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Purpose of the specialty conference on Co-utilization of Domestic Fuels (CDF)

 CDF affords near term opportunities to mitigate significant energy, environmental and economic (EEE) problems of many nations.  The purpose of the CDF conference was to examine in depth the EEE benefits of blending available domestic fuels {coal, natural gas, biomass (wood, agricultural residues, MSW, bio-solids, etc.)} and other domestic opportunity fuels in eco-friendly thermo-chemical reactors for electrical generation, waste disposal and for production of gaseous fuels, liquid fuels and chemicals. This first of its kind specialty conference avoided topics not relevant to CDF or covered by mainline professional societies or conferences.  Scientists, engineers and economists, who have examined fuel co-utilization, presented their results with the goals of developing and publishing an EEE road map for thermal CDF that will help consolidate recent CDF advances and guide future world wide CDF efforts. We hoped to build CDF-EEE bridges between the fuel sectors, academia and industry, engineering and agriculture, environmentalists and energy suppliers and between all nations. 

The CDF conference was organized in response to national and worldwide concerns about environmental problems, particularly greenhouse gas emissions; energy problems, particularly over-dependence on imported petroleum and related economic problems such as trade deficits due to energy imports. Since heavy use of petroleum together with the shortage of domestic petroleum pose major immediate EEE problem to the United States and many other countries the conference focused on research and development of technologies for using combinations of the alternate fuels: coal, natural gas, and biomass. Most of the CDF conference presentations covered technologies for using coal with various forms of biomass.  However, research and  development on co-use of natural gas and coal, natural gas and biomass, biomass and bio-solids and other domestic fuel combinations were also presented.


With the industrial age coal increasingly replaced wood as the solid fuel used to power industry and transportation.  Petroleum took over in the transportation sector in the 20th century but coal remains the predominant source of energy for electrical generation.  The concept of returning to the use of wood and other forms of biomass has received considerable attention since the oil crises of 1973 and a large literature has developed on this topic.  Distributed with the conference material at registration were: 1) A book of abstracts, 2) an International Energy Agency  report on “Prospects for co-utilization of coal with other fuels –GHG emission reduction", 3) A CD of "An Assessment of Renewable Electric Generating Technologies for Florida" by the   Florida Public Services Commission (FPSC), and the Florida Department of Environmental Regulation (FDER) prepared at the direction of the 2002 Florida Legislature and 4) A paper “A Green Alliance of Biomass and Coal (GABC)” by the author that was presented to the National Coal Council in May 2002. All four documents point to biomass as the renewable with the greatest near term potential for mitigating EEE problems. Biomass is any cellulosic solid formed by solar energy induced photosynthesis of carbon dioxide from the air (nature’s sequestration!) and water from the soil. Thus thermo-chemical extraction of energy from biomass simply completes a CO2 neutral cycle of reactions

  sequestering of CO2 by solar photosynthesis of biomass

biomass to heat 

   5 (CO2 +  H2O ( O2 + CH2O) ,   5CH2O ( C5H10O5 ;  
 C5H10O5 + 5O2 ( 5CO2 + 5H2O

Sponsors

1) United States Department of Energy

2) Mick A. Naulin Foundation

3) College of Engineering, University of Florida

4) Division of Sponsored Research, University of Florida

5) Public Utility Research Center, University of Florida

6) School of Forest Resources and Conservation, University of Florida 

7) Florida Agricultural Experiment Station

8) National Rural Electric Cooperative Association

9) Triangle Consulting Group

10) Science and Technology Corporation

11) Green Liquids and Gas Technologies

12) Fuel and Combustion Technology Division, ASME

13) Coal, Biomass and Alternative Fuels Committee, IGTI  ASME

14) Florida Department of Agriculture & Consumer Services, Division of Forestry

15) International Association of Science and Technology for Development   

Conference speakers and summaries of their presentations

Pramod Khargonekar, Dean, College of Engineering, University of Florida, opened the conference by emphasizing the importance of meeting the energy needs of modern society while solving its environmental problems.  He expressed the hope that the interdisciplinary international group assembled for the CDF conference could by their research and development efforts and bridges to the real world make a significant contribution to the solution of global energy-environmental and economic problems. 

Rather than follow the time order of speakers this Summary organizes the presentations according to 


I. Biomass Fuel Characteristics and Sources, 


II. Co-Firing Technologies, 


III. Co-conversion Technologies and 


IV. Environmental, Energy and Economic Drivers

Biomass Fuel Characteristics and Sources

David Tillman [1] of Foster Wheeler Power Group, Inc spoke on  “The Fundamental Fuel characteristics of Woody Biomass: Practical Implications for Cofiring in Coal-Fired Boilers”.  He described how detailed fuel characterization of biomass and coal, are determined using drop tube reactor (DTR) testing and carbon 13 nuclear magnetic resonance (13C NMR) testing to complement traditional fuel characterization These results provide significant insights into the high reactivity of biomass fuels, and the differences in fuel nitrogen release patterns of biomass relative to coal. These characteristics result in benefits to the practice of biomass cofiring in pulverized coal (PC) and cyclone boilers. The data developed to date by Foster Wheeler and The Energy Institute of Pennsylvania State University have provided significant insights into the implications of woody biomass fuel characteristics on the combustion processes in coal-fired boilers. Their paper summarizes those combustion implications using data from cofiring testing at the Albright and Willow Island Generating Stations of Allegheny Energy Supply Co., LLC, and data from previous tests at the Allen Fossil Plant of TVA, the Bailly and Michigan City Generating Stations of Northern Indiana Public Service Co., and the Seward Generating Station of GPU Genco (now Reliant Energy). Operational considerations as well as control of SO2, NOx, CO, and mercury emissions were the points of focus.

Larry Baxter [2] of Brigham Young University spoke on “Biomass Combustion and Cofirng Issues Overview: Deposition and Corrosion, Flyash Formation and Utilization, NOx Formation, and Impact of Biomass on SCR Systems”. He summarized research results on corrosion and deposition, fly ash utilization, and SCR/NOx formation of recent tests. Their modeling results illustrate biomass combustion features that impact other issues. Experimental results based on a mixture of laboratory and commercial samples form the basis of most of the information. Previously reported corrosion mitigation provided by sulfur from coal does not extend to reducing conditions. Boiler heat transfer surfaces risk corrosion when subject to reducing conditions by virtue of over fire air separation, low NOx burners or other stoichiometry-altering operations if chlorine-laden biomass (or coal) is fired, even in the presence of high sulfur-dioxide concentrations. Biomass-coal mingled fly ash impacts on concrete for varying concentrations of both herbaceous and woody biomass fly ash. and coal fly ash indicate this issue is manageable. A comprehensive range of concrete properties were analyzed. Under conditions representative of most commercial cofiring (< 20% biomass by energy content), concrete properties were not significantly altered by the presence of biomass. However, at extreme loadings (approaching 100 % biomass) there were significant impacts. Alkali in biomass is capable of large reductions in SCR activity, but only when intimately mixed with surface catalysts and when present in quantities comparable to catalyst quantities. Each of these issues can be resolved by boiler operation with deliberate thought and action.
Mohammad  Rahmani [3] of the University of Florida  in speaking on “Co-Utilization Potential For Biomass In Florida” pointed out that Florida could be one of the foremost states producing biomass for energy.  Land available for biomass production totals 2.5 million ha (6.17 million acres) in peninsular Florida. Elephantgrass, sugarcane, Leucaena, various Eucalyptus species, and pines have high yields. Farmgate costs range from $23-35, $24-32, $16-47, and $32-39 per dry Mg ($21-32, $22-29, $15-43, and $29-36/ton) for sugarcane, elephantgrass, Leucaena, and Eucalyptus, respectively.  The cost of producing electricity from various biomass crops in central Florida ranged from $0.068 to $0.08 per kWh.  While Florida has considerable potential for co-utilization, some technical problems must be overcome.

David Bransby [4] of Auburn University spoke on  “Fuel Sources For Co-Firing: A Case For Herbaceous Energy Crops In The United States”. He noted that co-firing biomass with coal offers one of the most promising opportunities for near term commercialization of energy crops in the U.S.A. because little or no capital investment is needed. In addition, U. S. agriculture is languishing in a state of overproduction of all its major crops: cotton, corn, soybeans and wheat. This has lead to depressed crop prices, struggling rural economies and expensive farm programs. Even though most of the research conducted in the U.S.A on herbaceous biomass for energy production, has focused on switchgrass (Panicum virgatum), many other crops could be used for this purpose, including both annuals and perennials. While it is impossible to produce and deliver herbaceous biomass to power plants at the same cost as coal, a tax credit of 1.5 cents/kWh for co-firing biomass with coal (such as that proposed in the draft Energy Bill of 2002) would make this process economically viable for utilities. Furthermore, it would result in major benefits for U.S. agriculture. Therefore, politicians should be strongly encouraged to pass this type of legislation in 2003.      

Greg Brubaker [5] representing Jacksonville Electric Authority (JEA) described their program on “Woody and Herbaceous Biomass Production on JEA’s Biomass Energy Research Farm”. In concert with the Sierra Club of Northeast Florida and the American Lung Association of Florida, the JEA has implemented a “GreenWorks” program to improve the environment in the community it serves. By a variety of projects, JEA intends to become one of the leading “clean power” utilities in the United States. In light of these commitments and initiatives, in 1998 JEA decided to investigate the use of irrigated, short-rotation-intensive-culture (SRIC) tree farms to produce woody biomass for green power and other forest products by implementing a 19-acre demonstration project adjacent to their District 2 WRF. The actual project  became operational in 2001. Approximately 15 acres of the site, now formally designated as the Biomass Energy Research Farm (BERF), are planted in a variety of woody and herbaceous species. Approximately 10,000 trees consisting of four fast-growing hardwood trees (eastern cottonwood, hybrid poplar, yellow poplar, sycamore) and loblolly pine were planted in April 2001.  In June 2002, four fast growing grass species (Giant Reed, two bamboos and switchgrass) were planted on approximately one acre of the site. An overview of JEA’s BERF project and data collected from the first two growing seasons of the project. 

Edward Barnard [6] of Forest Pathologist, Florida Department of Agriculture & Consumer Services who spoke on “Co-Utilization of Domestic Fuels and Forest Health” pointed out that healthy forests provide clean air, clean water, wood products, recreational amenities, and much more.  In much of Florida, and indeed the United States, as well as other parts of the world, forests that are overstocked, overpopulated with overmature/senescent trees and/or supporting excessive quantities of competing, flammable, or otherwise undesirable vegetation or non-native invasive pest plant species can be classified as unhealthy.  Development and promotion of co-utilization facilities, processes and markets has the potential to enhance forest health by providing a value and use for biomass materials frequently treated as useless waste.  Facilitating such a co-utilization – forest health connection could also stimulate local employment opportunities, as biomass so utilized must be harvested and transported. Further, such a connection might logically dovetail with and/or mitigate the need for government programs such as the Forest Land Enhancement Program that provide federal subsidies for forest health-improving silvicultural practices.  In addition, to the extent that use of biomass fuels mitigates the production of greenhouse gases and other air pollutants, the world’s forests, indeed society generally, would be that much better off. 

Marshall Thomas [7] of F&W Forestry Service, Albany submitted information on “Supply and Price Factors for Plantation Grown Southern Pine”. He pointed out that we are now growing more wood than will be consumed, thus creating opportunities for new uses of a plentiful inexpensive renewable resource.  The South has become the leading grower of trees in the world and the Pulp and Paper Industry the major user of small trees is in decline.  Thus, there is large resource availability at historically low prices.  His presentation made a compelling case for the need of the U.S. forest industries for a major new outlet for its biomass production.  The decline of the US pulp and paper industry coupled with large increases in wood production capability is leaving a large overabundance of fuel in the Southeast. He concludes that Southern Forestry is among the Greenest in the world. According to newspaper accounts similar over-production of small trees exist in the Rocky Mountain region and the West Coast.

Mao Jianxiong [8] of Tsinghua University, China in speaking on the  “Energy Structure and the Technology of Co-Firing Biomass and Coal in China” said that total reserves of coal in China is 1023 billion tons, ranking second in the world. China’s total energy consumption in 2000 was 1075 million tons coal equivalent (Mtce) of which coal accounted for 64%, which has caused a serious air pollution problem. He described details about China’s energy structure; the status of coal and the resources of agriculture, forestry and other biomass. He estimated that the annual biomass energy resources in China are some 437 Mtce, of which 240 Mtce came from agriculture crop residues in 2000. Noting that biomass is a clean energy there is a big potential for China to convert its biomass resources into energy to mitigate the use of coal, and partially solve its energy and environmental problems.

Xie Ke-Chang, [9] President of Taiyuan University, described “Chinese Clean Coal Technology and its Application in Shanxi Province”. He observed that while environmental pollution has become an obstacle towards a sustainable economic development of China coal will probably remain the main primary energy source for a long term. Shanxi province is an area rich in coal and biomass and other renewable energy sources can only meet a small percentage of the energy needs of Shanxi province.  Thus, Shanxi will mainly develop clean coal technology but will develop various coal-biomass co-utilization technologies for  emission reduction and waste disposal applications.

Co-firing Technologies

Evan Hughes, [10] Consultant, Biomass Energy, EPRI, while chairing a co-firing session said biomass co-firing with coal has been the core of EPRI's biomass R&D since 1992.  Fuel sources for co-firing and for other biomass energy technologies have been investigated by EPRI throughout this period. With co-funding from the California Energy Commission, EPRI has more recently made cost and performance calculations in a preliminary scoping study of biomass co-firing with natural gas. 

David Tillman [1] on behalf of Allegheny Energy Supply Co., LLC, reported on “Cofiring Biomass With Coal at Allegheny Energy” at Willow Island Generating Station Boiler #2, a 188 MWe cyclone boiler, and Albright Generating Station Boiler #3, a 140 MWe tangentially-fired pulverized coal boiler.  The combined firing of these two units has been some 6,000 tons of sawdust; this has generated over 5,500,000 kWh of green power while reducing greenhouse gas emissions by an estimated 18,000 tons.  In addition this cofiring has reduced SO2 and mercury emissions and, in the case of Albright Generating Station, NOx emissions.  Operationally the cofiring systems did not impact capacity and had a minor influence on system efficiency.  Other operating parameters were such that the co-firing systems were virtually not noticed by the operators.  His paper reviewed the system designs and operational results from co-firing at the Allegheny installations.
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Bo Leckner[11] from Chalmers University of Technology, Sweden discussed options on  “Co-Combustion of Biofuels, Wastes and Coal”. In his banquet talk, he projected Figure 1 showing the exponential growth of publications in the field of co-combustion. He identified the most important options as: co-combustion in the main combustor, in an additional bed inside of the main combustor, in an additional boiler attached on the steam side to the main combustor and in an additional gas generator attached to the main combustor. In all cases, the properties of the fuels are decisive for the success of the arrangement.  The most important properties: are volatile matter content, potential emission precursors and (sulphur, nitrogen and chlorine) and heavy metals. Furthermore, the alkali content of the mineral substance of the fuel can cause for fouling and corrosion. Research activities at Chalmers University of Technology include several aspects of these problems. Emissions from co-combustion of coal and wood in a circulating fluidized bed were given. Co-combustion of coal and sewage sludge were especially interesting (from a research point of view) because of the high content of nitrogen in this material.

Hartmut Spliethoff, [12] Delft, Netherlands in a “Comparison of Concepts for Thermal Biomass Utilization with the Example of the Netherlands” noted that biomass and waste are the most important renewable energies today and probably in the future. There are different possibilities to convert biomass and waste to power and heat. The selection of the technology is dependent on the scale. A study at Delft has been carried out to compare different technologies for electricity in heat production in the range above 10 MW. Based on existing installations mainly in the NL the thermodynamic cycles have been calculated for standard conditions and the electricity production costs have been estimated. The technologies which have been considered are: 1) Fluidized bed boiler with a steam turbine, 2) Biomass integrated gasification combined cycle. 3) Direct co-combustion and 4) Indirect co-combustion. Their results show that for clean biomass, direct co-combustion is the economic choice. Direct co-combustion of biomass in coal-fired plants, however, can have negative effects on the operation and the quality of the residual matter. By an additional pyrolysis or gasification step, it is possible to separately remove and utilize the ashes of coal and biomass and expected operational problems, such as corrosion, can possibly be avoided.

Mao Jianxiong [8] of Tsinghua University China in speaking on “Co-Firing Biomass and Coal in China” described a specially designed internal circulating fluidized bed (ICFB) boiler with the steam capacity of 35t/h (6 MWe) manufactured in Jiangxi Province.  It has two beds that allow for the differing combustion characteristics of the furfural residue and coal fuels. ICFB technology has a series of advantages for co-firing biomass and coal with much higher efficiency, low emissions and much higher co-firing ratios of biomass. This technology has big potential to retrofit coal-fired boilers near adequate biomass resources. Based upon the operational performance of this ICFB, the potential industrial and power applications are large.  
Patrick Travis [13] on behalf of Energy Products of Idaho (EPI) and Black & Veatch reported results of an engineering review and feasibility study to evaluate the integration of an EPI atmospheric fluid bed biomass gasifier with an existing cyclone coal boiler at the Nebraska Public Power District Sheldon Station. The gasifier would provide approximately 17 percent of the energy input to Unit 1 (approximately 18 MW electrical equivalent), replacing an equal amount of coal on a Btu basis. The proposed biomass fuel for the project is railroad ties.  He presented the results of the study including the site investigation, biomass fuel resource assessment, design considerations, and economic model for the feasibility assessment. They conclude that this method substantially reduces concerns regarding fuel management, sizing, and other impacts on existing equipment and, further, improves overall emission performance. This alternate method employs fluidized bed gasification system to convert the energy of the solid biomass into a low Btu gas to be directly fired in the boiler. Additionally, the biogas can be used as a reburn fuel to significantly reduce NOx emissions. The proposed system would reduce emissions of sulfur dioxide, mercury, carbon dioxide and other pollutants, reductions that have economic value in addition to the value of the green power produced. 

Kevin Davis [14] of Reaction Engineering International (REI) in “An Evaluation of Wood Co-firing Strategies in Circular Burners”  described the application of computational fluid dynamics (CFD) software as a tool to provide understanding and guidance in evaluating various biomass firing strategies and furnace designs.   The paper identifies potential impacts of biomass fuel on combustion performance and emissions. Using REI’s in-house software GLACIER, CFD simulations have been performed to describe the combustion process and relevant emissions with the goals of (1) evaluating the ability of the CFD model to describe biomass combustion and (2) understanding the impacts of co-firing wood in pulverized-fuel-fired boilers and (3) developing configured models for use by engineers lacking experience with CFD tools.  Results illustrate the complexity of the combustion of biomass fuels and the necessity of advanced analysis techniques capable of quantitatively evaluating the often non-linear interactions of key elements.      

James Rhodes [15] of Carnegie Mellon University in “An Economic Assessment of Biomass Co-Fire in Coal-Fired Power Plants” pointed to their development of a model to calculate electricity and mitigation costs with explicit characterization of uncertainty in fuel and technology costs and specific fuel properties. The model is first used to evaluate the economics of co-fire as a function of biomass cost. It is then integrated with state-specific coal consumption and biomass supply estimates from the literature to develop nationally averaged, marginal cost curves for co-fire electricity and carbon mitigation. The results indicate a delivered cost of biomass below $20 per ton is required for co-fire to be competitive with existing coal-based generation.   Although it is unlikely to be competitive for NOx or SOx control, co-fire could reduce carbon emissions from coal-fired power plants by 10% with marginal mitigation costs near $60 per ton carbon. While this is competitive with other mitigation strategies, the 2-3 year time horizon for deployment – compared with 10-20 years for other options – makes co-fire particularly attractive.

Ezra Bar-Ziv, [16] of Ben-Gurion University of the Negev, ISRAEL speaking on a “CFD analysis of CDF options for Israel” called attention to recently discovered natural gas in the Ashqelon shores, Israel. This discovery led to an examination of the energy environment and economic benefits of blending the domestic natural gas with Israel’s imported coals.  In earlier work, prior to the actual firing of an imported coal in Israel Electric Corporation boilers they used a combination of a 50 kW test facility and full-scale CFD simulations to examine specific boiler-imported coal combinations of interest. The test facility gave the physicochemical properties required for the simulations. Their special Computational Fluid Dynamic - (CFD) simulations enabled them to predict the boiler performance with high reliability; i.e., cycle efficiency, pollutant emissions and optimal operational conditions. This combination of small-scale testing and full-scale CFD simulations was useful for operational and economical purposes. Now for economic and environmental reasons they are considering using natural gas as a reburn fuel in existing IEC coal fired boilers to reduce the NOx emission to allow purchasing lower cost higher nitrogen containing coal. However, before going to actual experimentation in utility boilers they have started CFD simulations to determine optimal conditions of operation and to evaluate economic and environmental benefits.

Co- conversion Science and Technologies

Rafael Kandiyoti [17] of Imperial College, London speaking on “Bench-Scale Experiment Design for Developing Co-Pyrolysis & Co-Gasification Technologies” emphasized that important issues remain to be resolved before co-pyrolysis and co-gasification technologies may be offered as commercially viable processes. Issues such as solids handling and solids injection require solutions developed at actual pilot or plant scale. However, research on many other residual problems can be done effectively, rapidly and inexpensively at bench scale. For example, tar cracking kinetics has been derived from measurements of extents of tar destruction in the freeboard of a bench-scale fluidized bed, using sample sizes no greater than ~ 4 g. In addition, an investigation of low coal char reactivities in the British Coal (Air Blown Gasification Cycle) gasifier has been carried out with a high-pressure wire-mesh reactor using 5 mg samples. The work showed that it only takes about 10 sec at 1,000 ºC for chars to lose ~70 % of their reactivity. A bench scale high-pressure fluidized bed, with sample flow rates of ~ 3 g min-1, has been used to isolate factors contributing to NH3 and cyanide formation during the air/steam co-gasification of coal and sewage sludge pellets. He cited several studies involving the formation of calcium based liquid/solid deposits in air blown gasification that gave the modalities of trace element release during solid fuel gasification. The designs of the bench scale reactors used in these studies were presented and discussed in terms of the product characterization methods employed.

Alex Green [18] of the University of Florida speaking on “Flash Pyrolysis Systematics for the Coalification Region” presented a unified model of pyrolysis developed to facilitate co-utilization of domestic fuels (CDF). This first order reaction rate model was first invoked in interpretations of University of Florida (UF) laboratory and industrial scale coal-natural gas (C-NG) co-firing experiments using coal pyrolysis yields measured at MIT.  After undertaking MSW, biomass, coal and natural gas co-firing experiments the model was refined to fit the cellulose fast pyrolysis data reported in the literature. The model is here adapted to represent two sets of Curie point fast pyrolysis (FP) measurements made at Tohoku University with coal of various ranks. One set gave 15 products yields from 17 coals of various ranks at 764oC. The second set gave 15 product yields at five additional temperatures for eight of the coals. Equations are pesented to calculate FP yields for most chemical products CaHbOc as they that depend upon the weight percentages [C], [H] and [O] of the feedstock, the product characterizing parameters a, b, and c, the temperature of pyrolysis (T).  Using an additive rule, this model should be useful for many CDF applications, at least until better ones are found.
Michael Serio [19] of Advanced Fuel Research, Windsor Connecticut described “Biomass Pyrolysis as a Bridge to Distributed Energy Generation”. During the past 5 years, there has been increasing interest in distributed power generation by fuel cells, micro-turbines, thermophotovotaics (TPVs), etc. Some observers have predicted a coming revolution in power generation similar to the one that occurred in the computer industry when personal computers replaced mainframes. There is also a lot of interest in using biomass feedstock for energy production because of concerns about CO2 production from fossil fuels. Pyrolysis processing will play an important role in allowing biomass feedstock to be used by alternative energy devices because these devices require gaseous feedstock. He discussed some of the challenges and opportunities of biomass pyrolysis in the brave new energy world.

Rafael Moliner [20] of Instituto de Carboquímica, Spain speaking on “Valorization of Selected Biomass and Wastes by Co-pyrolysis with Coal”  described a program of co-pyrolysis of different biomass materials with low rank coal to produce smokeless fuel briquettes. Coal weight percentages of 50, 33 and 25 % were co-pyrolysed with biomass at 600 ºC to reduce the volatile matter and the amount of sulfur. Calcium hydroxide and limestone were used as additive to improve the retention. The briquettes gave slow, uniform and smokeless combustion and appeared to serve as a high-grade fuel. In a second CDF program, waste lubrication oils were used with coal to produce chemicals and energy. In Spain, 260,000 tonnes of used oils are generated every year and about half this mass is actually collected. Around 18 % of the used oil collected is regenerated and around 19 % is used for electricity production. Their utilization as a fuel, albeit controversial, is still the most widespread use (approximately 63 %). When studying the co-pyrolysis of a Spanish low rank coal and a waste oil as a slurry in a continuous-mode preparative scale pyrolysis unit, it was shown that the char formed during the co-pyrolysis acts as a sorbent for metals, especially Pb, V,Cu and Ni. This experience will be developed in the next stage of the project. They plan to undertake the thermo-catalytic decomposition of the primary pyrolysis products into hydrogen and carbon, as an alternative route to steam reforming for the production of high purity hydrogen, free of carbon oxides.

Meyer Steinberg [21] from Brookhaven National Laboratory described “Advanced Technologies for Co-processing Fossil and Biomass Resources for Transportation Fuels and Power Generation”. He first reviewed Hydrocarb processes that convert a combination of carbonaceous fossil feedstock including natural gas, coal and biomass to produce elemental carbon, hydrogen, methane or methanol fuel. Three basic steps are involved.  A hydropyrolysis (HPR) step produces a methane rich gas followed by a methane pyrolysis step (MPR) and concluding with a methanol synthesis step (MCR). The excess hydrogen is recycled.  The latter step can be converted to a water gas shift reactor (WSR) for converting carbon monoxide to hydrogen production.  The Hynol process also follows three steps, however, instead of a methane pyrolysis reactor (MPR), a methane steam reformer (MSR) is used to convert the methane rich gas to CO and H2.  The products of Hynol can be hydrogen, methane and methanol. The Carnol process reacts with CO2 from coal and biomass fired power plants with hydrogen from the thermal decomposition of natural gas in a catalytic converter (MCR) to produce methanol for use in direct methanol fuel cells for automotive transportation. The carbon from the decomposition of natural gas in these processes can be sequestered or can be used in a highly efficient direct carbon fuel cell for power generation and sequestering the resulting concentrated CO2 for additional emissions reduction.  A continuous plasma methane decomposition reactor (PDR), as an alternative to the thermal decomposition process for carbon and hydrogen production was also described. 

Xie Ke-Chang [9] from Taiyuan University of Technology (TUT), Shanxi speaking on “Chinese Clean Coal Technology and its Application in Shanxi Province Energy” [9] stated that in Shanxi Key Lab. of Coal Sci. & Tech., thermal plasma technology is being introduced into coal conversion processes to provide the theory and technology for clean and efficient methods of coal pyrolysis, gasification and organic compounds synthesis. Research is planned on coal-derived methanol, free of sulfur and other impurities to be used as a petroleum substitute.  Shanxi province, has abundant resource of coal based gas (CH4) with nearly 600~700 billion cubic meters in reserves. TUT will carry out the research work on direct conversion of CH4-CO2 (or CO) to oxygenated compounds. This conversion and utilization of CH4 as well as of CO2 may become the main source of energy and chemical feedstock after petroleum. Co-utilization of biomass in the form of RDF and bio-solids with coal are under study as environmentally advanced methods of waste disposal.
Dennis Miller [22] of the Solena Group Inc. described “An Integrated Plasma Gasification Combined Cycle (IPGCC) System” that employs a Plasma Gasification and Vitrification (“PGV”) technology to convert virtually any type of organic materials. The product is a clean, low heating value synthesis gas (plasma syn-gas) containing mainly carbon monoxide and hydrogen gases.  Feedstocks tested include mixtures of bio-solids, municipal solid wastes, industrial and hospital wastes, petroleum coke, biomass, and other waste forms. This gas is then employed as a primary fuel for a combined cycle gas turbine, i.e. GE Heavy-Duty Industrial Gas Turbines, and/or fuel cell system for the production of electricity. The feedstock is first gasified (partial oxidation) in a gasifier using the high-temperature PGV heating system at atmospheric pressure. The synthesis gas is then cleaned with Solena’s syn-gas conditioning system prior to being combusted (complete oxidation) in a gas turbine producing electricity. Emissions compare favorably with those of a natural gas fired plant. The inorganics are melted into a vitrified slag that meets all EPA leachability requirements and can provide another revenue stream.  The plant produces no ash and only very small amounts of particulates, SOX, NOX, and CO2.  The plasma heating system provides an independent and extremely powerful heating source allowing the PGV system to be fuel flexible and achieve higher technical efficiency at both the front- and back-ends of the IPGCC process.  IPGCC plant’s power availability is at levels equivalent to natural gas combined cycle plants.  Costly gas cleanup systems are not required and ash disposal is not a cost issue. 

Mark Hornick [23] from TECO spoke on “Polk Power Station IGCC – Technology Overview and Capability for Co-Utilization of Biomass” Polk Power Station Unit 1, an Integrated Gasification Combined Cycle (IGCC) unit is owned and operated by the Tampa Electric Company. This 250 MW (net) unit that began commercial operation in September of 1996 has demonstrated the technical feasibility of commercial-scale IGCC technology. It uses an oxygen blown, slurry fed, entrained flow gasifier integrated with gas clean up systems and a highly efficient combined cycle to generate electricity with significantly lower SO2, NOx and particulate emissions than existing coal fired power plants. The unit is designed to operate on a coal feedstock and has successfully operated on over 20 different coals, and blends of coal with petroleum coke. The unit has also demonstrated the capability to co-utilize a portion of biomass in the feedstock during a small-scale test. Technical challenges were identified in blending woody biomass into the coal slurry feedstock for injection in the gasifier. Further development of the material handling and sizing systems are planned to allow commercial co-utilization of biomass on an ongoing basis.

Ronald Herbanek [24] of Global Energy spoke on “The Feed System Innovation for Gasification of Locally Economical Alternative Fuels (FIGLEAF) Project Conducted for the Wabash River IGCC” . The goal of the FIGLEAF project was to study the feasibility of utilizing low cost fuels to enable an IGCC system to compete with lower capital cost NGCC systems. The IGCC plant must offset the higher capital cost of the gasification section and the (downstream) syngas cleanup systems. Although project specific, IGCC is currently competitive with NGCC at natural gas prices in the range of $2.25 - $2.50/MMBtu, plus the cost of the feedstock.  Thus, lower cost feedstock than traditional solid fuels (such as petroleum coke) could provide economic “leverage” toward the use of IGCC.  Realization of such a scheme brings with it several challenges: 1) Collection, transportation, and storage logistics, 2) Consideration of new and unique material handling and feed equipment and techniques and 3) Evaluation of performance and operational impacts of co-firing. The paper reviewed the results of the FIGLEAF project, which studied in detail the feasibility of co-feeding bio-solids to the E-GASTM Gasifier located at the Wabash River IGCC plant.  This facility currently utilizes petroleum coke.

John Wheeldon [25] from EPRI speaking on “Opportunities for Co-Gasification of Fuels” noted that gasification of biomass and wastes offers the potential for higher power generation efficiency than can be accomplished with direct combustion boilers and steam turbines in the smaller size range appropriate for dedicated biomass projects. However, all small-dedicated biomass projects will suffer from the diseconomies of smaller scale. There are, however, opportunities for the co-firing of biomass and waste derived gases in existing boilers that avoid some of the disadvantages of direct co-combustion of fuels. This enables a more cost effective utilization of such fuels in the larger units with their associated economies of scale. There is also an opportunity for co-gasification of various fuels and wastes in gasification and Integrated Gasification Combined Cycle (IGCC) plants that similarly offer more economic utilization than can be obtained from smaller dedicated plants. His presentation reviewed the design and operating experience of biomass and waste gasification plants adjacent to boilers and the co-gasification of fuels in gasification and IGCC plants.

Daren Daugaard [26] speaking on behalf of a team from Iowa State University, Black & Veatch, Resource Transforms International, and DynaMotive Energy Systems Corporation described an “Integrated (fast) Pyrolysis/Combined Cycle Biomass Power System” that converts solid biomass into liquid rather than gaseous fuel.  This liquid fuel, called bio-oil, is a mixture of oxygenated organic compounds and water that serves as fuel for a gas turbine topping cycle.  Waste heat from the gas turbine provides thermal energy to the steam turbine bottoming cycle. Advantages of the biomass-fueled IPCC system includes combined cycle efficiency exceeding 33.6% efficiency for a system as small as 7.6 MWe, absence of high pressure thermal reactors, decoupling of fuel processing and power generation, and opportunities for recovering value-added products from the bio-oil.  He described the operation of this new power cycle, presented mass and energy balances for the system, estimated the capital and operating costs of the system, and identified technical barriers to implementing IPCC power from biomass.

Skip Ingley [27] and Samantha Mirabal of the University of Florida spoke on “CDF for Production of Hydrogen” which is expected to play a major role in the energy sector in the mid to long-term future. For that to happen, hydrogen must be produced in an environmentally responsible and cost effective way. Their talk covered the present status of conventional hydrogen production technologies and some of recent developments in the production of hydrogen by thermo-chemical processes with consideration of co-utilization of domestic fuels. Fossil fuels are currently the cheapest and most widely used sources of hydrogen production.  Biomass can also serve as a source of energy to produce hydrogen. Whether co-utilization of these two primary sources provides advantages warrants further study. Once produced, hydrogen might be co-fired with coal or biomass for pollution suppression. They presented economic comparisons of hydrogen production from various primary sources.
Environmental, Energy and Economic Drivers 

James Dean and Mike Halpin [28] of the Florida Public Services Commission (FPSC) of the Florida Department of Environmental Regulation (FDER) respectively summarized the just released FSPC-FDER study  “An Assessment of Renewable Electric Generating Technologies for Florida”. The statutory language used in their direction by the 2002 Florida Legislature defined renewable energy as electricity generated from any method or process that uses one or more of the following sources of energy, but not limited to: biomass; municipal solid waste; geothermal energy; solar energy; wind energy; wood waste; ocean thermal gradient power; hydroelectric power; landfill gas; and agricultural products and by-products.  Florida has approximately 680 megawatts of the above renewable capacities.  Florida also has an additional 340 megawatts of generation capacity from phosphate manufacturers who use waste heat to produce electricity. This results in a total net summer generating capacity of 1028 MWs.  Renewable electric production is largely derived from municipal solid waste (MSW), biomass materials such as agricultural waste products and wood residues, which are used as fuel in boilers, and waste heat recovered from industrial manufacturing processes. Florida has some 50 MWs of hydroelectric generation in the Panhandle. There are a number of photovoltaic installations but their total generating capacity is insignificant. 
Hartmut Spliethoff [12] from Delft speaking on “The Role Of Thermal Biomass Utilization And Co-Utilization In The European Framework Programme”  introduced the ongoing 5th Framework programme (1998-2002) and gave examples of ongoing biomass utilization and co-utilization projects.  Energy related research in the 6th Framework programme of the European Union will focus on hydrogen production, fuel cell technologies and CO2 sequestration. Research (medium to long term activities) on large-scale co-utilization is no longer an issue.  

Robert Beck [29] of the National Coal Council spoke on “The NCC and the role of Co-utilization”.  He noted that the National Coal Council is chartered by the Secretary of Energy under the auspices of Federal Advisory Committee Act (FACA) and became operational in 1985.  The purpose of the Council is solely to advise, inform and make recommendations to the Secretary of Energy with respect to any matter relating to coal or the coal industry that the Secretary may request. Members of the Council are appointed by the Secretary of Energy and represent all segments of coal interests and geographical disbursement. In the recent past the Council has been asked by the Secretary to investigate research and development needs on the issue of carbon management. A second study on this subject is currently underway and has as its completion target May 2003.  One of the areas addressed in these studies is the use of coal mixed with biomass to manage carbon since there is potential for the two fuels to be combined in any carbon management program.  The Council has recommended that this coal/biomass opportunity be investigated further.

John Ryan of the Sierra Club, Florida Chapter [30]spoke on their belief that energy use should be minimized through conservation, energy efficiency, recycling and reuse and that sustainable, renewable energy resources be utilized for human needs. Energy efficiency, conservation, and/or cleaner alternative energy sources (such as wind and solar) should be utilized preferably. To the extent biomass is an untapped sustainable/renewable resource, it should be utilized whenever the project delivers a net environmental benefit when compared to other available methods of power generation.

Stephen Segrest [31] of the Common Purpose Institute observed that the CDF community has not positioned itself to be successful in the marketplace. He concluded that a new paradigm is needed that recognizes and addresses the critical importance of educational outreach and the need to develop strategic relationships with environmental organizations in order to create market demand of CDF as Green/Renewable Energy.

Sanford Berg [32] from the Public Utility Research Center, University of Florida speaking on “Co-Utilization, Engineers, and Sustainability: Electricity Market Performance” pointed out that Co-utilization of Domestic Fuels (CDF) represents a promising portfolio of new production processes and inputs. However, new technologies are unlikely to be adopted unless prototype testing demonstrates the efficacy of creative approaches to blending fuels. Beyond the R&D stage, utilities transforming inputs into useable energy must be convinced that these technologies will benefit the bottom line. The technical skills and innovations of engineers are needed more than ever--but unless the regulatory system rewards the introduction of more environmentally sustainable fuels, the funds needed for new initiatives are unlikely to be forthcoming. Current uncertainties regarding regulatory policies and industry restructuring and investor perceptions of industry risk both raise the cost of capital and reduce the likelihood of new initiatives. If the economic foundations of co-utilization are not solid, CDF will wait in the wings while traditional production technologies continue to dominate the marketplace.

Irene Smith [33] from IEA, UK Clean Coal Centre in her talk on “Reducing Greenhouse Gas Emissions By Co-Utilization Of Domestic Fuels” discussed energy reserves, price and security of supply in the context of the prospects for coal and policies to reduce greenhouse gas (GHG) emissions. Coal is projected to remain a major source of energy with most of the demand growth in developing countries. She examined currently available power generating technologies, deploying coal with natural gas or biomass and highlighted successful, partial substitution of coal by other fuels in power stations. Among various options, hybrid gasification and parallel cofiring of coal with biomass and natural gas appear to have the greatest potential to reduce GHG emissions. Much may also be achieved by cofiring, reburning and repowering with gas turbines. The best method differs between different power systems. She concluded that co-utilization of biomass with coal is a least cost option to reduce GHG emissions where the fuel prices are comparable, usually due to subsidies or taxes. 

Wayne Smith [34] Director, School of Forest Resources and Conservation, U.F. presented a summary of the Florida Forestry Forum on “Using our abilities to sustain forest viability in Florida” that had just closed at another conference center in Gainesville. The Florida Forestry Forum (FFF) general purpose was to discuss where the state forestry industry is heading in efforts to sustain its agro-forestry landscape in the face of rapid and radical changes in land-use trends and market places. Calling attention to his schools long standing program in Biomass Energy R&D he reinforced previous remarks by Edward Barnard on the need to reduce the fuel load in forests to maintain forest health.  He also focused on the information presented by Marshall Thomas on the large oversupply of small southern pine trees due to the decline of the pulp and paper industry and advances of our wood growing capability. The FFF covered many other topics of mutual interest with this CDF conference and the need to build bridges between agriculture and electric generation was apparent in many of the FFF and CDF presentations.

Stephen Gehl [35] in his presentation on “Environmental and Economical Issues and the EPRI Electricity Technology Roadmap” described the strategic perspectives of EPRI and the importance of focusing on research and development. Based upon the capabilities of the current energy supply infrastructure with its effect on environmental variables he identified high priority energy and environmental issues that would concern developed countries in the next twenty to fifty years.   These include the need for further R&D on co-utilization and renewable sources of energy, integration of CO2 capture and scale up and demonstration of promising integrated systems based on gasification and production of alternative fuels. The talk highlighted the additional strategic support needed in the next 10-20 years in development and demonstrations aimed at H2, CO2 and “Vision 21” fuel and product-flexible plants. The talk brought out the necessity of detailed technical discussions between industry and DOE to define types of projects to be undertaken. Stress was placed on plans that are not simply limited to USA but can be adopted by all interested nations in appropriate conformation with their political energy scenarios.

. 

Overview of Co-Utilization of Domestic Fuels (CDF)

The main thesis and conclusion of this CDF conference can be summarized in four tables adapted from the author’s GABC report.  Table 1 lists Biomass and Other Opportunity fuels that are underutilized in the various parts of the USA and many other countries.  Table 2 list problems that have been identified in systems associated with exclusive use of some of the biomass categories listed in Table 1.  Many of these problems can be overcome if these fuels are co-utilized with coal or natural gas in relatively small proportions (say 5-15% by energy) at a nearby utility or industrial plant. Table 3 list properties of major ranks of coals as well as peat, wood and cellulose. Columns 2-7 lists representative ultimate and proximate analyses as measured by industry for over a century.  The numbers listed are corrected to apply for dry, ash, sulfur and nitrogen free feedstock (DASNF); essentially pure carbon, hydrogen, and oxygen (CHO) materials. The near constancy of the hydrogen weight percentage [H] and the smooth decline of [C] with increasing [O] provide strong reasons for treating peat, wood, cellulose and intermediate cellulosic materials simply as lower rank coals. Indeed, the table suggests that coals and biomass could be ranked simply by [O] to replace the different ranking systems used by various countries.  Using 34-O for peat, called "turf" in Ireland, might help reduce emotional and greed motivated responses associated with the many “turf wars” in fuel sector competitions and in energy/environmental/economic (EEE) confrontations. Approximate HHVs in MJ/Kg for the seven representatives CHOs are given in the fifth column based upon a simple Dulong formula that is a compromise between those used in the coal, biomass and food sectors. The sixth and seventh column of Table 3 gives representative "total volatiles", VT, and FC = 100 – VT, the fixed carbon as determined by the American Standard Test Measurement Method. The eighth and ninth columns of Table 3 give nominal densities (in Kg/liter) and the energy density, E/vol, (in MJ/liter), the product of the heating value times the density.  Low energy densities limit the economic transport distances of biomass. The tenth and eleventh columns give relative char re-activities and a qualitative picture of the H and OH radicals that are released in high temperature pyrolysis. While biomass has the disadvantages of low HHVs and low E/Vol as compared to coal its high volatility, char reactivities and free radicals production are advantageous in conversion processes.  Blending biomass with coal could enable the useful properties of one fuel to assist the thermal processing of the other.  The twelfth column gives a proposed ranking system that might temper the Tower of Bable associated with differing coal ranking systems.

Table 4 list advantages of a Green Alliance of Biomass and Coal (GABC) that together with other forms of CDF (e.g. biomass and natural gas, coal and natural gas, MSW and bio-solids) would foster sensible energy/environment policies (SEEP) that would be helpful to many nations.  This GABC table, modified somewhat to incorporate lessons learned at the CDF conference, might serve as a compact overview of the CDF conference results and the global trend towards CDF.  A recent European Union White Paper projecting the growth of biomass use from 3.1% of their total energy in 1995 to 8.5% in 2010 is another indication of this trend. Professor Bo Leckner’s Figure I clearly shows the growth of interest in co-utilization. Most recently, the 20 papers and numerous discussions involving biomass at 28th International Technical Conference on Coal Utilization & Fuel Systems  (the Clearwater conference, March 9-13, 2003) suggests that CDF is finally coming of age, even on this side of the Atlantic. 
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Table 3: ASTM classification of coals by rank (for DASNF fuels)





II.	What can Coal do for Biomass?


Make Opportunity fuels competitive


Lower capital cost of co-utilization (co-firing)


Foster use with turbine generators (co-gasifying)


Provide economic agricultural alternatives


Energy crops


Use of agricultural residues


Disposition of problem plant matter (Table1)


Overcome biomass-use problems (Table 2)


III. What GABC can do for the Globe?


Foster greening of planet earth


Lower CO2, pollution and toxic emission problems


Foster advanced environmental technologies


Foster phyto-remediation, phyto-mining


Facilitate economic recovery


Develop a biomass market and supply infrastructure


Foster biomass to liquid fuels chemicals


General development of fuel co-utilization


A sensible energy- environmental policy (SEEP).





Table 4: Benefits of “coal and biomass alliance”


What can Biomass do for Coal?


Co-firing Biomass with Coal


Lower CO2, SO2 and NOx emissions 


Foster renovation and ecofriendly use of coal facilities 


Foster IGCC, IG-cogen, CHP and chem factories.


Co-gasifying Biomass with Coal


Facilitate conversion to gases and liquids


Provide important environmental roles for coal 


Facilitate capture of toxics (mercury, arsenic…)


CO2  Sequestration, Nature's Way


Federal, state land reforestation, new parks


Interstate highway plantings	


Urban forestation (elms)


Wood buildings and carbon products	


Phytoremediation 


Remediate toxic sites		


Restoration of mined lands	


Foster phyto-mining


Development of practical solar energy technology. 





Table 2:  Problems with Biomass Utilization


Hard to feed and mechanically process.


Low energy density limit economic transport distances. 


Seasonal availability presents problems off-season. 


High moisture content of plant matter.   


Higher alkali metal content fosters ash melting. 


Difficulty of exploiting economy of scale.


Excluded from solar and windmill fraternities.


Excluded by ethanol fraternity


Not favored by environmentalists. 


Not favored by the coal industry.


Resource over-estimates by biomass advocates.


Does not compete cost-wise with coal or natural gas
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     Figure 1: Publications per year in the field of Co- combustion








Table 1: Biomass and other Opportunity Fuels 


 Energy crops on underutilized or marginal lands.


 Agricultural residues 


 Forest understory and forestry residues.


 Infested trees, pine beetles, citrus canker, oak spore 


 Cellulosic components of municipal solid waste.


 Urban yard waste,


 Construction and deconstruction debris.


 Food processing waste.


 CCA and other treated wood.


 Biosolids (sewage sludge).


 Plants grown for phytoremediation of toxic sites.


 Algae, hydrilla, water plant-remediators


 Invasive species (melaluca in the Everglades), 


 Used Tires and waste plastics.
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Ultimate Analysis�
Proximate Analysis�
Other properties�
�
Name�
C�
H�
O�
HHV�
VT�
FCCh�
Dens�
E/vol�
Reactivity�
H,OH Rad�
O-Rank   �
�
Anthracite�
94�
3�
3�
36�
7�
93�
1.6�
58�
1.5�
v. low�
3 –O�
�
Bituminous�
85�
5�
10�
35�
33�
67�
1.4�
49�
5�
low�
10 -O�
�
Sub Bitum�
75�
5�
20�
30�
51�
49�
1.2�
36�
16�
med�
20 -O�
�
Lignite�
70�
5�
25�
27�
58�
42�
1�
27�
50�
interm�
25 -O�
�
Peat�
60�
6�
34�
23�
69�
31�
0.8�
18�
150�
high�
34 -O�
�
Wood�
49�
7�
44�
18�
81�
19�
0.6�
11�
500�
v. high�
44 -O�
�
Cellulose�
44�
6�
50�
10�
88�
12�
0.4�
9�
1600�
v v.high�
50 –O�
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