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EXECUTIVE SUMMARY  

Introduction  
According to CalRecycle, waste-haulers dump 30 million tons per year of organic materials into 

existing landfills  ð the equivalent of throwing-away 60 million barrels of oil per year . In the 

United States, waste-haulers landfill more than 137 million tons per year of municipal solid 

waste (MSW). Waste-to-energy projects could recover 75 percent of all MSW as refuse-derived 

biomass (RDB). This is a substantial source of energy since the per capita disposal rate of 

refuse-derived biomass in the United States is 4.4 pounds per person per day, or about one 

ton per person per year. 

Currently, California and the United States can benefit from the economic use of MSW as a 

gasification feed, particularly in the 2-megawatt electrical (MWe) to 40-MWe net power output 

range. Industry has overlooked this size range because the business opportunity is too small 

for large companies such as General Electric and Shell, while the research and development 

effort is too complex and too costly for smaller business entities. There is a market demand to 

address MSW as an ñopportunity feedstockò and to address the equipment size range required 

for distributed power generation in California communities. There is also substantial interest 

worldwide in the development of mo dular cost-effective waste-to-energy plants ï an export 

opportunity for California  based-businesses. Taylor Energy is developing a novel shockwave-

powered gasification technology intended for community -scale power generation. The system 

cost projection is $3,750 per kilowatt -hour (kWh) of installed capacity, at a 300-ton per day 

scale (10 MWe).  

Project Purpose  
Advancing this novel gasification technology helps California by potentially converting a portion 

of the 30-million tons per year of MSW into useful biopower and other energy products. The 

technology is projected to reduce the levelized cost of power by 30 percent compared to 

commercial-scale MSW combustion systems.  

The California Energy Commission funded Taylor Energy to test the gasification of RDB 

recovered from MSW. Applying pulse-detonation technology to waste biomass gasification 

substantially improves the state-of-the-art relative to existing thermochemical conversion 

methods. With no moving p arts, pressure-gain combustion produces gas momentum in the 

form of shockwaves that micronize the feed, increasing the reaction rate through size 

reduction and enhanced mixing. This technology serves to lower the system cost for RDB 

gasification used for distributed power generation .  

Taylor Energy has designed the gasification process ï including the internal shape of the 

reactors  ð to efficiently use the characteristics of shockwave-derived momentum. This 

project has substantially advanced shockwave technology applied to gasification and reforming 

methods. In addition to clean power, i ndustry can use this technology to convert MSW 

residues into renewable methane and ethylene-propylene fractions used to make renewable 

plastics.  

Shockwave-powered gasification shows substantial potential to reduce overall costs and lower 

the levelized cost of power. This project fulfill s the market requirement for MSW use as a 
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sustainable resource at community-scale, and will thereby, lower the ratepayerôs cost for 

renewable power. 

Pro ject Approach  
Taylor Energy designed and constructed a pilot-scale test facility at the University of California, 

Riverside. The gasification process includes key stages to accomplish thermo-chemical 

conversion of MSW feed into fuel gases. At an initial stage, a jet-spouted bed converts the 

solids into volatile substances. At a second-stage, the tar vapors are cracked into low 

molecular weight gases. These two stages convert the feed into gases and into materials that 

are size-reduced, entrained, and elutriated with the fuel -gases. Carbon char and trace aerosol 

tars are removed in the next stage.  The resulting fuel-gas is cleaned with wet-scrubbers. 

Modular construction was used for the gasification reactor and the reformer . The reactor 

spool-sections were bolted together  using custom-made graphite gaskets to form for the seals. 

This modular construction method served to reduce the overall installation cost.  

One of the goals was to reduce costs when compared to existing MSW combustion systems. 

For example, the parasitic utility costs  were minimized by reducing the air input pressure to 

three pounds per square inch gauge (psig), using pressure-gain combustion (pulse-

detonation). Currently, no other fluid-bed or entrained-flow gasification system can operate 

employing such a low pressure-drop budget. This process maximizes the system-capacity 

relative to the reactor  volume.  

The gasification rate is controlled by t hree process parameters: time, temperature, and 

turbulence, along with the particle size, which controls the rate of heat and mass transfer 

between gases and solids. The gasifier and the reformer operate just below the ash-fusion 

temperature, at 2102°F (1150 °C), well above the 1742°F (950 °C) limit for typical fluidized 

bed gasifiers. Shockwaves increase gas-solids mixing and reduce particle size.  

Project Results  
Taylor Energy has performed proof-of-concept testing by operating the gasification system at 

equilibrium conditions during approximately four-hour to eight-hour test periods. I t takes 

about one hour to heat and reach thermal equilibrium conditions. Typically, the gasification 

system was heated using wood shavings, then it was switched to feeding the RDB.  

Initially, p ulse-deflagration burners were installed and tested on the bottom of the jet-spouted 

bed. Next, start -up tests were performed using a pulse-detonation burner designed by Taylor 

Energy. The pulse-detonation burner is installed on the bottom of the jet spouted bed 

gasification reactor and generates repetitive shockwaves. Proof-of-concept testing and early-

stage developments was measured with this configuration.   

Ceramic beads were the fluidized-bed material of choice. They provided the most robust 

environment for gasification due to the greater number of collisions providing rapid ablation of 

the feed materials. The steel beads are indestructible; but their high er density resulted in 

fewer collisions and a lower ablation rate of the  feed.  

Taylor Energy used an infrared analyzer to measure four key gases to control the process: 

carbon monoxide (CO), carbon dioxide (CO2), methane (CH4), and oxygen (O2). Tedlar bags 

were used to sample and analyze the gas to evaluate trace components and to verify that the 
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gas compositions are suitable for power generation.  The fuel-gas composition data is 

summarized in Chapter 3, Project Results.  

Technology/Knowledge Transfer/Market Adoption  
The technology developed at pilot-scale is designed for scale-up to a single train capacity of 

1,200 tons per day RDB gasification, producing 40 megawatts electric (MWe) of net power to 

the grid. This technology is intended to be used at community-scale and replicated at multiple 

locations. The knowledge gained from this project can be used by the thermochemical 

conversion community and MSW industry to increase understanding of new conversion 

pathways, and new methods of using shockwave power to intensify MSW gasification. 

Taylor Energy intends to establish a demonstration-scale project that generates 1.7 MWe, 

processing about 40 tons per day of RDB. The opportunity is technology-driven in the sense 

that the conversion process must be proven at some reasonable scale to gain momentum. 

Concepts are easily promoted; but in the waste-to-energy business, there have been past 

failures; technology success at some modest scale is required to verify any advanced 

gasification concept.  

The commercial module Taylor Energy plans to market is a 427-ton per day plant exporting 

10 MWe. For permitting purposes in California, 500 tons per day is the optimum size for early 

projects. The value proposition is that MSW can be used economically as a sustainable energy 

resource. However, as we understand the market, the opportunity is present  within certain 

performance parameters. It is driven by the ability to guarantee throughput, and adequate 

return on investment, when operating with reasonable feedstock contracts , and modest 

revenue contracts for the renewable energy products.  

Benefits to California  
This project will result in ratepayer benefits of rural and urban economic development, 

reduced environmental impacts, and increased national security. Economic benefits come from 

smaller electric bills, achieved by lowering the cost of renewable power, which makes up an 

increasing portion of the energy mix. Economic benefits would also be derived from the 

additional labor required to process the RDB. Environmental benefits include decreased 

impacts from global climate change by using renewable feedstocks instead of fossil fuels. It 

would reduce the number and size of landfills.  Security benefits include reduced reliance on 

natural gas delivered via interstate pipelines used to import fossil fuels compared to using an 

instate resource. 

One measure of the project value is the estimated savings when compared to the cost of 

power generated using existing waste-to-energy conversion methods. The competitive cost for 

large commercial waste-to-energy power is about $142 per megawatt-hour (MWh) in 2018, 

increasing to about $158 per MWh in 2024. Assuming a mean power price of $158 per MWh 

for existing waste-to-energy derived power, the measurable cost savings is estimated to be 

$40 per MWe for every megawatt of power generated using the proposed new shockwave 

gasification-reforming technology. 

Future work includes a follow-on Taylor Energy and University of California, Riverside project 

funded by the California Energy Commission to compare several different power generation 

cycles using forest residues and to accumulate 500 hours of operating data in preparation for 

a 1.7 MWe demonstration project.  
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CHAPTER 1:   
Project Justification  

Background  
In California, waste-haulers dump 30 million tons per year of organic materials into existing 

landfills  ð the equivalent energy of throwing -away 60 million barrels of oil per year. 1 In the 

United States, waste-haulers landfill more than 137 million tons per year of municipal solid 

waste (MSW).2 Future waste-to-energy projects could use 55 percent of all MSW generated 

yearly. This is a major potential  source of energy since the per capita disposal rate of refuse-

derive biomass in the United States is 4.4 pounds per person per day, or about one ton per 

person per year. 

Currently, California and the United States can benefit from the economic use of MSW as a 

gasification feed, particularly in the one megawatt electrical (MWe) to 20 MWe net power 

output range.  Industry has overlooked this size range because the business opportunity is too 

small for major companies such as General Electric and Shell, while the research and 

development effort is too complex and too costly for smaller business entities. There is a real 

market demand to address MSW as an ñopportunity feedstockò and to address the equipment 

size range required for distributed power generation in California communities. There is also 

substantial interest worldwide in the developmen t of modular , cost-effective, waste-to-energy 

plants ï an export opportunity for California -based businesses.  

Overview  
Taylor Energy is developing a modular type of shockwave-powered gasification technology 

intended for community -scale power generation. The system cost projection is $3,750 per 

kilowatt -hour (kWh)  of installed capacity, at a 300-tons per day scale (10 MWe). The Energy 

Commission funded Taylor Energy to design, construct, and test a pilot-scale gasification 

system intended to process refuse-derived biomass recovered from MSW.  

The Taylor Energy gasification technology, currently at technology readiness level 3 to 4, uses 

pulse detonations to intensify the gasification system performance. Applying pulse-detonation 

technology to waste gasification will improve the state -of-the-art relative to existing 

thermochemical conversion methods. The technology is based on Taylor Energyôs 30-yearsô 

experience in thermochemical processing, working to optimize gasification/reforming methods 

for use at a community-scale. 

Agreement Goals  

The goals of this agreement are to:  

¶ Validate the technical performance of a two-stage thermal-catalytic gasification process 

operating with experimental data , as described in the agreement objectives.   

 
1 CalRecycle, State of California, Publication #DRRR 2015-1524. https:// www2.calrecycle.ca.gov/publications/

download/1150. 

2 Ibid.  
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¶ Verify the economic viability of the integrated waste gasification and reforming process 

from the project findings , as described in the agreement objectives. 

This agreement will result in ratepayer benefits of higher electrical reliability and lower cost , by 

developing distributed generation capacity that uses a renewable resource otherwise disposed 

of in landfills. One ton of MSW reclaimed from landfills contains the energy equivalent of two 

barrels of oil. Assuming 30 percent net conversion to electric power; about one ton of MSW is 

consumed to make one MWh of electricity. The levelized cost of power is estimated to be 

$118 per MWh (for 10-MW scale), which results in ratepayer savings of $32 per MWh 

compared to grid supplied power that will likely average $150  per MWh through 2024. 

This agreement will lead to technological advancements and breakthroughs that overcome 

barriers to achieve the stateôs energy goals by developing a pulse, jet-spouted bed, integrated 

with a draft-tube reforming system. Preliminary engineering estimates, based on equipment 

costs, and projected mass and energy balances, anticipate system cost of less than $3,750 per 

kWh of installed capacity. Design, construction, and start -up testing will provide necessary 

research and verification of this breakthrough in waste processing. 

Objectives  

The objectives of this project were to:  

¶ Operate the gasification/reforming process continuously for eight hours, with RDB input 

of three pounds per minute (1.08 -million British thermal units [MMBTUs] per hour, 

based on energy content of 6,000 BTUs per pound for RDB). Average fuel-gas output 

should be 0.80 MMBTU per hour, having energy content of 230 BTU per standard cubic 

foot ( scf), demonstrating 74 percent net conversion efficiency of feed into fuel -gas. 

¶ Operate the thermal-chemical gasification process with an over-all stoichiometric ratio 

of 0.28; using oxygen enriched air at 33 percent oxygen, to achieve carbon conversion 

greater than 90 percent as measured by feedstock/products/char analysis. 

¶ Operate pulse-deflagration burner(s) that heat and power both the gasification and the 

reforming process with frequency greater than 7 Hz using transient plasma ignition, 

firing the pulse burners with excess air.  

¶ During the proof-of-concept testing, establish the durability of stainless-steel pulse-

combustor(s) with no observable failures resulting from the  high-temperature and 

pulse-detonation operation. 

¶ Establish process heat and mass balance by a semi-empirical method and semi-

empirical process model development.  

¶ Confirm from the project findings that a cost of $3,750 per kWh of installed  capacity is 

supported, based on a 300-ton per day modular system. 

¶ Confirm from the project findings that the levelized cost of power of $118 per MWh, 

including a 10 percent return on equity, is supported based on a 300 -ton per day 

modular system. 

¶ Estimate carbon footprint for the process and the products by Life Cycle Analysis 

through greenhouse gases, regulated emissions, and energy in transportation . 
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Project Objective  
The objective of this project was to research and develop thermal-catalytic recycling 

technology that promises to overcome the technical and economic barriers preventing the use 

of MSW as an energy resource in California. The project goal was to verify key subsystems for 

advanced recycling of MSW, producing clean fuel-gas for electric power generation. This was 

to be done by constructing a pilot-scale process development facility and verify pilot-scale 

subsystems that would enable the use of MSW as a renewable energy resource that could, by 

2020, be cost-competitive with fossil  fuel products. The pilot-scale facility expanded on proof-

of-concept testing that had previously been performed at large bench-scale, using the jet -

spouted bed gasification reactor (Figure 1.) The fluid-bed dynamics of our jet -spouted bed 

gasification reactor are illustrated and compared to conventional spouted-bed (Figure 2).  

Figure 1: Proof -of -Concept Site  

 

Source: Taylor Energy 

Figure 2: Conventional Bed vs. Jet -Spouted Bed  

 

Source: D. Kunni 

Funded by an Energy Innovations Small Grant, a pulse-detonation-burner was compared with 

a pulse-deflagration-burner. Pulse-detonation burners operate by igniting an air-fuel mixture in 

a tube (Figure 3). 
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Figure 3: Pulse -Detonation Burner  

 

 

Source: ResearchGate, University of Cincinnati; photo  FlugRevue.de 

The flame front velocity of ñdetonationò compared to ñdeflagrationò (Figure 4). The discharge 

velocity from a pulse-detonation burner is reported to reach 2,000 meters per second, and the 

pressure-gain can be 20 times that of  the input pressure. 

Figure 4: Velocity  of ñDeflagrationò Compared to ñDetonationò 

 

m/s = meters per second 

Source: Sergey M. Frolov, ECM-2013, Lund, Sweden 

Taylor Energy designed, constructed, and tested the pilot-scale system to prove that 

ultrasonic-shockwaves generated by pulse-detonation can power a jet-spouted bed to provide 

a unique thermal processing environment where heat and mass transfer are increased by 

supersonic compression waves, creating intense reaction zones where hot gases mix and react 

vigorously with carbon char. The jet-spouted-bed gasification system (Figure 5) offers the 

following benefits: 

¶ Ability to use gas inputs at high  temperature with extremely high  velocity 

¶ Insensitive- to sticky-particles, or molten ash eutectics; no fluidization problems  

¶ Simple to operate 

¶ Low-cost to construct 
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Figure 5: Jet -Spouted  Bed Gasification Reactor , Two - and Three -Dimension  Mode ls 

 

Source: Taylor Energy 

A second stage tar reformer also powered by a pulse-detonation burner enabled conversion of 

tars and some residual carbon into low-molecular-weight gases. The tar reformer is expected 

to produce fuel gases containing seven times less tar compounds compared to plasma-torch 

technology used by others for second-stage tar reforming. Pulse-detonation combustors can 

be operated ultra-lean, so that input of oxygen -rich product gases at 1,800 meters per second 

can be used to enhance turbulence and mixing within the tar reformer. Effective fuel-gas 

reforming enables simple gas cleaning methods. Once tars are removed, fine-particles are 

filtered at medium  temperature; the fuel -gases are cooled and cleaned at ambient 

temperature.  

Taylor Energy tested the ultrasonic process intensification in conjunction with the use of a low -

cost mineral catalyst, activated by a small quantity of alkali. The goal was to generate clean 

fuel-gases with up to 230 BTUs per standard cubic foot, intended for economic production of 

renewable electric power. 

Existing Waste Gasification Technology  
Waste-to-energy plants are generating 0.84 quadrillion BTUs per year, or 2.2  percent of United 

States electric power.4 As of 2018, 85 plants employ thermal technology to process MSW in 

23 states:3 

¶ 70 waste-to-energy plants use mass-burn technology 

¶ 14 plants burn refuse-derived fuel 

¶ 1 pyrolysis/gasification plant 

¶ 85 plants process 97,000 tons of MSW per day  

¶ 85 plants process 26 million tons of MSW per year 

¶ 2,572 megawatt-hours power 

 
3 American Gas Association, Full-Fuel-Cycle Energy and Emission Factors for Building Energy Consumption- 2018 

Update. Jan. 2019. https://www.aga.org/globalassets/research  ðinsights/reports/22433 -ffc-final-report-2019-01-
14.pdf 
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¶ Recycling has peaked at 34.7 percent 

¶ Only 10.4 percent of MSW in the United States is used for waste-to-energy 

In California, about 0.9 million tons of MSW were burned (transformed) at three permitted 

MSW mass burn facilities. Provisions in the Public Resources Code, sections 40201 and 41783 

allow limited diversion credit for transformation. MSW-powered generating plants typically 

operate 90 percent of the time , providing base load electric power.  

There are many successful waste-to-energy facilities operating in North America, and a few 

failures. Several different technologies are in use and more technologies are in development. 

In the past, economics for new MSW projects have typically favored the larger facilities that 

burn 3,000 tons per day. Yet not all communities generate that much MSW or have an interest 

in teaming with neighboring communities to aggregate waste volumes.  

Existing modular facilities do not seem to meet the demand requirements.  Smaller facilities 

with new designs would potentially fill this gap. For example, Covanta  Environmental Solutions 

(Covanta) has developed a 300-ton per day modular (two-stage) combustion technology ï 

marketed as ñgasification.ò The Covanta process uses "staged-combustion," adding 

combustion air in two  stages, which they call gasification. However, the power-generation 

cycle uses the heat of combustion for steam-power generation. Whereas, a true gasification 

process generates a fuel-gas product (or a synthesis gas) that is cooled and cleaned prior to 

use in advanced power generation cycles.  

The new Covanta ñgasificationò technology shown in Figure 6 is not a true gasification process, 

as defined by the Gasification Technology Council, because the process employs a two-stage 

combustion method, followed by a heat recovery steam generator used to power a steam 

turbine. 

Figure 6: Covanta Waste Gasification Module  

 

Source: Covanta Environmental Solutions 

New waste-to-energy projects are in the pipeline in several states and provinces, including 

Florida, Maryland, Puerto Rico, and Ontario, Canada; but it is not easy to locate, permit, and 

finance, large mass-burn facilities. The permitting process is especially arduous for large 

waste-to-energy facilities. Public opposition is often a substantial factor; environmental groups 

often raise questions about large new projects.  

Advantages of Modular Technology  
Private ownership is more feasible for projects with a l ower capital cost, and shorter timeline 

to completion. Air permits are less burdensome, and less time consuming for projects with a 
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lower volume of pollutants, resulting in more favorable modeling. Smaller projects are less 

likely to attract opposition fro m neighbors or environmental groups. And smaller projects have 

less impact on local roads from truck traffic.  

There is substantial interest worldwide in the development of smaller waste -to-energy plants. 

Smaller plants are designed to process MSW as the sole energy input, potentially generating 

near-zero residue by employing ash-melting technology. Figure 7 shows a modular MSW 

gasification process that is being developed in France by Kobelco-Eco Solutions, a subsidiary of 

Kobe Steel. This technology may be intended for future deployment in the United States. 

Figure 7: Kobe Steelôs Modular MSW Gasification Process  

 

Source: Kobe Steel 

New projects are enabled by multiple factors:  

¶ A site that is acceptable to the community  ð connected to a vibrant road network  

¶ Landfill available for waste not suitable for the waste-to-energy process 

¶ Strong political support 

¶ Ability to raise capital 

¶ Adequate energy revenue (electricity, or renewable fuels) 

Gasification Technology ï State -of -the -Art  
There are about 420 large industrial gasification systems operating in the world today, most 

using coal, coke, or heavy residues. The scale is 10,000 to 100,000 tons per day feed input. 

Community-scale required for distributed power generation is 300  to 1,200 tons per day, using 

refuse-derived biomass recovered from MSW.4  

There are many village-scale gasifiers with less than 100 kWh capacity. The up-draft or down -

draft gasifiers, exemplified by Ankor Scientific, Community Power Corporation, and others, 

 
 American Gas Association, Full-Fuel-Cycle Energy and Emission Factors for Building Energy Consumption- 2018 
Update. Jan. 2019. https://w  
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have demonstrated small-scale systems that operate continuously and provide some benefits. 

This type of technology is said to scale-up to about one MWe; however, only when using 

uniform (ideal) biomass feed materials. The up-draft and down-draft systems require a 

uniform f eed. For example, during World War II, when ña millionò vehicles operated on 

producer gas, a huge cottage industry was also required to make uniform feed required to fuel 

these gasifiers. There certainly are ñopportunityò biomass feeds in California, such as almond 

hulls, rice hulls, and forest residues, that are suitable for up -draft and down-draft type 

gasification systems. Nevertheless, these systems cannot handle garbage unless it is 

pelletized; and the cost of producing refuse-derived fuel -pellets is considered prohibitive.  

Fluid-bed gasification systems (both bubbling fluidized bed and circulating fluidized bed types) 

are applicable to RDB feeds. However, when applied to MSW-derived fuels, the traditional 

bubbling fluidized bed and circulating fluidized bed systems have been costly to build and 

costly to operate; especially at a community scale. Persistent metallurgical issues associated 

with bubble-caps, and all other alloy air-distribution hardware that typically cause unplanned 

outages (due to the cyclic oxidation-reduction of metal  at points where oxidizing air first mixes 

with f eed), which reduces on-line availability to less-than 80 percent. 

The dual fluidized bed being tested by West Biofuels, LLC (based on Gussing Renewable 

Energyôs dual fluidized bed design) is technically sound, but the system complexity is too great 

for application to power generation at the modest scale required for distributed power 

generation in California. The Gussing dual fluidized bed technology was derived from refinery 

technology ï used extensively for fluid catalytic cracking ï not typically used for production of 

fuel-gas intended for electric power generation. Likewise, the Battelle/FERCO effort in 

Burlington, Vermont, based on the dual fluidized bed designed by the Battelle Columbus 

Laboratory, has also been proven too costly to construct and to operate when applied to 

medium-scale power generation. According to Taylor Energy, ñDr. Diazo Kunii, author of the 

textbook, Fluidization Engineering, performed the comparative study for our team. When 

electric power is the objective, a single fluid-bed, that is air-blown, offers superior 

performance compared to any type of dual  fluid bed.ò  

Figure 8 shows a Pyrox-type dual fluidized bed designed by Kunii & Taylor, built by Taylor 

Energy for West Biofuels. Pyrox is a third example of a dual fluid bed gasification system that 

is too costly to deploy for electric power generation.   

Figure 8: Pilot -Scale Pyrox  Dual  Fluid ized Bed Gasification System   
(Five T ons Per D ay)  

 

Source: Taylor Energy 
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Sierra Energy is developing an oxygen-slagging system designed specifically to gasify MSW. 

However, that type of gasifier is ñupside-down,ò in the sense that exceeding the ash-fusion 

temperature may be necessary for secondary tar-reforming, but not in the primary stages 

where drying, pyrolysis, and gasification occur. The oxygen cost is necessarily high because an 

oxygen-fired tar-reforming stage is still required downstream from the high -temperature 

primary stage. 

Large-scale coal gasification is well proven, but modular scale waste-gasification still has 

issues. The knowledge base in biomass gasification has come a long-way during the past 25  

years. However, little has been done to fundamentally improve on the economics of biomass 

gasification through process simplification, and process intensification.  

There is a broad gap in the available technology and scientific knowledge required for 

economic use of MSW as a gasification feed, particularly in the one-MWe to 20-MWe power 

output range appropriate for community -scale projects. This size range is overlooked by 

industry because the business opportunity is small for large companies like General Electric 

and Shell, while the research and development effort is complex and costly for small er 

business entities. There is a real market demand to address refuse-derived biomass as an 

ñopportunityò feedstock recovered from MSW; and to  optimize the economic returns for the 

plant sizes required for distributed power generation in California communiti es.  

Economic  Benefits  
In California, 30 million tons of organic materials are being added to 80 landfills each year; 

equivalent to disposing of 60 million barrels of oil per year.  The project goal for the system 

cost is $3,750 per kWh of capacity at 300 tons per day (10 MWe). According to the Black & 

Veatch screening model developed for biomass gasification, the levelized cost of power would 

be $118 per MWh, based on the project assumptions. One direct measure of the value is the 

cost savings when compared to grid-purchased power. The cost for commercial power in 

Pacific Gas and Electric Company territory is projected to increase to about $158 per MWh in 

2024. The measurable cost savings is estimated to be $40 per MWh for every megawatt of 

power generated using refuse-derived fuels.  

The resource potential provided to ratepayers of investor-owned utilitiesï based on 

31.6 percent net energy conversion of MSW derived biomass into electric power ï will produce 

3,300-MWe of renewable power. These calculations are presented in Table 1 and the potential 

energy cost saving are shown in Table 2. 

Table 1: MSW Feedstock Available  and  Potential Distributer Power  

Characteristic Description 

Mass 30 million tons/yr. MSW / 8,760 hrs./yr. = 3,424 tons/hr. MSW 

3,424 tons/hr. x 75% recovery as RDB = 2,568 tons/hr. RDB 

2,568 tons/hr. RDB x 14 MMBTU/ton = 35,958 MMBTU/hr. 

Energy Content 35,960 MMBTU/hr. (10,539 MWth) 

Distributed Power 10,359 MWth x 0.316 net to power = 3,330 MWe 

MWth = megawatt thermal 

Source: Taylor Energy 
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Table 2: Measurable Value   ð Potential Energy Cost Savings  

Value  Potential Cost Savings  

3,330 MWh x $40/MWh x 8760 hrs./y x 0.90 

availability 

= $ 1.05 billion per year 

Source: Taylor Energy 

The project findings expect to confirm that the production cost of renewable power using RDB 

as the feed will provide cost savings benefits of $40/MWh.  
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CHAPTER 2: Project A pproach  

Introduction  
This chapter discusses the design, construction, and start-up-testing of a pilot -scale waste 

biomass gasification system being developed for community-scale biopower generation. In 

addition, subsystem development goals included comparing operation of a pulse-deflagration 

burner with a pulse-detonation burner.  An iterative hardware development approach was 

used; multiple prototypes were built and tested in sequence, rather quickly. For example, 

prototype pulse-burners were constructed using carbon-steel, then stainless steel, and finally 

cast-refractory embodiments were selected for integration and testing with the jet-spouted 

bed. The jet-spouted bed can be seen during operation in Figure 9, looking into a side port, 

located opposite the feeder. 

Figure 9: Jet -Spouted Bed During Start -up Testing  

 

Source: Taylor Energy 

Pilot -Scale System Design and Install ation Plan  
The syngas process being developed by Taylor Energy is designed to handle difficult waste 

materials, including MSW that has been recovered as RDB-fluff . RDB-fluff is the combustible 

fractions within MSW that are recovered by shredding and size-reducing the MSW, then using 

air classification and screening to separate the light fractions that include 90  percent of the 

useful energy content found in MSW.  

The Taylor syngas process integrates several novel subsystems to accomplish economic 

conversion of RDB-fluff into clean fuel -gases suitable for electricity generation. The system 

employs an atmospheric pressure gasification reactor designed to convert refuse derived 

biomass into low molecular weight gases using partial oxidation methodology, also known as 

autothermal gasification.  

The process consists of feeding RDB-fluff into a first stage autothermal gasification reactor 

using an extrusion process, forming an air-tight plug that prevents air infiltration. RDB -fluff is 

gasified in a robust jet-spouted bed type of fluidized bed that is powered by a pulse-

detonation burner that imparts both heat and momentum to the input gases.  The input gas 
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power is used to comminute the feed materials through ablation within the first-stage jet-

spouted bed, and to increase the thermal chemical reaction rates at the molecular level by 

increasing the gas-solids mixing rate. A secondary tar-reforming stage is used to crack 

hydrocarbons and convert carbon-char into fuel gases suitable for electric power generat ion 

(after gas clean-up). Figure 10 shows a flow diagram of the project approach. A detailed 

description of the process is included in subsequent sections; the complete d pilot-scale 

gasification/reforming system is shown in Figure 11. 

Figure 10 : Block Flow Diagram  Showing Project Approach  

 

Source: Taylor Energy 

Figure 11 : Waste/ Biomass Gasification Test Facility , at the University of California , 

Riverside  

 

Source: Taylor Energy 

Taylor Energy designed and constructed a pilot-scale test facility at the University of California, 

Riverside. The gasification process shown in Figure 1 includes the key stages to accomplish 
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thermal-chemical conversion. At an initial stage, a jet-spouted bed devolatilizes the feed (Area 

200) and at a second-stage, the venturi reformer cracks 97 percent of the tar vapors into low 

molecular weight gases (Area 300). These two stages convert the feed into gases and into 

friable materials that are size-reduced, entrained, and elutriated with the fuel -gases. Two 

cyclone separators remove carbon char with the mineral ash  (Area 400) ï recycling of the  char 

is performed as required. At another stage, a moving-bed tar-cracker removes trace aerosols 

(Area 500). For testing purposes, fuel-gas cleaning was accomplished using wet-scrubbers 

(Area 600 and Area 700). 

System Operation Overview  

The system is operated using 3-psig blower air for partial oxidation . A future program 

contemplates the use of steam/oxygen as the oxidant for production of synthesis gases 

intended for integration with a 25 standard cubic feet per minute ( scfm) renewable methane 

synthesis process.  

The current program produces low-BTU fuel-gases that are flared on-site. RDB design input is 

3-pounds per minute (1.08 -MMBTU per hour, based on energy content of 6,000 BTU per 

pound for RDB), with average fuel-gas output of 0.80  MMBTU per hour, having energy content 

up to 230 BTU/scf, demonstrating 74 percent net conversion efficiency of feed into fuel -gas. 

Air emissions are discussed in detail in subsequent sections. 

No hazardous liquids or solids are generated. Acid gases are ñself-neutralizedò within the 

process. For example, ammonia formed within the process reacts with hydrogen chloride, also 

formed within the process; t he result is the formation of ammonium chloride, a neutral salt.  

Similarly, heavy metals react with hydrogen sulfide to form insoluble metal sulfides. For 

example, trace amounts of lead typically report to the ash as lead(ll) sulfide (PbS), also known 

as the mineral galena ï which is nearly insoluble in water and dilute acid.  

The program objective was to quantify the system inputs and outputs; to develop a reliable 

mass and energy balance; and to identify any operating difficulties that would prevent  

commercialization of the technology at large -scale. For example, the program sought to 

identify erosion, corrosion, or deposition problems that can be detected during short -term 

operational testing; deposition of sticky solids is a particularly worrisome problem  that shows 

right away.  An endurance test campaign was not proposed at this time. The current test 

program culminated in two, 8-hour continuous runs that established equilibrium conditions for 

the process. 

System Design  ð How the System Works  

Feeding R efuse -Derived Biomass  I nto the Gasification Reactor  

A commercial-scale feeding system is shown in Figure 12.  RDB-fluff is conveyed by belt -

conveyor (at 35 degrees from the horizon) into a Komar -type extrusion/  auger feeder, located 

well-above grade. The pilot-scale system uses a simplified version of a commercial feeding 

system, using the Komar feeder, but not the belt.  
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Figure 12 : RDB Commercial Feeding System  

 

Source: Taylor Energy 

The Komar extrusion-feeder is a high-torque auger-feeder that forces RDB-fluff into the 

gasification reactor, forming a feed -plug that seals the gasification reactor from ambient -air 

infiltration. Typically, the gasification system was heated using wood shavings (Figure 13), 

then it was switched to feeding -in the RDB (Figure 14).  

Figure 13 : RDB Feeding System 

 

Source: Taylor Energy 

Figure 14 : Komar Feeder  ð Extruding RDB 

 

Source: Taylor Energy 

The Komar extrusion-feeder is effective for feeding RDB-fluff into an atmosp heric pressure 

gasification reactor; however, this type of feeder does not work well with feeds that do not 

form an air-tight plug when compressed. The RDB plug, formed by the extrusion -auger feeder, 

allows the escape of some fuel-gas from time-to-time, and the feeder includes a containment 

hood under induced-draft to capture any ñsmoke.ò A fire suppression system that directs 
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