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Biomass Resources in CaliforniaBiomass Resources in California

• Gross resources are 80 billion 
bone dry tons annually

• Three principal resources are 
agriculture, forestry, and 
waste

• Forestry in northern and 
central mountains

• Agriculture in Central Valley

• Waste in Los Angeles and 
San Francisco Bay Area

Presenter
Presentation Notes
As you can see, biomass resources in California are rather large
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Presenter
Presentation Notes
In 1980’s, California faced a landfill crisis

A law was passed requiring 50% diversion by 2000

While this slide shows data to 2004, we have actually achieved a 52% diversion rate of waste from landfills

Unfortunately, we have also increased our disposal to 41 million tons annually and it will only increase.





Waste Management & Energy 
Production

42 Million TPY Disposed42 Million TPY Disposed

Reduce Reliance on LandfillsReduce Reliance on Landfills

Alternatives to Natural GasAlternatives to Natural Gas

Achieve 20% Threshold ofAchieve 20% Threshold of
Renewable Energy by 2017Renewable Energy by 2017

Achieve GovernorAchieve Governor’’s EO on Biofuelss EO on Biofuels

Potential FeedstockPotential Feedstock

Presenter
Presentation Notes
Focusing on waste materials, we have 41 million TPY disposed so we need to reduce our reliance on landfills

We also need to find alternatives to non-renewable resources such as natural gas.

Another factor driving our research is a Renewable Portfolio Standard that has a threshold of 20% renewable energy by 2017

Most recently, Governor Schwarzennegar signed an executive order setting production and use goals of biofuels of 20 percent by 2010, 40 percent by 2020, and 75 percent by 2050.

It is for these reasons that California is looking at Conversion Technologies as a means to achieve these very important goals.

And a very important feedstock is the biomass fraction of municipal solid waste



Waste Characterization in Waste Characterization in 
CaliforniaCalifornia

 
Other Mixed and 

Mineralized
8%

Glass
2%

Paper/Cardboard
20%

Food
15%

C&D Lumber
10%

Other Organics
4%

Metal
8%

Other C&D
12%

Textiles 
5%

Film Plastic
4%

Leaves and Grass
4%

Prunings, trimmings, 
branches and stumps

3%

All non-Film Plastic
5%

Fraction of 
waste 

stream (%)

Biomass 56
Plastics/   
textiles 14

Inorganic 30
Total 100

• 42 million tons disposed in 
2005

• 23 million tons biological 
in origin

• 5.7 tons plastic and textiles

Presenter
Presentation Notes
Of the 42 million tons disposed annually, more than ½ has energy value with 56% being biomass material



Available Residuals Available Residuals –– Mixed Mixed 
Waste  (6.7 Million Tons)Waste  (6.7 Million Tons)

Figure H
Summary of Composition of Residuals - MRFs Receiving Mixed Waste, 2005

Mixed Residue
0.5% (36,508)

Organic
27.3% (1,825,548 tons)

Plastic
16.9% (1,127,866 tons)

Electronics
1.1% (73,259 tons)

Metal
5.6% (372,659 tons)

Paper
33.1% (2,213,130 tons)

Glass
1.9% (128,415 tons)

Special Waste
0.5% (36,442 tons)Household Hazardous 

Waste
0.4% (25,022 tons)

Construction & Demolition
12.6% (839,302 tons)

Total Residual Weight is 6,678,151 tons
Note: Percentages calculated by weight as the average proportion 
of each material type to the total residual weight



Figure J
Summary of Composition of Residuals - Overall MRFs, 2005

Mixed Residue
0.6% (41,485 tons)

Organic
26.1% (1,926,785 tons)

Plastic
17.2% (1,266,737 tons)

Electronics
1.1% (84,677 tons)

Metal
5.7% (417,225 tons)

Paper
32.6% (2,406,114 tons)

Glass 
2.3% (172,859 tons)

Special Waste
0.6% (43,308 tons)Household Hazardous 

Waste
0.4% (26,067 tons)

Construction & Demolition
13.4% (987,200 tons)

Total Residual Weight is 7,372,456 tons
Note: Percentages calculated by weight as the average 
proportion of each material type to the total residual weight

Available Residuals Available Residuals –– Overall    Overall    
(7.4 Million Tons)(7.4 Million Tons)



Waste Distribution (Mass/Energy)Waste Distribution (Mass/Energy)
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oil annually
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WHAT ARE THEY??



CT Major CategoriesCT Major Categories
Thermochemical ProcessesThermochemical Processes

PyrolysisPyrolysis
Very little air/oxygen added or none at allVery little air/oxygen added or none at all
750750oo F to 1500F to 1500oo FF

GasificationGasification
Some air/oxygen used but less than for incinerationSome air/oxygen used but less than for incineration
Begins at 1300Begins at 1300oo FF

TechnologyTechnology Primary ProductPrimary Product Secondary ProductSecondary Product ResidueResidue
Gasification Fuel Gas

Synthesis Gas
Fuels, Chemicals, 
Power

Char, Ash

Pyrolysis Fuel Gas
Synthesis Gas
Pyrolytic oils

Fuels, Chemicals, 
Power

Char, Ash

Presenter
Presentation Notes
Pyrolysis used no added air or oxygen.

Temp range is between 750 and 1500o F

Gasification does use some air or oxygen



GasificationGasification
Carbon in waste or biomass reacts with steam 
and oxygen
(from air) at sub-stoichiometric conditions
Primary reactions:
C + O2 -> CO2 (exothermic)
C + H2O -> CO + H2 (endothermic, water gas)
C + CO2 -> 2 CO (endothermic)
CO + H2O -> CO2 + H2 (exothermic, generator gas)

Resulting synthesis gas (syngas) can be used 
for:

energy production in IC engines or turbines
synthesis of chemicals
hydrogen production



PyrolysisPyrolysis

Endothermic reaction of organic fraction of 
waste, biomass, or liquid waste in the 
absence of oxygen at high temperature 
and pressure
Organic matter is transformed to a gas, 
liquid, and a solid (char)
Temperature and pressure levels affect 
the relative ratios of gas, liquid, and solid



GASIFICATIONGASIFICATION

“Cooks”
feedstock at high 
temps
No combustion
Yields gases that 
are turned into 
electricity or fuel

 



Typical Gasification ProcessTypical Gasification Process



Kurashiki FacilityKurashiki Facility



Kurashiki FacilityKurashiki Facility



Kawaguchi FacilityKawaguchi Facility



Kawaguchi FacilityKawaguchi Facility



Kawaguchi FacilityKawaguchi Facility



CT Major CategoriesCT Major Categories

Biochemical ProcessesBiochemical Processes
Anaerobic Digestion

Bacteria breaks down feedstock
No oxygen

Fermentation
Also anaerobic process
Microbes used to produce ethanol

TechnologyTechnology Primary ProductPrimary Product Secondary Secondary 
ProductProduct ResidueResidue

Anaerobic Anaerobic 
DigestionDigestion BiogasBiogas

Heat, Electricity, Heat, Electricity, 
Fuels, Soil Fuels, Soil 

AmendmentAmendment
Lignin, inorganicsLignin, inorganics

FermentationFermentation EthanolEthanol Lignin, inorganicsLignin, inorganics

Presenter
Presentation Notes
Biochemical process occur at lower temperatures and have longer retention times

Anaerobic digestion temps occur between 50 F and 160 F with no oxygen

Fermentation is also an anaerobic process

An important thing to note is that I’m referring to fermentation as the process to produce ethanol which is correct.  In the past, we used the term “acid” or “enzymatic” hydrolysis.  Technically that is incorrect because that is hydrolysis is a pre-treatment step prior to the actual conversion.



ANAEROBIC DIGESTIONANAEROBIC DIGESTION

Bacteria Bacteria ““digestdigest””
feedstocksfeedstocks
Mesophilic or Mesophilic or 
Thermophilic Thermophilic 
temperaturestemperatures
Yields gases and Yields gases and 
residuesresidues
Gases into electricityGases into electricity
Residues into Residues into 
fertilizerfertilizer

Presenter
Presentation Notes
Mesophilic which takes place optimally around 37°-41°C or at ambient temperatures between 20°-45°C with mesophile bacteria 

Thermophilic which takes place optimally around 50°-52° at elevated temperatures up to 70°C with thermophile bacteria 



Arrow Bio Arrow Bio -- IsraelIsrael



Arrow Bio Arrow Bio -- IsraelIsrael



Arrow Bio Arrow Bio -- IsraelIsrael



Arrow Bio Arrow Bio –– Australia FacilityAustralia Facility



DrancoDranco Anaerobic Digestion Facility Anaerobic Digestion Facility -- 
BelgiumBelgium



Digester FeedstockDigester Feedstock



Hydrolysis/FermentationHydrolysis/Fermentation

Breaks feedstocks Breaks feedstocks 
into sugars, then into sugars, then 
““brewsbrews”” productsproducts
Uses acid or Uses acid or 
enzyme preenzyme pre--
treatmenttreatment
Yields ethanol, Yields ethanol, 
citric acid, other citric acid, other 
productsproducts



HydrolysisHydrolysis
Acids or eAcids or enzymes
Processing involves several steps:

feed preparation (addition of nutrients and 
sterilization to microorganisms)
treatment of organic residues (cellulose)
hydrolysis of cellulose
glucose separation



Typical Hydrolysis/Fermentation ProcessTypical Hydrolysis/Fermentation Process

 
Feedstock Size 
Reduction 

1st Stage 
Hydrolysis 

2nd Stage 
Hydrolysis
 

Lignin Steam/
Electricity 
Generation 
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Concentration
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Concentrated H2SO4 



FEEDSTOCKSFEEDSTOCKS

Mostly celluloseMostly cellulose--based = plant materialbased = plant material
Organic part of solid waste (wood, yard, etc.)Organic part of solid waste (wood, yard, etc.)
LowLow--grade paper part of solid wastegrade paper part of solid waste
Ag and forest residuesAg and forest residues
Some also can take plasticsSome also can take plastics

Each technology needs certain characteristicsEach technology needs certain characteristics
Which feedstocks best for which technologies?Which feedstocks best for which technologies?



What Are The IssuesWhat Are The Issues

Perception of TechnologiesPerception of Technologies
Incinerators in disguise?Incinerators in disguise?

Permitting IssuesPermitting Issues
Solid Waste Facilities?Solid Waste Facilities?
Manufacturing FacilitiesManufacturing Facilities

CostCost
NIMBY/BANANANIMBY/BANANA



Perception of TechnologiesPerception of Technologies

Some technologies labeled Some technologies labeled ““Incinerators in Incinerators in 
DisguiseDisguise””
Technologies will harm existing recycling Technologies will harm existing recycling 
infrastructureinfrastructure
Technologies less efficient than recyclingTechnologies less efficient than recycling



Permitting IssuesPermitting Issues

Are they solid waste facilitiesAre they solid waste facilities
Are they manufacturing facilitiesAre they manufacturing facilities
Are they recycling facilitiesAre they recycling facilities



CostCost

Technologies expensiveTechnologies expensive
Average tip fee in California currently Average tip fee in California currently 
approximately $40 per tonapproximately $40 per ton
Cost of facilities range from $50 to $175 Cost of facilities range from $50 to $175 
per ton  per ton  -- Depending on throughputDepending on throughput



NIMBY/BANANANIMBY/BANANA

Public opposition to anythingPublic opposition to anything
Fear of technologiesFear of technologies
Support for renewables but not for Support for renewables but not for 
technologies to produce renewables technologies to produce renewables 



Are They Safe??



Emissions Results Emissions Results –– Particulate Particulate 
MatterMatter

Particulate Matter Emissions
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Presenter
Presentation Notes
Currently, there are no regulatory requirements in the United States specific to thermochemical conversion processes 

facilities have been evaluated on a case-by-case basis, usually under a research permit 

There are, however, European limits for these types of processes. For comparison purposes, emissions results for the (3) three case studies were compared with existing EPA limits for starved-air combustors, German limits thermal conversion, and SCAQMD MSW incinerator permit limits 

As the limits in many cases are in different terms, they have all been normalized to equivalent units (milligrams pollutant per normal cubic meter, corrected to 7% oxygen) 



Emissions Results - NOx

Presenter
Presentation Notes
Each of the three processes evaluated easily meets existing standards for particulate matter. With the exception of the IES process, the existing NOx standards are met as well 

In the case of IES, the testing was performed without a NOx control system in place in order to establish a baseline NOx level for the process and associated burners 

Since that time, IES has installed NOx control. Test results are pending for the new system, but preliminary observations by UC researchers indicate more than 60% reduction in NOx from the baseline 



Emission Results  Emission Results  -- LeadLead

Lead Emissions
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Presenter
Presentation Notes
As shown in the next few slides, all three of the processes evaluated easily meet standards for volatile metal emissions While these materials are present in the feedstock, they are successfully captured in the char/ash and downstream filtration systems. 



Emissions Results Emissions Results -- MercuryMercury

Mercury Emissions
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Emission Results Emission Results -- CadmiumCadmium
Cadmium Emissions
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Emissions Results Emissions Results –– 
Dioxins/FuransDioxins/Furans

Dioxin/Furan Emissions
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Presenter
Presentation Notes
 All three processes evaluated meet existing limits for dioxin/furan emissions 

The SCAQMD limits dioxin/furan emissions on a case-by-case basis as part of New Source Review 

This involves a health risk assessment for individual facilities based on location, emissions, toxicity, metrological conditions, and other factors. IES has performed such an assessment per SCAQMD Rule 1401 and found the risk factor for continuous year round operation to be less than 1 in 1 million, with a hazard index within acceptable limits. 

Focusing on IES, they have actually upgraded their air pollution control equipment and conducted a 14-day, 24/7 test and preliminary results indicate a 10-fold reduction of dioxin/furan emissions.



US Dioxin InventoryUS Dioxin Inventory

0 100 200 300 400 500 600 700

Carbon Reactivation
Drum Reclamation

Tire Combustion
Industrial Boilers
Cigarette Smoke
Leaded Gasoline

Refinery Catalyst Regen.
Kraft Black Liquor Boilers

Lt. Wt. Ag kilns (hazardous waste)
Unleaded Gasoline

Hazardous Waste combustion
Crematoria

Oil fired utilities
EDC/Vinyl chloride production

MSW Combustion Facilities, US (>250 t/d)
If ALL CA disposal was burned, Modern Facilities

Sewage Sludge burning
Cement Kilns (non-hazardous waste burning)

Industrial Wood burning
Diesel Trucks

Coal fire utilities
Residential Wood burning

Cement Kilns (hazardous waste burning)
Metal Smelting

Medical Waste Burning
Backyard Refuse Burning

US Dioxin Emissions (g-TEQ/year)a

12 g -TEQ/yr

6- 10 g -TEQ/yr using emission 
factors reported by Abad (2003)



Dioxin emission factors for several technology types 

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Thermoselect - Chiba (6)

New German Comb. Facility (5)

Covanta-Stanislaus (2)

Retrofitted Spanish Comb. Facility (4)

SERRF (2)

IES Romoland (3)

Commerce (2)

US Solid Waste Combustion MACT average (2)

European Limit, [0.1 ng/Nm^3] (1)

Dioxin/Furan (ug -TEQ/ton consumed)

0.003

0.00002



Contact InformationContact Information

Fernando BertonFernando Berton
fberton@ciwmb.ca.govfberton@ciwmb.ca.gov

(916) 341(916) 341--66076607

mailto:fberton@ciwmb.ca.gov
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