, as well as publicize the availability of funds on the CIWMB Web site.

E. Work with Cal/EPA to assist project applicants in the permitting process, and to establish environmental management system guidelines and assistance for companies attempting to site in California (see Recommendations 6 and 7 in Appendix C; these recommendations address Barrier III).
Implementation: Developing a streamlined, coordinated permitting framework is a complex endeavor. A small-scale first step would consist of working with other State agencies to assist “real” project applicants (companies that have identified a specific site, have undertaken preliminary design and market assessments, and are ready to seek permits) in understanding and working through State regulatory processes. This step would include coordinating and expediting those processes where possible, without lessening environmental standards, and addressing local environmental justice issues. Implementation essentially would entail a type of “Red Team” approach, in which agencies would work together on a single project. If successful, this approach could then serve as a model for subsequent proposals for streamlining and coordinating the permitting process.
Staff also would initiate discussions with Cal/EPA about developing information and guidelines on environmental management systems for companies attempting to site in California.
Resource requirements: Assisting applicants in understanding and working through State regulatory processes can be handled as part of the normal workload of existing staff. Staff also can initiate discussions with Cal/EPA about developing information and guidelines on environmental management systems, although actual implementation may require additional funding and/or staff resources; such needs would be included as part of any proposal brought to the Board for consideration.

All of above actions, which are based entirely on those forum recommendations on which there was consensus, are initial steps that the CIWMB will take to promote the exploration and potential development of conversion technology facilities in California. Existing staff can begin work on all these recommendations, although subsequent funding may be required in a few cases. Staff would provide the Board with periodic updates on these recommendations, solicit Board Member input on implementation work plans, and develop agenda items as appropriate for the Board to consider at its meetings.

The Board approved the staff recommendations as described in Appendix C. Staff did not recommend that any action be taken at this time on some recommendations, such as numbers 4, 5, 10, 13, and 14. There was no consensus at the forum on recommendation 4, regarding the definition of transformation and the availability of diversion credits; these issues were controversial, with stakeholders having disparate points of view. Recommendation 10, regarding the use of tire program funds, and recommendation 13, regarding establishing an “AB 939( mandate” for organic materials, are outside the realm of the forum objectives.

Appendix A: Agenda for Conversion Technologies Forum
	May 3

	Morning Plenary Sessions

	Introduction and Overview of Forum Goals
	
8:30–9:10
	Moderator Rick Brown and Board Member Michael Paparian

	The Carbohydrate Economy 
	
9:10–10:00
	David Morris, Institute for Local Self-Reliance

	California’s Renewable Energy Picture
	
10:00–10:30
	Commissioner Michal Moore, California Energy Commission

	Morning Break (10:30-10:45)

	Conversion Technologies and Urban Residuals Management in California
	
10:45–11:15
	Dr. Kay Martin, Solid Waste Management Department, Ventura County

	Panel Discussion of Technology Representatives and Consultants
	
11:15–12:15
	Tim Judge (Masada Oxynol), Paul Alford (Brightstar), Chip Clements (Global Green Energy), Mark Yancey (BBI International)

	Lunch (12:15–1:15): Remarks by Board Member José Medina

	Barriers Identification Sessions

	Instructions for Barriers Working Groups
	
1:15–1:30
	Moderator Brown

	Session 1 Working Groups
	
1:30–2:30
	Groups With Facilitators

	Break (2:30–2:45)

	Session 2 Working Groups
	
2:45–3:45
	Groups With Facilitators

	Afternoon Break (3:45 – 4:00)

	Afternoon Wrap-Up

	Open Discussion About Barriers
	
4:00–5:00
	Group and Moderator Brown

	Evening Reception (5:30–6:30)

	May 4

	Problem-Solving

	Review of Day 1
	
8:30–9:00
	Moderator Brown

	Panel Reactions to Day 1
	
9:00–10:00
	Sean Edgar, California Refuse Removal Council (CRRC); Roger Green, Waste Management; Rich Ferguson, Center for Energy Efficiency and Renewable Technologies (CEERT; Lori VanArsdale, City of Hemet

	Break (10:00–10:15)

	Instructions for Problem-Solving Groups
	
10:15–10:30
	Moderator Brown

	Working Groups Discuss Mechanisms to Overcome Barriers
	
10:15–11:45
	Groups With Facilitators

	Lunch (12:00 – 1:15): Remarks by Cal/EPA Sec. Winston Hickox and  CIWMB Chair Linda Moulton-Patterson

	Afternoon Plenary Session

	Recommendations, Open Discussion, Evaluation
	
1:30–3:00
	Group With Moderator

	Forum Ends (3:00)


Appendix B: Summary of Barriers to Implementing Conversion Technologies From Forum

I.
Lack of Cohesive Political Leadership and Support

Problem Statement: Lack of cohesive leadership and/or constituency at the State and local level to promote conversion technologies.

· Lack of coordinated State policy framework, coordination among agencies.

· General distrust of government and big industry (e.g., who owns and controls “resources” such as waste stream, facilities, etc.).

· Lack of participation by activities and environmental groups.

· Who will take the lead on these technologies? Lack of policy framework/leadership on part of State.

· Lack of agency understanding on how the private sector functions, leading to poor leadership and management.

II.
Statutory Constraints

Problem Statement: (1) Lack of statutory framework to promote conversion technologies and (2) statutory disincentives.

· No State policy directive or framework for conversion technologies. Other efforts, such as recycling, had AB 939 mandates. Conversion technologies need State directive.

· Definition of transformation and lack of full diversion credit. Clarification is needed in definitions of transformation and biomass material. What counts as diversion?

· Lack of national and State renewable resource policy.

· Net emission and discharge limitations.

· 3 Rs waste management hierarchy (Reduce, Reuse, Recycle) inhibits evaluation of conversion as a “higher and best use.” Conversion needs to be an “R” word.

· Need for clear definition of conversion technology in regulation.

· Is the feedstock for conversion technology really a waste?

III.
Regulatory Constraints

Problem Statement: Lack of coordinated and streamlined regulatory framework.

· Lack of streamlining in regulatory process and uncertainty of regulatory environment. Agencies fragmented in definition and regulatory approach (e.g., permitting).

· Time lag between plan development and permit issuance too long, making it difficult to implement operation into the present economy. Time lag also raises project costs and uncertainties.

· High cost of effective participation in legislative and regulatory process.

· Lack of regulatory, operational, and product standards.

· Raises project costs and uncertainties.

· Lack of clarity concerning applicable permitting and environmental standards.

· Lack of streamlining for local, regional, and State permits.

· The permitting process lacks agency coordination and consolidation. There is duplication among different boards, agencies, and counties, etc.

· Lack of agency understanding on how the private sector functions, leading to regulatory inconsistency and conflicting regulatory schemes.

IV.
Lack of Funding

Problem Statement: Funding limitations due to absence of proven technology demonstration/usage.

· Unwillingness of public and private sectors to take risks including incentives for municipal solid waste (MSW) and other wastes use (e.g., project demonstrations, information dissemination).

· Due to lack of commercially viable projects (in California and U.S.), venture capitalists/-lending institutions won’t finance; success elsewhere may not correspond to local conditions.

· Lack of entities to underwrite performance guarantees.

· Lack of successful examples. Must develop the credibility on your own. Must convince others that technology is feasible.

· Lack of public-private partnerships to create funding.

· Expensive development costs.
· Large scale size of projects.

· Technologies too risky.

· Level the subsidy playing field (fossil fuel vs. conversion).

V.
Economics and Markets

Problem Statement: Conversion technologies not perceived as economically competitive under current market conditions.

· Conversion technologies expensive in comparison to landfilling.

· Capital costs of technologies (financing) vs. the alternatives (competition).

· Technologies not yet economical.

· Cheap disposal alternatives; true cost of disposal not currently paid.

· Public perceptions—costs of waste disposal historically low or free.

· Lack of coherent public policy regarding true costs; lack of local government addressing solid waste management in terms of real social, economic, and environmental costs.

· High cost of transportation of feedstock.

· Volatility of energy prices hampers renewable energy development.

· Public unwilling to pay higher prices that renewable energy will cost.

· Low electric payments to generators.

· Existing energy industry can maintain market share through price manipulations.

· Virgin energy essentially cheap.

· Existing vested interests (i.e. oil, coal industries) inhibit use of technologies.

· Well-established political base to maintain status quo on current policies and prices.

· Lack of a renewable energy policy—or change of policy—leads to uncertainty and unwillingness to invest; lack of incentives to fund “public good” of renewables.

· Rural constraints.

· Rural view: problems with economies of scale; can’t afford large facilities.

· Lack of small-scale facilities appropriate for rural communities with limited feedstock.

VI.
Public Perception and Understanding

Problem Statement: Lack of knowledge on part of public, public leaders, and elected officials regarding benefits of conversion technologies, incentives, investors, etc.

· Lack of information on the technologies.

· Lack of common language/understanding.

· Not enough public relations work to distribute information on capabilities of technologies.

· Confusion within public about difference between conversion technologies, waste-to-energy, and transformation.

· Misinformation being communicated by competing industries (e.g., the environmental impacts of conversion technologies).

· Poor strategies used by various levels of government management to develop public perception (i.e., currently using top-down approach rather than combination of bottom-up, top-down).

· Lack of public and agency awareness and knowledge of benefits of technologies.

· Need to educate to conquer the fear of the unknown.

· Education of general public—define barriers and give benefits.

· Perception that conversion technologies equal old technologies.

· Newer generation technologies face misperceptions based on old combustion technologies; perception of conversion technologies as glorified combustion.

· Odor issues.

· NIMBY (“Not in My Backyard”) and credibility.

VII.
Lack of Data

Problem Statement: Lack of reliable data on life-cycle benefits and emissions, technology performance, feedstock availability, and vendor availability.

· Lack of cost/benefit and life-cycle analyses; lack of economic data and life-cycle analysis comparing conversion technology processes that may be unproven.

· No consideration of monetary environmental benefits.

· Lack of information on new technology performance and reference data on operations due to lack of reference facilities in the U.S.; need for emissions data.

· Lack of data on material inventories.

· Lack of information on life-cycle benefits regarding these technologies.

· Lack of knowledge of costs or benefits for the environment.

VIII.
Feedstock Access

Problem Statement: Competition for, and lack of access to, feedstocks

· Feedstock delivery infrastructure.

· Changing value (i.e., feedstock suppliers recognize value of products and increase price over time).

· Reliability (i.e., quality, quantity, price).

· Competing with other technologies (composting) for green and food feedstocks.

· Inability of local governments to commit supply.

· Regional facilities need sufficient feedstock (flow control).

Appendix C: Forum Recommendations and Subsequent CIWMB Staff Recommendations

	Barrier
	Forum Recommendations
	Time Frame to Implement
	Post-Forum Staff Recommendations 

	I. Lack of Cohesive Political Leadership and Support
	1. Establish formal interagency conversion and biomass commission.
	Short-term


	Work with Cal/EPA, Resources Agency, Technology Trade and Commerce, and Governor’s Office to request Governor’s Executive Order or seek legislation.

	
	2. CIWMB take lead in facilitating creation of advocacy council of diverse stakeholders.
	Short-term
	Establish initial working group of stakeholders. May require general operating expenses.

	
	3. Executive Order establishing conversion technology policy.
	Short-term
	Same as for staff recommendation for #1.

	II. Statutory Constraints
	4. Revisit transformation definition, phase in higher diversion credits.
	Long-term


	No action at this time: Determine whether Board wishes to seek legislative change.

	
	5. Establish federal definition that conversion is recycling.
	Long-term
	No action at this time: Staff could work with U.S. EPA and Congressional representatives to amend Resource Conservation and Recovery Act.

	III. Regulatory Constraints
	6. Create multi-media permit “czar.”
	Mid- to long-term

	Work with Cal/EPA to establish process for coordinating permits. May require working with first permit applicant in order to establish model.

	
	7. Establish “EMS” program for conversion technologies.
	Mid- to long-term
	Work with Cal/EPA to establish EMS guidelines and assistance for companies attempting to site in California.

	IV. Lack of Funding
	8. Use existing funds for demonstration projects.
	Short-term
	Seek grant funding for small-scale demonstration projects (including ones in rural and tribal areas) through 
FY 2002/03 BCP process (see # 18) and Federal Biomass R&D Council.

	V. 
	9. Research alternative energy financing authority and other funding sources.
	Short-term
	Work with California Pollution Control Finance Authority (CPCFA), California Technology Trade and Commerce Agency, and Federal Biomass R&D Council to target grant and bond funds.

	VI. 
	10. Redirect tire money to plastics; provide technical support for tires, plastics.
	Long-term
	No recommendation: This is outside the scope of the Forum and would need further development involving other stakeholders and Board Divisions. In context of current tire program statutes and plans.

	VII. Economics and Markets
	11. Explore financial incentives such as tax credits, subsidies, and price supports for renewable energy and fuels.
	Short- to mid-term
	Examine potential financial incentives and develop recommendations for consideration. May require workshop. Could be part of interagency commission if established.

	
	12. Lifecycle analysis of costs and benefits of conversion technologies, and full-cost accounting of landfilling.
	Mid-term
	Seek contract funding through 
FY 2002/03 BCP process for life-cycle analysis of environmental and economic benefits and costs.

	
	13. Establish AB 939 mandate for organics.
	Mid- to long-term
	No recommendation (outside realm of forum objectives).

	
	14. Develop contracts with end users for products.
	Mid- to long-term
	No recommendation (this activity is more appropriate for vendors and project proponents.

	VIII. Public Perception and Understanding
	15. Focused education for city and county officials and general public through conferences and symposia.
	Short- to mid-term
	Seek FY 2001/02 contract funding for follow-up workshops and symposia for local governments and public; partner with Solid Waste Association of North America (SWANA), California Refuse Removal Council (CRRC), Southern California Association of Governments (SCAG), League of Cities, etc.

	
	16. State agencies promote and educate general public.
	Mid-term
	Consider as part of interagency commission, if established.

	IX. Lack of Data
	17. Tailor data collection to provide decision-makers with needed information.
	Short-term
	Survey local officials regarding information needs; collect data for use in workshops (see staff recommendation for #15).

	
	18. Funding for demonstrations, field days, studies.
	Short- to mid-term
	Seek funding through FY 2002/03 BCP cycle for market and life-cycle assessments (see staff recommendation for #12) and for grants for small-scale demonstration projects (see 
staff recommendation for #8).

	
	19. Test technical limits of systems; also showcase successes.
	Mid-term
	See staff recommendation for #18.

	X. Feedstock Access
	20. Inventory local feedstocks, define feedstock specifications
	Mid-term
	Seek contract funding through 
FY 2002/03 BCP process for assessment of feedstock availability, specifications, and product markets (see staff recommendations for #12 and #18).

	
	21. Create incentives (diversion credit, fees) for generators and collectors to divert material to facilities
	Long-term
	See staff recommendation for #11.
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Appendix D: Forum Evaluation (average ranking)
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The graph above represents the average responses by forum participants when asked to evaluate the forum relative 
to the following criteria:

1.
Forum resulted in participant’s increased knowledge of conversion technologies.

2.
Forum provided encouraging environment to share ideas.

3.
Working groups were effective mechanisms for (a) identifying barriers, (b) developing strategies.

4.
Forum was effective in identifying strategies for overcoming barriers.

5.
Strategies developed at forum likely to result in implementation of technologies.

6.
Forum participants represented all stakeholders.

Appendix E: Background Paper
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Prepared by CIWMB Staff

May 3-4, 2001

Sacramento, California

This paper has been prepared solely for the purpose of providing background information for the “Conversion Technologies For Municipal Residuals” forum being held May 3-4, 2001, in Sacramento, California.  The paper has not been peer-reviewed and does not represent any specific views or policies of the California Integrated Waste Management Board.  The technologies described herein do not necessarily represent the entire range of conversion technologies being proposed or developed.  Staff welcomes suggestions for additional information that is relevant to the topics discussed herein.
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I.
Introduction/Visions

The Future

Visualize millions of tons of yard trimmings and wood that cannot be composted, of low-value paper and plastic residuals from materials recovery facilities (MRF) for which there is no recycling market demand, and of agricultural residues that can no longer be burned in fields. All of these materials are either landfilled today or might be headed for landfills tomorrow. Now imagine a future where unwanted materials destined for landfills instead are converted into high-value products such as energy, ethanol and other fuels, and citric acid and other industrial products. That future could revolve around a new generation of “conversion” technologies, such as hydrolysis, gasification, and anaerobic digestion.

These technologies have potential to help solve vexing environmental problems and could help achieve some of Cal/EPA’s Strategic Vision and goals, including continuous improvement and application of science and technology and ensuring the efficient use of natural resources. At the same time, they should be examined with the idea in mind that solving one environmental problem should not create other problems—i.e., solutions should be developed within a framework that considers cross-media and sustainability implications.

These technologies will be the subject of a California Integrated Waste Management Board (CIWMB) forum being held on May 3-4, 2001, in Sacramento, California. The objectives of the forum are multiple:

1. To build a shared understanding of issues, concerns, and interests regarding municipal residuals, conversion technologies, and related laws and policies.

2. To gather input from a wide range of stakeholders and interest groups on opportunities, barriers, and possible solutions.

3. To develop a set of recommendations that can be presented to the California Integrated Waste Management Board for further discussion. This forum is the first public discussion of this topic since a seminal meeting held in December 1999 in Santa Barbara, California, under the auspices of the Community Environmental Council and sponsored by the Wendy P. McCaw Foundation and MSW Management Magazine.

The Past and Present

In pursuit of its mission to foster solid waste prevention, reuse, and recycling, the CIWMB has made a concerted effort to target large components of the waste stream—organic materials being one priority. For this group of materials, the CIWMB has focused on preventing on-site generation and on developing markets for compost and mulch. However, despite the rapid growth of composting and other management techniques in the last 10 years, organic materials still made up 35 to 40 percent—about 15 million tons—of what was disposed in 1999. (In addition, paper consisted of 30 percent, woody construction debris, 5 percent, and plastics, 9 percent.)

Once organic materials are collected, they typically are processed into compost, mulch, alternative daily cover, and biomass-to-energy feedstock. The flow of organic materials is illustrated in Figure 1 and described directly below.

[image: image7.wmf][image: image8.wmf] 

In the early 1990s, there were less than 10 permitted composting facilities. These facilities used approximately 1 to 2 million tons of urban organics annually. Today, about 170 composting and mulching operations exist in California, including about 87 permitted composting facilities. These operations use approximately 6 to 8 million tons per year of urban organic materials (including about 1.5 million tons of urban wood waste that was used as biomass-to-energy fuel). While this use of organic materials is a large increase from the early 1990s, it still represents only about one-third of the organic materials collected; the remaining two-thirds—some 15 million tons— is landfilled). Thus, existing market demand is sufficient only for about one-third of collected organic materials.

[image: image9.wmf]With respect to biomass-to-energy, in 1990 there were over 50 facilities with a generating capacity of almost 800 megawatts (MW). These [image: image10.wmf]energy plants burned over 10 million tons per year of woody debris from logging and sawmill operations, urban sources, and agriculture, some of which would have gone to landfills had the facilities not been operating.

With the advent of electricity deregulation, many plants have closed (Figure 2). They previously had contracts guaranteeing higher-than-market prices for the energy they generated, but most of these contracts have expired, and with deregulation many were unable to compete in the open market. In 1999, there were 29 operating biomass-to-energy plants that used 6.5 million tons of biomass material. Of this, about 1.5 million tons was urban wood waste (as noted above, this is included in the 6 to 8 million tons of materials processed by compost and mulch operators). Currently there are 26 operating biomass-to-energy facilities that use approximately 6 millions tons of biomass material annually.
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II.
Back to the Future: Scenarios of What Might Happen

Several scenarios could play out in the future. This section first describes what might happen if current trends in waste management and disposal continue. It then describes two alternative scenarios, among many that are possible, that involve using hydrolysis and gasification to convert materials otherwise destined for landfills into valuable products. Hydrolysis currently is used in the midwestern United States to convert corn residue into ethanol. Gasification is used in Australia to convert sorted municipal solid waste into energy.

An Unwanted Future

As illustrated in Figure 1, approximately 15 million tons of organic materials and an additional 10 million tons of paper (low-grade) are currently landfilled; much of this material consists of residuals from materials recovery facilities for which there is no recycling market demand. In addition, without increased prevention, reuse, and recycling efforts, the amount of organic materials and paper sent to landfills is likely to increase due to population growth.

Moreover, if existing biomass-to-energy plants that use woody materials and agricultural residues as feedstocks continue to close, millions of tons more may also end up being landfilled. Table 1, which excerpts data from a study conducted by the U.S. Department of Energy’s National Renewable Energy Laboratory (NREL), shows potential disposal and management options for biomass feedstocks if the biomass-to-energy industry experiences a total collapse.

Table 1—NREL Estimates of Alternative Management Options in California for Biomass Fuels Under a Total Collapse Scenario for the Biomass-to-Energy Industry

	Alternative Management/Disposal Method
	Annual Tons

	Open Burning
	1.7 Million

	Forest Accumulation
	490,000

	Landfilling
	3 Million

	Compost/Mulch
	370,000

	Kiln Boiler
	886,000

	Total
	6.5 Million (rounded)


This situation may be further exacerbated by bans on the burning of rice straw and other agricultural residues. Approximately 500,000 acres of rice are planted annually in California, resulting in a large amount of rice straw residual. Current law requires a progressive phase-down in rice straw burning. Beginning in September 2001, rice straw burning will be allowed for disease control only and will be limited to 25 percent of planted acres or 125,000 acres, whichever is less. One alternative to open-field burning is the incorporation of the rice straw into the soil; however, this practice may result in an increase in rice diseases with repeated straw incorporation.

These trends (continued landfill disposal of organic materials and low-grade paper, closure of biomass-to-energy facilities, and scarcity of alternatives for rice straw management) may profoundly impact both the ability of local jurisdictions to meet diversion requirements and the longevity of landfills around the state. Therefore, the CIWMB is interested in examining new, innovative market opportunities to utilize certain organic materials. What role can conversion technologies such as hydrolysis and gasification play in taking materials generally considered waste and making them valuable commodities that can be converted to ethanol, energy, or other products? The remainder of this section describes two examples of the opportunities to incorporate conversion technologies within the existing recycling and solid waste infrastructure. These examples are presented merely for illustrative purposes and should not be considered an endorsement of hydrolysis or gasification over other conversion technologies.

Hydrolysis-to-Ethanol Scenario

One possible scenario involves the use of hydrolysis to produce ethanol (see Section III, “Description of Technologies and Existing/Planned Facilities,” for a more detailed description of hydrolysis). Interest in this scenario is high because ethanol can serve as a replacement for methyl tertiary butyl ether (MTBE) as a gasoline additive.

With the phase-out of MTBE as a gasoline additive due to its impact on water quality, annual demand in California for ethanol as a replacement for MTBE may reach approximately 1 billion gallons by 2002. Current ethanol production capacity in California is estimated to be 12 million gallons annually, with the bulk of the demand currently being met by ethanol imports from the Midwest.

Materials available in California, such as rice straw and urban residuals, may be amenable feedstocks for conversion to ethanol. The California Energy Commission’s (CEC) 1999 study, Evaluation of Biomass-to-Ethanol Fuel Potential in California, (publication no. 500-99-022; appendices, publication no. 500-99-022A) included 65 modeled scenarios using a variety of feedstocks and ethanol plant sizes. One set of scenarios used urban residuals as a feedstock, with feedstock requirements ranging from 836 to 2,965 tons per day (293,000 to 390,000 tons per year, bone dry).

The CEC approved a follow-up report in 2001, Costs and Benefits of a Biomass-to-Ethanol Production Industry in California (publication no. 500-01002; appendices, publication no. 500-01-002A) This report also included modeled ethanol production scenarios using urban residuals as a feedstock; however, the tonnage figures used were quite a bit lower than those in the CEC’s 1999 report. The findings of the CEC’s most recent report indicate that four ethanol facilities using urban residuals as feedstock could divert 400,000 tons per year of materials from landfills and produce 40 million gallons of ethanol (10 million gallons per facility).

Ethanol facilities could be located in urban areas. For example, they could be co-located at MRFs, where existing materials are already collected and the existing solid waste transportation infrastructure could be utilized.

Figure 3 shows the location and size of MRFs in California. As the map illustrates, the larger MRFs (i.e., ones that process more than 2,000 tons per day) are located in Southern California and the San Francisco Bay Area.

However, if each ethanol facility only requires 100,000 tons per year of feedstock, which translates to approximately 290 tons per day of residuals (based on 350 operating days), the number of potential locations for an ethanol facility increases dramatically. For example, there are 21 MRFs that range in tonnage from 700 to 4,200 tons per day. If 10 ethanol production facilities are constructed and each converts 290 tons per day, then the result would be a total annual conversion of 1 million tons of MRF residuals into 100 million gallons of ethanol.

As noted, ethanol facilities co-located at MRFs could take advantage of the existing solid waste collection and transportation infrastructure. In addition, ethanol conversion facilities in the Sacramento/San Joaquin Valley could use the existing rail system for transportation of ethanol to the appropriate blending facilities. At the same time, siting any facility is no easy task. Questions regarding siting and permitting issues are presented in Section VI (“Barriers to Developing Conversion Technologies”).

Gasification-to-Energy Scenario

Another option is the use of gasification, which can convert agricultural, forestry, and MRF residuals into a synthetic gas (syngas) that can be used to produce electricity (see Section III, “Description of Technologies and Existing/Planned Facilities,” for a more detailed description of gasification). For example, one gasification technology can convert 1000 tons per day of MRF residuals (which would be landfilled anyway) into nearly 25 megawatts (MW) of electricity. Using this technology as an example, 10 gasification facilities utilizing 10,000 tons per day would have a generating capacity of 250 MW of electricity. Assuming 350 operating days, the 10 gasification facilities could divert 3.5 million tons annually of materials that would otherwise have been landfilled.

In comparison, the 26 existing biomass-to-energy plants use about 6 million tons of organic residuals (1.5 million tons of which are urban woody residuals) and have a generating capacity of about 550 MW. As illustrated in Figure 2, the number of operating biomass-to-energy facilities continues to decline, and it is uncertain whether any mothballed facilities will be restarted.

As in the case of ethanol conversion facilities, gasification facilities could be co-located at MRFs to take advantage of the current solid waste transportation infrastructure. In addition, co-location at MRFs would ensure that recyclable materials would be removed beforehand and only residuals would be sent to a gasifier. If a gasification facility is co-located at a landfill that accepts MRF residuals, the gasification facility could utilize landfill gas in the gasification process or could work in tandem with a landfill gas-to-electricity project.

III.
Description of Technologies and Existing/Planned Facilities

Technologies that appear amenable for converting organic and other materials into energy, ethanol, and other products include hydrolysis (acid hydrolysis and enzyme hydrolysis), gasification, anaerobic digestion, and plasma arc. The following sections briefly describe these technologies; Table 2 provides a very general comparative overview of these technologies.

Table 2—General Overview of Conversion Technologies

	Technology
	Amenable Feedstock
	Feedstock Requirements
	Emissions/Residues

	Acid Hydrolysis
	Cellulosic material
	Cellulosic feedstock
	Wastewater, CO2

	Enzyme Hydrolysis
	Cellulosic material
	Cellulosic feedstock
	Wastewater, CO2

	Gasification
	Biomass, MSW
	Drier feedstock, high carbon
	Ammonia, NOx, tars, oil

	Anaerobic Digestion
	Manure, biosolids
	Wet material, high nitrogen
	Wastewater, CH4, CO2, H2S

	Plasma Arc
	MSW
	Unknown
	Slag, scrubber water


CO2=carbon dioxide

NOx= Oxides of Nitrogen

CH4=methane

H2S= Hydrogen Sulfide
Hydrolysis

Hydrolysis is a chemical process of decomposition involving the use of water to split chemical bonds of substances.  There are two types of hydrolysis, acid and enzymatic. Feedstocks that may be appropriate for acid or enzymatic hydrolysis typically are plant-based materials containing cellulose, such as forest material and sawmill residue, agricultural residue, urban waste, and waste paper.

All plants have structural components composed of lignocellulosic fibers, which in turn are composed of three major fractions: cellulose, hemicellulose, and lignin. Cellulose and hemicellulose are chains of sugar molecules that can be broken down chemically or biologically into the component sugars. The sugars are then fermented, using yeast or bacteria, to produce ethanol, and the ethanol is distilled to a higher concentration for final use. Lignin, which acts as a binder that holds cellulose and hemicellulose together, cannot be broken down to sugars. At this point, the most cost-effective use for lignins is as a fuel for biomass-to-energy facilities.

Sugars can also be converted to levulinic acid and citric acid.  Levulinic acid is a versatile chemical that is a precursor to other specialty chemicals, fuels and fuel additives, herbicides, and pesticides. The largest application for citric acid is in the beverage industry, which accounts for about 45 percent of the market for this product. Citric acid is also used in a wide variety of candies, frozen foods, and processed cheeses and as a preservative in canned goods, meats, jellies, and preserves.

NREL’s report, Environmental Life Cycle Implications of Fuel Oxygenate Production from California Biomass, included information on potential emissions from both acid and enzymatic hydrolysis of rice straw, forest residue, and chaparral (Figure 4).

The two largest potential impacts from acid and enzymatic hydrolysis are the large amounts of wastewater and carbon dioxide produced. The wastewater would be sent to a treatment plant for appropriate management.  Emissions of carbon dioxide from the fermentation process would be released into the atmosphere.

CIWMB staff is unaware of any existing commercial hydrolysis plants that use MRF residuals as feedstock, which means that there is no information available on actual emissions and environmental performance using this feedstock.

Acid Hydrolysis

In acid hydrolysis, acid is used in either dilute or concentrated form as a medium to hydrolyze cellulose and hemicellulose. The acid hydrolysis process consists of four basic operations:

1. Hydrolysis

2. Separation of acids and sugars

3. Ethanol fermentation

4. Product purification

The use of dilute acid hydrolysis is the oldest technology for converting biomass into its component sugars for subsequent fermentation to ethanol. Figure 5 illustrates the dilute acid process. The hydrolysis occurs in two stages to accommodate the differences between hemicellulose and cellulose. Cellulose is protected from hydrolysis by a sheath of hemicellulose and lignin, so the first stage, which occurs under milder conditions, maximizes the yield of the more easily hydrolyzed hemicellulose and exposes cellulose for the second stage of hydrolysis.
 The second stage is optimized for hydrolysis of the more resistant cellulose fraction. Hydrolysis using strong acid is very similar to dilute acid hydrolysis, with the exception that the acid concentration is much greater and the process temperature is lower.

The concentrated acid process includes a step to separate the acid-sugar stream through a separation column that yields a 25 percent concentrated acid stream and a 12 to 15 percent concentrated sugar stream.  The sugar recovery is 95 percent, whereas the acid recovery is 98 percent. The acid stream is concentrated and recycled for subsequent hydrolysis. The sugar stream, which contains no more than 1 percent acid, can then be fermented. Residual acids in the sugar stream can be neutralized using lime. The use of lime as a neutralizing agent yields gypsum, which can be sold as a soil amendment or to wallboard manufacturers. Figure 6 illustrates the concentrated acid process.

The liquid fractions are recovered from each hydrolysis step and fermented to alcohol using yeast. Ethanol is separated from the fermentation broth by conventional distillation technology and dehydrated to yield fuel-grade ethanol. The remaining liquid broth is sent to a wastewater treatment facility for appropriate management. Residual cellulose and lignin left over in the solids from the hydrolysis reactors can be used as boiler fuel for electricity or steam production.

Enzymatic Hydrolysis

The process for enzyme hydrolysis, illustrated in Figure 7, can be generalized in the following manner:

1. Pretreatment

2. Enzyme production

3. Ethanol production

4. Product purification

Enzymes typically used for hydrolysis are derived from common fungi. The enzymes produced by fungi are called “cellulases” because of their effectiveness in breaking down cellulose into its component sugar—glucose. Some feedstocks appropriate for enzymatic hydrolysis are agricultural residues, waste paper, woody debris, and green material. The feedstock must be pretreated by a combination of physical, chemical, or biological means prior to hydrolysis.

Acids used during the pretreatment step are neutralized by the application of lime that yields gypsum as a residue. The gypsum residue can subsequently be used as a soil amendment.

Anaerobic Digestion

Anaerobic digestion is the bacterial breakdown of organic material in the absence of oxygen. This biological process produces a gas, sometimes called “biogas,” that is principally composed of methane and carbon dioxide. This gas is produced from feedstocks such as sewage sludge, livestock manure, and other wet organic materials.

The process of anaerobic digestion typically consists of three steps:

1. Decomposition of plant or animal matter by bacteria into molecules such as sugar.

2. Conversion of decomposed matter to organic acids.

3. Organic acid conversion to methane gas.

Anaerobic processes can occur naturally or in a controlled environment such as a biogas plant. In controlled environments, organic materials such as sewage sludge and other relatively wet organic materials, along with various types of bacteria, are put in an airtight container called a digester where the process occurs. Depending on the waste feedstock and the system design, biogas is typically 55 to 75 percent pure methane, although state-of-the-art systems report producing biogas that is more than 95 percent pure methane.

There are two basic anaerobic digestion processes, determined by the temperature range required for operation:

1. Mesophilic digestion operates at temperatures of 20 to 45 degrees Celsius (C) and the feedstock typically remains within the digester (“residence time”) for 15 to 30 days. Compared with the thermophilic process (see below), mesophilic digestion tends to be more robust and tolerant to variation in feedstock and operating conditions. However, gas production is less, larger digestion tanks are required, and pathogen reduction, if required, would necessitate a separate process stage such as composting.

2. Thermophilic digestion operates at temperatures above 45 degrees C, and the residence time is typically 12 to 14 days. Compared with mesophilic digestion, thermophilic digestion systems offer higher methane production, faster throughput, and better pathogen and virus reduction, but they require more expensive technology, greater energy input, and a higher degree of operation and monitoring.

In addition to the two anaerobic digestion processes, the digester itself consists of several components: feedstock storage and handling area, digestion tank, gas collection system, and residuals recovery system. The materials in the digestion tank must be mixed, so a mixing system is required as well. Mixing of the materials can be accomplished mechanically in the tank or by recirculating the biogas through the digestion tank.

Emissions from anaerobic digestion depend on the type of material being digested, the method of digestion, and how optimally the digester is operating. Generally speaking, emissions or byproducts that can cause some environmental impact if not managed appropriately include wastewater and fugitive biogas (methane, carbon dioxide, or hydrogen sulfide).

Gasification

Gasification is a process that uses heat, pressure, and steam to convert materials directly into a gas composed primarily of carbon monoxide and hydrogen. Gasification technologies differ in many aspects but rely on four key engineering factors:

1. Gasification reactor atmosphere (level of oxygen or air content)

2. Reactor design

3. Internal and external heating

4. Operating temperature

Typical raw materials used in gasification are coal, petroleum-based materials, and organic materials. The feedstock is prepared and fed, in either dry or slurried form, to a sealed reactor chamber called a “gasifier.” The feedstock is subjected to high heat, pressure, and either an oxygen-rich or oxygen-starved environment within the gasifier.  Most commercial gasification technologies do not use oxygen.  All require an energy source to generate heat and begin processing.

There are three primary products from gasification:

1. Hydrocarbon gases (also called “syngas”)

2. Hydrocarbon liquids (oils)

3. Char (carbon black and ash)

Syngas is made up primarily of carbon monoxide and hydrogen (more than 85 percent by volume) and smaller quantities of carbon dioxide and methane. Syngas can be used as a fuel to generate electricity or steam, or as a basic chemical building block for a multitude of uses. When mixed with air, syngas can be used in gasoline or diesel engines with few modifications to the engine.
As with anaerobic digestion, gasification emissions depend on the type of material being gasified, the particular gasification system, and how optimally the system is operating. Generally speaking, emissions or byproducts that can cause some environmental impact if not managed appropriately include mineral matter and particulates in the form of ash, and nitrogenous products such as ammonia and oxides of nitrogen (NOx). Volatile organic emissions in the form of tars and oils may also be problematic from a system that is not working optimally.
 The inorganic material in the feedstock is converted to slag, which is inert and has a variety of uses in the construction and building industries.
Plasma Arc
Plasma arc technology is a non-incineration thermal process that uses extremely high temperatures in an oxygen-starved environment to completely decompose waste into very simple molecules.  Plasma arc technology has been used for many years for metals processing. The heat source is a plasma arc torch, a device that produces a very high-temperature plasma gas. A plasma gas is the hottest sustainable heat source available, with temperatures ranging from 2,700 to 12,000 degrees Fahrenheit (F). A plasma arc system is designed specifically for the type, size, and quantity of waste material to be processed. The very-high-temperature profile of the plasma gas provides an optimal processing zone with the reactor vessel through which all input material is forced to pass. The reactor vessel operates at atmospheric pressure.

The feedstock can be almost completely gasified, while noncombustible material, including glass and metal, is reduced to an inert slag. The product gas typically has a heating value approximately one-fourth to one-third the heating value of natural gas (natural gas has a value of approximately 1,040 British thermal units (BTU) per standard cubic foot); therefore, it may be used as an efficient fuel source for industrial processes, including the generation of electricity, and the production of methanol and ethanol. The slag can be used in the construction industry or for road paving. All other byproducts, such as scrubber water and cyclone catch material, can be recycled into the process for reprocessing to alleviate disposal requirements.

Distributed Generation

Distributed generation refers to modular systems that generate or store electricity and that are located near the point of use of the electricity. They can include wind power, photovoltaics, and biomass-based generators, including anaerobic digestion and gasification. The energy from distributed energy systems can either be connected to the grid or operate independently of the grid.  In contrast to large, central-station power plants, distributed power systems typically range from less than a kilowatt (kW) to tens of megawatts in size. Distributed power technologies provide site-specific benefits to end-use customers and electric utilities, such as high power quality, improved reliability, and low-cost power delivery. Anaerobic digestion and gasification technologies have been used successfully as distributed generation systems.

Existing and Planned Facilities

Currently two facilities in California produce ethanol. Parallel Products, in Southern California, produces between 6 and 12 million gallons of fuel-grade ethanol annually. Parallel Products uses a variety of feedstocks, including mislabeled and expired alcoholic beverages, beverage syrups, candy, and other sugar products. Recently, the Renewable Fuels Association announced that Golden Cheese Company, located in Corona, California, has started production of ethanol derived from whey residue left over from cheese processing.

Three projects are in the planning and/or construction phases. BC International (BCI), of Dedham, Massachusetts, has two hydrolysis projects underway in California that would utilize rice straw and forest/saw mill residue; both of these projects are in the process of obtaining funding. Masada has one project underway in New York that would use municipal solid waste. These are briefly described below.

BCI: Gridley Ethanol Project

BCI’s project in Oroville (Butte County) will use rice straw as a feedstock for conversion to ethanol (although the project is referred to as BCI Gridley, the actual facility would be in Oroville). The open-field burning of rice straw is being phased out, creating an interest in alternative applications for this residue. The proposed site is located adjacent to a biomass-to-energy facility, thus taking advantage of the synergy from co-location and use of similar feedstock.  The biomass-to-energy facility would supply electricity to the ethanol facility and the residual lignin from the conversion process would be used as fuel at the energy facility. The project would use approximately 300,000 bone-dry tons of rice straw and produce approximately 20 million gallons of ethanol annually.

BCI: Collins Pine Ethanol Plant

BCI’s Collins Pine project would be located in Chester (Plumas County) and would convert forest thinnings and wood wastes into ethanol. As in the Gridley project, the Collins Pine project would be located adjacent to an existing biomass-to-energy facility to take advantage of the common feedstock, electricity production, and lignin utilization. The project would use approximately 300,000 bone-dry tons of feedstock and produce approximately 20 million gallons of ethanol annually.

Masada Oxynol

Masada will be constructing a facility in Middletown, New York, that will convert 90 percent of the municipal solid waste and biosolids it receives into ethanol. In addition to removing traditional recyclable materials, the facility will have a capacity to process up to 230,000 tons of municipal solid waste and sewage sludge annually to produce 9.5 million gallons of ethanol a year. Masada already has contracts in place to sell the gypsum and lignin residue, which would provide an additional revenue stream.
IV.
Economic Evaluation

Two California Energy Commission (CEC) reports provide information regarding the economics of converting different feedstocks into ethanol. CIWMB staff is unaware of other reports that contain information on the economics of other conversion technologies. This section describes some of the CEC’s findings and discusses their applicability to conversion technologies co-located at MRFs.

Hydrolysis currently is used in the midwestern United States to produce approximately 1.6 billion gallons of ethanol from corn. Approximately 12 million gallons per year of ethanol is produced today in California. However, the market potential could exceed 1 billion gallons per year by 2002
, so there is no question that there is a very large market for ethanol. Out-of-state ethanol prices range from $1.35 to $1.45 per gallon for volumes up to 700 million gallons per year and might be $2.00 per gallon for volumes greater than 700 million gallons.

One contributing factor in the cost of ethanol production in the Midwest is the price of corn. If ethanol were to be produced in California from organic or other municipal residuals, the cost of production and the size of the facility would similarly be a function of feedstock cost and availability. A large ethanol facility would need more feedstock, which would require longer transport distances and quite possibly lead to higher ethanol production prices. It may be reasonable to have several smaller ethanol facilities (e.g., less than 20 million gallons production annually) located near the source of feedstock, for example at MRFs, rather than to have larger conversion facilities that would necessitate longer transport distances for feedstock.

As described in Section II, “Back to the Future”, the CEC’s 1999 report, Evaluation of Biomass-to-Ethanol Fuel Potential in California, included several scenarios involving the use of urban residuals for ethanol production, for facilities ranging in size from 30 to 50 million gallons per year. The report also contained comparative data for the production of ethanol from corn utilizing wet-mill and dry-mill technology. Wet mills are usually much larger, ranging from 50 to 200 million gallons annually. Dry-mill ethanol production capacities are typically in the range of 10 to 30 million gallons per year and would be the most applicable comparison for ethanol production facilities in California.

Table 3 summarizes data from the report and compares modeled costs of ethanol produced in California from urban residuals with actual costs of ethanol produced in the Midwest from corn. The modeled production cost and target price for California ethanol are favorable when compared to the actual cost and price for the dry mill process using corn.

Table 3—Ethanol Cost Comparisons

	
	California Produced Ethanol  ($/gallon)
	Out-of-State Produced Corn Ethanol ($/gallon)

	
	Standalone facility
	Co-located (biomass facility)
	Dry Mill
	Wet Mill

	Production Cost
	0.84 – 1.19
	0.64 – 1.07
	1.07 – 1.35
	0.97 – 1.14

	Target Price 
	1.08 – 1.79
	0.83 – 1.32
	1.35 – 1.45


Source: Evaluation of Biomass-to-Ethanol Fuel Potential in California, California Energy Commission, December 1999 (publication no. 500-99-022; appendices, publication no. 500-99-022A).

The CEC used several assumptions to model costs in these scenarios. One assumption was an average cost of $14.50 per ton (including transportation) of urban waste feedstock. The average cost of landfilling in California is $40.00 per ton (noncompacted),
 so one could assume that MRF operators are landfilling their residuals at about this price, although this will vary regionally. Given this average landfill tipping fee, the CEC’s assumed cost of using these materials as feedstock for ethanol conversion would be very competitive. However, if an ethanol facility were co-located at a MRF, there either would be no disposal cost or the cost could be much less because the feedstock would be converted on site, thus avoiding the need for disposal. In addition, ethanol conversion residuals are marketable commodities—lignin can be sold as biomass fuel and gypsum can be sold as soil amendment or to wallboard manufacturers. Thus, the economics of ethanol production from municipal residuals may be more favorable than CEC estimated.

Capital costs for an ethanol facility will vary depending on the technology used and size of the facility. For example, the CEC report included eight scenarios for ethanol facilities co-located at biomass facilities and using urban residuals as a feedstock. The total capital investment used for the scenarios ranged from $76 million for a 30-million-gallon facility to $176 million for a 50 million gallon facility.

One possible co-location scenario is a 30-million-gallon-per-year ethanol facility at a MRF that converts approximately 389,000 bone-dry tons of MRF residuals into ethanol (Table 4). Such a facility would have a capital cost of approximately $76 million. In the scenario, the ethanol production cost of $0.75 per gallon already includes the cost of the feedstock. Table 4 summarizes this particular scenario, which shows a projected net profit of $7.7 million annually. This scenario does not include potential revenue from the sale of lignin to biomass facilities and gypsum as soil amendment or to wallboard manufacturers. A similar analysis has not yet been conducted for a smaller ethanol facility (e.g., 10 million gallons per year) co-located at a MRF.

Table 4—Urban Feedstock Scenario

	
	Quantity or Cost
	
	Total

	Total Capital Investment
	
	
	
$
75,843,000.00

	Annualized Cost
	

20-year term
	
	
$
3,792,150.00

	
	
	
	 

	Annual Operations/Maintenance Assumption (20%)
	
	
	
$
758,430.00 

	Annual Capital and Operations/Maintenance Cost
	
	
	
$
4,550,580.00 

	
	
	
	

	Annual Cost Plus Annual Feedstock Cost
	
	
	
$
4,550,580.00 

	
	
	
	

	Model Assumption (Wholesale):
	

30,000,000
gallons annually

	Cost of Ethanol Production (per gallon)
	
$
0.75
	
	

	Target Ethanol Price (per gallon)
	
$
1.03
	
	

	Revenue Margin (per gallon)
	
$
0.28
	
	

	
	
	Feedstock

	Projected Ethanol Revenue
	
$
8,400,000.00
	Price/Ton
Annual Feedstock Quantity (tons)

$10.00
389,850

Urban Feedstock = waste paper, tree prunings, urban wood waste, yard waste

	Feedstock Revenue
	
$
3,898,500.00
	

	Annual Cost
	
$
4,550,580.00
	

	Net Revenue
	
$
7,747,920.00 
	


V.
Comparing Life Cycle Costs and Benefits

One question about conversion technologies is how the costs, environmental impacts, and product streams of any one technology compare with those of other technologies and with other methods of managing the same materials. It would be extremely useful to know the net energy output for different technologies using the same types and amounts of materials, and how this compares with net energy output associated with, for example, recycling of paper.

A general methodology known as “life cycle assessment” (LCA) may be useful in the future in evaluating these issues. Several published analyses that at least partially embody the LCA approach, most conducted under the auspices of the National Renewable Energy Laboratory (NREL), look at products and technologies related to conversion technologies.

However, the CIWMB is unaware of published LCA studies that evaluate these issues for the conversion technologies and urban feedstocks of concern in this paper.

General Description of “Life Cycle Assessment” Approach

LCA is a systematic method of identifying and evaluating the costs and environmental impacts associated with a specific process or group of processes. It attempts to quantify emissions, resource use, and energy consumption of all “life cycle stages” in a process, from acquisition, transportation, and transformation of raw materials, to manufacture into products, to final disposal of all products and by-products. LCA typically has been used to assess impacts from different stages of a product’s development and manufacture. However, it also can be used to analyze and compare the environmental performance of waste management methods. In either case, it provides a framework for assessing tradeoffs and transfers of environmental risks from one environmental medium to another or from one life-cycle stage to another.

The first major step in an LCA is the inventorying of all energy and raw material inputs and waste outputs associated with a particular product or a management system (such as a conversion technology). The next step is to assess the potential environmental and human health impacts associated with a given system based on the inventory results. LCAs typically do not include other important factors such as political pressures, social costs and benefits, and aesthetics.

In the mid-1990s, the U.S. Environmental Protection Agency (USEPA), along with the U.S. Department of Energy (DOE), provided funding to the Research Triangle Institute and several partners to apply LCA concepts to and develop models and tools for evaluating solid waste management systems.  This research is designed to evaluate tradeoffs through all life-cycle stages—including raw materials acquisition, product manufacturing, and disposal and waste management—among environmental emissions, energy, and costs for different management systems.
 The models and tools include components for collection, separation, transportation, materials recovery facilities, transfer stations, reprocessing recyclables, composting, combustion, and landfilling. Final documentation and publications may be available in Spring 2001. The model does not, at this time, include a component for conversion technologies. 

Electricity Production From Gasification, Using Tree Crops 

One published LCA examined the production of electricity when biomass was used as feedstock in a gasification system.
  In this case, the system consisted of three major components:

1. Growing tree crops (i.e., biomass) specifically for use as a feedstock.

2. Transporting the feedstock to the gasification plant.

3. Generating electricity.

The study found that net energy production was highly positive, with one unit of energy required to produce approximately 16 units of electricity that can be sent to the grid. Over three-fourths of all energy consumed in the system occurred during the production of the biomass feedstock.

Air emissions—carbon dioxide, isoprene, oxides of nitrogen, non-methane hydrocarbons, and sulfur oxides—were found in all three components, but primarily from feedstock production and power plant operations. Most carbon dioxide emissions (62 percent) occurred during feedstock production, which is consistent with the relatively high consumption of energy that occurred at that time. Oxides of nitrogen, sulfur oxides, and particulate emissions from the power plant were well below emissions levels required by New Source Performance Standards for fossil-fueled plants. Particulate emissions were more than six times greater during the two years of plant construction than during normal operation.

Most emissions to water occurred during feedstock production. In general, though, the study found that the total amount of water pollutants was small compared to other emissions. Transportation of the biomass feedstock to the power plant required fewer resources and energy and generated fewer air and water emissions than feedstock production and power plant operations.

Fuel Oxygenate Production From Hydrolysis, Using Agricultural and Forest Biomass

Another study estimated theoretical emissions and energy consumption associated with using hydrolysis to convert three feedstocks (rice straw, forest residue, and chaparral) to ethyl tertiary-butyl ether (ETBE), in comparison with open-field burning of these materials and their use in producing MTBE.
 MTBE has been used in California as a fuel oxygenate, but its production and use has also caused groundwater contamination. ETBE is a fuel oxygenate that can be used as a substitute for MTBE.

The study estimated that producing ETBE by acid or enzyme hydrolysis from all three feedstocks would result in lower emissions of Clean Air Act criteria pollutants—including non-methane hydrocarbons, carbon monoxide, oxides of nitrogen, and particulates—in all cases. Emissions of carbon dioxide were lower in all but one case, for ETBE produced by acid hydrolysis using chaparral as a feedstock. Total energy consumption was lower for ETBE produced by enzyme hydrolysis for all three feedstocks, but higher for ETBE produced by acid hydrolysis.

However, ETBE production would result in higher emissions to water, particularly of nitrates. This result would occur because corn-steep liquor is used during ethanol fermentation in hydrolysis. While nitrate emissions would not result from hydrolysis itself, corn-steep liquor is produced during corn milling and has nitrates emissions associated with its production. These emissions would occur where the corn is milled.

Biomass-to-Energy Production in California

NREL also estimated the net environmental benefits that California receives annually by using biomass fuels in the “traditional” biomass-to-energy industry.
 To do so, it estimated the environmental impacts (e.g., air emissions) of biomass-to-energy facilities, impacts if the biomass fuels currently used at these facilities instead were managed or disposed in other ways (assuming a total collapse of the California biomass-to-energy industry were to occur), and impacts from the fossil fuel production that would be needed to replace the lost biomass-to-energy production. Under a total-collapse scenario, NREL estimated the portions of biomass materials that would be landfilled, burned in fields, used as kiln boiler fuel, left to accumulate in forests, or be converted to compost and mulch. NREL then assigned economic values (costs) to the emission impacts of biomass-to-energy production, alternative management/disposal methods, and fossil fuel energy production.

In general, NREL found that air pollution—oxides of nitrogen, sulfur oxides, particulate matter, carbon monoxide, volatile organic chemicals, and green house gas emissions—from open burning, landfilling, and forest accumulation is the main environmental impact of not using biomass fuels to produce energy. In contrast, NREL estimated that all these emissions are greatly reduced when the biomass is used for biomass-to-energy production.

NREL calculated the annual net economic value of California’s biomass-to-energy industry by adding its estimated costs of alternative management/disposal methods ($563 million) to the estimated cost of fossil fuel energy production ($74 million), and subtracting the cost of biomass-to-energy production ($268 million) (Table 5). The net environmental result of biomass-to-energy production—in other words, the public benefits of cleaner air, reduced loading of landfills, reduced emissions of greenhouse gases, and healthier and more productive forests and watersheds—was estimated to be a benefit of $369 million per year. Social benefits, such as rural employment, economic development, and energy diversity and security, were not included.

Table 5—Estimated Costs and Benefits of Biomass-to-Energy Production in California, 1999

	Alternative Management/Disposal Method
	Cost Per Year
(in millions of dollars)

	Open Burning—1.7 million tons/year open burned (730,000 tons forest residue; 950,000 tons agriculture residue).
	
	
$ 173.5

	Forest Accumulation—490,000 tons/year of forest residue left in forest.
	
	
$   62.7

	Burial in Landfill—3.0 million tons/year landfilled (1.5 million tons from wood-processing; 106,000 tons of agriculture residue; 1.4 million tons of municipal waste wood).
	
	
$ 251.4

	Compost and Mulch—370,000 tons/year to produce compost and mulch (126,000 tons wood-processing waste; 241,000 tons municipal wood).
	
	
$   19.7

	Kiln Boiler—886,000 tons/year of sawmill residue used for energy production in sawmill kiln burners.
	
	
$   55.8

	
	Total Disposal/Management Cost If Not Used For Biomass-to-Energy
	
$  563.1

	
	Cost of Fossil Fuel Energy Production
	
$   74.3

	
	Cost of Biomass-to-Energy Production
	
($ 268.4)

	
	Net Benefit of Using 6.4 Million Tons for Biomass-to-Energy
($563.1 + $74.3 – $268.4 = $ 369.0)
	
$ 369.0


VI.
Barriers to Developing Conversion Technologies

Based on discussions with a variety of stakeholders, barriers and issues related to the development of conversion technologies range the gamut: whether conversion technologies are technologically amenable to use of urban feedstocks, what their net environmental impacts are; how technologies can be funded to go from lab-scale to initial full-scale operations, how feedstock supplies can be made available, how financial institutions can assess whether markets are sufficient for proposed products, etc.

The May 3–4 forum will consist primarily of working groups to identify barriers and develop initial recommendations for overcoming them. The working groups on barriers, which will be conducted on the afternoon of May 3, will be broken into the five groupings of issues/barriers listed below. CIWMB staff will prepare a list, not necessarily exhaustive, of draft questions for each group to consider in its discussions. In addition, this section contains an initial list of potential mechanisms that might be considered if policies are formulated to assist in developing a biomass conversion technology industry in California.

1.
Technology and Emissions Issues

Conversion technologies may be able to use only certain types of feedstocks, and their operating efficiencies may depend on the type of feedstock converted. The particular technology and type of feedstock utilized may also result in varying emissions to the environment (e.g., to air and water) and in varying residuals from the process itself (e.g., lignin, gypsum). Questions to consider are listed below.

Technology-Related Issues

· What feedstocks or mixes of feedstocks, meeting what specifications or guidelines, are amenable for use by different conversion technologies?  What dictates “quality” feedstock for a conversion facility, and how critical is this?

· What specific R&D is needed for different technologies?

Environmental Emissions Issues

· What are the environmental impacts of different conversion technologies relative to existing biomass-to-energy plants, “traditional” recycling, and disposal?  In which cases might net emissions be an improvement, or when might they exacerbate existing problems?  Are closed-loop systems feasible?

· Does storage of feedstock pose any problems?

· What changes in and impacts from transportation might be expected?

· What, if any, additional research on the life-cycle environmental costs and benefits of conversion technologies is needed?

2.
Siting/Permitting Issues

Currently there are no facilities in California utilizing conversion technologies, so siting and permitting issues are unknown at this time. Existing statutes and regulations may or may not hinder the co-location of conversion facilities at MRFs or landfills. Questions related to siting and permitting include:

· Can (and should) facilities be sited near feedstock supplies, such as at MRFs?
· Which agencies (e.g., CIWMB; local enforcement agencies; Bureau of Alcohol, Tobacco, and Firearms; California Energy Commission; air quality management districts) have permitting jurisdiction over a conversion facility co-located at, for example, a MRF? What type of permit modifications or California Environmental Quality Act (CEQA) requirements might be required for such a co-located facility? Do existing regulations cover this situation adequately, or are revisions needed?
· What other effluent and materials management issues may impact other required permits (such as water discharge requirements, National Pollution Discharge Elimination System permits, and Resource Conservation and Recovery Act permits)?
· What are the permit requirements for a conversion research/pilot project at a solid waste facility?
3.
Financing/Commercialization Issues

The construction of conversion facilities is very expensive and acquiring financing may be problematic. For some technologies such as hydrolysis, the transition from pilot scale to commercial scale facilities may pose some problems. Questions to consider include:

· What are barriers to successful commercialization of new conversion technologies and continued operation of existing biomass-to-energy facilities?
· Although much research has occurred, which technologies that can utilize municipal residuals as feedstock are ready for commercialization and which still require additional research and development (R&D)?
· What methods are available to secure public and/or private funding for construction and operation of new facilities?

· Are lending institutions and venture capitalists ready to provide financing?

· How can the “first” conversion technology projects be funded?
4.
Public Perception Issues

Fear of the unknown is very powerful. The fact that some of the conversion technologies (i.e., hydrolysis) described in this document have not been completely commercialized may exacerbate public fears and perceptions about the environmental impacts of these technologies. Questions related to public perception include:

· Are there public concerns about environmental impacts associated with new conversion technological processes and products? Are there environmental justice implications?
· Is the public more likely to support such technologies?
· Could conversion technologies be perceived as weakening traditional recycling programs?
· Could conversion technologies be perceived as helping to solve the State’s energy problems?
5.
Economic and Market Issues

The long-term viability of a conversion facility is dependent on a number of factors, including access to feedstock and markets for products. Questions about economic issues for conversion facilities include:

· Will conversion facilities typically compete with landfills for feedstock? For example, will a conversion facility that utilizes MRF residuals for conversion have to compete with a landfill for the materials?

· What are the transportation costs of feedstock if a conversion facility is not co-located at a MRF?
· What are the cost savings if a conversion facility is co-located at a MRF?

· Are the purported benefits of conversion technologies—such as reduced landfill emissions and leachate, reduced air pollution, reduced transportation costs, production of fuels and other products—fully internalized?

· What is the status of markets for the potential products of conversion technologies? Do State policies promote or preclude market development for particular products?

Potential Mechanisms for Overcoming Barriers

To date, mechanisms that may be appropriate to assist in developing a biomass conversion technology industry in California have not been fully discussed. What, if any, mechanisms should be implemented, and what is their appropriate level and timeframe? Day 2 of the forum will consist of working groups that are charged with developing recommendations on how to overcome the barriers identified in Day 1. To stimulate this discussion, CIWMB staff have compiled the following examples of potential mechanisms—in no particular order, and not necessarily comprehensive—for overcoming barriers:

· Direct monetary provisions (grant programs, pilot/demonstration projects, etc.).

· Increased public financing (California Pollution Control Financing Authority; underwriting financing, etc.).

· Market incentives (renewable fuels standard, minimum renewable energy generation, and purchase requirements, etc.).

· Guaranteed ethanol markets (oxygenate requirements, public fleet requirements, etc.).

· Public education/outreach (for example on benefits of replacing petroleum).

· Technology Vendor Conference.

· Research and development funding.

· Lifecycle assessment funding.

· Air emissions offset credits.

· Landfill diversion credits.

· Formal State interagency biomass task force.

· Tax incentives (e.g., investment, feedstock utilization, and energy production credits).

· Zoning for co-located facilities.

· Certification of new, innovative technologies.

· Permit streamlining.

· Feedstock quality guidelines.

Appendix 1—Legislative and Programmatic History

Legislative and programmatic activities generally have not directly addressed conversion technologies, with the exception of some definitions in the Integrated Waste Management Act of 1989 (Assembly Bill [AB] 939, Sher, Chapter 1095, Statutes of 1989). Several statutes and programs concern the use of agricultural, forest, and urban residues at biomass-to-energy plants. This appendix briefly summarizes these definitions, legislation, and programs.

State Initiatives

AB 939 Definitions

AB 939 was the landmark legislation that required cities and counties to divert 25 percent of their waste from landfills by 1995 and 50 percent by 2000. Jurisdictions have relied on a number of programs such as curbside recycling and composting to help them achieve their mandated goals. Despite these efforts, the overall state diversion rate is 42 percent.

To achieve its diversion goal, a jurisdiction is able to count no more than 10 percent diversion credit for materials used in transformation. Transformation is defined as incineration, pyrolysis, distillation, gasification, or biological conversion; it does not include composting or biomass conversion. Biomass conversion is defined as the controlled combustion, when separated from other solid waste and used for producing electricity or heat, of the following materials: 
(1) agricultural crop residues; (2) bark, lawn, yard, and garden clippings; (3) leaves, silvicultural residue, and tree and brush pruning; (4) wood, wood chips, and wood waste; and (5) nonrecyclable pulp or nonrecyclable paper materials.

A jurisdiction that has a transformation or biomass-to-energy facility that was operating prior to 1996 can claim up to 10 percent diversion if materials are going to those facilities. However, any new facilities that convert residuals cannot claim a 10 percent diversion credit because these facilities will not have been in operation prior to 1996. This would include hydrolysis (and subsequent distillation), gasification, pyrolysis, or other types of biological conversion facilities.

AB 1890 and Related Legislation: Electricity Deregulation

In 1996, AB 1890 (Chapter 854, Statutes of 1996, Brulte) established a funding pool administered by the California Energy Commission (CEC) of up to $540 million for renewable energy, for the period 1998 to 2001. The CEC submitted a report to the Legislature in 1997 with recommendations on how the funding should be allocated. The Legislature incorporated the recommendations into Senate Bill (SB) 90 (Chapter 905, Statutes of 1997, Sher) and directed the CEC to administer a renewables transition fund (RTF) program and other related activities.

SB 1194 (Chapter 1050, Statutes of 2000, Sher) and AB 995 (Chapter 1051, Statutes of 2000, Wright), identical pieces of legislation, continued the recognition that renewable energy provides California with environmental benefits and requires assistance to survive the deregulated energy market. The legislation established a funding pool of $135 million per year through January 2012, with funds to come from ratepayers of private utilities for investing in renewable energy resources.

AB 1890 also directed the California Environmental Protection Agency (Cal/EPA) to evaluate the economic and environmental benefits of the biomass industry and identify strategies that shift industry costs away from ratepayers and onto other beneficiaries of biomass. A report, “Cost Shifting Strategies for the Benefits Attributable to the Solid Fuel Biomass Industry,” was submitted to the Governor’s Office in 1998.

AB 2273, Cost-Shifting Strategies

Subsequently, AB 2273 (Chapter 816, Statutes of 1998, Woods) required Cal/EPA to prepare an annual report on the existence, status, and progress of any public policy measures related to cost-shifting strategies developed as a result of the recommendations made in the report required by 
AB 1890. The first report, Status of Cost-Shifting Strategies of Biomass-to-Energy Industry, was submitted to the Governor’s Office in March 1999. The second report is on the CIWMB’s April 2001 Board Meeting agenda for consideration.

AB 3345, Agricultural and Forest Waste Utilization

AB 3345 (Chapter 991, Statutes of 1996, Bustamante) required the CIWMB to conduct a feasibility study on expanding the use of agricultural waste and forest waste in the production of commercial products. The CIWMB prepared a report that included the available technologies and commercial products that could be manufactured from agricultural and forest waste. The report, “Feasibility Study on the Expanded Use of Agricultural and Forest Waste in Commercial Products,” was submitted to the Governor and the Legislature in 1999.

SB 318, Rice Straw Demonstration Project Fund

SB 318 (Chapter 745, Statutes of 1997, Thompson) created the Rice Straw Demonstration Project Fund and directed the California Air Resources Board to administer a program whose goal was to help create a market for Sacramento Valley rice straw. Creation of commercially sustainable uses of rice straw would help in reducing the amount of rice straw that is open-field burned.

AB 1515, Nonyard Wood Waste Report

AB 1515 (Chapter 717, Statutes of 1991, Sher) required that the CIWMB prepare a report on the quantities of nonyard wood waste diverted from permitted disposal facilities in California and assess the environmental and economic impacts of promoting or discouraging nonyard wood waste diversion from those facilities. The report had various conclusions regarding the definition of nonyard wood waste, AB 939 diversion credits and solid waste facility permitting issues, and the need for quantification of wood waste. In addition, the report stated that biomass facilities provide an alternative to disposal of wood waste in landfills while at the same time generating electricity and that biomass facilities assist in reducing air emissions of criteria pollutants by burning agricultural waste in a controlled environment.

AB 2514, Agricultural Biomass Utilization Account 
AB 2514 (Chapter 1017, Statutes of 2000, Thomson) creates the Agricultural Biomass Utilization Account in the Department of Food and Agriculture and appropriates $2 million from the General Fund. Grants will be given to applicants in an amount of no less than $20 per ton of rice straw utilized in a manner that avoids landfill use, preventing air pollution, and enhancing environmental quality.

AB 2825, Agricultural Biomass to Energy Incentive Grant Program

AB 2825 (Chapter 739, Statutes of 2000, Battin) enacts the Agricultural Biomass-to-Energy Incentive Grant Program, which permits air districts to apply to the Trade and Commerce Agency to receive grants to provide incentives to facilities that convert qualified agricultural biomass to fuel. The air districts apply on behalf of biomass facilities in their district. It is also the intent of the Legislature to provide funding of $30 million over the three-year duration of the grant program. Grants will be given in the amount of $10 per ton of qualified agricultural biomass received for conversion to energy.

Qualified agricultural biomass is defined as any agricultural residues that historically have been open-field burned in the jurisdiction of the air district from which the agricultural residues are derived, as determined by the air district. Agricultural residues include either of the following: (1) Field and seed crop residues, including, but not limited to, straws from rice and wheat. (2) Fruit and nut crop residues, including, but not limited to, orchard and vineyard pruning and removals. Urban and forest products are excluded from the definition of qualified agricultural biomass. In 
FY 2000/01, the Trade and Commerce Agency awarded grants through the air quality management districts to 11 biomass-to-energy facilities. Grant payments are expected to begin in May 2001.

Federal Initiatives

Executive Order 13134—Developing and Promoting Biobased Products and Bioenergy

Executive Order 13134, signed by President Clinton on August 12, 1999, included research, development, and private sector incentives to stimulate the adoption of technologies needed to make biobased products and bioenergy cost-competitive in large national and international markets. This would be accomplished by establishment of the following entities:

· Interagency Council on Biobased Products and Bioenergy (Interagency Council). The Interagency Council, composed of the heads of relevant federal agencies, was required to prepare an annual strategic plan which outlines the overall national goals in the development and use of biobased products and bioenergy.

· Advisory Committee on Biobased Products and Bioenergy (Advisory Committee). The Advisory Committee was to provide information and advice for consideration by the Interagency Council. It was to have up to 20 members including representatives from the farm, forestry, chemical, manufacturing and other sectors; energy companies; electric utilities; environmental and conservation organizations; the university research community; and other critical sectors.

· National Biobased Products and Bioenergy Coordination Office (Coordination Office). The Secretaries of Agriculture and Energy were required to establish the Coordination Office to ensure effective day-to-day coordination of actions designed to implement the strategic plans and guidance provided by the Interagency Council and respond to recommendations made by the Advisory Committee.
Biomass Research & Development Act of 2000

The Biomass Research & Development Act of 2000 (H.R. 2559, incorporated as part of Public Law 106-224), complemented and/or superceded the President's Executive Order on Biobased Products and Bioenergy. Its major thrust is to improve interagency coordination and focus federal research and development (R&D) efforts on the conversion of biomass into biobased industrial products. The Act authorizes $49 million in R&D funding at the U.S. Department of Agriculture for bioproducts development, and establishes the Biomass R&D Technical Advisory Committee and the Biomass R&D Interagency Board to coordinate and oversee activities related to the initiative. The R&D Interagency Board takes the place of the Interagency Council previously established under Executive Order 13134. The Technical Advisory Committee supercedes the Advisory Committee under the Executive Order, and includes some changes to the selection process and the roles and responsibilities of the members.

Appendix 2—Funding Programs

Several funding sources, both in California and nationally, could possibly be of use for conversion-related activities. Statewide grant funding has been devoted primarily towards the conversion of agricultural residues into energy at biomass-to-energy facilities, with one program focusing primarily on rice straw utilization.

State Funding

Agricultural Biomass-to-Energy Incentive Grant Program

The Trade and Commerce Agency implements the Agricultural Biomass-to-Energy Incentive Grant Program mandated by AB 2825. The intent of AB 2825 is to offset the higher costs of agricultural biomass delivered by growers to biomass-to-energy facilities. The legislation provided $30 million over a three-year period to establish an incentive grant program. The incentive is $10 per ton for qualified agricultural biomass converted to electricity. In 2001, the Trade and Commerce Agency awarded nearly $9 million in grants to seven air districts, representing 11 facilities to increase the use of qualified agricultural biomass and reduce open-field burning.

Rice Straw Demonstration Project Fund

The Rice Straw Demonstration Project Fund (Rice Fund) was created by SB 318 and directed the California Air Resources Board to provide incentive grants for the development of commercial uses for rice straw. The incentive grants can fund up to 50 percent of a project that utilizes rice straw grown in the Sacramento Valley. A total of $4.2 million has been awarded from the Rice Fund. Recently, SB 1794 (Chapter 1019, Statutes of 2000) extended the program for an additional three years.

Public Interest Energy Research Program (PIER)

The California Energy Commission (CEC) administers the PIER Program, which provides funding to public and private entities for research, development, and demonstration activities that advance energy-related science and technology not adequately provided for by competitive or deregulated markets. Funding for PIER, initially under AB 1890 and subsequently SB 1194 and AB 995, is available for advanced generation and renewables technologies, end-use efficiency, and environmental and strategic research. PIER planned three programmatic solicitations for release in 2000 and 2001. The first solicitation addressed efforts to make renewable energy production more affordable; the other solicitations will address reliability and the ability of renewable energy to capture environmental benefits.

The PIER program has funded several other projects intended to help California’s biomass-to-energy industry become more cost-competitive:

· In November 1999, the CEC released $1.3 million in funding for small-scale modular biomass power projects. The funding was targeted to biomass-fueled distributed energy systems to address environmental problems associated with open-field burning of agricultural residuals, wildfires from forest overgrowth, and urban wood waste in landfills.

· In the second quarter of 2000, CEC released another $1.63 million to fund two small modular biomass projects.
· The CEC also has a $340,000 co-funding agreement with the Electric Power Research Institute (EPRI) to assess the renewable energy technology markets in California. The research will address the current market needs and future market trends of renewable energy and quantify benefits from renewable energy generation.
California Pollution Control Financing Authority (CPCFA)

The CPCFA provides California businesses with an affordable method of financing pollution abatement equipment, waste disposal, and resource-recovery facilities for the management of environmental pollution hazards. CPCFA offers tax-exempt or taxable bonds and loan portfolio insurance to businesses seeking financing for qualified pollution control projects. CPCFA plays a key role in achieving federal and State environmental standards while assisting businesses to purchase state-of-the-art equipment that directly improves the bottom line in business management. The CPCFA assists businesses in meeting environmental standards, so they can continue operating in California. Specifically, CPCFA seeks to:

· Assist the private sector in achieving the economic benefits of tax-exempt bond financing.

· Develop programs to overcome the barriers to obtaining capital for pollution control technologies.

· Increase access to capital markets for small businesses.

The CPCFA offers two tax-exempt bond programs, the Large Business Pollution Control Tax-Exempt Bond Program and the Small Business Pollution Control Tax-Exempt Bond Program. The Large Business Pollution Control Tax-Exempt Bond Program provides bond financing to California businesses, irrespective of company size, for the acquisition, construction, or installation of qualified pollution control, waste disposal, and resource recovery facilities. This program offers a lower-investment grade debt service, as well as a minimum of $20 million per recipient for financing.

The Small Business Pollution Control Tax-Exempt Bond Program provides tax-exempt bond financing to small businesses for the acquisition, construction, or installation of qualified pollution control, waste disposal, and resource recovery facilities. Types of projects that may qualify for financing include curbside collection facilities, recycling facilities, composting facilities, materials recovery facilities, transfer stations, landfills, waste-to-energy facilities, qualified air or water pollution control projects, and qualified solid waste control or hazardous waste disposal projects.

To qualify, the business must be legally classified as a small business. Offering financing in amounts from $1 million to $20 million, this program for small businesses also provides a lower debt service and a longer payback period than conventional financing generally allows.

In addition, the CPCFA provides loan assistance for small businesses. The California Capital Access Program (CalCAP) offers loan portfolio insurance for banks to encourage banks to make loans to small businesses, which carry higher than conventional lending risk. CalCAP is available through banks statewide. With some exclusions, virtually any business loan is eligible under CalCAP. The maximum loan amount is $2.5 million and a bank can enroll all or a portion of a loan under CalCAP.

Recycling Market Development Zone (RMDZ) Loans

The CIWMB’s RMDZ revolving loan program provides direct loans to businesses that use postconsumer or secondary waste materials to manufacture new products or that undertake projects to reduce the waste resulting from the manufacture of a product. To be eligible, the business must be located in one of the 40 designated RMDZs and divert waste from California landfills.

Loan funds may be used for acquisition of equipment, leasehold improvements, working capital, or acquisition of owner-occupied real property (limited to $500,000). Rates, terms, and fees are as follows:

· Each eligible business or local government agency may borrow up to 75 percent of the cost of a project, for a maximum loan of $2 million.

· The term of the loan is not to exceed 10 years (15 years if secured by real estate).

· Amortization schedules are based on the useful life of the asset being financed.

· Interest rates are fixed for the term of the loan, and are set by the CIWMB semiannually. The loan rate is 6.5 percent through December 31, 2000.

· A nonrefundable application fee of $300.00 is due at time of application submittal. A loan origination fee of one-half percentage points will be charged on each loan. Points are due at the time of closing. The points are an eligible loan expense.

Local governments may apply for funds to finance public works infrastructure that directly supports an eligible business.

Federal Funding

Federal agencies such as the Department of Commerce, Department of Energy, and the Department of Agriculture also administer a number of relevant funding programs. The following is a brief summary of some potential sources of funding. A more complete list and links to funding agencies can be found on the National Biobased Products and Bioenergy Web site at www.bioproducts-bioenergy.gov/.

Advanced Technology Program

The National Institute of Standards and Technology (NIST), Department of Commerce, manages the Advanced Technology Program (ATP). The ATP is a unique partnership between U.S. industry and government to enhance the nation's competitiveness—and economy—by developing new technologies. Through cooperative agreements with individual companies or groups of companies, large and small, the ATP invests in industrial projects to develop technologies. The ATP can fund up to $2,000,000 in research on a given project, subject to some cost sharing. Projects must be completed within three years. Two or more companies may propose a joint research venture under the ATP. Joint venture programs may run as long as five years, and the ATP can fund up to half of the research and development costs.

A total of 79 research and development projects were granted awards for the 1998 round of ATP funding. The projects will receive approximately $236 million from the ATP; it is expected that private industry will provide $24 million in matching funds. The majority of the awards (54) went to small businesses, including new companies, either for single-company projects or as the lead company in an industry joint venture.

Approximately $60.7 million in firstyear funding for FY 2001/02 is available for new awards. The actual number of proposals funded will depend on the quality of the proposals received and the amount of funding requested in the highest-ranked proposals. Funding beyond the first year is contingent on the approval of future Congressional appropriations and satisfactory project performance.

National Industrial Competitiveness through Energy, Environment, and Economics (NICE3)

The U.S. Department of Energy (DOE) sponsors an innovative, cost-sharing program to promote energy efficiency, clean production, and economic competitiveness in industry. The grant program provides funding to state and industry partnerships (large and small business) for projects that develop and demonstrate advances in energy efficiency and clean production technologies.

Industry applicants must submit project proposals through a state energy, pollution prevention, or business development office. State and industry partnerships are eligible to receive a one-time grant of up to $525,000. The industrial partner may receive a maximum of $500,000 in federal funding.  Non-federal cost share must be at least 50 percent of the total cost of the project

Basic information on financial assistance available through the Office of Industrial Technologies (OIT) Inventions and Innovation (I&I) grant program, the NICE3 grant program, and the Industries of the Future (IOF) strategy is available in the Guide to Financial Assistance for Technology Innovators.

Department of Agriculture, Commodity Credit Corporation

The Department of Agriculture's Commodity Credit Corporation (CCC) recently announced final results for the FY 2001/02 Bioenergy Program solicitation. Under the program, CCC will make payments to bioenergy companies to offset part of their cost of buying commodities to expand production. The CCC accepted a total of 54 agreements representing 79 plants in 19 states for participation in the program. The aggregate increase in production under these agreements, which were submitted by 42 ethanol and 12 biodiesel producers, is projected to be 246 million gallons of ethanol and 37 million gallons of biodiesel during the 10 months (December 2000 through September 2001) payments will cover. Eligible commodities included in the solicitation were barley, corn, sorghum, and wheat for ethanol, and soybeans for biodiesel. Payments under the program are expected to be within the $150 million budgeted for FY 2001/02.

Appendix F: Recommendations From Working Groups to Address Identified Barriers

Lack of Funding

Major Recommendations

1. Use existing subsidies/direct funds for demonstration projects.

2. Petroleum subsidy.

3. Have bonds prioritize problem waste streams.

4. Redirect tire money to plastics.

5. Technical support for tires, plastics.

6. Research alternative energy fund financing authority for potential funding.

7. Look at other funding for CIWMB to consider.

Minor Recommendations

· Guidelines to include cross-section of size of project and commercial viability criteria.

· Support for waste companies that have contracts.

· Tax relief incentives.

· Joint ventures.

· Redirect subsidies back to conversion/recycling industries.

· CIWMB should explore value-added funding in the form of small-scale ventures.

· Educate policymakers on benefits of technology.

· Educate on existing technology downsides (less clean than conversion technologies).

· Provide forum for financial experts to raise money, create business plans, and negotiate contracts.

Lack of Data

Major Recommendations

1. Ask decision-makers what kind of information they need on conversion technology.

2. Act on that and tailor data collection.

3. Support demonstration, field days, and studies. This has an outreach component to showcase different technologies.

Minor Recommendations

· Access to information based on scale.

· Define who should receive data.

· Allocate funds for research and development.

· Retain conversion technology expert to provide information for locals.

· Provide money to locals (like used oil program as model).

· Ask public and stakeholder to let Board know what information/data is needed

· Help to fund small projects to collect data and scale up.

· Have waste management plans include information on conversion technologies and to access stakeholder and public needs in that area.

· Need access to information on life-cycle information.

· Expand biomass-to-energy report to include conversion technology.

· Partner with CEC, Trade and Commerce, and other groups to develop data on technologies.

Regulatory Constraints

Major Recommendations

1. Establish biomass/conversion commission.

2. Create multi-media permit czar (one integrated permit, one administering agency, know timelines).

3. Establish environmental management systems (EMS) program for conversion technologies.

4. Look at building permit process as model (authority to construct, fatal-flaw analysis early, multi-media state/local approach).

5. Regional appeal board for local land use decisions.

Minor Recommendations

· Create guidance checklist (roadmap) for conversion permitting.

Statutory Constraints

Major Recommendations

1. Increase diversion credit from 10 percent to 100 percent or increase incrementally (for example, increase from 10 percent to 20 percent, then to 30 percent) for ease of approval.

2. Create new hierarchy.

3. New conversion technologies should receive 100 percent diversion credit.

4. Ombudsman for new technologies.

Minor Recommendations

· Grandfather in existing 10 percent diversion credit for existing incineration.

· Biomass wood waste counts as 100 percent.

· Federal recognition that conversion is recycling so existing programs can support conversion technologies.

Feedstock Access

Major Recommendations

1. Inventory local feedstocks and define feedstock specifications.

2. Local control designating value for different fractions of the waste stream by working directly with generator.

3. Create incentives for generators and collectors to divert waste-to-energy uses.

Minor Recommendations

· Negotiate contracts for multiple servers.

· Energy collection by streamlining permitting process and by organization.

· Encourage regional agreements and inventories.

· Formation of State biomass board.

Public Perception and Understanding

Major Recommendations

1. Target specific communities and do focused education with various groups (e.g., city, county, and general public).

2. Use energy crisis as an opportunity to promote conversion technologies.

3. State to share unbiased information with public.

4. Share data from existing projects and use Web sites and other media for publicizing.

5. Educate government officials through conferences, symposiums.

6. Create clearinghouse for information and direction.

7. Create multi-media/cross-organizations unit to spread message.

8. Include conversion technologies in CIWMB’s Strategic Plan.

Minor Recommendations

· Have a designated metropolitan planning organization (MPO) promote/sponsor an education forum for groups and/or communities at local level.

Open Session (no specific topic addressed)

Major Recommendations

1. Provide financial incentives to promote conversion technologies (e.g., tax credits and subsidies so conversion technologies can compete with landfilling).

2. Revise AB 939 specifically regarding organics and transformation.

3. Develop mandate or financial incentives, on a British thermal unit basis, for renewable energy.

Minor Recommendations

· Establish public support for conversion technologies.

· Education to consumers and the public regarding true cost and value of conversion technologies and its benefits (e.g., social value, greenhouse gas reduction).

· Form partnerships with conversion technologies and distributed energy facilities where there is a guaranteed feedstock.
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Appendix H: Comments

“Thank you and I hope there is a lot of follow through and follow up.”

“Sessions were excellent for group brainstorming.”

“More time needed for development of solutions.”

“Pull in more private sector, elected official representatives.”

“Excellent! Very exciting to note that majority of CIWMB Board Members visited and participated, especially Cal EPA’s Secretary.”

“Need more representatives from other government agencies (ARB, SWRCB, etc.).”

“Brought many different perspectives together.”

“Do not allow this forum to be last or too much time between now and the next one.”

“Great job, I would like to attend the next forum.”

“Need to tackle the tough issues about political/environmental barriers.”

“I hope we hear more about this issue very soon.”

“Great organization on the entire conference. Also it was very educational for me as I was unfamiliar with the topic.”

“Terrific that CIWMB took leadership here! Keep it up.”
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Figure 2—California Biomass-to-Energy Facilities and Capacity





Source: Office of Fuels Development, U.S. Dept. of Energy





Figure generated by CIWMB based on data obtained from Environmental Life Cycle Analysis Implications of Fuel Oxygenate Production from California Biomass, National Renewable Energy Laboratory, May 1999  (report no. NREL/TP-580-25688). 








Figure 5—Dilute Acid Hydrolysis





Figure 6—Concentrated Acid Hydrolysis





Source: Status of Cost-Shifting Strategies for the Biomass-to-Energy Industry: A Report to the Legislature Prepared for Cal/EPA by the Integrated Waste Management Board, CIWMB, April 2001 (publication no. 442-01-019).





Source:  Office of Fuels Development, U.S. Dept. of Energy





Source: CIWMB





Figure 7—Enzymatic Hydrolysis





Source: Office of Fuels Development, U.S. Dept. of Energy





Source: Biomass Gasification, ��HYPERLINK "http://mitglied.lycos.de/cturare/bio.htm"��http://mitglied.lycos.de/cturare/bio.htm�








Figure 8—Gasification





Figure 1—Organic Materials in California





Figure 3—California Materials Recovery Facilities





Figure 4—Potential Emissions From Acid and Enzymatic Hydrolysis





Source: CIWMB
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( The public may link to agenda item 26 for the May 22-23, 2001, Board meeting from CIWMB’s conversion technologies forum page: �HYPERLINK "http://www.ciwmb.ca.gov/Organics/Conversion/Events/TechForum00/"��www.ciwmb.ca.gov/Organics/Conversion/Events/TechForum00/�.
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