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1. Identify the DOE award number; name of recipient; project title; name of project 
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notices may be deemed to have been furnished with unlimited rights, and the Government 
assumes no liability for the disclosure, use or reproduction of such reports. 

Patentable material or protected data from the grant subcontractor (W2E) is denoted on attached 
reports. 

3. Provide an executive summary, which includes a discussion of 1) how the research adds 
to the understanding of the area investigated; 2) the technical effectiveness and economic 
feasibility of the methods or techniques investigated or demonstrated; or 3) how the project 
is otherwise of benefit to the public. The discussion should be a minimum of one 
paragraph and written in terms understandable by an educated layman. 

This research evaluated a rotary kiln gasification system utilizing agricultural wastes to generate 
syn gas. The goal of the project was to develop an efficient methodology for harnessing energy 
from agricultural waste. Objectives included: installation and cold testing of the gasification 
system; hot testing the gasification system with two agricultural wastes; development of an 
operations plan, including a data procurement and analysis plan; development of a predictive 
model and validation of the model; developing process improvement recommendations; and 
construction of two deployment pathway models (e.g., institutional and farm). 

The completed research reached the following conclusions: 

1. Syn gas quality produced was of a relatively low BTU value, but can be improved with 
feedstock handling process improvements. 

2. Blending of feed material is required to obtain higher BTU values. 
3. High moisture content in agriculture feedstock reduced the heating value. 
4. Uniform size of feedstock is necessary and should be as small as possible (0.5- 1 inch). 
5. Changes to the feed handling system will be necessary to scale up the system beyond the 

prototype size. 
6. Feedstock handling system may be best served through use of a screw feeder. 



7. A dry scrubbing system may be best suited for a scaled-up system. 

Several minor technical issues were identified during gasifier operations. Feedstock handling 
and preparation issues are largely dependent on the type of feedstock, whether or not the 
feedstock is densified, and the amount of feedstock entering the system. Additionally, non
densified material, such as loose municipal solid wastes (MSW) may present additional 
gasification challenges due to the variety of materials. These challenges can be addressed by a 
variety of methods including ram feeders and material choppers. The economic feasibility of 
deployment of these gasification systems to institutions and farms has the potential to generate 
millions of dollars in electricity revenue; New York State estimates include approximately 
$121.5 million at $0.6 plk:Wh annually. This project has a significant potential benefit to the 
public. If scale-up hurdles can be adequately addressed, farms and institutions with access to 
useable feedstock could deploy gasification systems to both eliminate waste material and 
generate electricity and heat. 

4. Provide a comparison of the actual accomplishments with the goals and objectives of the 
project. 

The project objectives included: 

• Design, reconfigure, and procure prototype gasification system for operations 
with two selected agricultural wastes. 

• Based on literature and data, develop correlations for the products of gasification of 
agricultural wastes and to validate these correlations with data acquired from the 
prototype system. 

• Develop scale-up criteria based on the operation of the prototype system. 

• Develop pathways for the efficient deployment of small-scale gasification systems. 

The majority of the work for this project was completed by the project sub-contractor, W2E, 
Inc., with the grantee, SUNY Cobleskill, responsible for project management and gasifier hot 
testing. Because of delays in building construction at SUNY Cobleskill, the shipment of the 
gasifier was delayed, and hot testing on two agriculture feedstock types was conducted in 
Combatore, India by the sub-contractor W2E, Inc. 

In addition to supporting efforts to obtain, ship and install the gasification system at SUNY 
Cobleskill, the project essentially provided SUNY Cobleskill with a strong base at which to 
move forward with future gasifier research operations. W2E Inc. supported the project in many 
ways, including: providing the rotary kiln gasifier as cost-share; conducting both cold and hot 
testing of the gasification system; developing an operations plan, data procurement plan and data 
analysis plan; development of a predictive model based on gasification literature and research; 
validation of the predictive model; process improvement recommendations; and developing two 
deployment pathway models for future implementation in institutions and on farms. Because of 
this grant, SUNY Cobleskill is now in a position to better understand the complexities of 
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gasification, effectively operate the gasification system, and manipulate feedstock to product and 
improve the resultant syn gas. 

5. Summarize project activities for the entire period of funding, including original 
hypotheses, approaches used, problems encountered and departure from planned 
methodology, and an assessment of their impact on the project results. Include, if 
applicable, facts, figures, analyses, and assumptions used during the life of the project to 
support the conclusions. 

The original hypotheses of this project was to determine the efficiency of an innovative rotary 
kiln gasification technology to convert agricultural wastes into energy. SUNY Cobleskill 
awarded a sub-contract to W2E, Inc. to carry out the major project tasks. 

Task 1. Gasifier Cold Testing and Installation 

Task 1.1 Cold Testing and Calibration- the gasifier was built and assembled in Combatore, 
India. Cold testing and calibration were performed by W2E personnel. Two site visits were 
conducted by SUNY Cobleskill project staff to meet with W2E personnel and leadership and 
inspect the gasification equipment. 

Task 1.2 Installation at SUNY Cobleskill- the gasifier system arrived at SUNY Cobleskill in 
April 2011. Assembly of the gasifier was initiated immediately and was completed in December 
2011. 

Task 2. Gasifier Operations 

Task 2.1 - Operations Plan- An operations plan was developed by W2E using wood waste as a 
reference material and two other agricultural wastes (cow manure and hay). This testing 
commenced on November 17, 2009. The objectives of the tests were to establish optimum 
operating conditions for the gasification of these materials to yield maximum gasification 
efficiency. A full description of the Operations Plan is included in the W2E report "Operations, 
Sampling and Data Acquisition Report for Wood, Cow Manure and Hay Gasification with 
TurnW2E". 

Task 2.2 -Data Analysis Plan and Data Procurement- A plan detailing how the data will be 
collected and analyzed was developed by W2E and is included in the "Operations, Sampling and 
Data Acquisition Report for Wood, Cow Manure and Hay Gasification with TurnW2E" report. 

Task 2.3- Operations and Data Acquisition- This is the activity that was transferred to W2E 
when building construction delayed the shipment of the gasifier to SUNY Cobleskill and a 
decision was made to conduct hot testing and data gathering in Combatore, India. These 
activities are also summarized in the W2E report "Operations, Sampling and Data Acquisition 
Report for Wood, Cow Manure and Hay Gasification with TurnW2E". 
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Task 3- Data Analysis 

Task 3.1 - Gasification Model for Agricultural Wastes - W2E prepared a 60 page summary of 
gasification (W2E Third Quarterly Report- July- Sept 2009- Appendix B), including a detailed 
description of: 

• Products possible with biomass gasification 
• Synergies with fossil fuel infrastructure 
• Transportable gaseous fuels 
• Use ofturbines, engines and fuel cells 
• Integrated combined cycles possible with gasification 
• Combined heat and power with gasification 
• Comparison with other thermal conversation processes 
• Biomass gasification technologies 

o Downdraft and updraft gasifiers 
o Fluidized bed gasifiers 
o Indirectly heated steam fluidized bed gasifiers 
o Entrained-flow gasifiers 
o Supercritical water gasifiers 
o Plasma arc gasifiers 
o Close-coupled gasifiers 

• Syngas composition data and properties 
• Syngas composition data from different gasifiers 
• Tar formation data 
• Operating conditions effect 
• Gasification agents 
• Emission data 
• Biomass Feeding 

Task 3.2 -Development of Scale-up Criteria- W2E produced a report ( W2E Third Quarterly 
Report- July- Sept 2009- Appendix C) detailing the parameters that need to be considered 
when scaling up from the 200Kw prototype system to a 1MW system. The report provides 
details and schematics of the prototype system (i.e., feed systems, gasification components, ash 
discharge, gas cooling and cleanup, waste heat boiler, quencher, scrubber and filter). Text also 
describes the use of syngas for power generation (boiler and flare). The report concludes with a 
discussion of the scale-up parameters, including: waste preparation, sizing of pipes for handling 
solids, use of reducers for handling gases, solid residence time in gasifier, gas velocity, gas 
residence time, moisture levels of feed, Ca/S ration for in-situ sulfur capture, health loss from 
gasifier, cyclone design parameters, waste heat boiler design parameters, scrubber design 
parameters, and bag filter design parameters. 

Task 3.3- Model Validation- W2E prepared a report (Fourth Quarterly Report, Oct 2009-
December 2009- Appendix A) comparing gasifier operations data with that of the predictive 
model. 

Task 3.4- Process Improvement Recommendations- W2E prepared a 12 page report discussing 
gasifier operations issues and possible process improvement recommendations (Process 
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Improvement Recommendations for Gasification Operations with TURNW2E- August 31, 
2010). The report provides various recommendations to enhance operation and syngas 
production, including: 

1. Syn gas quality produced was of a relatively low BTU value, but can be improved with 
feedstock handling process improvements. 

2. Blending of feed material is required to obtain higher BTU values. 
3. High moisture content in agriculture feedstock reduced the heating value. 
4. Uniform size of feedstock is necessary and should be as small as possible (0.5- 1 inch). 
5. Changes to the feed handling system will be necessary to scale up the system beyond the 

prototype size. 
6. Feedstock handling system may be best served through use of a screw feeder. 
7. A dry scrubbing system may be best suited for a scaled-up system. 

Task 4 -Deployment Pathways 

Task 4.1- Institutional Model- W2E produced a report (Deployment ofTURNW2E Distributed 
Energy System for Small Scale Institutional Application, February 26, 2010) discussing how the 
gasification might be deployed in institutional settings and case studies for deployment on the 
SUNY Cobleskill campus. The report provides an economic analysis of potential electric power 
generation and cost savings for operation in New York State utilizing government incentives. 

Task 4.2- Farm Model- W2E produced a report (Deployment ofTURNW2E Distributed Energy 
System for Farm Application- February 26, 2010) discussing how the gasification system might 
be deployed in farm settings utilizing agricultural wastes such as hay, manure and other biomass 
products. The report includes a description of farm resources, implementation of a gasification 
system on farms, models for implementation, financial resources available to farmers to take 
advantage of the technology, and a case study of SUNY Cobleskill ' s on-campus farm. 

Task 5 - Project Management and Reporting 

Task 5.1 -Submission of quarterly and final reports. All quarterly reports have been submitted. 

Discussion 

Numerous problems were encountered due primarily to transportation logistics and delays in 
shipping due to building construction time over-runs. Because the majority of the work was not 
dependent on gasifier operations (e.g., literature review, predictive models, farm and institutional 
models, etc.), grant deliverables were met on time and when necessary, scope of work 
modifications were made to accommodate problems encountered. 
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6. Identify products developed under the award and technology transfer activities, such as: 

a. Publications (list journal name, volume, issue), conference papers, or other public 
releases of results. 

Biomass Magazine; August 4-6, 2010. 
http: //www.biomassmagazine.com/articles/4001/a-new-twist-on-gasification/ 

Alternative Energy Derived from Agricultural and Cafeteria Waste using a Rotary 
Kiln Gasifier, Advanced Energy Conference Presentation, 11-12-09, by Goodale, 
Amodeo, Waage, Comly (attached) 

Waste-to-Energy using Rotary Kiln Gasification, presentation to Schoharie County 
Energy Task Force, 5-27-10, by Goodale, Waage 

Biowaste Conversion to Bioenergy through Gasification, presentation to Cobleskill 
Rotary Club, 11-14-07. 

b. Web site- Project sub-contractor posted a story about the project on their 
website: http://w2es.com/index.php 

c. Networks or collaborations fostered: None 

d. Technologies/Techniques: None 

e. Inventions/Patent Applications, licensing agreements; Project partner W2E 
applied for a patent on their system in 2009. 

f. Other products: Two videos were produced and have been previously submitted 
to DOE. 

7. For projects involving computer modeling, provide the following information 
with the final report: 

NIA 

6 



Author(s) 

First Name Middle Name Surname Role Email 

Paul A. Amodeo No amodeo(2a@ 
cobleskill.ed 
u 

Affiliation 

Organization Address Country 

SUNY Cobleskill Cobleskill, NY 12043 USA 

Author(s) 

First Name Middle Name Surname Role Email 

Douglas M. Goodale No goodaldm@c 
obleskill.edu 

Affiliation 

Organization Address Country 

SUNY Cobleskill Cobleskill, NY 12043 USA 

Author(s) 

First Name Middle Name Surname Role Email 

David J. Waage No waagedj@co 
bleskill.edu 

Affiliation 

Organization Address Country 

SUNY Cobleskill Cobleskill, NY 12043 USA 

The authors are solely responsible for the content of this technical presentation. The technical presentation does not necessarily 
reflect the official position of the American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution 
does not constitute an endorsement of views which may be expressed. Technical presentations are not subject to the formal peer 
review process by ASABE editorial committees; therefore , they are not to be presented as refereed publications. Citation of this 
work should state that it is from an ASABE conference presentation. Bioenergy Engineering 2009. EXAMPLE: Author's Last Name, 
Initials. 2009. Title of Presentation. Bio-09xxxx. St. Joseph, Mich. : ASABE. For information about securing permission to reprint or 
reproduce a technical presentation, please contact ASABE at rutter@asabe .org or 269-932-7004 (2950 Niles Road, St. Joseph, Ml 
49085-9659 USA). 



Author(s) 

First Name Middle Name Surname Role Email 

Robert F. Rynk Yes [Ynkrf@coble 
skilll.edu 

Affiliation 

Organization Address Country 

SUNY Cobleskill Cobleskill, NY 12043 USA 

Author(s) 

First Name Middle Name Surname Role Email 

Renee Comly No renee.comly 
@w2es.com 

Affiliation 

Organization Address Country 

W2E USA, Inc. Princeton, NJ 08540 USA 

Publication Information 

PubiD Pub Date 

BI0-09xxxx Bioenergy Er}gineering 2009 

The authors are solely responsible for the content of this technical presentation. The technical presentation does not necessarily 
reflect the official position of the American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution 
does not constitute an endorsement of views which may be expressed. Technical presentations are not subject to the formal peer 
review process by ASABE editorial committees; therefore, they are not to be presented as refereed publications. Citation of this 
work should state that it is from an ASABE conference presentation. Bioenergy Engineering 2009. EXAMPLE: Author's Last Name, 
Initials. 2009. Title of Presentation. Bio-09xxxx. St. Joseph, Mich.: ASABE. For information about securing permission to reprint or 
reproduce a technical presentation, please contact ASABE at rutter@asabe.org or 269-932-7004 (2950 Niles Road, St. Joseph, Ml 
49085-9659 USA). 



An ASABE Conference Presentation 

Paper Number: BI0-09xxxx 
2950 Niles Road, St. Joseph, Ml 49085-9659, USA 
269.429.0300 fax 269.429.3852 hq@asabe.org www.asabe.org 

Alternative Energy Derived from Agricultural and 
Cafeteria Wastes using a Rotary Kiln Gasifier 

Paul Amodeo, Ph.D. , SUNY Cobleskill, Cobleskill , NY 
Douglas Goodale, Ph.D. , SUNY Cobleskill , Cobleskill , NY 
David Waage, P.E., SUNY Cobleskill, Cobleskill, NY 
Robert Rynk, Ph.D., P.E. , SUNY Cobleskill, Cobleskill , NY 
Renee Comly, W2E USA, Inc., Princeton, NJ 

Written for presentation at the 
2009 Bioenergy Engineering Conference 

Sponsored by ASABE 
Hyatt Regency 

Seattle, Washington 
October 11-14, 2009 

Abstract. The State University of New York at Cobleskill has launched an alternative energy 
program that will foster the utilization of agricultural and cafeteria wastes for the production electrical 
power through the conversion of wastes to clean fuel gas (also known as syngas). The project is 
being funded by the Department of Defense utilizing a patent pending rotary kiln gasifier developed 
by W2E USA Inc. The rotary kiln gasification system is uniquely suited for handling a variety of 
difficult feedstocks with sizes, shapes, moisture levels, and compositions that cannot be used in most 
gasifiers. The first major initiative is the installation of a 300 kW bench-scale waste to energy test 
facility that will provide an effective and economical means of developing gasification design data for 
a variety of wastes. W2E's rotary kiln gasifier has a unique internal arrangement for introducing 
reactant gases at various locations within the gasification zone allowing for the adjustment of 
temperature and gas distribution to optimize gasification. Additionally, this permits an increase in 
temperature at the gasifier outlet to crack tars into smaller hydrocarbon chains to minimize tar 
production. This unit will be used to develop design criteria for a future 1 megawatt demonstration 
plant. 
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Introduction 
The State University of New York College of Agriculture and Technology at Cobleskill 
(SUNY Cobleskill) is highly respected as a career-oriented institution committed to 
practical technical education with state-of-the-art animal waste handling facilities and 
distinguished, caring faculty. SUNY Cobleskill is initiating a Biomass-to-Bioenergy 
research program to demonstrate a potential means to affect a reduction in US 
dependency on fossil fuels. An innovative rotary kiln gasification unit at the "emerging 
technology" phase of development, is the core of the system with the capability of 
converting energy from a diversified waste stream into electricity and/or liquid fuel. 

The rotary kiln gasifier is a patent-pending process developed by W2E USA, Inc. While the 
gasifier design has been effectively proven by W2E, SUNY Cobleskill will assume the role of 
running a bench scale pilot unit to develop operational standards for both feed and emission 
equipment. The work is currently being funded by DOD grants in cooperation with the Benet 
Laboratory. Ancillary programs supported by the project include a degree-bearing academic 
program in alternative energy, certification programs and workforce training, and technical 
support publications. 

Safety Emphasis 

Gasification produces carbon monoxide, hydrogen, and methane, which are flammable gases. 
Under normal conditions, syngas will not leak from the process equipment. If these gases were 
to leak in the rare event of equipment failure , a fire or explosion may occur. The specific gravity 
of syngas is almost equal with air, so the leakage of any gas may rise or settle based on the 
temperature differences. If the leaking syngas is hotter than the surrounding air, the syngas will 
rise , otherwise it will dwell near the leakage point. Since the gas is a mixture, there is a risk 
under certain conditions where lighter gases, such as hydrogen, could separate from the rest of 
the gas mixture and rise. Lighter gases will rise and may accumulate under enclosed areas, 
such as under roof peaks. It is common practice to avoid the accumulation of gases in enclosed 
areas using ventilation. 

There are numerous codes that address how to operate process and electrical equipment safely 
in a hazardous environment. Federal, state, and local codes apply. The National Fire 
Protection Agency (NFPA), National Electric Code (NEC) and the American Petroleum Institute 
(API) dictate numerous codes that govern the installation and operation of gasification 
equipment. 

Although carbon monoxide is flammable, it is also a well known health risk. Even in small 
concentrations (<50 ppm), the leakage of carbon monoxide is a serious health concern. 
Health risks, including death from carbon monoxide exposure occur well before the flammability 
limit in the surrounding air is reached. As a result, the concentration of carbon monoxide mixed 
with ambient air in the process area must be monitored using carbon monoxide sensors. These 
sensors will indicate the leakage of carbon monoxide well before the risk of fire or explosion can 
occur. 

Adequate forced ventilation is commonly used to dilute any leaking gas, to keep the 
concentration of hazardous gases well below the threshold of health and flammability. 

Importance to Agriculture 
The agricultural community is in a paradox relative to its waste stream. There is more 
biowaste than solutions of what to do safely (in this case environmental) with this waste stream. 
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Current technology has animal and plant waste spread on the land to build the organic matter 
content and nutrient level of the receiving soil. The dilemma is a growing amount of 
waste in a decreasing amount of land mass upon which to spread the excrements . This 
inference is not that land is less available but that the animals per owner-acres are in a 
narrowing ratio . Current environmental regulations cap nutrient loading per acre per annum to 
levels below the supply for many farmers . Producers need an alternative plan; and what 
better way than convert "the excess" into energy capable of substituting for fossil fuels. It is 
hoped that this process proves to be an affordable substitute to the purchase of energy for 
agriculture and agricultural operations, and in some cases, may provide energy generation as a 
secondary product for the agricultural community. 

The Waste Stream 
SUNY Cobleskill is uniquely suited for this project due to its position as a college where the 
supply of a diversified biomass "test-feed" is abundant. This biomass includes paper, green, 
animal and cafeteria wastes, and organic municipal solid wastes, which are not efficiently 
degradable by conventional technologies. There are 2500 on-campus students, 350 faculty and 
staff, a sizable proportion of which create institutional cafeteria waste on campus. 

In addition , the nearly 400 animals on the College farm contribute to this diverse waste stream. 
SUNY Cobleskill recently completed a state-of-the-art equestrian center and a new 200 free
stall cow barn , which , outside of Cornell University, is the largest bovine teaching and research 
facility in New York State. 

In addition to the energy derived, positive benefits of the process include the reduction of landfill 
waste, deleterious run-off into water, fossil fuel conversion pollutant emissions, waste removal 
expense. 

Using New York State as an example of landfill contribution , the average per capita landfill 
contribution in 2005 approached one ton. Redirecting this waste stream has been estimated to 
potentially reduce New York's dependency on crude oil by 2.9 billion barrels, valued at $174 
million based on the comparative (waste to oil) heat units. A unique goal of this project is to 
create an affordable technology with the ability to exchange the current cost of waste disposal 
for positive and sustainable financial , energy, and environmental benefits. It is hoped that this 
goal may be realized through the production of, as close as possible, zero waste. The 
investigation is to focus on recycle methods with emphasis on reuse of materials for agricultural 
uses. An example would be the development of methods to use resultant ash in soil 
amendments or as a fertilizer. 

The Gasification Process 
Gasification is a thermal process that uses heat and steam, sometimes under pressure, to 
convert materials directly into a gas termed syngas. Literature demonstrates that the 
predominant gas species will vary depending upon the operating temperatures (Skoulou V., et 
al., 2009 and Maoyun He, et al, 2009). At higher temperatures (approximately 1000 deg C), 
syngas composition consists primarily of carbon monoxide and hydrogen (more than 85% by 
volume) and smaller quantities of carbon dioxide and methane. Methane and carbon dioxide 
are favored at lower gasification temperatures. The process can take place at between 800 and 
1000 deg. C and between 0 and 30 atm. pressure (Boyle, G., 2004). 

Gasification technologies differ in many aspects but rely on four key engineering factors : 

• Reactor design; 
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• Gasification reactor atmosphere (level of oxygen or air content); 

• Internal and external heating; and 

• Operating temperature. 

Reactors may be oriented horizontally but most often as vertical columns and include various 
fixed bed or fluidized systems. Typical bed designs include fluidized bed , entrained bed, 
downdraft gasifier, and updraft gasifier. All of these configurations require, to varying degrees, 
that feedstock material be of relatively small particle size, reasonably homogeneous, and low 
moisture content. 

The reactor atmosphere can be air or oxygen in combination with steam. To a point, the water 
present takes part in a positive manner toward the formation of desired syngas end products. 

Gasifiers may be heated external to the vessel or may be heated internally by combustion of 
some of the product gases or through the application of auxiliary heat. External heating is 
reminiscent of predominately pyrolytic processes where the intent is shifted from the production 
of syngas to production of an energy rich char. 

As stated above, operating temperatures can be varied depending upon the desired 
composition of the syngas. Tar and ash production are favored at lower operating temperatures 
as are larger particulate sizes (Rapagna, S. , 1997). Tar production tends to decrease at higher 
temperatures, probably due to extended thermal cracking and steam reforming reactions 
(Skoulou V. , et al., 2009). 

Gasification of carbonaceous fuels undergoes three processes: 

• Pyrolysis (or devolatilization): As carbonaceous fuels are heated volatiles are released 
and char is produced. 

• Combustion: Volatiles and char react with oxygen to form carbon dioxide and carbon 
monoxide. The heat produced promotes subsequent gasification reactions. 

• Gasification: Char reacts with carbon dioxide and steam to produce syngas. 

There are a number of gasification reactions. However, the most important are [Souza, 2004]: 

• Carbonaceous solid and water. C + H20 ~ CO + H2 

• Carbonaceous solid and carbon dioxide. C + C02 ~ 2 CO 

• Carbonaceous solid and hydrogen. C + 2 H2 ~ CH4 

In general, gasification reactions are endothermic. As a result, there is a need for some source 
of energy. Ideally, heat comes from the combustion of the volatiles released by the pyrolytic 
reaction. However, many processes require the use of an external source such as natural gas. 

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

There are three primary products from gasification: 

• Flammable gases (also called syngas); 

• Hydrocarbon liquids (oils) , and ; 
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• Char (carbon black and ash) 

An ideal gasification system will emphasize the production of gas and minimize the production 
of liquids and char. Byproducts from the process have a constituency that is useful for some 
other purpose such as the use of ash as a soil amendment. 

Gasification emissions depend upon 

• the type of material being gasified 

• the particular gasification system 

• how optimally the system is operating 

All carbonaceous materials, including wastes, contain energy, and man has learned to harness 
and utilize this energy for his everyday use. Due to relative low costs, convenience and 
adequate supply, historical carbonaceous energy sources have included natural gas, coal, 
wood, coke and various petroleum products. Energy has been derived by direct combustion for 
heating, steam, or electricity generation. In recent years, waste has been given attention for 
energy generation. In most cases, wastes have contained large quantities of water that 
decreases the net energy potential unless moisture is removed. Prior to now, these wastes 
were committed to landfill or incinerated at the cost of added fuel to remove the additional 
moisture. Gasification of wastes was feasible. However, the conventional processes were 
prone to reliability problems which improved when the moisture content was below 20% 
(McKendry P, 2002b). 

Wastes specific to agriculture can include wood waste, manure, crop wastes of which manure 
represents a substantial energy source due to its high volatility (Fowlera , P. 2009). Manure can 
approach the energy content of popular western coals used for electrical generation in the 
United States. Characteristics of biomass that are of greatest interest in any degradation 
process are (McKendry P, 2002a): 

• moisture content; 
• heating value; 
• fixed carbon and volatile mater proportions; 
• ash content; 
• alkali metal content; 
• cellulose and lignin ratio 

While cellulose and lignin content are critical for natural degradation processes, they pose 
relatively little concern for thermal processes. 

The gasification of dry wastes such as waste wood, waste tires, waste oils, etc., pose few 
issues in balancing energy for the process and producing residual energy for use. However, 
energy considerations for water-laden wastes require technical knowledge to make the most 
use of the water available in these wastes in a cost effective manner. For most thermal 
processes, the energy associated with the removal of excess water has to be supplied to the 
process. Drying and combustion processes generally utilize natural gas or some other auxiliary 
fuel. Considering the heat required to evaporate water and for sustaining endothermic 
gasification reactions between water and carbon, the minimum heat required to gasify 1 lb of 
waste is approximately 2000 BTU/lb. Some of this heat can be recovered for useful purposes. 
The amount available depends on how the syngas is cooled in the process. 

Generally, emissions or byproducts, if not managed appropriately, can cause some 
environmental impact that includes: 
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• mineral matter and particulates in the form of ash; 

• nitrogenous products such as ammonia and NOx; 

• Volatile organic emissions (VOCs) in the form of tars and oils (from a system that is not 
working optimally). 

Inorganic material in the feedstock is often converted to slag, which is inert and has a variety of 
uses in the construction and building industries. 

Syngas can be used as a fuel to generate electricity or steam, or as a basic chemical building 
block for a multitude of uses. When mixed with air, syngas can be used in modified gasoline or 
diesel engines. 

Process Description 

What differentiates this project from other gasification technologies is an innovative rotary kiln, 
the W2E TURNW2E1

m Gasification Technology, which is the heart of the gasification 
process. Other gasifier designs include various fluidized and fixed bed reactors which are 
generally oriented as vertical columns. These designs lack agitation in the reaction zone 
resulting in numerous technical issues to include a significant need for control of feedstock 
size and potential dead zones. The rotary kiln is contrasted to these designs with a 
horizontally oriented reaction vessel placed on a slight slope. Its natural rotation provides 
agitation of feedstock at high temperatures, allowing for a complete conversion of the 
material to gas. This natural agitation and the lack of a definable contacting bed allow the 
kiln to accept a wide variety of feedstock shapes and sizes. 

The rotary kiln design lends itself well to the process of gasification in that it provides utility for 
all three steps of the gasification process. The pyrolytic phase occurs immediately upon entry of 
the feedstock into one end of the kiln. The resulting solids composed of char drops to the bed 
while the released volatiles are com busted. Subsequent gasification of the char ensues as it is 
moved down the length of the bed through the bed's rotation and exposed to air/oxygen and 
steam as it is turned-over and agitated. Residence time of the material can be effected by 
variation of the rotation speed of the kiln . 

Rotary kilns have an over 1 00-year history of use in the production of cement and lime at 
temperatures higher than required for clean gasification. A bane of the industry is a natural 
tendency of the rotary kiln to gravitate toward the unwanted production of a synthetic gas if 
the flow of combustion air is not adequate. While this creates difficulties when processing 
cement and lime, for the gasification of organic materials, this is a desirable result. This 
project capitalizes on allowing the rotary kiln to gravitate towards its typical operating 
conditions. Specifically, it is the intent of the biowaste to bioenergy project to produce 
clean synthetic gas. This synthetic gas will subsequently be used in the production of 
electricity, hydrogen, liquid fuels, soil amendments, and steam for heating and cooling 
purposes. 

The W2E gasification system is a patent pending rotary kiln gasifier with a unique internal 
arrangement for introducing reactant gases at various locations within the gasification zone. 
This unique feature optimizes the gasification of waste by allowing the adjustment of 
temperature and of gas distribution at these locations. As a consequence of this control, an 
increase in temperature is permitted at the gasifier outlet to crack tars into smaller hydrocarbon 
chains. As a result, the overall content of the tar in the gas is minimized or even eliminated. 

In contrast to other gasification devices such as the fluidized bed, entrained bed , downdraft 
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gasifier, and updraft gasifier, the nature of the kiln gasifier places no feed restrictions with 
respect to the particle size distribution or the density of the waste. Since the waste bed surface 
is constantly turning over and fresh material is being exposed at the surface, water content is 
less of an issue with theoretical acceptance of wastes up to 50% moisture. This method 
represents an advantage over conventional methods since the additional moisture can be used 
as a benefit in the gasification process and the need for expensive drying is mitigated. In 
addition, the above stated history has established that the use of a kiln vessel provides of over 
99 percent availability in daily and extended use. 

SUNY Cobleskill will be utilizing a bench-scale gasification unit provided by W2E for the 
purposes of testing a variety of feedstock configurations and mixtures and to develop design 
data for the conversion of waste-to-energy through the production of clean fuel gas (syngas). 
SUNY Cobleskill will be responsible for supplementing the unit with appropriate support 
equipment and instrumentation to meet varying test requirements. The variation of shapes, 
sizes, composition and moisture content of agricultural wastes requires the flexibility of this 
gasification system design for optimum success. 

Advantages of Rotary Kiln Gasifier 
The project's waste-to-energy technology incorporates a unique and highly flexible rotary kiln
type gasification system for the conversion of all types of wastes into energy as electricity and/or 
steam. Since the nature of rotary kilns are particularly suited for variable feed compositions 
they are amenable for processing MSW, sludge, biomass, and industrial wastes singly or in 
combination . The rotary kiln is an established technology with a lengthy track record for 
reliability when used in similar processing applications, and has a record of availability of greater 
than 99 percent with minimum maintenance requirements. 

Mass burn systems for wastes are notorious for having issues related to the emissions of 
carcinogenic compounds such as dioxins and furans. The waste incineration permit process 
can be tedious, often due to local public concerns regarding emissions. By contrast, waste 
gasification first converts material into fuel gas and then utilizes this fuel gas to produce steam 
or electricity. The intermediate gasification step between waste and the combustion of fuel gas 
makes it possible to remove all of the precursors of the compounds of concern that contribute to 
the formation of carcinogenic compounds. Removing the precursors prevents the formation of 
these compounds. 

The elimination of these precursors simplifies the permitting process. The gasification process 
is presented as an intermediate step to produce clean fuel with combustion properties similar to 
those of natural gas. Permitting efforts can be shifted to the power generation or steam 
generation processes, which are routine applications. 

When compared with other gasification technologies such as fluidized bed gasification, 
entrained bed gasification, downdraft gasification, and fixed bed gasification, the project's 
gasification system distinguishes itself from others in six unique process and operational areas. 
These are: 

1. The reliable gasification of non-homogenous waste; 

2. Sufficient turndown capacity to process varied quantities of waste 

3. The production of consistent gas quality to meet the client's requirements; 

4. The ability to process difficult wastes (such as plastics and tires); 

5. Producing syngas with tar content less than 10 ppm; and 
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6. A simple and reliable system most suited for operation by relatively unskilled operators 

Some of the additional features and advantages that make the project technology a unique 
system for gasification include the following: 

• The system has automated controls and operations to minimize human resource 
requirements. 

• It is rugged and low-maintenance to minimize operational costs; and has few 
consumables, which minimize logistical requirements. 

• In order to meet the objective of maximizing the energy recovery from the waste stream, 
the feed preparation and reactor designs 

o minimizes parasitic losses; 

o minimizes electrical requirements; and, 

o makes maximum use of waste heat from the conversion process wherever 
possible. 

• The system objective is to consume less than 30% of the gross energy content of the 
waste stream through these losses (further gains are expected). 

• The feed preparation section design is all-purpose rather than specific to a certain waste 
stream composition. It is flexible for varying waste streams or subsets thereof (e.g ., 
packaging wastes only). The feed preparation section produces a relatively 
homogeneous product that is suitable for short-term storage and automatic 
transportation and feeding into the gasifier. 

• To faci litate the gasification of water-laden waste (eg. sewage sludge containing 75% 
water) , the material can be easily gasified by mixing with relatively dry material with 
significantly greater energy content than the wet material. Wet sewage sludge renders 
little energy ( 1315 BTU/Ib on wet basis), but when supplemented with higher calorific 
value wastes, can achieve an overall heating value of greater than 5500 BTU/lb. Higher 
calorific value wastes applicable and readily available include wastewater screenings, 
chopped wood waste , chopped plastic wastes, chopped used tires, and waste oils. All of 
these wastes can be gasified in combination to produce syngas. 

Process Investigation at SUNY Cobleskill 
The research at SUNY Cobleskill will evaluate the advantages of the rotary kiln gasifier system 
and endeavor to optimize operations procedures and provide operational guidance. Initial 
research will focus on areas outlined below. 

Feedstock Development 

The rotary kiln gasifier has the ability to accept a non-homogeneous feedstock. In addition, 
moisture content of the feedstock should be less critical than it is for incineration and other 
gasification processes. SUNY Cobleskill will verify preconditioning needs for various feedstocks 
singly and in combination . Combinations of feedstocks with different moisture (eg. a high and a 
low) content should complement each other. 

Feedstock Densification 

Feedstocks for other types of gasifiers need to be readily fluidized or of a uniform size. The 
rotary kiln gasifier has the capability to accept varying sizes of material. Even so, under certain 
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conditions, clumping of a material or mixtures of material could be an issue. Specifications for 
optimal sizing of material will be evaluated. 

Ash Analysis 

Although anticipated to be small, the chemical composition of the ash will vary with the material 
being processed as well as with temperature and residence time . Mixtures of materials may 
produce a different ash composition than the summation of their individual single feeds. 
Specifications for ash production volume and composition will be evaluated. 

Scrubbing Demineralization 

While it is anticipated, due to low operational pressures, that the system will generate low 
quantities of particulate in the effluent gas, what particulate exists will be removed using a 
conventional high efficiency cyclone and a venturi scrubber. Scrub material will be analyzed 
and technologies for removal of mineral content will be evaluated. The primary focus of the 
removal technolog ies will be to produce useful product, especially those beneficial for 
agricultural purposes, and to eliminate the incidence of a true "waste" product. 

Scrub Water 

Scrub water will be evaluated for suitability for use as an amended plant irrigation source. 
Where possible, pretreatment will be avoided ; however, technologies will be evaluated that will 
allow scrub waters to be modified so that dissolved minerals are in a form that is directly and 
beneficially useful for plant growth. 

Conclusions 

Bioenergy Center at Cobleskill 

The SUNY Cobleskill Bioenergy Center is the site for conducting research and demonstrating 
new technologies for the production of alternative energy. Our premier project will employ a 
technology that consists of a unique gasification system, built on a rotary kiln design. In this 
first project, organic materials -target feedstocks- are converted into syngas. Future 
projects will then produce electricity , hydrogen or liquid fuel, from this syngas. This "green 
energy"-producing model can assist the United States in achieving its mandates and goals for 
fossil fuel reduction through biowaste conversion, using a material that would otherwise be 
spread on the land or transported to a landfill, into electrical power and liquid fuels. 

The rotary kiln design is historically proven to be reliable , robust and by its nature, suitable for 
the gasification of carbonaceous material. As such, it lacks many of the shortcomings of 
conventional processes to include the need for extensive feed preparation for size, homogeneity 
and moisture content, consistent gas production, clumping of material , and tar and ash 
production. The project system, supplied by W2E, has the ability to accept varied and mixed 
wastes of various sizes. The ability to accept mixtures allows for moisture content averaging , 
increasing its ability to accept wastes with high moisture content. Control over process 
temperatures and air/oxygen and steam injection through the length of the reactor allows for 
maximum process control and optimum production of desirable clean syngas as product while 
minimizing tar and ash production. Finally, the syngas produced will be demonstrated to be 
convertible to alternate energy uses to include the production of liquid fuel, electricity, and 
hydrogen for fuel cells. 
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Training and Academic Programs 

The Bioenergy Center will also serve as an education and training site for SUNY 
Cobleskill students and agricultural community members, alternative energy technology 
equipment designers and operators. As an Agriculture and Technology College with active 
animal production and student body, SUNY Cobleskill is well suited to conduct research on a 
diverse stream of waste. 
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SUMMARY 

This report represents the first quarterly report on behalf of W2E USA Inc., Chicago, IL as 
subcontractor to the State University of New York at Cobleskill for the subcontract R.F Award 
#49825, Project #1 077943, CFDA #81.000. It is submitted in fulfillment of the first quarterly 
report required by the subcontract agreement. 

The report contains the details of the actual worked performed for this subcontract during the 
period January 2009 to March 2009. 

I. INTRODUCTION TO OVERALL SUNY PROGRAM 

This Biowaste to Bioenergy Project is an integral part of The State University of New York at 
Cobleskill (SUNY Cobleskill)'s unique academic undertaking of developing an alternative energy 
program on campus to encourage and to facilitate the utilization of currently underutilized 
agricultural wastes for the production of heat and power. The focus of this undertaking is to 
develop a small scale distributed energy system that could accommodate individual farmers, 
farmer's co-ops, and academic institutions, helping them generate their own energy by using 
their own wastes, making them not only energy self-reliant, but not dependent upon the grid. An 
additional benefit is to also open up new avenues for their economic growth and significant jobs 
creation in new energy facilities. The specific constituencies which are the targeted beneficiaries 
of this academic program are the farming and rural communities and universities, all of which 
are interconnected with SUNY Cobleskill's College of Agriculture. The support from Department 
of Energy for this project greatly enhances SUNY Cobleskill's capacity to attract students from 
these constituencies for train ing in this unique field of alternative energy by offering them new 
opportunities and thereby further strengthening these ties. This academic platform provides an 
intellectually stimulating environment to attain the goals of this unique undertaking. 

There are several factors that make the SUNY Cobleskill program unique in the development of 
alternative energy. These are: 

1. The development is specifically targeted for agriculture-related constituencies, which have 
direct access to the waste and as a result do not have to depend on other sources. 

2. These constituencies have a dire need for this type of alternative energy and hence the 
energy will be utilized onsite or locally, without having to rely on outside demand. 

3. The scale of energy production and demand by these constituencies is rather small and as a 
result it requires less capital to implement the particular alternative energy strategy being 
developed by SUNY Cobleskill. 

4. Since this is an initiative undertaken by the academic institution, the technology 
development and information exchange are guaranteed to have a solid academic footing. 
As a result, these targeted constituencies will have continuous access to new developments 
in this field of alternative energy; a continuous supply of qualified human resources, and free 
access to new advancements in these new technologies. 
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5. With the advent of new support from the Department of Energy under this current program, 
SUNY Cobleskill has forged a critical partnership with the Department of Energy in fostering 
the implementation of these types of small-scale distribute alternative energy strategies and 
the technologies within the targeted constituencies for attaining energy independence within 
rural and agricultural communities. SUNY Cobleskill's reputation within these target 
constituencies, backed by strong academic programs, is certain to generate confidence 
within these constituencies, making it easier to make them partners in implementing 
government's mandate of creating alternative energy supply by attracting thousands of such 
small generators into this program. It is a goal of the program to also enable the Department 
of Agriculture to lend their support to this foundation, to work in tandem with the Department 
of Energy. 

With this and similar other undertakings, the aim of SUNY Cobleskill is to become a leader in 
the area of renewables utilization and bioenergy production. 

In addition to developing and instituting academic curriculum and technology development and 
demonstration, SUNY Cobleskill will continue to play a pivotal role in the training of suitable 
human resources that will be needed in the future for operating and managing renewable 
energy facilities, both in the public and private sectors. In a broader perspective, SUNY 
Cobleskill will continue to identify potential and related policy issues with regard to alternative 
energy and subsequently become the premier facility to advance learning and demonstration 
through its participation with the developers of energy and environmental technologies. SUNY 
Cobleskill will be able to assist in the testing, demonstration, training and even the marketing of 
their technologies. The SUNY Cobleskill Bioenergy Center will provide a wide array of facilities, 
including equipment for the conversion of renewables into various forms of energy such as 
gaseous fuel and hydrogen, as well as liquid fuels; the conversion of renewables into beneficial 
and marketable products such as compost, biodiesel, bio-lubricant, and ethanol. The Center 
will provide feasibility studies; technology transfer; and overarching continuing education 
programs. Academic programs and research programs undertaken by the faculty members will 
complement the industrial programs. 

II. INTRODUCTION TO DOE PROJECT 

This is the first project in alternative energy supported by the Department of Energy at SUNY 
Cobleskill . This support is a cornerstone for the development and fostering of the alternative 
energy academic curricula at this university. 

Broadly speaking, this project is a critical first step towards bringing together academia, 
government, and the industry in developing small scale distributed generation outposts within 
the farm community to enhance nation's overall commitment towards energy independence and 
to increase energy security. This development bypasses all previously unattainable 
infrastructure-type programs and goes directly to developing a simple, practical, and economical 
means of converting small amounts of agricultural wastes into energy for local use. The only 
stakeholders who control the generation and use of the energy are these local 
generator/consumers. These stakeholders will independently assess the benefits and 
economics behind adapting this technique in making them energy independent and its value to 
their bottom line, rather than depending upon the regulators, the utility companies, and the raw 
material suppliers to shape their future. Often when depending on third parties, these 
stakeholders are left, after making a significant investment in designated technology with an 
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untenable or unworkable situation, over which they have no control. This specific development 
and academic support behind it will enable these stakeholders to understand their risks before 
they make any investment in any of these technologies. In essence, this project will yield 
considerable decision-making powers to small energy users, who can then determine the 
viability of using their own local resources with which to meet their own energy demands. 

This project is the first in series of many such projects that will hopefully be supported by DOE 
to demonstrate and to validate alternative energy technologies to foster confidence amongst the 
users. In this particular project, the TURNW2E™, developed by woman owned technology 
company, W2E USA, Inc, has been selected for demonstration for converting agricultural 
wastes into alternative energy. This technology utilizes a kiln-type gasification system, which 
makes it versatile for use with all types of agricultural, and forestry wastes. This program will 
validate the technology for its ability to efficiently convert solid agricultural wastes into gaseous 
clean burning fuel gas via a staged gasification technique. The technology is discussed in more 
detail later in this report. 

DOE primarily supports this project with a significant cost share provided by the industry 
partner. SUNY Cobleskill is the program coordinator and program manager. 

This report constitutes the first quarterly report of the project and covers the period from January 
2009 to March 2009. 

Ill. PROJECT GOAL AND OBJECTIVES 

The project goal is to develop design and operating data for the conversion of the selected 
agricultural wastes into alternative energy using the TURNW2E rM technology as well as to 
establish efficient and economical deployment pathways for the technology. 

The specific project objectives include: 

1. To design, reconfigure, and procure prototype TURNW2E rM gasification system for 
operations with two selected agricultural wastes. 

2. Based on literature and data, to develop correlations for the products of gasification of 
agricultural wastes and to validate these correlations with data acquired from the prototype 
system. 

3. To develop scale-up criteria based on the operation of the prototype system. 

4. To develop pathways for the efficient deployment of small-scale gasification systems. 

IV. TECHNOLOGY FOR THE PROJECT 

As stated earlier, TURNW2E™ technology has been selected for the validation for this specific 
project. 

TURNW2E™ technology incorporates a unique and highly flexible rotary kiln-type gasification 
system for the conversion of all types of wastes into energy as electricity and/or steam. The 
technology is particularly suited for agricultural wastes, MSW, sludge, biomass such as sewage 
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sludge and animal manure, and industrial wastes. The rotary kiln has a lengthy track record for 
reliability when used in similar processing applications and has a record of availability of greater 
than 99 % and minimum maintenance requirements. 

When compared with other gasification technologies such as fluidized bed gasification, 
entrained bed gasification, downdraft gasification, and fixed bed gasification, TURNW2E™ 
gasification system distinguishes itself in six process and operational areas. These are a) the 
reliable gasification of non-homogenous waste; b) sufficient turndown capacity to process varied 
quantities of waste; c) production of consistent gas quality to meet the client's requirements; d) 
the ability to process difficult wastes (such as cellulosic agricultural wastes); e) Producing 
syngas with tar content less than 10 ppm; f) a simple and reliable system suited for operation 
mostly by relatively unskilled operators. 

The main components of the TURNW2E™ gasification system are; 1) the kiln-type gasifier to 
convert waste through partial oxidation with air into a syngas containing a mixture of 
combustible gases, including carbon monoxide, hydrogen, carbon dioxide, water vapor, nitrogen 
and some hydrocarbons; and 2) the device to utilize syngas and to convert it into electrical 
power, steam, or both. Within these main components there are subcomponents , which 
operate together to deliver clean power from waste. The devices to convert syngas to electricity 
and/or steam are well known in the industry and are readily available. 

The features and advantages that make this TURNW2E™ technology suitable for the 
conversion of agricultural wastes into alternative energy include: 

• The system has automated controls and operations to minimize human resource 
requirements; it is rugged and has low-maintenance to minimize operational costs. It also 
has few consumables, which minimize logistical requirements. 

• In order to meet the objective of maximizing the energy recovery from the waste stream, the 
feed preparation and reactor designs minimize parasitic losses, minimize electrical 
requirements and make maximum use of waste heat from the conversion process wherever 
possible. The system objective is to consume less than 30% of the gross energy content of 
the waste stream through these losses. 

• The feed design is all-purpose rather than specific to a certain waste stream composition 
and physical nature of the agricultural wastes. It is flexible to accommodate large variations 
in the physical and chemical makeup of these agricultural wastes. 
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~ PROJECTELEMENTS 

The current project comprises of four tasks, which are described hereunder. For tracking 
purposes we have also added Project Management as Task 5 in the reporting so that all project 
management activities are consolidated in one place. 

Task 1: Gasifier Cold Testing and Installation 

The objective of Task 1 is to inspect, test, and install gasification system that will convert solid 
agricultural wastes into fuel gas. 

Task 1 is divided into two subtasks as described hereunder: 

Subtask 1.1: Cold Testing and Calibration 

In Subtask 1.1, W2E will provide SUNY Cobleskill gasification equipment components for 
developing the database for agricultural wastes. W2E will provide technical support in 
configuring these components into a working gasification system for testing with agricultural 
wastes and also assist SUNY Cobleskill in identifying, designing and procuring any additional 
components that may be required to be added for this configuration . Prior to the delivery of the 
gasification system, W2E will assist SUNY Cobleskill to arrange for the temporary assembly of 
the integrated system at the point of shipment so that it is checked for operability and capacity. 
W2E will also assist SUNY Cobleskill with the calibration of different feeders for correlating rates 
of flow of waste and other materials against the feeder speeds. Once SUNY Cobleskill checks 
out the equipment, W2E will provide an option to SUNY Cobleskill to operate the unit in place at 
their cost in order to acquire gasification data for the intended agricultural wastes. Once the unit 
is checked out and operated , if necessary, W2E will disassemble the unit and pack it for 
shipment to SUNY Cobleskill. 

Subtask 1.2: Installation in Laboratory 

In Subtask 1.2, W2E will assist SUNY Cobleskill in the installation of the prototype gasification 
system at a designated laboratory of the Environmental Science and Technology Center on the 
campus of SUNY Cobleskill. Installation support will be provided in the areas of mechanical, 
civil , and electrical installation of the system, construction of motor control center, build out for 
control room, installing instrumentation and controls, providing the software package for the 
control system, and the installation of utility and process piping. 

Task 2: Gasifier Operations 

The objective of Task 2 is to operate the gasification system with two agricultural wastes , 
specifically cellulosic animal refusals and animal waste such as cow and horse manure. 

Task 2 is divided into three subtasks as described hereunder: 

Subtask 2.1: Operations Plan 

In Subtask 2, W2E will assist SUNY Cobleskill in the preparation of a detailed operations plan 
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for the testing of two agricultural wastes. The test plan will comprise operating conditions of 
temperature, feed rate to the gasifier, estimated air requirements , test duration, sampling 
protocols to include; size of the samples, whether grab sampling or continuous sampling , and 
frequency of sampling . Prior to preparing the operations plan, W2E will assist in the preparation 
of a detailed heat and material balance for the system based on certain assumptions with 
respect to temperature, gasification reactions, equilibrium constraints and conversion efficiency 
of the waste. 

Generally the temperature at the gasifier exit will be maintained between 1400 and 1800° F. 
Higher temperature favors better utilization of waste and minimizes the formation of tars. Each 
test will be 24 hours in duration, 4 hours of which will be at "steady-state" conditions. Steady 
state conditions imply that during those four hours steady feed rate and steady temperatures 
are maintained through the system. Several samples will be obtained during the steady-state 
operation . To better achieve a comparison, samples will also be obtained at non steady-state 
conditions to study the effect of system variables, including lower temperature especially on tar 
formation. The estimated feed rate to the gasifier will be in the range of 100 to 200 lb/h. 

The operations plan will also include a plan for acquiring data related to the working of the 
gasification equipment and may include recording information such as the gasifier skin 
temperature, pressure drop across gas cleanup devices, flow rates of cooling water, rate of solid 
and liquid discharges from the system, flow rate of syngas, and all other information that may be 
useful in the future design of larger scale equipment. 

Subtask 2.2: Data Analysis Plan 

For Subtask 2.2, W2E will assist SUNY Cobleskill in preparing a data analysis plan to assure 
that the data suggested in the operations plan as well as the data actually procured is usable for 
scale-up and for technology deployment. The data analysis plan will include the suggestions for 
the analysis of solid, liquid , and gas samples, with emphasis on carbon balance and its 
correlation to operating conditions with respect to kiln temperature and feed rate. The data 
analysis plan will also formulate correlation of tar formation with the gas outlet temperature. 

One of the primary objectives of preparing a data analysis plan is to make sure that all data 
required for the scale-up and for technology deployment are included in this plan . The 
parameters of significance are effect of gas velocity through the gasifier that would correlate 
with amount of fines carryover to the cyclone as a function of gas velocity; pressure drops 
across the gas cleanup section that would correlate with 1.0. Fan sizing; and observations about 
the feeding characteristics of agricultural wastes through the feed system for targeting design 
improvement. The data analysis plan and its implementation during data procurement and 
during actual data analysis becomes an extremely powerful tool for establishing the scale-up 
criteria for the entire gasification process as well as for upsizing the system components. 

Subtask 2.3: Operations and Data Acquisition 

In Subtask 2.3, SUNY Cobleskill will operate the gasification unit with two agricultural wastes at 
the conditions noted in the operations plan described in Subtask 2.1 and while being cognizant 
of the data analysis plan described in Subtask 2.2 . W2E will provide technical support during 
the operation of the gasification unit. 
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Task 3: Data Analysis 

The objective of Task 3 is to analyze data obtained in Task 2 in accordance with the data 
analysis plan as well as to support the validation of the gasification predictive model for 
agricultural wastes. 

Task 3 will comprise four subtasks which are described hereunder: 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In Subtask 3.1, SUNY Cobleskill will commission a task force of experts to collect pertinent 
gasification data reported in available literature. This data will be consolidated into a predictive 
model so that it can be utilized as an operations tool to prepare preliminary heat and material 
balance for the other, similar wastes. In developing this model certain intrinsic assumptions will 
be made pertaining to the conversion efficiency of waste, water to waste ratio, and the 
attainment of shift equilibrium within the gasifier. If possible, data assumptions related to tar 
formation as a function of the gasifier temperature will also be attempted. The function of a lime 
addition to reduce tar formation will also be explored, investigated, and integrated into the 
model. W2E will provide to SUNY Cobleskill experts in the area of gasification to assist with this 
effort. 

Subtask 3.2: Development of Scale-up Criteria 

In Subtask 3.2, SUNY Cobleskill will develop scale-up criteria for the utilization of the 
gasification system for the agricultural wastes. These scale-up criteria will be applicable to the 
feed system, gasifier, and to the gas cleanup system. For the feed system, the parameters of 
interest are feed preparation in terms of moisture, size and density; for the gasifier, the 
parameters of interest are feed residence time, gas velocity, heat rate, and the aspect ratio; and 
for the gas cleanup system, the parameters of interest are pressure drops, efficiency of 
particulate and tar removal , gas temperature control , and the capture of heavy metals, sulfur, 
and chlorine. W2E will provide to SUNY Cobleskill experts in the area of process scale-up to 
assist with this effort. 

Subtask 3.3: Model Validation 

In Subtask 3.3, W2E will provide technical support to SUNY Cobleskill to analyze data from 
gasifier operations in Task 2 and compare the data with the predictions of the model developed 
in Subtask 3.1. Of specific interest is the production volume of carbon monoxide, hydrogen, and 
methane formation as a function of temperature in the gas leaving the gasifier. The solid 
residues will be analyzed for their ultimate analysis and especially for fixed carbon. 

If there are significant differences between the predictive model and the actual data, the model 
parameters as well as intrinsic assumptions will be adjusted for the best match. This model will 
then be utilized for all future needs for preparing heat and material balances for the wastes prior 
to testing them in the gasifier. 

Subtask 3.4: Process Improvement Recommendations 

In Subtask 3.4, W2E will assist SUNY Cobleskill to make specific recommendations for process 
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improvements based on the data analysis and based on the difficulties encountered and on the 
performance of various processing units. These recommendations will serve as guidelines for 
improving performance, if needed, for the feeding mechanism for agricultural biomass; for 
improving gasification efficiency of the waste in terms of minimizing carbon content of the solid 
residues; for reducing or minimizing tar formation; and for better performance of the gas cleanup 
system. 

Task 4: Deployment Pathways 

The objective of Task 4 is to develop pathways for the deployment of the technology at a private 
institution and within the farm community. 

Task 4 comprises two subtasks as described below: 

Subtask 4.1: Institutional Model 

In Subtask 4.1 , W2E will assist SUNY Cobleskill to develop a model by which an institution, 
such as SUNY Cobleskill or a cooperative farm can adapt this waste to energy technology for its 
own use. A case study including a focus on the energy need of a particular business or 
institution (SUNY Cobleskill, in this case); the type and amount of agricultural wastes generated 
by the institution, the potential for energy from these wastes, the cost of installing the waste to 
energy system at this particular institution and a cost to benefit ratio for this installation will be 
developed. 

Subtask 4.2: Individual Farm Model 

In Subtask 4.2, W2E will assist SUNY Cobleskill to develop a model by which a small farm can 
benefit from the installation of this particular waste to energy system . In this type of application 
the unit may operate only part of the time, and there may be a limited need for steam or power. 
For this model, SUNY Cobleskill will consider the production of hydrogen for propelling farm 
equipment or the production of transportable fuels from farm wastes to create a new source of 
income for the farmers. Alternatively, SUNY Cobleskill may consider production of liquids from 
farm waste that can help farmer produce transportable fuel for export. 

Task 5: Project Management 

The objective of Task 5 is to provide effective project management so that the proposed 
activities are effectively conducted within the allocated time and budget. 

Task 5 entails the following activities: 

• Program liaison with SUNY Cobleskill 
• Project reporting 

VI. PROJECT PROGRESS DURING FIRST QUARTER 

This section discusses in detail the progress made in the project during the first quarter which 
covers the period of January 2009 to March 2009. 

13 



Task 1: Gasifier Cold Testing and Installation 

In this quarter, the activities in Task 1 were primarily focused on procuring the TURNW2E™ 
prototype gasification system; making some design changes to render it suitable to operate with 
agricultural wastes; adding components and instrumentation to make it suitable for yielding all 
the necessary data during operation; and to prepare necessary plans for the installation of the 
prototype for cold and hot testing. To this end, the following activities were completed during 
this quarter. 

A. Completed design for prototype configuration to suit agricultural waste gasification 

B. Established minimum and maximum throughput rates for the prototype unit 

C. Completed installation design for cold testing with option for hot testing 

D. Completed control philosophy for the unit operation 

E. Completed utility requ irements for the prototype unit 

F. Completed piping and instrumentation diagrams 

These activities are described in details in the following sections: 

A. Prototype Description and Design 

Process Flow Diagram 

Figure 1 shows the completed Process Flow Diagram for the TURNW2E™ gasification system 
after specifically modifying it to incorporate gasification of agricultural wastes. The process flow 
diagram contains all of the components that are needed to meet the data requirements of this 
project. 
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Detailed Description of TURNW2E™ Prototype Gasification System 

This description refers to Figure 1 (Process Flow Diagram). 

The TURNW2E™ prototype gasification system comprises of the following three sub 
systems. 

1 . Feed System 
2. Gasifier 
3. Gas Cleanup System 

1. Feed System 

The feed system includes three separate feed trains, one each for two different types of 
wastes that can be fed either individually or as composite, and one for introducing 
limestone or other additive to the gasifier that may be called for in the test plan. 

~ Feed System for Waste #1 

The first waste feed train is for handling the first solid waste. This solid waste is manually 
charged into the feed hopper H-070 and is conveyed to the waste #1 hopper, H-1 05 
through the sidewall conveyor SWC-080. The design capacity of Waste #1 Hopper, H-
1 05 is 500 lbs. This waste will be received in preprocessed condition such that it is 
already shredded to 1-in size. 

A two-way chute CH-085 at the discharge end of the side-wall conveyor SWC-080 
diverts the material to the waste #1 hopper, H-1 05. Waste #1 from the hopper, H-1 05 is 
transferred to the weigh hopper WH-116 and then to the loss in weigh feeder LWF-117, 
through a belt feeder BF-115. 

Weigh Hopper WH-116 is fitted with load cell to measure the weight of the material 
inside the hopper. The loss in weigh feeder, LWF-117 is equipped with a variable 
frequency drive to enable feed rate control by speed variations. 

The controlled waste feed from loss in weigh feeder LWF-117 is transported through an 
inclined Belt conveyor IBC-125 to the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the 
discharge end of the bucket elevator. This flap valve, FV-131 directs the waste #1 feed 
to the gasifier inlet chute and at the same time restricts the entry of fugitive air into the 
gasifier. 

The fill cycle of the waste #1 feed hopper is controlled by a low level transmitter located 
in the hopper H-1 05. It triggers an alarm for the operator to begin replenishing waste to 
feed hopper H-070. Once the feed hopper H-070 is fully charged , the hopper H-105 
control is reset to "ON" position. This feed control condition is set by directing the two 
way chute CH-085 towards hopper H-1 05 and opening the slide gate valve SG-090 and 
the slide gate valve SG-75 and activating the side wall conveyor SWC-080. 
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A high level indication in the hopper H-105 will stop the side wall conveyor and sets the 
condition of hopper H-1 05 to "OFF" position. After filling the hopper H-1 05, both slide 
gate valves SG-75 and SG-090 are closed. 

~ Feed System for Waste #2 

The second waste feed train is for transporting the second waste to the gasifier. Again , 
this waste is manually charged to the feed hopper H-070 and is conveyed to the waste 
#2 hopper, H-110 through the side wall conveyor, SWC-080. The design capacity of 
waste #2 hopper, H-11 0, is 900 lbs. This waste will be also received in preprocessed 
condition such that it is already shredded to predetermined size. 

A two-way chute CH-085 at the discharge end of the side-wall conveyor SWC-080 
diverts the material to the waste #2 hopper, H-11 0. Waste #2 from the hopper, H-11 0 is 
transferred to the weigh hopper WH-119 and then to the loss in weigh feeder LWF-120, 
through a belt feeder BF-118. 

Weigh Hopper WH-119 is fitted with load cell to measure the weight of the material 
inside the hopper. The loss in weigh feeder, LWF-120 is equipped with a variable 
frequency drive to enable feed rate control by speed variations. 

The controlled waste feed from loss in weigh feeder LWF-120 is transported through an 
inclined belt conveyor IBC-125 to the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the 
discharge end of the bucket elevator. This flap valve, FV-131 directs the waste #2 feed 
to the gasifier inlet chute and at the same time restricts the entry of fugitive air into the 
gasifier. 

Waste feed #1 and waste feed #2 can be fed to the gasifier individually or through any 
combination. 

The fill cycle of the waste #2 feed hoppers is controlled by a low level transmittal located 
in the hopper H-11 0. It triggers an alarm for the operator to begin replenishing waste to 
feed hopper H-070. Once the feed hopper H-070 is fully charged, the hopper H-110 
control is reset to "ON" position. This feed control condition is set by directing the two
way chute CH-085 towards hopper H-11 0 and opening the slide gate valve SG-1 00 and 
the slide gate valve SG-75 and activating the side wall conveyor SWC-080. 

A high level indication in the hopper H-11 0 will stop the side-wall conveyor and sets the 
condition of hopper H-110 to "OFF" position. After filling the hopper H-110, both slide 
gate valves SG-75 and SG-100 are closed. 

The combination of inclined belt conveyor IBC 125 and the bucket elevator BE-130 
avoids the steep inclination of the belt conveyor as well as helps in conserving floor 
space for conveying feed into the gasifier. 

In case of waste #2 feed, the flap valve FV-131, located at the inlet feed chute of the 
gasifier allows the waste from bucket elevator BE-130 to enter the gasifier and at the 
same time prevents entry of fugitive air into the gasifier. 
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~ Feed System for Limestone 

The capture and removal of sulfur and chlorine, which are often present in wastes, is an 
extremely important consideration for developing the design data and the equipment for 
the waste to energy system. During the gasification of wastes, all forms of sulfur 
present in the waste are converted to hydrogen sulfide, H2S. Similarly, all chlorine 
containing compounds release chlorine during gasification to yield hydrogen chloride, 
HCI. Both of these compounds are to be removed from the fuel gas, which resulted from 
the gasification of wastes, before this gas can be consumed cleanly without causing an 
environmental impact. 

The design of the prototype unit provides three options for the removal of H2S and HCI 
from the fuel gas stream. One of these methods is to add limestone to the gasifier. 
Other methods described later are to add lime into the syngas stream after cooling and 
prior to its use; and removing sulfur via addition of suitable chemicals into the scrubber. 

For the first option , a separate feed system for introducing limestone is provided in the 
design and is described here:. 

Pre-sized limestone, generally -1/8-inch in size, is received either in drums or in bags. It 
is manually charged into the limestone hopper H-126. The limestone hopper H-126 has 
a capacity of 200 lbs. 

The limestone from H-126 is conveyed to weigh hopper, WH-128 through Limestone 
Screw feeder, SC-127. Weigh Hopper WH-128 is fitted with load cell to measure the 
weight of the material inside the hopper. The loss in weigh feeder, LWF-129 is equipped 
with a variable frequency drive to enable feed rate control by speed variations. 
00 0 

The controlled amount of limestone from weigh feeder LWF-128 is transported to the 
gasifier through an inclined belt conveyor IBC-125 and the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the 
discharge end of the bucket elevator. This flap valve, FV-131 directs the limestone feed 
to the gasifier inlet chute and at the same time restricts the entry of fugitive air into the 
gasifier. 

The Lime Hopper H-126 is furnished with high and low level indicators. The low-level 
alarm is meant to warn the operator to reload the hopper and high-level alarm is meant 
as signal to stop charging the hopper. 

The limestone (CaC03 ) added to the gasifier will be converted to Calcium Oxide (GaO). 
Subsequently, hydrogen sulfide (H2S) will react with Calcium Oxide to form Calcium 
Sulfide (CaS). This reaction is equilibrium controlled and the removal of sulfur is 
dependent upon the ratio of water to hydrogen sulfide in the gas. With limestone, it is 
possible to remove 99.9% sulfur from the feed . 
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Similarly, hydrogen chloride will also react with calcium oxide to form calcium chloride. 
This reaction, however, is extremely sensitive to operating temperature of the gasifier. 

CaS is an unstable compound. Therefore it must be stabilized to calcium sulfate, CaS04 

prior to its disposal. 

During the test, CaS will be collected with ash exiting the gasifier and collected in the 
ash hopper. At the end of the test, this ash will be subjected to further reaction with air 
in the same gasifier RX-140 operating as a combustor to develop ash stabilization data. 

2. Gasifier 

The gasifier is the key component of the gasification system. The following constitutes 
the main components of the gasifier: 1) Rotary Kiln Gasifier RX-140, 2) Startup Burner, 
B-144, 3) Fuel Supply for the burner, 4) Process Air/oxidant Supply, 6) Water Supply for 
the Process, 6) Air Distributor 7) Waste Inlet Nozzle, 8) Syngas Outlet Nozzle, and 9) 
Ash Discharge Nozzle. 

~ Gasifier RX.-140 

The Gasifier RX-140 is a horizontal refractory-lined kiln designed for process 
temperatures up to 2000° F (1 093° C). RX-140 rotates at a rate of 0.6 rpm, with kiln 
drive motor. The rate of rotation is controlled with a variable frequency drive (VFD) 
attached to it. The entire gasifier is kept air tight using a gas sealing mechanism. 

~ Burner B-144 

The burner is equipped with an integrated blower for its own air supply. The fuel supply 
line is connected to the burner. The primary functions of the startup burner are to cure 
the refractory and to preheat the gasifier to bring it up to the ignition temperature of the 
waste. 

~ Gasifier Inlet Hood 

The burner nozzle as well as feed nozzle to introduce solids into the gasifier is located at 
the inlet hood of the rotary kiln gasifier. The wastes as well as limestone are conveyed to 
the gasifier using Bucket Elevator, BE-130 and introduced into the Gasifier RX-140 
through the feed nozzle. The feed nozzle is oriented in such a way that the burner flame 
does not impinge on it during startup and during the refractory curing. 
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~ Water Supply 

A separate nozzle for introducing water into the gasifier is also provided at the inlet hood 
of the kiln. In the event of insufficient moisture in the waste, an additional amount of 
water/steam is necessary to sustain the gasification reactions in the gasifier. The 
addition of water is also helpful in modulating the gas composition , as well as to 
minimize soot formation inside the gasifier. 

~ Air Distribution System 

The unique feature of the W2E waste to energy technology is the ability to distribute air 
and/or oxidant throughout the gasifier and to direct the flow of air to any part of the 
gasifier to obtain maximum interaction between the waste and the oxidant. In this 
particular design, the distributor inside the gasifier allows the introduction of 
air/oxygen/steam along the length of the gasifier at four different locations along the 
gasifier. The quantities of air/oxygen/steam introduced into the gasifier through 
distributor pipe are individually controlled and measured in order to adjust the local 
temperature inside the gasifier, which helps in destroying tar present in the gasification 
products. The measuring devices used in each of these gas distribution lines will help in 
finding the optimal gasification conditions for an efficient operation . 

~ Oxidant Supply System to the Gasifier 

The air for the gasification is supplied by an air blower. When operating the gasifier with 
either enriched air or with oxygen, the design includes a provision for supplying nitrogen 
and oxygen with the pressurized cylinders. With air containing 21% oxygen, nitrogen, 
and pure oxygen, it will be possible to supply oxidant at any enrichment level to the 
gasifier. Moreover, it will also be possible to alter the enrichment in any of the four gas 
distribution zones within the gasifier since each of these three gases are metered 
individually. 

~ Operation of the Gasifier 

The gasifier RX-140 is designed to test all types of wastes. Each waste is first 
characterized for its composition and moisture content. The amounts of limestone, 
water, and air/oxygen requ ired for the gasification process will depend upon this initial 
characterization. The amount of water required is primarily a function of the amount of 
carbon present in the feed. Generally minimum molar ratio of water to carbon of about 
0.3 is required for satisfactory gasification of waste. The amount of air/oxygen depends 
upon the oxygen, carbon, hydrogen, and sulfur content of the waste. Generally, the 
oxygen requirements for gasification will vary anywhere from 30 to 40 percent by weight 
of the waste feed. The nitrogen present in the air does not participate in the gasification 
reactions; however, it does impose an additional heat duty on the reactor, thus 
decreasing its operational efficiency. 

The Gasifier RX-140 is designed to operate normally between 100 to 300 lb/hr of waste. 
However, this value will depend heavily on the type of waste being tested . The Gasifier 
RX-140 operates at near ambient pressure or slightly under negative pressure. 
Negative pressure prevents the discharge of harmful gases from the gasifier into the 
environment. The burner is fired initially during startup of the gasifier to raise the 
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temperature inside the gasifier to near ignition temperature of the waste and also to 
preheat the refractory and the downstream equipment. 

Normally, the gasifier will operate in nonslagging mode. In this mode of operation, the 
Gasifier RX-140 operates at a maximum temperature of 1800° F (982° C). Some 
limestone, if needed, will be added to the gasifier to remove in-situ sulfur compounds 
formed during gasification if sulfur is present in the waste feed . The organics present in 
the waste will be converted into syngas by reacting them with water and air. The 
inorganic ash is separated from the waste and discharged without any sort of chemical 
transformation. The ash is benign and can be sent safely to the landfill , provided that no 
limestone was added to the gasifier or if there was no sulfur present in the waste. 

Impurities like chlorine in the waste will be converted to HCI. The HCI thus formed can 
also be removed by adding limestone to the gasifier or alternatively by simply dissolving 
it in the scrubber water during the gas scrubbing operation. 

If limestone was used, and if sulfur was present in the waste, the sulfur will be converted 
to CaS which is unstable and will be discharged with the ash. As CaS is unstable, the 
ash generated will not be inert and hence it will be oxid ized with the same reactor before 
its disposal. 

~ Gasifier Startup 

The startup of the Gasifier RX-140 is accomplished by preheating the gasifier using the 
Startup Burner 8-144. The gasifier is allowed to reach at least 1500° F (815° C) before 
the waste, water, and air/oxygen are introduced into the gasifier. After the desired 
temperature is attained with the startup burner, waste is gradually introduced into the 
gasifier while allowing the temperature to rise. Water and air/oxygen are also introduced 
gradually. As the waste feed is increased , the fuel in the startup burner is cut back. This 
procedure will ultimately result in having only waste, air/oxygen, and water entering the 
gasifier. The temperature of 1800° F (982° C) is maintained in gasifier through 
temperature controller placed in the 4th Zone of the Gasifier RX-140 by controlling the 
oxidant supply to that particular zone. A fine tuning of the temperature at each zone of 
the gasifier is performed by providing a temperature controller at each zone of the 
gasifier, which is connected to the respective individual oxidant supply. 

At high temperature and in the presence of sub stoichiometric amount of air/oxygen and 
steam/water, the organic components of the waste are converted into carbon monoxide, 
hydrogen, carbon dioxide, water vapor, and some hydrocarbons. This mixture of gas is 
known as syngas, which has a calorific value ranging from 100 to 300 BTU/SCF (890-
2670 Kcal/m3

) on a dry basis, depending upon the enrichment of oxygen for gasification. 
If only air is used , the heating value will be on the low side, primarily because of the 
presence of nitrogen in the syngas. If pure oxygen is used for gasification, the heating 
value of the syngas will be on the high side. Either way, the combustion characteristics 
of syngas are similar to natural gas. Inorganic components are principally left behind as 
ash. The syngas is passed through the gas cooling and cleaning section before it is used 
for power generation. The ash is discharged from the bottom of the ki ln at the gas 
discharge end. 
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~ Ash Discharge System 

The ash discharge system is fairly simple, and consists of a 200-lb capacity Ash Surge 
Hopper BN-143, which receives ash continuously from the Gasifier RX-140 through 
Rotary Valve, RV-142. The ash is allowed to cool in the hopper. In the event of any ash 
bridging and subsequent blockage of ash discharge port, a special cleanup rod is 
provided for removing blockage at the discharge hood of the kiln. 

The ash discharge rate will be monitored throughout the steady state period . The grab 
samples will be taken during the test for analysis. 

3. Gas Cleanup System 

The gas cleanup system comprises of cyclone, waste heat boiler, quencher, scrubber, 
and the filter. The functions of each of these are described below: 

~ Cyclone 

The hot syngas produced in the gasifier is passed through the refractory-lined Cyclone 
R-145. A large amount of fine particulates are removed from the syngas in the cyclone 
R-145. These particulates are collected in the refractory-lined surge tank provided at the 
bottom of the cyclone R-145. The fine particulates are allowed to cool before they are 
periodically discharged into the Discharge Bin BN-143B for offsite disposal. The cyclone 
dip leg is electrically traced to prevent moisture condensation in the pipe. The 
condensed water has a tendency to form a cake with cyclone fines and deposit inside 
the dip leg, which ultimately results into blockage. To prevent condensation in the 
cyclone dip leg, a small purge of nitrogen gas is also provided at the bottom of the dip 
leg. 

The temperature of syngas at the outlet of Cyclone is approximately 1800° F (982° C). 
This gas is cooled and further cleaned in subsequent processing steps of heat recovery 
and gas scrubbing. 

The fines collected by the cyclone will be weighed and recorded at the conclusion of the 
steady state period . The grab samples of the solids collected during the steady state 
period will be analyzed. 

For cooling the syngas, two options are included in the design. These are: 

./ Waste Heat Recovery Boiler 

./ Quencher /Scrubber 

~ Waste Heat Recovery Boiler 

In Waste Heat Boiler WHB-150, the temperature of syngas is reduced from 1800° F to 
350° F (982° C to 176° C). The heat recovered during the process of cooling syngas is 
used for generating steam in the boiler. The pressure of the steam generated will be 10 
bar. The rate of steam generated from waste heat is controlled by the water circulation in 
the Steam Drum SD-151 along with back pressure control. The water circulation 
through the Waste Heat Boiler WHB-150 is controlled by WHB Pump BFP-152. 
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If the waste contains large quantities of alkali metals, such as sodium, the operation of 
the waste heat recovery from the syngas may result in cooling the gas below the dew 
point of these alkali metals and subsequent deposition on the tubes. 

The deposition in the tubes is detected by monitoring the pressure drop across the 
waste heat boiler. If excessive pressure drop is detected across the boiler, the hot 
syngas from the cyclone will be bypassed to the quencher/scrubber for cooling. 

If tar is formed during the gasification of waste, that tar will also have the potential of 
depositing on the tubes. Deposition of tar will also be detected by increased pressure 
drop across the waste heat boiler. Presence and subsequent deposition of tar in the 
boiler tubes will be another reason to bypass waste heat boiler and to send the hot 
syngas directly to the quencher. 

At the conclusion of the test, the boiler tubes will be inspected for type of deposition. The 
deposits will be collected, weighed, and characterized for its content and physical 
properties. 

~ Quencher 

Irrespective of whether waste heat boiler is in line or not, the syngas is always passed 
through the quench column QC-155. If the hot gas from the cyclone enters the 
quencher, then the syngas will be cooled from 1850° F to 300° F by direct water injection 
into the quencher. If gas is already cooled by the waste heat boiler, then further cooling 
by the quencher is not necessary. 

The water required for the Quench Column QC-155 is stored in a Quench Water Tank 
TK-157. The water flow to the Quench Column QC-155 is automatically controlled by 
setting the syngas outlet temperature of Quench Column to 300° F (148° C). Water is 
delivered from the Quench Water Tank TK-157 to the Quench Column QC-155 by using 
Quencher Pump LPP-156. 

The water level in the Quench Water Tank TK-157 is controlled by high and low level 
indicators located inside the tank. Make up water is supplied from the Plant Water 
Header. 

The dip leg of the Quench Column, QC-150 is electrically traced and purged with 
nitrogen gas to prevent condensation of moisture at the quencher discharge. Any solid 
material dropping in the Quench Column QC-155 is discharged through nozzle. These 
solids will be weighed. A grab sample of these solids will be analyzed. 

A pressure relief valve is provided at the top of the Quench Column to provide safety 
against over pressurization of the Gasifier RX-140 in the event of a blockage 
downstream of the quench column. 

~ Venturi Scrubber 

The venturi scrubber serves two functions. These are: 

• To cool the syngas below its dew point to recover water; this can then be 
recycled. This action results in minimization of water use by the process. 
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• To provide second option for the removal of hydrogen sulfide and hydrogen 
chloride from the syngas. 

The syngas temperature is dropped to about 126° F (52° C) which roughly corresponds 
to the dew point of syngas as it leaves the gasifier. In doing so, the water present in the 
syngas condenses and hence most of the water added in the Quench Column QC-150 is 
recovered. 

The cooling of the syngas in the scrubber is accomplished by direct contact with water 
from which the heat is continuously removed by indirect means through indirect contact 
with cooling water in the Heat Exchanger HX-175. The cooling water for the scrubber is 
stored in the Water Tank TK-176, and it is circulated through the scrubber using 
Scrubber Pump HPP-170. Make up water to Water Tank TK-176 is supplied from the 
process water header. The water level in the tank is controlled by low and high level 
indicators. The requirement for the water circulation in the Venturi Scrubber VS-160 is 
dictated by the temperature controller set point located at the exit of the scrubber. 

A small portion of the water is discharged from the Water Tank TK-176 to remove solids 
that are recovered by the scrubber. These solids will also be weighed. The water will 
also be analyzed for dissolved organic and inorganic compounds, along with their 
compositions. The solids present in the liquid sample will also be analyzed for its 
composition. 

During the testing if the scrubber is also being utilized for the removal of inorganic 
compounds such as hydrogen chloride, ammonia, and hydrogen sulfide, then additional 
processing steps are incorporated into the scrubber operation. These are described 
below: 

If the waste does not contain any sulfur, but it does contain chlorine containing 
compounds, the chlorine will appear in the syngas in the form of hydrogen chloride. 
Hydrogen chloride is soluble in water and will therefore dissolve in the water circulating 
through the scrubber. The water discharged from the scrubber Water Tank TK-176 will 
be adjusted to remove sufficient quantity of hydrogen chloride to maintain steady state 
balance in the system. This water, as mentioned above, will be analyzed for hydrogen 
chloride. 

Similarly, ammonia will also be dissolved in the scrubber water. The water will also be 
analyzed for ammonia. 

The process of inorganic compounds becomes problematic when there is sulfur present 
in the waste and that sulfur appears as hydrogen sulfide in the syngas. In this case, one 
method that will be tested for the simultaneous removal of hydrogen chloride and 
hydrogen sulfide is the simultaneous addition of a 10% caustic solution (NaOH) and 15% 
sodium hypochlorite solution (NaOCI). HCI will react with NaOH to form Sodium 
Chloride salt (NaCI). H2S will react with NaOH and NaOCI to produce stable sulfate (S04 

(-2) ions. 

The portion of water containing solid particulates and inorganic chemicals removed from 
the scrubber is collected in the Decanter, D-165 for measurement and analysis. 
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The scrubbed, cooled, and saturated syngas is then passed through Demister DM-161 
to drop any free water trapped within the syngas. Water collected in the demister will be 
sent to Decanter D-165. 

~ Gas Re-heater 

The gas re-heater, HX-177 is designed to control the relative humidity of the syngas 
coming out the quencher/scrubber system. This is basically a shell and tube heat 
exchanger, with steam as heating media. The system is designed to have flexibility in 
adjusting the temperature of the exit gas through the controlled flow of steam. 

~ Filter 

The filter vessel F-180 is designed to provide three stages of either filtration or for the 
adsorption of contaminants from the syngas. The primary reason for providing this type 
of filter is to test the removal of organic and inorganic compounds as well as heavy 
metals from the syngas. This filter will be utilized to test the following methods for the 
removal of contaminants. 

There will be two conditions under which the filter would be tested: 

• The first condition is when the syngas has already passed through and is 
cleaned by the scrubber. In this case, most of the contaminants would have 
been removed from the syngas and only traces of contaminants might be present 
in the syngas. 

• The second condition is when the syngas , after being cooled by the waste heat 
boiler, is bypassed across the quencher/scrubber and sent directly into the filter. 
In this case, the gas temperature is approximately 300° F and it still contains all 
the contaminants of interest. 

In the first condition, the primary interest is to test the removal of trace amounts of sulfur 
present in the syngas. For this testing, the filter beds could be filled with sponge iron or 
zinc for capturing traces of hydrogen sulfide from the syngas. 

In the second set of conditions, the filter would be deployed for developing data for the 
removal of several contaminants: 

• A layer of sawdust or wood chips on one tray would trap organics present in the 
syngas. 

• Another layer of lime would trap hydrogen sulfide and hydrogen chloride from the 
syngas. 

• Another layer of activated carbon will trap mercury and ammonia from the 
syngas. 

The design of the filter allows for testing one filter/absorption media at a time or testing 
up to three filter/absorption methods in a single test. 
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Upon the conclusion of steady state test periods, these filter media will be analyzed and 
quantified. 

~ ID Fan 

An Induced Draft Fan F-660 maintains the gas flow across the gasifier and gas 
cleanup/gas cooling sections. The 1.0 Fan is equipped with a variable frequency drive 
(VFD) to enable speed variations for adjusting the draft through the system. 

The amount of syngas produced during the test will be continuously measured at the 
upstream of the ID Fan. The grab samples of this gas will be withdrawn periodically 
from this location for analysis. 

~ Flare 

The gas exiting I.D Fan F-660 will be flared off using Flare FL-220. The Flare is 
equipped with a fuel burner, which acts as pilot as well as to ensure complete 
combustion of flue gas. A provision for adding process water to control the exit gas 
temperature of the flare is also provided. 

Prototype Equipment Description and Specification 

Table 1 is a summary of all the components along with their specifications that are 
included in the modified TURNW2E™ prototype gasification system. 
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TABLE 1: EQUIPMENT LIST AND SPECIFICATIONS FOR TURNW2E™ 
PROTOTYPE GASIFICATION SYSTEM 

r--------------------------------------------------------------------------------------------------------------------------------- ... . . . . . 

. EQUIPMENT . DESCRIPTION : SIZE AND OTHER COMMENTS 
NUMBER 

1--------------

~ H-070 
----------------------· ----- - ------- --------~ 

1 Feed Hopper 1 This hopper is used to store prepared waste material. 1 

: It is designed for a capacity of 100 lbs. Material of : 
~ construction is MS. 

. . . . ·------------------...-------------------------1----------------------------------------------------------f 

~ SG-075 1 Slide Gate 

. . . . 

This slide gate is used to control the flow. This is 
motorized with actuator operated. Material of 
construction is MS. 

--------------------------------------------------------------------------------- ------------------------------- ----------------------------------... 

: SWC-080 
. . 

j Side Wall 
~ Conveyor 

~ Side wall conveyor conveys the material from H-070 to : 
: H-1 05 & H-11 0. It is designed for a capacity of 3001bs. · 

::.-----------------------~-------------------------------::.-------------------------------------------------------..! 

: CH-085 j Two way chute : Two way chute will divert the material from SWC-080 ~ 
~ to H-1 05 or H-11 0. Material of construction is MS. 

~----------------------·---------~-----...;·----------------------------~------------------------------------------------------------------------------------------..; . . . . . . . . 

: SG-090, SG100 : Slide Gate : This slide gate is used to control the flow of material to : 
~ waste #1 and waste #2 hoppers. Material of ~ 
~ construction is MS . 

.. ---------------------------------------..--------------------------------..------------------------------------------------------ --------------------------------... . . . . 
j MX-101 j Mixer-1 j Mixer used for mixing air/ nitrogen/oxygen streams : 

: with steam. This MX-1 01 is used for the first zone of ' 
i Gasifier. 

. . . . r--------------------------------.;----------------------------------.;.--------------------------------------------------------------: . . . . 
: H-105 : Waste #1 

: Hopper 
: This hopper is used as a temporary storage for waste : 
~ #1 and has a capacity of 500 lb. The bottom opening is : 

400mm dia and the bulk density of the material ~ 

considered for design purpose is 15 lb/cu .ft. Material of : 
construction is MS. : 

;._ ______________________________________ ;·------------------------------~-------------------------------------------------------------------J 
: : : : 

~ H-11 0 : Waste #2 
: Hopper 

~ This hopper is used as a temporary storage for waste 
j #2 and has a capacity of 900 lbs. The bottom opening 
: is 400mm dia and the bulk density of the material 
; considered for design purpose is 30 lb/cu .ft. Material of ~ 
~ construction is MS. ~ . . . . . . ' .. -----------------------------------------.... ----------------------------------..------------------------------------------------------------------------------- ----. 

: : : : 

~ MX-111 ~ Mixer-2 : Mixer used for mixing air/ nitrogen/oxygen streams : 
: with steam. This MX-111 is used for the second zone ~ 
: of Gasifier. 

. . 
;.......----------------------------:;------------------------r--------------------------------------------------------; . . . 
' WF-115 : Weigh Feeder : The waste feed from H-1 05 is metered and conveyed : 

: for Waste #1 : to the inclined belt conveyor IBC-125 through this : 
: weigh feeder. The weigh feeder will control the flow of : 
: material as desired for the Gasifier operation . It is 24" : 

wide and the design Capacity is 1100 lb/hr. The weigh ~ 
feeder is equipped with a variable frequency controller 
which allows varying the capacity of the weigh feeder. 

. . . The turn down ratio for the weigh feeder is 10:1. 

. . . 
L-------------------------------"---------------------~------------------------------------------------------------
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~-------------------- .. ------------------------....---------------------------------------------------, . . . . . . 

: WF-118 : Belt Feeder for 
: Waste #2 

: The waste feed from H-11 0 is metered and conveyed : 
: to the inclined belt conveyor IBC-125 through this : 
: weigh feeder. The weigh feeder will control the flow of 
: material as desired for the Gasifier operation. It is 24" 
: wide and the design Capacity is 1100 lb/hr. The weigh 
: feeder is equipped with a variable frequency controller 
: which allows varying the capacity of the weigh feeder. 
: The turn down ratio for the weigh feeder is 10:1. . . . 

~---------------------~---------------------------:--------------------------------------------------------~ 

: MX-121 : Mixer-3 : Mixer used for mixing air/ nitrogen/oxygen streams : 
: with steam. This MX-121 is used for the third zone of : 
: Gasifier. . . . r------------------------.. -------------------------r-------------------------------------, . - . . . . . . 

: IBC-125 ~ Inclined Belt 
~ Conveyor 

: This inclined belt conveyor conveys material from loss j 
: in weight feeders LWF-117, LWF-120 and LWF-129 : 
: to the Bucket Elevator. The belt conveyor is 12" wide 1 
: and has a capacity of 2001b/hr. · 

r------------------------------,·------------------------------r--------------------------------------~ . . . . . . . . 
: H-126 ~ Lime Hopper : Th is hopper is used an intermediate storage for lime : 

: powder. The design capacity is 150 lbs and the bulk : 
1 density considered for design purpose is 40 lb/cu.ft. : 
1 Material of construction is MS. · 

. . - ---·---·--·----·------------------·---------------------------------------------------------------------------------------------------------·-·----... 

: SC-127 
. -

: Lime Screw 
Feeder 

. . 
: This screw feeder is used to convey lime powder from ~ 

lime hopper to weigh hopper. The screw feeder is ' 
designed for a capacity of 50 lb/hr and has a diameter 
of 6" . Regulate Lime powder from Hopper to Bucket 

, , Elevator , 
. -

~------------------------------.:, ______________________________ _: _________________________________________________________________ _J 

: WH-128, LWF-129 
. . 

~ Loss in weight ' To feed lime powder in required quantity. The weigh : 
j system for Lime : hopper will be equipped with a load cell to measure : 

• the weight. 
r---------------------------------...;;-------------------------o-------------------------------------------------------------~ . . . . 
: BE-130 : Bucket Elevator : Bucket elevator feeds the waste #1/waste #2/lime : 

: powder received from the inclined belt conveyor. The : 
: elevator is designed for a capacity of 400 lb/hr . 

..------------------------------------------------------------------------------------------------------------------------------------------- .... . . . . . . . . 
: MX-131 : Mixer-4 : Mixer used for mixing air/ nitrogen/oxygen streams : 

: with steam. This MX-131 is used for the fourth zone of : 
: Gasifier. 

~-------------------------------------~------ -------------------------~-------------------------------------------------------------------------------: 

: FV-135 : Flap Valve : This will divert the material from bucket elevator into : . . 
: Gasifier and restricts the entry of fugitive air into : 
: Gasifier. · 

. . . 
1-------------------------------..J--------------------~-----------------------------------------------------· 

: R-140 : Gasifier : The rotary kiln Gasifier system is designed to operate : 
: at 2,000° F. The kiln will be refractory lined. The : 
: average waste feed capacity for processing waste in ' 
: the kiln is 400-500 lb . per hour. The residence time in : 
: the kiln for these solids is 30 minutes. The kiln ID : 
j (inside the refractory lining) is 2.06 ft and the length is : 
~ 6.56ft. The shell is refractory lined . An eddy current : 
: drive motor powered by a variable frequency controller : 

L ______________________________ L ___________________ : i§ __ l,!§~ci_tQ __ Q!:Q_'{l<t~_'{~~!?~_Q.r!!rD . ...?Q~_E?.9.:..I~-~-i>-=lD£~--= 
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.. ~----------------------~-------------------- ........ ----------------------------~-------------~ 
: : • nozzle protruding inside the Gasifier is provided to · 

: convey the mixed waste and modifier mixture : 
: continuously into the rotary kiln . · 

: The variable speed drive for the motor has turndown : 
j ratio of 10:1. The Gasifier is fitted with an internal air j 
• distribution system made up of SS-316 pipe with a 4" • 
: diameter. The gas distributor is divided into 4 zones. : 
: Each zone is separate and distinct from one another : 
: and is supplied with an individually controlled amount • 
j of air. A thermocouple is provided in each zone for : 
j temperature control and for monitoring. A j 

: thermocouple at the exit of the Gasifier is employed for . 
: controlling the exit gas temperature from the Gasifier. : 
j The normal operating temperature inside the Gasifier j 
; is 1800° F. The design temperature for refractory : 

: j design is 2000° F. ; 
. . . . 
~------------------------_..;.-----------------------~------------------------------------------------------.! . . 

: FV-141 ~ Flap Valve 
. . 
~ This will be used to remove any material accumulated : 
: at the Gasifier inlet hood of Gasifier and restricts the : 

. . j entry of fugitive air into Gasifier. . . . . 
;;.-------------------------------..;.---------------------------------.;;.-----------------------------------------------------------------------~ . . . . 

: RV-142 : Rotary Valve j To remove the ash from Gasifier. The MOC is suitable : 
j for withstanding a temperature of 1800° F. 

~--------------------------!-------------------------~---------------------------------------------------! . . . . 
j BN-143(A, B, C, D, 
: E, F) 

j Ash Surge 
j Hoppers 

j To collect any ash/solid discharged from the Gasifier, j 
: Cyclone, Decanter, WHB, Quench Column and Filter. 

t··---------------------------~------------------------------"f--------------------------------------------------------~ 

: B-144 

R-145 

• Startup Burner : Startup burner will be used to preheat and to bring the : 
: Gasifier temperature to the ignition temperature of the : 
: waste. This is also used for the curing refractory inside : 
: the Gasifier. It is designed for a capacity of 1 ,000,000 : 
~ Btu/hr. · 

: Cyclone 
. . 
j The cyclone is refractory-lined and designed to : 
: remove 99% of the fines contained in the gas. The : 

shell is CS lined with castable refractory. The dip leg is : 
made from SS to withstand the temperature. The : 
normal operating temperature inside the cyclone is j 

. 1800° F. The design temperature for the refractory is : 
: 2000° F. : : : . . . . .:.-------------------------------.:------------------------------_;..--------------------------------------------------------------------..1 

~ DV-146 
. . . . . . 

Diverter Valve - I ~ This diverter valve is used for selection operation of ~ 
: Waste heat boiler (WHB-150) and quench column ~ 
j (QC-155). It is a water cooled diverter valve which is ~ 
j connected in between the cyclone and WHB/Quench ~ 
: Column gas streams. ~ 

~-----------------------------------:---------------------------------:.----------------------------------------------------------------------------~ . - . . . - . . 
: P-147 ~ DV-146 water 

~ supply pump 
j This pump supplies the water required to be circulated j 
j through the diverter valve . The pump is centrifugal j 
: type and is designed for a capacity of 1 0 GPM at a : 
j discharge pressure of 50 psi. j 
. . 

r------------- --------------------•--------------------------~---------------------------------------------------------------------------------""' - . - . 

j WH B-150 j Waste heat j To cool the gas from cyclone and to convert the : 
. : Boiler j recovered heat into steam. The WHB is designed for a j 
~---·------·--------------------L ________________________ l _f@§ __ flQ~.!~t~_QL~.1A~ __ 6_g_E_$.JD.l~U~!n.P.~r..9tur~_J§_Q_Q _ _:_ __ : 
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: SD-151 f Steam Drum f Steam drum is provided to collect the steam generated f 

~ from boiler. It is designed for holding a pressure of 300 ~ 
! psi . 

o----------------------.---------------------------...... -----------------------------------------------t 
: : : : 

: BFP-152 : Boiler feed 
: water pump 

j The waste heat boiler pump assists in circulating water : 
: between the steam drum and the waste heat boiler. : . . 
: Approximately 1000 lbs of steam is generated. The : 
: internals of this pump are SS since 450 o F water will : 
! be flowing through the internal chambers. 

-----------------------,.---------------------------------------------------------------------------

j QC-155 
. . 

Quench Column The hot flue gas from the discharge of the Waste Heat : 
j Boiler or directly from the Cyclone discharges into this 
: evaporative cooler-type quench system where the hot 
! flue gas are contacted with water in order to reduce 
j the flue gas temperature to a level of 300 o F. The 
j upper portion of the quench chamber is constructed 
: from carbon steel lined with a minimum of 6 inches of 
: castable refractory. The remainder of the quench 
: system is constructed of 3/16-inch, 316L S.S. The : 
: base portion of the evaporative cooler consists of a : 
j cone section with a 60° sloped wall that feeds into a : 
j customer provided bin. . . 

r----------------------------- - - --.;------------------------------r----------------------------------------------------------------,1 . - . . . . . . 
~ LPP-156 ~ Quench water 

j Pump 
j The quench water pump supplies water for quencher j 
! operation. : . . 

~-------------------~------------------------------~-----------------------------------------------------~ 

: TK-157 : Quench water 
: Tank 

: This tank is used to store the water required for ~ 
: quencher operation. The tank capacity is 130 gallons. 

~-----------------------------------------~-----------------------------------~---------------------------------------------------------------------------------~ 

i DV-159 j Diverter Valve-2 

: VS-160 : Venturi 
: Scrubber 

j This diverter valve is used for selection operation of j 
i Waste heat boiler (WHB-150) and quench column i . . 
: (QC-155). It is connected in between the Gas : 
! Reheater and WHB/Quench Column gas streams. · 

: The venturi scrubber is provided to remove fine 
: particles from the syngas as well as to remove tars 
: and hydrogen chloride from the gas. It is designed for 
: extreme conditions during which the waste heat boiler \ 
j is not in service. The Quencher Column will, however : 
: be in service to reduce the gas temperature to 350°F ~ 
: before entering the venturi scrubber. . . . 

;..---------------------·----------------------------.-;.....----------------------------------------------------------...j . -

: DM-161 : Demister : This is used to remove the moisture as well as any tar 
: left in the syngas produced. The Demister will be a 
: part of the venturi scrubber. 

--------------------------------------------------------------~------------------------------------------------------------------------. -

: P-169 

: HPP-170 

: Chemical 
: Dosing Pump 

j This dosing pump is used for dosing the chemicals j 
: (Caustic soda/bleach solutions) used for scrubber j 
: operation . The pump is of variable capacity and the : 
j flow rate can be varied according to the requirements. i 

. . 
: Scrubber Water j The scrubber water pump supplies water for scrubber j . . . 

~----------------------.!-------------------------=---------------------------------------------------------------------
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r·-------------------------;-P"u-mp------------··ra"Pe-ratTo-n~-----------------------------------------------------1 

. . . . ., _____________________________ .. ____________ ............................................ ---........ -.. ___ , ___________________________ ,. ___ .... ___ .. ____ ....................... _ ............ __________ "" 
: : : 

: HX-175 : Heat Exchanger This heat exchanger is required to cool the recycle : 
water for Venturi Scrubber. With a 20oF rise in the ~ 
temperature of cooling water, the water circulation rate = 

: of 100 GPM is required when the Waste Heat Boiler is 
: not operational. Otherwise 13 GPM of water circulation 
: will be necessary. 

~--------------------------:---------------------------------:...---------- ---------------~ 

~ TK-176 
- . 

~ Scrubber Water 
~ Tank 

~ The water tank is used for the storage of water for the ~ 
~ venturi scrubber. The tank has 1 00-gallon capacity. ~ 
~ The tank is constructed from carbon steel with an ~ 
~ epoxy liner for corrosion control. 

~--------------------------·--------------------------).--------------------------------------------------. . 

~ HX-177 ~ Gas Re-heater : The Gas re-heater is used to maintain the temperature ~ 
: of the syngas at 11 0 to 130 o F to avoid any : 
: condensation in fi lter or ID Fan before it is flared off. : 
~ Steam is used as the heating media for this heater. 

~---------------------------·----------------------------------------------------------------------------------. 

: F-180 ; Filter 
• 0 

~ The filter is used to remove any fine particulates : 
: escaped from the quencher/scrubber system and to : 
: remove any H2S and other pollutants. It is equipped : 
: with 3 trays of filter media. The first layer is of saw dust : 
: or wood chips to trap organic present, second one with : 
: a layer of lime to trap H2S and HCI and the third layer : 
: with activated carbon to trap ammonia and mercury. . . . . 

;.----------------------------.;.----------------------------~----------------------------------------------------------------------------1 

: RV-185 : Rotary Valve 
: below Filter 

0 • 

: Rotary valve is provided to remove the solids collected : 
: in filter and to prevent the entry of fugitive air onto the : 
: system 

: : : r-----------------------------------------------------------------------------r---------------------------------------------------------------------------------------.; . - . . 
: C-200 

: F-205 

. . 
~ Air Compressor 

: ID Fan 

: Is designed to have compressed air at 1 00 psig for the : 
: purpose of instrument and utility air requirements . The : 
: capacity of the compressor is 40SCFM. 
• 0 

: ID fan will be used to maintain the required gas ; 
: velocity across the Gasifier. It is designed for 320 : 
: SCFM of gas flow at 40 in WC static pressure. 

: : : r--------------------------------.i----------------------------T-----------------------------------------------------.; . - . . 
0 0 0 

: B-210 ~ Process Air 
~ Blower 

: The process air blower will supply process air to the : 
: Gasifier and to the air distribution nozzles. The : 
: capacity of the blower is 300 SCFM and capable of : 
j developing static pressure of 30-inWC. j 
0 0 .. -------------------------------------------~-------------------------------------------------------------

: : : : 

: FL-220 : Flare : The gas exiting 1.0 Fan F-660 will be flared off using : 
; this flare FL-220. It is equipped with a fuel burner, : 

which acts as pilot as well as to ensure complete : 
combustion of flue gas. A provision for adding process : 
water to control the exit gas temperature of the flare is ~ 
also provided . 

~-----------------------------------=-.------------- --------------~----------------------------------------------------------------------------· 
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B. Capacity Of TURNW2E™ Prototype Gasification System 

The agricultural wastes have wide variation in terms of size, composition, moisture 
content, and density. The TURNW2E™ prototype gasification system is versatile and 
will process all of these wastes with no difficulty. However, for design purposes we have 
used wood as reference material since wood closely parallels the composition of wide 
spectrum of agricultural wastes. The prototype will always be first operated with this 
reference material to develop baseline information. Therefore, in this section we have 
primarily focused on wood to develop design capacity for the prototype. The composition 
of reference wood waste is given in Table 2. 

TABLE 2: COMPOSITION OF REFERENCE WOOD WASTE 

;-------·---------------------"!---·--------. 
~-~le i!!~~!_ ______________ ~ Chopped wood ~ 
. . . 
. Wt% (dry) : 
;---------------------------------. 
~ Carbon 49.000 
--------------------------- -- -----
~--t!Y~~-~9-~!]________________ 5. 780 

[_Qxyg~-~----------------- 3 7. 300 
[}~it~~-g~_r:!_____________ 0. 770 
' Sulfur 0.080 

- --------' 
: Chlorine 0.120 
~--------------------------

: Ash 6.950 
~------------------------. . 

:__ H H_y_,_~}"U/1 ~ __ (Q!}0 ___ ~ __________ !_~~_!:Q_Q_ _______ _ 

This reference wood waste material is used throughout in developing design parameters 
for the prototype system. 

For design purposes, we have utilized only air as the gasification medium. The 
composition of air used for generating heat and material balances is given in Table 3. 

TABLE 3: COMPOSITION OF AIR FOR DESIGN 

ELEMENT AIR, Mole% 

Oxygen 21 .00 
---------·--·--------------

Nitrogen 79.00 

1. Prototype Capacity Considerations 

The design of the prototype gasifier is based on the smallest diameter of the kiln that 
could accommodate a 6-inch diameter feed nozzle, 4-inch diameter air distributor, and 
the startup burner. These mechanical constraints resulted in 2-ft for the kiln diameter. 
This diameter and process constraints outlined in Table 4 below dictates the capacity of 
the prototype system. The basis for calculating the heat loss from the gasifier surface 
mentioned in Table 4 is given in Table 5. 
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TABLE 4: FACTORS AFFECTING CAPACITY OF PROTOTYPE GASIFIER 

------------------------- ---------------. . . . 
! FACTOR ! DESIGN LIMIT 
: : 

~ Gasifier Diameter, ft 2 

: Gasifier Area, ft2 3.142 

~ Maximum Allowable Gas Velocity through the Gasifier, ft/s ~ 10 

: Gasifier Length, ft 6.5 

~ Gasifier External Diameter, ft 4 

: Gasifier External Surface Area , ft2 81 .7 

: Heat Loss from Gasifier, BTU/hr/ft2 644 
-----· ______ ____J 

~ Total Heat Loss from gasifier surface, BTU/h 52600 

: Allowable % heat loss from waste fed to Gasifier 5 

: Gasifier Operating Temperature , o F 1800 
---

: Gasifier Pressure, psia Slightly Below 14.7 
~----------------------------------~----------~ 

1 Maximum Gas Flow Allowable in the Gasifier, ACFS ~ 31.42 [ 

TABLE 5: BASIS FOR HEAT LOSS CALCULATION 

·-------------------------------------------------------------..------------------. . . . . . 
~ FACTOR ! VALUE . . . 
:----------------------------------------------------~---. . 
: Gasifier Skin temperature, o F 392 
·---------------------------------------------------------~----------------. . . . . . 
1 Ambient temperature, o F : 86 1 . . ·-----------------------------------------·-·----------·---------------------------·------------· . . . 
~ Wind Velocity, ft/s [ Negligible ~ 

. . ·------------------------------------------------------·------------·------·-----------. . . . . 
: 644 ~ . . ~ Heat loss, Btu/hr.ft2 . . ·-----------------------·--· .. ·-·------------------------------------------------·-----------------------

2. Energy and Material Balance for Reference Wood Waste 

The energy and material balance for 100 lb/hr of Wood gasification with air as 
gasification medium using TURNW2E™ gasifier is summarized in Table 6. 
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TABLE 6: HEAT AND MATERIAL BALANCE FOR 100 LB/HR CHOPPED WOOD 
GASIFICATION USING AIR AS OXIDANT 

: Waste Chopped Wood : 

: Gasification Mode Air : 

: Moisture% 20.00 : 

• HHV, BTU/Ib (Dry) (Dulong) 7827 . 

HHV, BTU/Ib (Wet) (Dulong) 6262 . 

: Total Feed Rate, lb/h 100 : 

: Dry Feed Rate, lb/h 80 : 

: Moisture Feed Rate, lb/h 20 : 

· Gasification Temperature, o F 1800 

: Heat Loss, % of heat input 5 j 

: Air Feed Rate, moles/h 9.43 : 

: Air Feed Rate, lb/h 271.89 : 

: Syngas Produced, mol/h 13.88 : 

: Syngas Produced, lb/h 366.43 : 

: Syngas Mol Wt, lb/mole 26.40 : 

• Syngas Produced SCFS 1.46 
-----------
Syngas Produced ACFS 6.37 . 

--------~------------~ 

Syngas Composition, mol % 
co 
H2 
CH4 
C02 
H20 
H2S 
N2 
HCI 

-------
Ash Produced, lb/h 

HHV of Syngas, BTU/SCF 
(Wet) 
HHV of Syngas, BTU/SCF 
(Dry) 

10.75 
7.06 
0.94 

11.83 
15.56 
0.010 
53.83 

0.02 

5.56 

67.00 

79.35 
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3. Prototype Capacity 

The upper and lower limits on the throughput of wood waste that can be processed by 
the prototype gasifier are dictated by parameters set forth in Table 4 and material 
balances set forth in Table 6. These limits for using air as the gasification medium are 
listed in Table 7. 

TABLE 7: UPPER AND LOWER LIMITS FOR WOOD PROCESSING CAPACITY IN 
THE PROTOTYPE GASIFIER 

·--------------------------------------------~---------~----------------------------------------· 

PROCESS 
PARAMETERS 

UPPER/LOWER VALUE : AIR GASIFICATION, ~ 
CONSTRAINT . LB/HR : 

.............. .. .... ... ....... .......... .. .. .... ....... ........ ... .............. .... ... ____________ .. ____ .,. _______ ,. __ ,._.,. _____ .......................................................................................... ~ 

~ Velocity Limitation ~ 10 ft/s (max) in the Gasifier ~ 493 ~ 
• 0 • 

0 0 • ,_____________________________________ - -------------------------------------------------· 
: 52600 BTU/h (min) at 5% : : 

: Heat Loss Limitation : of heat input to the Gasifier ~ 168 
, _______________________________________ :.. _____________ __: _______________ ____ __________ _____________________ ~ 

Thus, for wood, the prototype unit will be operated at feed rates ranging between 168 
lb/h and 493 lb/h. 

C. Installation Design 

During this quarter, we completed nearly all of the installation related drawings to 
facilitate the installation of the prototype for cold testing as well as for SUNY Cobleskill to 
have an option for hot testing. These drawings are listed in Table 8. They are also 
included in this report as Figures 2 to 10 in this report for completeness. 

TABLE 8: LIST OF PROTOTYPE INSTALLATION DRAWINGS 

:-·"Fi"Gu-RE·-: or<AwiNG ~-----------------------------------TiTLE -----------------------------= 

: NUMBER : NUMBER ! 
=------------~-------------~----------------------------------------------------------------------------------------: 

l Figure 2 : 003-500 j GENERAL ARRANGEMENT OF BIOWASTE TO BIOENERGY 
j PROTOTYPE FACILITY 

~-------------------.;__--------------------------------------------·--·--·-··---------·---------------------------------··-------· 

~ 003-501 ~ PLAN VIEW AND EQUIPMENT ARRANGEMENT 
0 • 

! Figure 3 
·-----------------------..:--------------;-------------------------------------------------------------------------------------------------: 
j Figure 4 i 003-502 j ELEVATION VIEW OF FEED SYSTEM 
:-----------------------.;..-------;---------------------------------------------------------------------------------1 
: Figure 5 ~ 003-503 ! ELEVATION VIEW OF GAS CLEANUP SYSTEM . . :--------------.:-----------..:--------------------------------------------------------: 
: Figure 6 : 003-504 i ELEVATION VIEW OF GASIFIER 

;.---------------------------------------------------------------------------------------------------------------------------------------· 
Figure 7 j 003-507 • PLAN VIEW OF ALL SUPPORT STRUCTURES 

~ Figure 8 j 003-510 j PLAN VIEW OF GASIFIER SUPPORT STRUCTURE 
; _______________ .... ______________ .,;-----------------------------------------------------1 

j Figure 9 i 003-511 i FOUNDATION DETAILS 
;....-------------------;..--- --- -----------;....--------------------------------------------------------------------------------; 

j Figure 10 j 003-401 j SINGLE LINE DIAGRAM OF ELECTRICAL SYSTEM 
:---------------------:-----------------.;- -------------------------------------------------------------------------------------! 
: Figure 11 j 003-402 ~ GENERAL ARRANGEMENT OF MCC AND PLC PANEL 
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D. Control Philosophy For The TURNW2E™ Prototype Gasification System 

During this quarter, we completed the task of articulating protocols for control system for safe operation of the prototype gasification 
system. The factors that were considered in developing the control philosophy were automation, safety, and ease of data gathering. 
The complete control philosophy including considerations given to safety is given in Table 9. 

TABLE 9: INSTRUMENTATION AND CONTROLS DESIGN FOR THE PROTOTYPE UNIT 

DESIGN OF INSTRUMENTATION FOR THE SOLID FEED SYSTEM 

:-----Eci"uiPMEN_r _______ T ________ ACTioN-REouiREo-----------~ - INSTRU-ME"N-r&-C"oNTRol""ReolilriEo_T ________ c oM"MENT -----------! 
:--------- ---+--------------------------------: ----- ----------~-------------------------------~ . . - . -. . . . . 
~ H-070 

: Feed Hopper 

Manual charging of all types of wastes 
received at the plant site 

~ None ~ Manual operation. 

- . . . . 
=-----------·--------------~------ ---------------------------------------------~-----------------------------------:..-----------------------------------------1 

SG-075 

Slide Gate 

1. Capability for Local Open/Close. 

2. Capability for Manual Open/Close 
from control room. 

=-------------------·---------------------------------------------

SWC-080 ~ 1. Capability for local start and shut off 

Side Wall Conveyor ~ 2. Manual Capability to start and shut off 
from the control room 

3. Interlock with the position feedback of 
CH-085, i.e. conveyor should not run if 
CH-085 is not fully opened or fully 
closed (open towards the other 
hopper). 

4. Interlock with the high level and low 
level indication of the hoppers H-1 05 
and H-11 0 

1. Local open/Close switch. No specific interlocks 

2. Open/Close from Control room with green 
and red indicators 

----------------------------------------· -----------------------------------' 

1. Local ON/OFF Switch. 

2. ON/OFF from Control room with green 
and red indicators 

3. Software interlock between CH-085 "NOT 
OPEN" or "NOT CLOSE" indication. 

4. Software interlock with H-105 high Level 
when Hopper H-105 is selected . 

5. Software Interlock with H-11 0 high level 
when Hopper H-11 0 selected 

Not Open/Not Close condition 
means partial open condition of 
the two way chute. 

Hopper selection will be 
accomplished by the position 
feedback from CH-085, SG-90 
and SG-100. 

Conveyor will stop immediately 
on receiving the high level 
alarm. 
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----·--------------------------;-------------------------------------------------------;------------------------------------------;-------------------------------------------: 

. CH-085 

Two way chute with 
pneumatic actuator 

1. Capability for Local Open/Close. 

2. Manual Capability to Open and Close 
from the control room. 

3. Interlock with SG-090 closing. 

4. Interlock with SG-100 closing . 

5. Interlock with high level of H-1 05 and 
H-11 0 depending on the hopper 
selection. 

1. Local open/Close switch. : GENERAL INSTRUCTIONS 
. ' APPLICABLE TO ALL 

2. Open/CI?s~ from Control room w1th green : INTERLOCKS 
and red md1cators. 

3. Software interlock with SG-090 close 
feedback. 

4. Software interlock with SG-1 00 close 
feedback 

5. Software interlock with H-105 high level 
when SG-090 is opened. 

6. Software interlock with H-11 0 high level 
when SG-100 is opened . 

For all the interlocks, provide 
: administrative over rides. 

:------------------------------------:----------------------------------------------------------------------~------------------------------------------------. ----------------------------------------~ 

. SG-090 

: Slide gate for Waste 
: #1 hopper 

1. Capability for Local Open/Close. 

2. Capability for Manual Open/Close 
from control room. 

3. Interlock with H-105 high level 

1. Local open/Close switch. Close the valve only after side 
. wall conveyor SWC-080 is 

2. Open/Close from Control room w1th green t d 
and red indicators. s oppe · 

3. Software interlock with H-1 05 high level. 
:.._ _____ _____ _ ____________ _.:___ __________________________________________________ ....:.__ __________________________________________ _:__ ___ _ _________________ _ _____________ _! 

: SG-1 00 

: Slide Gate for 
, Waste #2 Hopper 

. H-105 

· Waste #1 Hopper 

1. Capability for Local Open/Close. 

2. Capability for Manual Open/Close 
from control room. 

3. Interlock with H-11 0 high level 

: 1. Low Level indication of Waste #1 
Hopper H-105. 

2. High Level indication of Waste #1 
Hopper H-105. 

1. Local open/Close switch. Close the valve only after side 
. wall conveyor SWC-080 is 

2. Open/Close from Control room w1th green t d 
d d . d' s oppe . an re 1n 1cators. 

3. Software interlock with H-11 0 high level. 
..:..._ _________________________ , ________________________________ " 

1. Low Level Indicator 

2. High Level Indicator 

3. Red and Green Lights on the operator 
panel in the control room for high level 
and low level. 

4. High/Low level alarms 

: GENERAL INSTRUCTIONS 
. APPLICABLE TO ALL 
. HOPPERS 

. Use Green Light to indicate that 

. Level Indicator shows Normal 
condition, (in contact with 

: solids) 

Use Red Light to indicate that 
· the Level Indicator is in Alarm 
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:-----------------------------;----------------------------------------------------------------------------------------------;-;~-~d~ti-~-~-T~~t~~-~-;~l~~t-;ith-----c 

BF-115 

Belt Feeder for 
Waste #1 

WH-116 

Weigh Hopper for 
Waste #1 

LWF-117 

: solids). 

: Allow alarms for indicating high 
: and low hopper levels at the 
: control panel to alert the 
: operators. 

1. Capability for local start and shut off. 1. Local ON/OFF Switch. High and low settings for 
. . . hopper weight can be made in 

2. Manual Capability to start and shut 2. ON/OFF from Control room w1th green and SCADA 
off from the control room. red indicators. · 

3. Automatic Start/Stop of the belt 3. Software interlock with WH-116 high level 
feeder with low/high alarms of the setting to stop the belt feeder. 
weigh hopper WH-116. . . 

: 4. Software mterlock With WH-116 low level 
4. Interlock with Inclined belt Conveyor, : setting to start the belt feeder. 

IBC-125 running . · 
: 5. Software interlock with IBC-125 running. 

Fitted with load cell for measuring the 
weight of the material in the hopper. 

1. Capability for local start and shut off. 

Local indication for the weight measurement 

1. Local ON/OFF Switch. 

Loss in Weight 2. Manual Capability to start and shut off 2. ON/OFF from Control room with green 
and red indicators. Feeder for Waste #1 from the control room . 

3. Interlock with Inclined belt conveyor, 
IBC-125 running. 

4. Provision for varying the speed of the 
motor to control the feed rate. 

3. Software interlock with inclined belt 
conveyor, IBC-125. 

4. Variable speed motor for controlling the 
feed rate from the loss in weight feeder. 

. . 
--------------------------------------------------- ----------------------------------------1 

: H-110 1. Low Level indication of Waste #2 

Waste #2 Hopper 
Hopper H-110. 

j 2. High Level indication of Waste #2 

. . . 

1. Low Level Indicator 

2. High Level Indicator 

: GENERAL INSTRUCTIONS 
: APPLICABLE TO ALL 
: HOPPERS 

3. Red and Green Lights on the operator : Use Green Light to indicate that . 
:_ _________________________ _:________________________ --------------------------------'-- ~~--------------------------------~-------------------------------------
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,-----------------------.,.-----i=i;-PP;~-H=-11-o~--------------------------_,_---Pa-~~~~1h~-Z~t~!"7~;-~t~;.-higt;l~;ei-----L:;~~~-i~d-i-~~t;~-~t;~;;-N~~~-~~---~ 

and low level. : condition, (in contact with 

4. High/Low level alarms 
: solids) 

: Use Red Light to indicate that 
: the Level Indicator is in Alarm 
: condition (not in contact with 
: solids). 

Allow alarms for indicating high 
and low hopper levels at the 
control panel to alert the 
operators. 

------------------ -------------------------------------------------- ----~----------------------------------1 . . . . . . . 
: BF-118 = 1. Capability for local start and shut off. : 1. Local ON/OFF Switch. 

' Belt Feeder for 
: Waste #2 

2. Manual Capability to start and shut 
off from the control room. 

3. Automatic Start/Stop of the belt 
feeder with low/high alarms of the 
weigh hopper WH-119. 

4. Interlock with Inclined belt Conveyor, 
IBC-125 running . 

2. ON/OFF from Control room with green 
and red indicators. 

3. Software interlock with WH-119 high level 
setting to stop the belt feeder. 

4. Software interlock with WH-119 low level 
setting to start the belt feeder. 

5. Software Interlock with IBC-125 running . 

. . 

GENERAL INSTRUCTIONS 
APPLICABLE TO ALL 

. INTERLOCKS 

For all the interlocks, provide 
administrative over rides. 

~~--------------------~------------------------------------------------:---------------------------------~-----------------------------------------~ 

: WH-119 

: Weigh Hopper for 
: Waste #2 

: Fitted with load cell for measuring the 
, weight of the material in the hopper. 

Local indication for the weight measurement 

;__ ______________________________ ____:.. _____________________________________________________ . -------------------------------------------·----------------------------------------------.. 
: LWF-120 : 1. Capability for local start and shut off. : 1. Local ON/OFF Switch. 

Loss in Weight 2. Manual Capability to start and shut off 2. ON/OFF from Control room with green and 
Feeder for Waste #2 from the control room. red indicators. 

' 3. Interlock with Inclined belt conveyor, 
IBC-125 running . 

' 4. Provision for varying the speed of the 
motor to control the feed rate. 

' 3. Software interlock with inclined belt 
conveyor, IBC-125. 

4. Variable speed motor for controlling the 
feed rate from the loss in weight feeder. 
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-·---------------------------;-----------------------------------------------------;------------- -----------------------;----------------------- ---------------------

H-126 

Lime Hopper 

1. Low Level indication of lime Hopper H-
126. 

: 2. High Level indication of lime Hopper 
H-126. 

1. Low Level Indicator 

2. High Level Indicator 

3. Red and Green Lights on the operator 
panel in the control room for high level 
and low level. 

4. High/Low level alarms 

GENERAL INSTRUCTIONS 
APPLICABLE TO ALL 
HOPPERS 

Use Green Light to indicate that 
Level Indicator shows Normal 
condition , (in contact with 
solids) 

Use Red Light to indicate that 
the Level Indicator is in Alarm 
condition (not in contact with 
solids). 

Allow alarms for indicating high 
and low hopper levels at the 
control panel to alert the 
operators. 

,.--------------------------. ----------- ---------------------------------------------..,------------- ·----------------------~--------------------------------------! . . . . . 
' SC-127 

Lime screw Feeder 

1. Capability for local start and shut off. ' 1. Local ON/OFF Switch. 

2. Manual Capability to start and shut 
off from the control room. 

3. Automatic Start/Stop of the screw 
feeder with low/high alarms of the 
weigh hopper WH-128. 

4. Interlock with Inclined belt Conveyor, 
IBC-125 running. 

: 2. ON/OFF from Control room with green 
and red indicators. 

3. Software interlock with WH-128 high level 
setting to stop the screw feeder. 

: 4. Software interlock with WH-128 low level 
. setting to start the screw feeder. 

: 5. Software Interlock with inclined belt 
· conveyor, IBC-125 

' GENERAL INSTRUCTIONS 
: APPLICABLE TO ALL 
: INTERLOCKS 

For all the interlocks, provide 
administrative over rides. 

=------------------.--------- --------------- --- ------------------------~-----------------------------------.. . . 

WH-128 

Weigh Hopper for 
Lime Powder 

. . 

Fitted with load cell for measuring the ~ Local indication for the weight measurement 
weight of the material in the hopper. 

~-----------------------: ---------------------------------------------------~--------------- --------------------7---------------------------------------~ . . . . 
LWF-129 ' 1. Capability for local start and shut off. 1. Local ON/OFF Switch. 

~~~~-~i~~~!fl~-------- ~ ?..:_~_':l_~ ual ~~p~_bil it~_!_? __ ~!~_r:!-~-~-~-~-~~.<?_!! __ j_ 2. O~~~FF fr?~- Cant~~~-- roo~_~jth g re~~_....:_ ___________________________________ c 
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, -F~~d;~·f;:;~L~~~-----.,.-----f~~~--th~-~-~~t~~~~;-~~~------------------,----;n-d~ed-~d~~t~r~~------------------,.-------------------------------------------: 

Powder 

: IBC-125 

: Inclined Belt 
Conveyor 

BE-130 

Bucket Elevator 

' 3. Interlock with Inclined belt conveyor, 
IBC-125 running . 

• 3. Software interlock with inclined belt : 
conveyor, IBC-125. 

: 4. Provision for varying the speed of the 
motor to control the feed rate . 

' 4. Variable speed motor for controlling the 
feed rate from the loss in weight feeder. 

1. Capability for local start and shut off 1. Local ON/OFF including red and green 
. . light indicators 

2. Manual Capability to start and shut off 
from the control room . 2. ON/OFF at Control Panel including red 

· 3 1 t 1 k "th b k t 1 t BE 130 and green light indicators : . n er oc WI uc e e eva or, -
running. 3. Interlock with bucket elevator, BE-130 . 

. 1. Capability for local start and shut off 

· 2. Manual Capability to start and shut : 
off from the control room. 

1. Local ON/OFF including red and green 
light indicators 

2. ON/OFF at Control Panel including red : 
and green light indicators 

: 3. The Bucket Elevator must stop when : 
high temperature is indicated in the : 3. 
Gasifier R-140. 

Interlock with high temperature of the ' 
Gasifier, R-140. 

: 4. The Bucket Elevator must stop when : 
high pressure drop is indicated : 
across the Cyclone R-145. 

: 5. The Bucket Elevator must stop when : 
high pressure drop is indicated : 
across the Waste Heat Boiler WHB- : 
150. 

: 6. The Bucket Elevator must stop when ' 
high pressure drop is indicated 
across the Quench Column QC-155. 

: 7. The Bucket Elevator must stop when 

4. Interlock with high pressure drop in : 
cyclone, R-145. 

5. Interlock with high pressure drop in : 
waste heat boiler, WHB-150. 

6. Interlock with high pressure drop in : 
quench column, QC-155. 

7. Interlock with high pressure drop in : 
venturi scrubber, VS-160. 

8. Interlock with high pressure drop in : 
Filter, F-180. 

high pressure drop is indicated 9. Interlock with ID Fan running, F-205. 
across the Venturi Scrubber VS-160. 10 1 

t 
1 

k "th G ·f· R 140 · . n er oc WI as1 1er, - runnmg. 
' 8. The Bucket Elevator must stop when 
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------------------------------------high--p~~;;~~~---d-r-;p---i;---~~d-i~~t;cT-, 11-.l~~~~~k;.,rthtlap-vai~~.-FV -135-:-------. --------------------------------------------

across the Filter F-180. · 

9. The feeder cannot start unless the ID : 
Fan F-205 is running. 

10. The feeder cannot start unless kiln · 
Gasifier R-140 is rotating as indicated 
by the motion switch . 

11.1nterlock with flap valve, FV-135 
running. 

;------------------~--;-----------------------------------------------~--------------------------------------:-----------------------------------------! 

: FV-135 

Flap Valve 

j 1. Capability for local start and shut off 

2. Manual Capability to start and shut off 
from the control room. 

3. The Flap Valve must stop when high 
temperature is indicated in the Gasifier 
R-140. 

4. The Flap Valve must stop when high 
pressure drop is indicated across the 
Cyclone R-145. 

5. The Flap Valve must stop when high 
pressure drop is indicated across the 
Waste Heat Boiler WHB-150. 

6. The Flap Valve must stop when high 
pressure drop is indicated across the 
Quench Column QC-155. 

7. The Flap Valve must stop when high 
pressure drop is indicated across the 
Venturi Scrubber VS-160. 

8. The Flap Valve must stop when high 
pressure drop is indicated across the 
Filter F-180. 

9. The feeder cannot start unless the ID 

1. Local ON/OFF including red and green 
light indicators 

2. ON/OFF at Control Panel including red 
and green light indicators 

3. Interlock with high temperature of the 
Gasifier, R-140. 

4. Interlock with high pressure drop in 
cyclone, R-145. 

5. Interlock with high pressure drop in 
waste heat boiler, WHB-150. 

6. Interlock with high pressure drop in 
quench column, QC-155. 

7. Interlock with high pressure drop in 
venturi scrubber, VS-160. 

8. Interlock with high pressure drop in 
Filter, F-180. 

9. Interlock with ID Fan running, F-205. 

10.1nterlock with Gasifier, R-140 running . 
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-----------------------------.,.----F~~--F=~2o_5_i;-~~~-~~~9~--------------------,--------------------------------------, -----------------------------------------~ 

10. The feeder cannot start unless : 
kiln Gasifier R-140 is rotating as 
indicated by the motion switch. 

~-----------------..:,. _________________________________________________ ..:.._ __________________________________ ..:,. __________________________________________ ~ 

DESIGN OF INSTRUMENTATION FOR THE GASIFIER SYSTEM 

------------------------------------------
EQUIPMENT ACTION REQUIRED INSTRUMENT & CONTROL REQUIRED 

·------------·--·--·--·--------·--·--·----.;__ __ ---~-------------------------------------------

~ R-140 

~ Gasifier 

1. Air feed for start up of the Gasifier 
R-140 

2. Oxidant feed for sustained 
operations of Gasifier R-140 . 

3. Temperature indication as a function 
of air input to the four oxidant 
distributor zones inside the Gasifier 
R-140. 

4. Interlock between the alarm for the 
high temperature in the Gasifier R-
140 and oxidant supply. 

5. Measurement and control of amount 
of Nitrogen/Air fed to the gasifier. 

6. Measurement and control of amount 
of oxygen fed to the four distributor 
zones inside the Gasifier R-140. 

7. Measurement and control of amount 
of steam fed to the four distributor 
zones inside the Gasifier R-140 

8. Capability for local start and shut off 
for the kiln Gasifier R-140. 

9. Manual capability to start and shut 
off the rotation of the kiln Gasifier R-

1. Temperature Control Valve loop for 
Air/N2 to the gasifier distributor zone for 
control of temperature at zone 1 (Air as 
the component controlling the 
temperature and steam & oxygen at 
constant flow) . 

2. Control function at the control panel to 
allow desired set point for the 
temperature control at zone 1. 

3. Temperature indicator and transmitter 
for indicating the temperature of the 
gasifier zone 1 in control panel. 

4. Temperature Control Valve loop for 
Air/N2 to the gasifier distributor zone for 
control of temperature at zone 2. (Air as 
the component controlling the 
temperature and steam & oxygen at 
constant flow). 

5. Control function at the control panel to 
allow desired set point for the 
temperature control at zone 2. 

6. Temperature indicator and transmitter 
for indicating the temperature of the 
gasifier zone 2 in control panel. 

__________ ___ ?. !.~_t:n_per_9~!:.~ _ _f_<?Il~QL_ __ Y9J.Y~ __ I_9_92. for 

COMMENT 
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·---------------------------------------~-140 fromthe control panel 

10. Automatic power switch from 
conventional source to emergency 
generator for kiln motor 

11 . Cut off oxidant to the Gasifier R-140 
when gasifier is operating on 
emergency power. 

12. Low and high temperature alert at 
the ash discharge end of the gasifier 

13. Air to the gasifier to shut off when 
high pressure drop across the 
Cyclone R-145 is detected 

14. Air to the gasifier to shut off when 
high pressure drop across the 
Waste Heat Boiler WHB-150 is 
detected 

15. Air to the gasifier to shut off when 
high pressure drop across the 
Quench Column QC-155 is detected 

16. Air to the gasifier to shut off when 
high pressure drop across the 
Venturi Scrubber VS-160 is detected 

17. Air to the gasifier to shut off when 
high pressure drop across the Filter 
F-180 is detected 

18. Air to the gasifier cannot be turned 
on if ID Fan F-660 is not on. 

19. Air to gasifier to shut off when high 
temperature at the quench column 
QC-155 is indicated 

20. Bucket Elevator BE-130 feeding 
solid waste to the gasifier to shut off 

--------------------------------------- when high pressure drop across the 

-----A.iiiN2--ia--it18-9-asitier-a·i-stribu-ta-rz-onetor-~----------------------

control of temperature at zone 3. (Air as : 
the component controlling the 
temperature and steam & oxygen at : 
constant flow). · 

8. Control function at the control panel to : 
allow desired set point for the : 
temperature control at zone 3. 

9. Temperature indicator and transmitter : 
for indicating the temperature of the · 
gasifier zone 3 in control panel. 

10. Temperature Control Valve loop for : 
Air/N2 to the gasifier distributor zone for : 
control of temperature at zone 4. (Air as : 
the component controlling the : 
temperature and steam & oxygen at , 
constant flow) . 

11 . Control function at the control panel to 
allow desired set point for the : 
temperature control at zone 4. 

12. Temperature indicator and transmitter · 
for indicating the temperature of the · 
gasifier zone 4 in control panel. 

13. Temperature Indicator and Transmitter : 
at the exit of the gasifier to measure : 
temperature. 

14. Pressure Indicator for oxygen header. 

15. Pressure Indicator for Nitrogen/Air : 
header. 

16. Pressure Indicator for steam header. 

17. Temperature Indicator for steam header. 

18. Flow Control valve for controlling the : 
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... - - · - · - ·- ·-·- ·- - -~ - ~- - - -- -- --------------------------------------------------~-------------~----·-------------------------------------------------

: ' Cyclone R-145 is detected ' flow of oxygen to mixer. ' ' 

21. Bucket Elevator BE-130 feeding : 19. Control function at control panel to allow ~ 
solid waste to the gasifier to shut off ' desired set point for control of flow of : 
when high pressure drop across the ; oxygen. · 
Waste Heat Boiler WHB-150 is ' . . 
d t t d · 20. Oxygen Flow measurement at mtxer : 

e ec e inlet. 

22. Bucket Elevator BE-130 feeding 
solid waste to the gasifier to shut off 
when high pressure drop across the 
Quench Column QC-155 is detected 

23. Bucket Elevator BE-130 feeding 
solid waste to the gasifier to shut off 
when high pressure drop across the 
Venturi Scrubber VS-160 is detected 

24. Bucket Elevator BE-130 feeding 
solid waste to the gasifier to shut off 
when high pressure drop across the 
Filter F-180 is detected 

25. Bucket Elevator BE-130 feeding 
solid waste to gasifier to shut off 
when high temperature at the 
quench column QC-155 is indicated 

26. Bucket Elevator BE-130 feeding 
solid waste to gasifier to shut off 
when kiln rotation stops. 

27. Oxidant supply to gasifier to shut off : 
when kiln rotation stops. 

28. Bucket Elevator BE-130 feeding : 
solid waste to gasifier to shut off : 
when kiln is operating on emergency : 
power. 

29. All oxidant to the gasifier to shut off : 
for all emergencies. 

=---·-·-·-·-·---------------· - ------· 

21 . Oxygen flow indication at control panel. 

22. Pressure regulator for adjusting the ; 
oxygen pressure at mixer inlet. 

23. Oxygen Pressure measurement at mixer ; 
inlet after the Pressure regulator. ' 

24. Oxygen header Pressure indication at : 
control panel. 

25. Nitrogen/Air Flow measurement at mixer : 
inlet. ' 

26. Nitrogen/Air flow indication at control 
panel. 

27. Pressure regulator for adjusting the : 
Nitrogen/Air pressure at mixer inlet. 

28. Nitrogen/Air Pressure measurement at : 
mixer inlet after the Pressure regulator. 

29. Nitrogen/Air header pressure indication : 
at control panel. ' 

30. Flow Control valve for controlling the : 
flow of steam to mixer. 

31 . Control function at control panel to allow 
desired set point for control of flow of 
steam. 

32. Steam Flow measurement at mixer inlet. 

33. Steam flow indication at control panel. 
-------------------------------------------------- --· 
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·-----------------------------------------------· 
34. Pressure regulator for adjusting the 

steam pressure at mixer inlet. 

35. Steam Pressure measurement at mixer 
inlet after the Pressure regulator. 

36. Steam header pressure indication at : 
control panel. 

37. Steam temperature measurement at the 
steam header. 

38. Steam header temperature indication at · 
control panel. · 

39. High level alarm to indicate temperature : 
exceeding the set point at the panel 
associated with Temperature Indicator at : 
the exit of the gasifier. · 

40. High level alarm to indicate temperature 
exceeding the set point at the panel : 
associated with Temperature Indicator : 
inside the gasifier at Zone 1, 2, 3 & 4 

41. Solenoid Valve on oxidant supply line to 
each zone with ON/OFF at the control 
panel. 

42. Interlock between solenoid valve for : 
oxidant loop and gasifier high 
temperature alarm. 

43. Local ON/OFF for gasifier motor. 

44. ON/OFF at Control Panel including red 
and green light indicators for gasifier : 
motor. 

45. Variable speed drive for gasifier motor. 

46. Variable speed controller for the gasifier : 
motor. 

__ : __ 42~_g2!.'_!':2!.1!l_f!~_!ion --~ __ _!_h~ __ Q?_Q~ __ .!Q_~!!2Y'!. ___ . ----------------------' 
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-------------------------------------------------------
control of gasifier speed. 

48. Alarm for low speed of the gasifier at the 
panel. 

49. Local ON/OFF including red and green 
light indicators for air blower 

50. ON/OFF at Control Panel including red 
and green light indicators for air blower 

51. Automatic power switches from 
conventional to emergency power for 
gasifier motor. 

52. Interlock between emergency power and 
solenoid valves for oxidant loops 
(Solenoid Valve for oxidant loops are fail 
close so that it is closed when power is : 
lost) 

53. Temperature Indicator in the ash 
discharge line for the gasifier. 

54. High and low temperature alarm at the 
panel associated with gasifier ash 
discharge temperature indicator. 

55. Ability to set a high pressure drop set : 
point for Cyclone R-145 and 
corresponding alarm at the control 
panel . 

56. Ability to set a high pressure drop set 
point for Waste Heat Boiler WHB-150 
and corresponding alarm at the control : 
panel. 

57. Ability to set a high pressure drop set ' 
point for Quench Column QC-155 and _ 
corresponding alarm at the control : 
panel. : 

58. -~J? ility_l_g __ ~~L~ __ h!g_b__Q_r~~~!:!.l'~ dr~2.-~~Li_ ____________________ ~ 
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corresponding alarm at the control : 
panel. 

59. Ability to set a high pressure drop for : 
Filter F-180 and corresponding alarm at : 
the control panel. 

60. Interlock between oxidant supply : 
solenoid valves and high pressure drop : 
set point across the Cyclone R-145. 

61. Interlock between oxidant supply : 
solenoid valve and high pressure drop ; 
across the Waste Heat Boiler WHB-150. , 

62. Interlock between oxidant supply 
solenoid valve and high pressure drop 
across the Quench Column QC-155. 

63. Interlock between oxidant supply 
solenoid valve and high pressure drop 
set point across the Venturi Scrubber 
VS-160. 

64. Interlock between oxidant supply 
solenoid valve and high pressure drop 
across the Filter F-180. 

65. Interlock between oxidant supply 
solenoid valves and high temperature 
set point for the gas leaving the Quench 
Column QC-155. 

66. Interlock between Bucket Elevator, BE-
130 feeding waste to the gasifier and 
high pressure drop across the Cyclone 
R-145. 

67. Interlock between Bucket Elevator, BE-
130 feeding waste to the gasifier and 

--------------------------------------- ; -----~g_l:l __ _pres~_!"~_9!.QI?_~g_r:~~_!!:J_~_Wast~ 
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68. Interlock between Bucket Elevator, BE- ' 
130 feeding waste to the gasifier and : 
high pressure drop across the Quench : 
Column QC-155. 

69. Interlock between Bucket Elevator, BE- : 
130 feeding waste to the gasifier and : 
high pressure drop across the Venturi : 
Scrubber VS-160. 

70. Interlock between Bucket Elevator, BE- • 
130 feeding waste to the gasifier and 
high pressure drop across the Filter F- . 
180. . 

71. Interlock between oxidant supply : 
solenoid valve and Bucket Elevator, BE- · 
130 feeding waste to the gasifier 

72. Interlock between Bucket Elevator, BE-
130 feeding waste to the gasifier and 
high temperature for the gas leaving the 
Quench Column QC-155 

73. Interlock between bulk air supply blower 
and high temperature set point for the 
gas leaving the Quench Column QC-
155. 

74. Interlock between oxidant supply 
solenoid valve and Temperature 
Indicator at the exit of the gasifier. 

75. Interlock between Bucket Elevator, BE-
130 feeding waste to the gasifier and 
Temperature Indicator at the exit of the 
gasifier. 

76. Interlock between oxidant supply 
solenoid valve and Motion Indicator for 
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..----------------------------------------------- · ------i"hekiin~------------------------------------~----------------------------~ - -. . . . 
. . . . 

t·-----·----------- - - -- -- ------- ------ ---- ... --------------------------------------------------------'f----------------------------------.1 

Startup Burner, B-
144 

The startup burner will be a compact 
assembly with standard BMS panel. 

---------------------------- --- -·-------- ----------------------------- ----------------------------------------------------

DESIGN OF INSTRUMENTATION FOR THE GAS CLEANUP SYSTEM 

I :---------------------------------------- I ---;----------------------------------------, 

!I EQUIPMENT I ACTION REQUIRED II INSTRUMENT & CONTROL REQUIRED ! COMMENT I 
I I , 

1----------------------4------------------------------------------------+-------------------------"-------------------------------------------1 

R-145 

Cyclone 

1. Pressure drop measurement across 1. Differential Pressure transmitter Pressure drops are primarily 
the cyclone to monitor blockage 2 o ·ff r 

1 
p . d' r . f ld monitored for uncovering 

. . . . 1 eren 1a ressure 1n 1ca 1on 1n 1e blockages in the path of the 
2. Alarm to 1nd1cate h1gh pressure drop and control panel. gas. 

across the cyclone to alert the ~ 
3 operator. · · Ability to set high pressure drop set point Outlet temperature control is 

across the cyclone at the panel provided for limiting the 
3. Purge in the cyclone dip leg. 

4. Temperature measurement 
control at the exit of the cyclone. 

5. Flow measurement for the 
entering the cyclone. 

4. Alarm for high pressure drop across the presence of tar in the gas. 
and cyclone. 

5. Rota meter for Flow indication and local 
air control of nitrogen purge to the cyclone 

dip leg. 

~ 6 . Outlet Temperature indication in field and 
control panel. 

T Temperature indicating controller for • 
controlling the outlet gas temperature at : 
cyclone. 

~ 8 . Ability to input the set value for : 
temperature indicator controller at : 
cyclone exit. 

~ 9 . Control valve for adjusting the airflow to 
cyclone to control the gas temperature at : 
cyclone exit. 

: 10. Flow measurement and indication at : 
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=-- -------:----------------------------------------------------------------, --~~~-~~pan~~---------------------;--------------------------------------------

. . . . 
---------------------~------------------------------------------------------------------------------------------------------------+-----------------------------------------------. . . . . . . . . . 

WHB-150 

Waste Heat Boiler 

1. Pressure drop measurement across : 1. Differential Pressure transmitter 

the waste heat boiler to monitor : 2. Differential Pressure indicator at the : 
blockage panel 

2. Alarm to indicate high pre_ssure drop 3. Ability to set high pressure drop set point : 
across the waste heat boiler to alert across the waste heat boiler at the panel : 
the operator. h ~ 

. 4. Alarm for high pressure drop across t e : 
3. Temperature of syngas entenng the waste heat boiler 

waste heat boiler . . . · · d · 
. 5. Inlet temperature 1nd1cat1on 1n f1eld an : 

4 . Temperature of syngas leav1ng the control panel for syngas entering the : 
waste heat boiler waste heat boiler 

5. Temperature of steam leaving the 6. Temperature indicating controller at the : 
steam drum exit of the waste heat boiler 

6. Temperature control for 
leaving the waste heat boiler. 

7. Purge in the dip leg. 

syngas : 7. Ability to set temperature set point for the 
waste heat boiler outlet temperature at 
the panel. 

8. Alarm for high temperature at the outlet of : 
the waste heat boiler. · 

9. Rota meter for Flow ind ication and local : 
control of nitrogen purge to the dip leg. 

. . . 
~-------------------------------------------------------------------- ----------------------------------. . . . . . . . . 
: BFP-152 

: WHB Pump 

. SD-151 

: Steam Drum 

1. Capability for local start and shut off 

2. Manual Capability to start and shut : 
off from the control panel. · 

1. Local ON/OFF including red and green 
light indicators 

2. ON/OFF at Control Panel including red 
and green light indicators . 

, 1. Control for Boiler Feed Water entering , 1. Temperature Indicating Flow Controller at , 
the Steam Drum SD-151 in order to : the exit of Steam Drum SD-151 
control outlet temperature of syngas : . . 
leaving the Waste Heat boiler WHB- : 2. Watterfl Flow Transm1tter for measunng 
1SO wa er ow 

--------------------------------------------...i 
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. 2. Control for the quality of steam by 
· providing back pressure regulator in 

the exit pipe out of steam drum 

3. Level Indicator for water in the Steam 
Drum SD-151 

3. Ability to set control temperature at the 
panel for outlet temperature for the 
syngas leaving the Waste Heat Boiler 
WHB-150 

4. Temperature Indicator in the outlet pipe ~ 
from the Steam Drum SD-151 

5. Pressure Indicator for the outlet pipe from 
Steam Drum SD-151 

6. Pressure Regulator Controller in the 
outlet pipe from Steam Drum SD-151 

7. Ability to set control pressure at the panel 
for pressure in the outlet pipe from 
Steam Drum SD-151 

8. High Temperature Alarm at the panel to 
indicate high temperature at the outlet of 
the steam drum 

9. Low Temperature Alarm at the panel to 
indicate low temperature at the outlet of 
the steam drum 

10. High Pressure Alarm at the panel to 
indicate high temperature at the outlet of 
the steam drum 

11. Low Pressure Alarm at the panel to 
indicate high temperature at the outlet of 
the steam drum 

12. Alarm at the panel to indicate failure 
ofWHB Pump BFP-152 

;.......------------------·-------------------------------------------------------~----------------------------------------------~---------------------------------------------. ' . . . 

: QC-155 

; Quench Column 

1. Pressure drop measurement across 1. 
the Quench Column to monitor 

2 blockage. · 

Differential Pressure transmitter. 

Differential Pressure indicator at the : 
panel. 

2. Alarm to indicate high pressure drop ; 3. Ability to set high pressure ~!.?P -~~!_p~~-r~Li __________________________________________________ _j L_ _______________ __l ______________________________________________________________ _;_ ______________________ _ 
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:----------------------,-------~~~~~~--th;--0~~-~-;h-C~I-~~~-t;--;~rtT-----~~~~-~-th;q~~~ch colu~n-;!th;-p--;:n-;~--1-----------------------------------------: 

the operator · . : 
: 4. Alarm for h1gh pressure drop across the : 

3. Purge in the quench column dip leg : quench column. · 

4. Reduction in gas temperature by : 5. 
water injection 

Local flow indication and control for 
controlling the amount of purge in the dip 
leg. 

5. Water flow control as a function of set 
point temperature to which the gas is 6. Indicator for temperature of gas entering 
cooled. 

6. Quantity of water flowing into 
quench column 

. the quench column. 

the : 7. Temperature indicating controller at the : 
exit of the quench column . 

7. High temperature alarm if water flow ; 8. 
is insufficient to cool the gas. 

Ability to set high temperature set point 
for the quench column outlet temperature 
at the panel. 

: 9. Alarm for high temperature at the outlet of 
the quench column. 

: 1 0. Control the amount of water entering the 
quencher with flow control valve 
controlled by set point for Temperature 
Indicating Controller at the exit of the 
Quench Column 

11. Water flow transmitter 

12. Water flow rate indication at the panel 

13. Pressure switch for low pressure · 
indication of the quench water 

14. Pressure indicator for the quench column 

15. Ability at the panel to set high pressure 
alarm set point for the quencher pressure 

16. High pressure alarm for the quencher 
. . . . . :----------------------------=----------------------------------------------------------------------------=------------------------------------------------------------------:----------------------------------------------------------------: 

· TK-157 1. Low Level indication of water in the 1. Low Level Indicator : Pressure Indicator in process : 

--------------------------------------------------------------------------------------------------------------------------------------------.;_~-~!~~--~~!?E~--!~~~--~~~---~~---':1_~~~--·' 
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. 2. High Level indication of water in the ; 3. Red and Green indication on the panel ; supply pressure 
quench water tank. : associated with Low Level Indicator : Low water pressure alarm for 

3. Automatic make up of water to keep 
maintain high level of water in the 
tank. 

4. Indication of low pressure at quench 
water pump's discharge. 

. . . . . : the process water supply line at 
4. Red and Green md1cat1on associated w1th : th 1 .11 b d f . . . e pane WI e use or 

H1gh Level Indicator · 1 rt' 1 1 t 

5. Solenoid Valve in the process water line 
with ON/OFF capability at the control 
panel 

: a e mg ow supp y wa er 
: pressure for all purposes. 

6. Solenoid Valve in the process water line : 
to open automatically on low level : 
indication in the Quench Water Tank : 

7. Solenoid Valve in the process water line : 
to close automatically on high level : 
indication in the Quench Water Tank. : 

8. Pressure switch for low pressure j 
, , , indication of the quench water · , 
: : : : : 
~------------------:---------------------------------------------------------------:---------------------------------------------~-------------------------------------------------------: 

• LPP-156 1. Capability for local start and shut off 

• Quencher Pump 2. Manual Capability to start and shut 
off from the control panel 

3. Indication of low supply water ; 
pressure 

4. Automatic switch to emergency 
power 

1. Local ON/OFF including red and green • Operator action required (such 
light indicators ; as shutting down feed and air : 

2 ON/OFF t C t I P I . 
1 

d' d : to the gasifier). Failure of : 
. a on ro ane mc u mg re : . . • 

d I. ht · d' t · quench pump m 1tself does not . 
an green lg m lca ors ; shut down the system. 

3. Pressure switch at the outlet of the · 
quencher pump 

4. Low water pressure alarm at the panel. 

5. Automatic power switches from · 
conventional to emergency power. 

VS-160 1. Pressure drop measurement across : 1. Differential Pressure transmitter 

V . S bb the Venturi Scrubber to monitor : 2 D'ff t ' 1 p . d' t t th : entun cru er bl k . 1 eren 1a ressure m 1ca or a e : oc age : · 
: panel 

2. Alarm to indicate high pressure drop : 3 Ablt t t h' h d t · t · 
. across the Venturi Scrubber to alert j · 1 1 Y 0 se lg pressure rap se pam : . 

.:.___ _________________ .:_ ____________________________________________________________ . ________________________________________ ...:_ ___________________________________________ _: 
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3. Reduction in gas temperature by 4. Alarm for high pressure drop across the 
water circulation. Venturi Scrubber 

4. Water flow control as a function of set : 5. Indicator for temperature of gas entering : 
point temperature to which the gas is : the Venturi Scrubber 

cooled . 6 T t . d' t' II h . . empera ure m 1ca mg contro er at t e : 
5. Quantity of water flowing into the : 

Venturi Scrubber 

6. High temperature alarm if water flow ; 
is insufficient to cool the gas 

exit of the Venturi Scrubber 

7. Ability to set high temperature set point 
for the Venturi Scrubber outlet 
temperature at the panel 

8. Alarm for high temperature at the outlet : 
of the Venturi Scrubber 

9. Control the amount of water entering the : 
Venturi Scrubber with flow control valve : 
controlled by set point for Temperature : 
Indicating Controller at the exit of the : 
Venturi Scrubber 

10. Water flow transmitter 

11. Water flow rate indicator at the panel for ; 
water flow rate into the Venturi Scrubber ' 

12. Temperature indicator for the water ' 
entering the Venturi Scrubber 

13. Temperature of water leaving the : 
Venturi Scrubber 

14. Pressure indicator for water entering the : 
Venturi Scrubber 

15. Pressure indicator for the Venturi 
Scrubber. 

16. Local flow indication and control for : 
purge in the dip leg. 

~-----------------------.:.---------------------------------------------------------· -----------------------------------------·--------------------------------------------- ..: 
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D-165 

Solids Separator 

: TK-176 

: Water Tank 

1. Indication of solids accumulation at : 
the bottom of the Solids Separator. · 

2. Indication of the pH value of the ~ 
water. 

1. High Level Indicator in the Solids : 
Separator. 

2. High Level Alarm at the panel to alert for : 
high level of solids in the Solids : 
Separator. 

3. pH meter in solids separator. 

4. Control function to control the pH of the : 
liquid by adjusting the NaOH dosing 
pump. 

1. Low Level indication of water in the : 1. Low Level Indicator 
venture scrubber water tank 

2. High Level Indicator 

2. High Level indication of water in the 3. Red and Green Lights on the panel : 
venture scrubber water tank. associated with Low Level Indicator 

3. Automatic make up of water to keep ~ 
maintain high level of water in the : 
tank. 

4. Indication 
pressure 

of low supply water ~ 

4. Red and Green Lights associated with : 
High Level Indicator 

5. Solenoid Valve in the process water line 
with ON/OFF capability at the control 
panel 

6. Solenoid Valve in the process water line 
to open automatically on low level 
indication in the venture scrubber Water 
Tank. 

7. Solenoid Valve in the process water line 
to close automatically on high level 
indication in the venture scrubber Water 
Tank 

r-~~ -1 ;;----------r~~---~:~-~-:~:-~:~:-----:~----::~~-~~:~-----~-:~:~T~~--~~~ c~:~-;:;--~~-~:~:;:;~---~;---:~:~~:-;T--------------------------------------------------------1 

~ H t E h ~ entering the Heat Exchanger ~ water entering the Heat Exchanger 
~ ea xc anger · · 

~ 2. Temperature of scrubber water ~ 2. Temperature indicating controller in the ~ 

______________ l ____________________________________________________________ L_ ____ ~-~~~-~~-~~~~~_:_at t~-~~~~!_!~~!!~-~!1------------------------------------------------------~ 
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. . 
~ 3. Temperature of cooling water leaving : 3. Ability to set temperature set point for the 

the Heat Exchanger : scrubber water outlet temperature from 

~ 4. Temperature control for scrubber ~ 
water leaving the Heat Exchanger 

the Heat Exchanger at the panel. (to 
control flow of cooling water into the Heat 
Exchanger) 

: 4. Alarm for high temperature for scrubber ; 
water at the outlet of the Heat Exchanger 

: 5. Indicator for the temperature of cooling 
water entering the Heat Exchanger 

: 6. Indicator for the temperature of cooling 
water leaving the Heat Exchanger 

~ 7. Flow control valve in the cooling water ~ 
line. 

~------------- ---------------:_ ______________________________________________________ __;_ __________________________________ __:_ ____________________________________________ ~ 

: HPP-170 

: Scrubber Pump 

. . . . 
0 0 0 

0 0 

1. Capability for local start and shut off 

2. Manual Capability to start and shut 
off from the control panel 

3. Indication of low supply water ; 
pressure. 

1. Local ON/OFF including red and green 
light indicators. 

2. ON/OFF at Control Panel including red 
and green light indicators 

3. Pressure Indicator at the exit of the : 
Scrubber Pump. 

4. Low Pressure Alarm at the panel to : 
indicate low pressure at the exit of the : 

. . . Scrubber Pump. . 

. . . . 
'--------------~------------------------------------------------=--------------------------__;_ ______________________________________ ---l 

HX-177 

. Gas Re-heater 

• • 0 

1. Temperature measurement at the exit : 1. 
of the Gas re-heater. 

2. Steam flow control as a function of : 2. 
Gas Re-heater exit temperature. 

Indication of the Gas re-heater exit : 
temperature in the control panel. 

Ability to set the temperature set point for : 
the Gas re-heater exit temperature. 

: 3. Control valve on the steam line to control 
the flow steam into the re-heater. 

: 4. Alarm for low and high temperature of the : 
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;-----------------------------------------------:- re-heat~r exit ga~~---------------:----------------------------------l 

. . . ·-------------------------·----------------------------------------------------------------------------------------------------------------------------------------------------....... ---------------------------------------------------------------. . . . . 

- F-180 

= Filter 

1. Pressure drop measurement across = 1. Pressure drop transmitter 

the Filter to monitor blockage : 2. Pressure drop indicator at the panel 

2. Alarm to indicate high pressure drop ; 3. Ability to set high pressure drop set point : 
across the Filter to alert the operator - across the Filter at the panel 

3. Purge in the Filter dip leg. : 4. Alarm for high pressure drop across the : 
4. Temperature measurement at the Filter 

exit of filter. 
· 5. Local flow indication and control for purge : 

in the dip leg 

: 6. Temperature measurement at the exit of : 
filter. 

= 7. Temperature indication in control panel. 
:·---------·-------·-------··---------·------:---------------------------------------·-------··----·-·-----------------------:·-----------------------------------------------------------------------------------: --------------------------------------------------------------: 
\ F-205 \ 1. Capability for local start and shut off \ 1. Local ON/OFF including red and green : : 

~ 10 Fan : 2. Manual Capability to start and shut ~ light indicators. ~ : 
: off from the control panel : 2. ON/OFF at Control Panel including red : : 
: 3 o 1· t h t t k FL 220 : and green light indicators ~ ; : . e 1ver gas o ex aus s ac - : : : 
~ 4 Fl t f d 1. d t : 3. Flow transmitter upstream of 10 Fan to ~ ~ 
~ . ow ra e o syngas . e 1vere o ~ meas re as flow : ~ 

either the stack or to the boiler. ~ u g · : 

5 co;o2 ·t · t th .t f 10 ~ 4. Flow indicator to indicate at the panel the : 
· mom onng a e exl 0 : amount of gas flowing into the 10 Fan. ~ 

. . . . Fan. 
: 5. C0/02 analyzer at the exit of the 10 Fan. : . . 

:,_ _____________________ :.-~-----------------------------------------------------· ----------------------------------- · --------------------------------------------= 
I o > > o 

: B-210 

Process Air Blower 

. . 

: 1. Capability for local start and shut off : 1. 

2. Manual Capability to start and shut ; 
off from the control panel = 2. 

3. The Blower must stop when high = 

Local ON/OFF including red and green ; 
light indicators. 

ON/OFF at Control Panel including red 
and green light indicators 

temperature is indicated in the : 3. Interlock with high temperature of the 
Gasifier R-140. Gasifier, R-140. 

57 



------------------------- · 
: 4. The Blower must stop when high · 4. Interlock with high pressure drop in 

pressure drop is indicated across the cyclone, R-145. 
Cyclone R-145. 

~ 5. The Blower must stop when high 
5. Interlock with high pressure drop in waste ' 

heat boiler, WHB-150. 

pressure drop is indicated across the . 6. Interlock with high pressure 
Waste Heat Boiler WHB-150. · quench column, QC-155. 

drop in 

~ 6. The Blower must stop when high . . . 
pressure drop is indicated across the 7. Interlock w1th h1gh pressure drop in 
Quench Column QC-155. venturi scrubber, VS-160. 

~ 7. The Blower must stop when high ' 8. Interlock with high pressure drop in Filter, 

pressure drop is indicated across the • F-180. 
Venturi Scrubber VS-160. 9. Interlock with ID Fan running, F-205. 

: 8. The Blower must stop when high 1 O.lnterlock with Gasifier, R-140 running. 
pressure drop is indicated across the 
Filter F-180. 

• 9 . The feeder cannot start unless the ID 
Fan F-205 is running. 

10. The feeder cannot start unless kiln 
Gasifier R-140 is rotating as indicated 
by the motion switch. 

;----------------~-------------------------------------------------------------------~---------------------------------------------------------;------------------------------------------------------------: 

FL-220 

Exhaust Stack 

: 1. Combust syngas at preset 
temperature 

1. Temperature indicating controller for . It is assumed that exhaust • 
controlling flow control valve for Diesel • stack is supplied with natural · 

2. Introduce diesel to the stack if preset : 
supply to the stack draft combustion air 

temperature is not met. . 2. Flow control valve to control diesel flow 
· 3 1 t d t t th t k ·f th according to the temperature set point for 
· · n ro tutce wa ert 0 

. e sac d1 de Temperature Indicating Controller 
prese empera ure IS excee e 

. 3. Flow Transmitter to transmit flow rate of : 
diesel to the stack 

• 4. Flow Indicator to indicate flow rate at the : 
panel of diesel to the stack 

: 5. Pressure Indicator for the pressure of : 

58 



--:--------------------------------------------------;--- die~~-~ the supply line -----:-------------------------------------: 

: 6. Temperature indicating controller for 
controlling flow control valve to supply 

. water to the stack . . . . . 
: 7. Flow control valve to control water flow : 

according to the temperature set point for : 
Temperature Indicating Controller · 

8. Flow Transmitter to transmit flow rate of : 
water to the stack · 

9. Flow Indicator to indicate flow rate at the 
panel of water to the stack 

: . : : : -------------------·-···----·-·-----------··----------------------------------------------------------------------------------------------------------------------------------------------------------------------
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E. Utilities Requirements for the Prototype System 

This section contains values for utility requirements for the prototype system. This section is 
prepared as part of prototype commissioning so that adequate utilities are made available at the 
point of prototype assembly. These utilities will be the necessary requirements for the hot 
operation of the prototype gasification system in the event that SUNY Cobleskill exercises the 
option . 

The lower values for the utilities correspond to m1n1mum value of the feed rate for wood 
gasification whereas the upper limit correspond to the maximum value of wood throughput for 
the gasifier as per discussions in earlier section . However, within these minimum and maximum 
wood capacity limits, there lies certain other condition that causes large fluctuations in these 
utility requirements. These conditions are listed in Table 10. These are the conditions under 
which normal and upper bound of utilities are fixed for minimum and maximum throughput of 
wood waste through the system. 

These normal and upper boundaries of values for utilities requirements within minimum and 
maximum feed rate of wood gasification are summarized in Table 11, 12 and 13. 



TABLE 10: BASIS FOR UTILITY LOWER AND UPPER VALUES 

------------------------------------------------·-··-·-.. ------------------------------.. 
UTILITY TYPE OF USE 
NAME . ---------------------------------------------------------------------------------__, ·--------------··--------·--;... ......................... ____________ _ 

MAXIMUM USE CONDITION NORMAL USE CONDITION 

Gasifier . The system is operated with 20% moisture = The system is operated with 100% dry feed . 
. feed. · 

·---------------·-,----

= Quencher 
Waste heat boiler is in operation and the Waste heat _boiler is ~ypassed and the gas exiting 
WHB exit gas temperature is 350 o F the cyclone IS cooled 1n the quencher from 1800° F 

· to 300° F. 
·-----------------------------··--.,.._ ______ _ 

: Process Water : 

: Scrubber 

~ The exit gas from the WHB is cooled from ~ The exit gas from the WHB is cooled from 350° F 
~ 350° F to 126° F and the entire water used : to 126° F and the entire water discarded due to the 
! is circulated through the heat exchanger. : unavailability of co?ling water. Fresh water is used 

. : : for scrubber operat1on. 
"----·-------------------------------···-------··-··-··-------------·-------------------~----------------------------------····----------------------------------------

~ Flare 
The flue gas temperature is less than 1500° The fl~e gas temperature is more than 1500° F and 
F. water IS sprayed for cooling the gas to below 1500° 

F. 
~----------r"-----------

~ Boiler Feed ~ Waste Heat : During normal operation with steam : The entire steam produced is used for some : 
: Water : Boiler : condensate returned to the steam drum. : purpose and the condensate is not returned. . 
~---------~---~-----------~-----------------·-·------------~-,--------------------·-------------~-·-·---·-------------··--·----···-···--···-----·--·---··-----· ..................................... __ .. __ .. _~ 
: : Personal 
; Potable Water : Comfort 

·----·--------------------.------------------------------. . . . . . . . . . . . 

Heat 
Cooling Water Exchanger 

: Startup Burner 

~ Natural Gas 

: Only operating team is present in the 
: facility . 

: More people are available in the facility like visitors : 
~ and other officials. : 
..------------------------------------------------------------------------------"11 . . . . 

Waste heat boiler is in line and the _heat to Waste heat boiler is not in line and the heat to be 
be removed from water is that conta1ned by removed from water is that contained by water 
water while cooling syngas from 350° F to while cooling syngas from 1800° F to 129o F 
129° F 

-----------r----------------------------------------------------------------------------------~ . . 
The plant is operational with waste feed and 
the temperature in the gasifier is maintained During Start up of the plant and refractory curing. 
at 1800° F without adding natural gas. 

r------------- ____________________________________________ ___ _, 

: Flare 
During normal plant operation when syngas During start up the temperature of the flue gas 
is generated by the system. generated has to be raised to 1600°F 
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................................ ____________ ~ .. -------------------------- ----------------------------------------------·------·---------------------------· 

; Compressed 
Air 

Instruments During normal plant operation For the operation of valves 
;;. ....... __________________________ . . ---------------·-----------·--------------------·------··-··--·---------------------------· 

Maintenance During normal plant operation During normal plant maintenance. 
·------------·-----------~--·-·-·-·-----------------------~-------· _____________ __;.· . ---------------------------------------------------------------------------------------------· 

Instruments During normal operation. : This value is same as normal operation. 
· Electricity . ----------------------------------------------------------------·---·---------------------"' 

· Motors . During plant shut down · During steady state operation of the system 
·---------------------·--------------------------·------- . . ----------·-------------·--------·----------------------------------·--··------------.. 

TABLE 11: LOWER AND UPPER VALUES OF PROCESS WATER AND COOLING WATER REQUIREMENT 

PROCESS WATER 

f---------------T"Ai-M"inimu-m-FeeCi-Rate--1--.ATM"axim-um Feed-1 
~ : of Wood ~ Rate of Wood ~ : :--------------------------------------:--------------------------~ 

: Type of Use : Chopped Wood ~ Chopped Wood ~ . . . 

Min, 

=-----------"----9£~ 

Max, Min, 
gpm gp!fl 

0.08 0 

c-------Ma-x~--------1 
. . 
~------9£~-----i 

: Gasifier : 0 

: Que-ncher/ i-- 0.0~-1 10.93 r 0.13 :------;;~~~--------: 
L_ __ ?c~l!-~~_r: ___ j______________ : ~------j-------------------------~ 

0.25 : 

j WHB j 0.03 0.06 0.09 . . . . 
1.75 

r-----------...-------~ ·--~-~----------------------- .. . . . . . . 
: Flare : 0 : 2.00 0 . . 2.00 . . . . . . 

·----------------------~ 

COOLING WATER 
r-l=iW-t ---:---------------:--
[_ __ E'5_gJ)_9nger : 4.83 ~ 36.07 _____ : _____________ _:__ - - ---

··--------.---------------------· . . . . . . 
~ 14.17 ~ 105.8 . . . . -----!.---------·------------------------.: 
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TABLE 12: LOWER AND UPPER LIMITS OF NATURAL GAS AND COMPRESSED AIR 
REQUIREMENTS 

NATURAL GAS 
·------------------~---------------------------------

: : 
~ Type of Use ~ Minimum Use, SCFM 
: : 

Maximum Use, SCFM 
·------------------- ...... -------------------------------. . . . 
: Start Up Burner 0.00 
;--------------------------------------------:...--------------------------------------·-----:-· ---
: : 

~ Flare 0.00 8.33 

COMPRESSED AIR 
,---------------------~- --------------------------------------·----------~ . . 
: Control Valve Operation 25 25 
~---------------------------+----------------------------------------~---------------~ 

~ Maintenance ~ 0 · 5 ~ . . : _______________________ __: _____________________________________ _ 
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TABLE 13: MINIMUM AND MAXIMUM USE OF ELECTRICITY 

----------------------------------------·-·----·--------------------------------------------------------------------------------------------··-· 
i TAG NO ~ DESCRIPTION ~ c~~:~,c~D I MIN LOAD, KW I MAXK'-;;AD, I 
~--------------.;,_ _________________________________________________________________ .___ . . -----------------· 
j SG-075 j Slide Gate 1.50 0.75 1.20 
~---------------------------------------------------- -- - - - - - ·-------------- -- ---· --- ------ ~-------------· 

~?WC::_~-~--1_~~~~-~-~~~-~~~-~~~~------------------------ __ 2_.2 __ 0 __ ~ ___ 1_._1 0 ___ ·. ______ y~ ____ : 
: BF-115 : Belt Feeder for Waste #1 
------------------------------------------- ---------------- --- ---------------- - · - - - -~· - -
j BF-118 ! Belt Feeder for Waste #2 

0.75 
--~-

0.75 

0.38 

0.38 

0.60 

0.60 
·--~--------------------------· 

: LWF-117 : LossinWeightFeeder-Waste#1 0.37 0.18 0.30 
.--------------.-------------------------------------------------------- --------------

~~~~=-~~Q _____ ~-~~~-~~--~-~~~~~--~~-~~~~~~!:1-~-~~-~-~-- - ·· 0. 37 -- 0 .18 ___ ~ ____ 1?_}_1?_ _____ , 

~-L~-~~-~-~~------L!_~-~~~~~9 __ §_~~~-~~-~-~~~~~---------------------------1 ---~ _ _._ ______ t?.~-~----~------!?.:...8_~------i 
! SC-127 ~ Lime Screw Feeder 0.75 
~---------------------------------------------------------------------------· -------
: LWF-129 i Loss in Weight Feeder-Lime 0.37 
---------------------------------------------------------------------------------------------· 
j BE-130 ~ Bucket Elevator 2.20 . 
---------------------.;..-------------------------------------·-·------------------------------------........ ---

0.38 

0.18 

1.10 

0.60 

0.30 

1.76 

• FV-135 : Flap Valve 0.37 0.18 0.30 
.-----------------.-------------------------------------------------------------------------------------------------------· 
: R-140 • Gasifier 3.70 1.75 2.96 
;.......----------------;.---------------------------------------------------------------------------· ------· --------------· 
i FV-141 i Flap Valve 0.37 0.18 · 0.30 

: RV-1 42 : Rotary Valve below Gasifier . 0.75 . 0.38 . 0.60 . 
1---------------------~-------------------------------------------------- --------------- --------------------------------------------· 

i B-144 : Start Up Burner Blower 3.70 1.85 2.96 . 
~------------------...----------------------------------------------------------------------------~-----------..------------------

._~Y-=-~-~~------L~~-~~!Y_'!~-~~~-~-~~~~-~~~~~~-------------------~ o. 7 5 ______ l?.}_~----7-______ !?.:...6_1?_ ______ ~ 
-~~-'=~-~-~3._ __ L!?..~!!~-~ -!~-~~-~!:~-~~~--~-~-~p______________________ 1.1 o o.55 ----------~-:...~~-------: 
: LPP-156 • Quench Water Pump 1.10 0.55 0.88 i 
,__------------------- -!------------------------------------------------------------------t-------------t-----------+-----------------1 

~-!:!!:~-~-~-?_~---L~~~-~-~~-~~-~!:1!~~-!:-~-~p ________________________ ~- · __ 1_.1_o_ 0.55 0.88 

: F-205 : ID Fan 7.50 3.75 6.00 
.-------------------,--------------------------------------------------------------------. ----------~------~----------------------: 
: B-210 : Process Air Blower . 3.70 1.85 2.96 ,_ _________________ .,______________________________________________________________________ .._----------------1 

. P-168 : Chemical Dosing Pump-1 0.37 0.18 0.30 

.-------------------~-----------------------------------------------------------------~------------------------------------------· 

i P-169 ! Chemical Dosing Pump-2 . 0.37 
~-----------------<----------------------------------------------------- --------------·---------------'>---

: C-200 • Air Compressor 3.70 

0.18 

1.85 

0.30 

2.96 
----------------------~----------------------------------------------------------·-- ------ ----------------------------· 

, __________________ _L~_i_~-~!!~-~---------------------------------------------- - ---- 5. 00 --~- 1.00 4.00 

. j Control System 1.00 1.00 0.80 
------------------------------------------------------------------------------------------------------------------------------
• TOTAL 44.94 21.00 35.98 
"- -~ ___________________ .. __________________________ ___ ___ --- -------- - - ----- ------ - - - ------~-----------·--------- ----------------------------------------- ------------ ----· 
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F. Piping and Instrumentation Diagrams 

Based on the operating philosophy and utility requirements, we prepared the piping and 
instrumentation diagrams for the prototype system. These are listed in Table 14 and included in 
this report as Figures 12 to 19. 

TABLE 14: LIST OF PPIPING and INSTRUMENTATION DIAGRAMS FOR THE PROTOTYPE 

SYSTEM 

FIGURE 
NUMBER 

FIGURE 12 

FIGURE 13 

DRAWING 
NUMBER 

003-003 : LEGENDS 

DRAWING TITLE 

____ ...; 
003-010 : PIPING AND INSTRUMENTATION DIAGRAM FOR FEED 

: SYSTEM 

: PIPING AND INSTRUMENTATION DIAGRAM FOR 
FIGUR_E_1_4 - · --~O~-O~~--_L~~_§-~~~~--(I~~~~~~I~_I3_~_g_g~-I~Q~--~-~i~Q-~!R) ________________ ~ 

FIGURE 15 

FIGURE 16 

FIGURE 17 

FIGURE 18 

: PIPING AND INSTRUMENTATION DIAGRAM FOR 
003-011 B : GASIFIER (TEMPERATURE CONTROL USING OXYGEN) 

003-012 
--------------------------------------------------------------------------------·-·--

: PIPING AND INSTRUMENTATION DIAGRAM FOR 
: CYCLONE AND WHB 

003-013 : PIPING AND INSTRUMENTATION DIAGRAM FOR 
~ QUENCH COLUMN 
: P 1 PIN·G-AND-INST-RUMENTATia"N·o·u~-GRAM--F-OR _______________ "' 
: vENTURISCRUBBER . 003-014 

~----~----..;_: ---------------------------------------------------------------------------------------------~ 

FIGURE 19 
003-015 

. . 
: PIPING AND INSTRUMENTATION DIAGRAM FOR FILTER, : 
: ID FAN AND FLARE : 

"--------'--------' ---------------------------------------------------------------------------------
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Subtask 1.2: Installation in Laboratory 

The location for temporary installation of the prototype has been identified. This location will 
also have an option to conduct hot testing once the prototype is installed. 

Task 2: Gasifier Operations 

Subtask 2.1: Operations Plan 

In this subtask, we began formulating test plan for operating the prototype with two agricultural 
wastes. This plan is approximately 20 percent complete. 

Subtask 2.2: Data Analysis Plan 

No reportable activities conducted for this subtask during the current quarter. 

Subtask 2.3: Operations and Data Acquisition 

No reportable activities conducted for this subtask during the current quarter. 

Task 3: Data Analysis 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In this subtask, we began literature search for the gasification of agricultural wastes so that we 
can develop correlations for the products of gasification. This task is approximately 10 percent 
complete. 

Subtask 3.2: Development of Scale-up Criteria 

No reportable activities conducted for this subtask during the current quarter. 

Subtask 3.3: Model Validation 

No reportable activities conducted for this subtask during the current quarter. 

Task 4: Deployment Pathways 

Subtask 4.1: Institutional Model 

No reportable activities conducted for this subtask during the current quarter. 

Subtask 4.2: Individual Farm Model 

No reportable activities conducted for this subtask during the current quarter. 

Task 5: Project Management 

The objective project management is to provide effective cost control and guidance so that the 
proposed activities are conducted within the allocated time and budget. 
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At the end of the first quarter of this project, we are within our projected schedule in regard to 
deliverables and meetings, monthly reports and quarterly report. We have encountered no 
technical difficulties. 

Table 15 summarizes the present status of all the deliverables under this contract as of end of 
March 2009. 

TABLE 15: STATUS OF PROJECT DELIVERABLES 

·---~-------------- --------------------
DESCRIPTION OF 

DELIVERABLE 

First Monthly Report 

SCHEDULE OF DELIVERY 

10 days after First Month of Contract 

STATUS 

! Submitted April 16, 2009 __________ _;_ _______________ ~,_ _____________________ _ 
Second Monthly Report 1 0 days after Second Month of Contract ! Submitted April 17, 2009 

Third Monthly Report 10 days after Third Month of Contract ! Submitted April17, 2009 

First Quarterly Report 30 days after Third Month of Contract ! Submitted April 29, 2009 __________ _;_ ______________ _; ___________________________ _ 
Fourth Monthly Report 10 days after Fourth Month of Contract : Pending 

Fifth Monthly Report 10 days after Fifth Month of Contract : Pending 
---------~--------------~------------------------------------------

Sixth Monthly Report 1 0 days after Sixth Month of Contract : Pending 
. .;_ _____________ ____. -----------------------------------

Second Quarterly Report 30 days after Sixth Month of Contract : Pending 
-___;_--------------~· 

Seventh Monthly Report 10 days after Seventh Month of Contract : Pending 

Eighth Monthly Report 10 days after Eighth Month of Contract : Pending 

Ninth Monthly Report 10 days after Ninth Month of Contract : Pending _________ ___;_ ______________ ___. -------------------------

Third Quarterly Report 30 days after Ninth Month of Contract ! Pending 
_.;__ _____________ _;. ___________________________________ _ 

Tenth Monthly Report 10 days after Tenth Month of Contract ! Pending _ _;_ ______________ __. _______________________________ _ 
Eleventh Monthly Report 10 days after Eleventh Month of Contract : Pending 

Twelfth Monthly Report 10 days after Twelfth Month of Contract : Pending 
--~-------------->-------------------------------------------· 

Fourth Quarterly Report 30 days after Twelfth Month of Contract : Pending 
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SUMMARY 

This report represents the first quarterly report on behalf of W2E USA Inc., Chicago, IL as 
subcontractor to the State University of New York at Cobleskill for the subcontract R.F Award 
#49825, Project #1077943, CFDA #81.000. It is submitted in fulfillment of the second quarterly 
report required by the subcontract agreement. 

The report contains details of actual worked performed for this subcontract during the period 
covered by April 2009 to June 2009. 

I. INTRODUCTION TO OVERALL SUNY PROGRAM 

This Biowaste to Bioenergy Project is an integral part of The State University of New York at 
Cobleskill (SUNY Cobleskill)'s unique academic undertaking of developing alternative energy 
program on the campus to encourage and to foster the utilization of currently underutilized 
agricultural wastes for the production of heat and power. The focus of this undertaking is to 
develop small scale distributed energy system that could cater to individual farmers, farmer's 
coops, and institutions to generate their own energy by using their own wastes, thereby not only 
making them energy self reliant, and non dependent on the grid but also opening up new 
avenues for their economic growth. These specific constituencies, which are the targeted 
beneficiaries of this academic program, are closely knitted with SUNY Cobleskill's College of 
Agriculture. The support from Department of Energy for this project greatly enhances SUNY 
Cobleskill's capacity to attract students from these constituencies for training in this unique field 
of alternative energy by offering them new opportunities and thereby further strengthening these 
ties. The academic platform provides intellectually stimulating environment to attain the goals of 
this unique undertaking. 

There are several factors that make SUNY Cobleskill program unique in the development of 
alternative energy. These are: 

1. The development is specifically targeted for the agriculture related constituencies, which 
have direct access to the waste and as a result do not have to depend on other sources. 

2. These constituencies have dire need for this type of alternative energy and hence the 
energy will be utilized by themselves without having to rely on outside demand. 

3. The scale of energy production and demand by these constituencies is rather small and as a 
result it requires much smaller capital to implement the particular alternative energy strategy 
which is developed by SUNY Cobleskill . 

4. Since this is an initiative taken by the academic institution, the technology development and 
information exchange are guaranteed to be backed by solid academic program on the 
campus. As a result, these targeted constituencies will have continuous access to new 
developments in this field of alternative energy; a continuous supply of qualified human 
resources, and free access to new advancements in these new technologies. 

5. With the advent of new support from the Department of Energy under this current program, 
SUNY Cobleskill has forged critical partnership with the Department of Energy in fostering 
the implementation of these types of small-scale distribute alternative energy strategies and 
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the technologies within the targeted constituencies for attaining energy independence within 
rural and agricultural communities. SUNY Cobleskill's reputation within these target 
constituencies, backed by strong academic programs, is certain to generate confidence 
within these constituencies so that it will become easier to make them partners in 
implementing government's mandate of creating alternative energy supply by attracting 
thousands of such small generators into this program. Hopefully, Department of Agriculture 
will also lend their support to this noble cause in tandem with the Department of Energy. 

With this and similar other undertakings, the aim of SUNY Cobleskill is to become a leader in 
the area of renewable utilization and bioenergy production. 

In addition to developing and instituting academic curriculum and technology development and 
demonstration, SUNY Cobleskill will continue to play a pivotal role in the training of suitable 
human resources that will be needed in the future for operating and managing renewable 
energy facilities, both in the public and private sectors. In a broader perspective, SUNY 
Cobleskill will continue to identify potential and related policy issues with regard to alternative 
energy and subsequently become the premier facility to advance learning and demonstration 
through its participation with the developers of energy and environmental technologies. SUNY 
Cobleskill will be able to assist in the testing, demonstration, training and even the marketing of 
their technologies. The center will provide a wide array of facilities , including the conversion of 
renewable into various forms of energy such as gaseous fuel and hydrogen, as well as liquid 
fuels; conversion of renewable into beneficial and marketable products such as compost, 
biodiesel, bio-lubricant, and ethanol. The center will provide feasibility studies; technology 
transfer; and overarching continuing education programs. Academic programs and research 
programs undertaken by the faculty members will complement the industrial programs. 

II. INTRODUCTION TO DOE PROJECT 

This is the first project in alternative energy supported by the Department of Energy at SUNY 
Cobleskill. This support is a cornerstone for the development and fostering of the alternative 
energy academic curricula at this university. 

Broadly speaking, this project is a critical first step towards bringing together academia, 
government, and the industry in developing small scale distributed generation outposts within 
the farm community to enhance nation's overall commitment towards energy independence and 
to increase energy security. This development bypasses all previously unattainable 
infrastructure-type programs and goes directly to developing simple, practical, and economical 
means of converting small amounts of agricultural wastes into energy for local use. The only 
stakeholders who would control the generation and use of the energy are themselves. These 
stakeholders will independently assess the benefits and economics behind adapting this 
technique of making them energy independent and its value to their bottom line rather than 
depending upon the regulators, the utility companies, and the raw material suppliers to shape 
their future. Many a times, when depending on third parties, these stakeholders are left out in 
cold holding the bags after making significant investment in the technology. This specific 
development and academic support behind it will enable these stakeholders to understand their 
risks even before they make any investment in any of these technologies. In essence, this 
project will yield considerable decision-making powers in the hands of small energy users to 
determine the viability of using their own local resources and with which to meet their own 
energy demands. 
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This project is the first in series of many such projects that would hopefully be supported by 
DOE to demonstrate and to validate alternative energy technologies to foster confidence 
amongst the users. In this particular project, the TURNW2E™, developed by woman owned 
technology company, W2E USA Inc, has been selected for validation for converting agricultural 
wastes into alternative energy. This technology utilizes kiln-type gasification system , which 
makes it versatile for use with all types of agricultural, and forestry wastes. This program will 
validate the technology for its ability to efficiently convert solid agricultural wastes into gaseous 
clean burning fuel gas via staged gasification technique. More about the technology is 
discussed later in this report. 

DOE primarily supports this project with significant cost share provided by the industry. SUNY 
Cobleskill is the program coordinator and program manager. 

This report constitutes the second quarterly report of the project and covers the period from 
April 2009 to June 2009. 
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Ill. PROJECT GOAL AND OBJECTIVES 

The project goal is to develop design and operating data for the conversion of the selected 
agricultural wastes into alternative energy using the TURNW2E TM technology as well as to 
establish efficient and economical deployment pathways for the technology. 

The specific project objectives include: 

1. To design, reconfigure, and procure prototype TURNW2E™ gasification system for 
operations with two selected agricultural wastes. 

2. Based on literature data, to develop correlations for the products of gasification of 
agricultural wastes and to validate these correlations with data acquired from the prototype 
system. 

3. To develop scale up criteria based on operation of the prototype system. 

4. To develop pathways for the efficient deployment of small-scale gasification systems. 

IV. TECHNOLOGY FOR THE PROJECT 

As stated earlier, TURNW2E™ technology has been selected for the validation for this specific 
project. 

TURNW2E™ technology· incorporates a unique and highly flexible rotary kiln-type gasification 
system for the conversion of all types of wastes into energy as electricity and/or steam. The 
technology is particularly suited for agricultural wastes, MSW, sludge, biomass such as sewage 
sludge and animal manure, and industrial wastes. The rotary kiln has a lengthy track record for 
reliability when used in similar processing applications and has a record of availability of greater 
than 99 percent and minimum maintenance requirements. 

When compared with other gasification technologies such as fluidized bed gasification, 
entrained bed gasification, downdraft gasification, and fixed bed gasification, TURNW2E™ 
gasification system distinguishes itself in six process and operational areas. These are a) the 
reliable gasification of non-homogenous waste; b) sufficient turndown capacity to process varied 
quantities of waste; c) production of consistent gas quality to meet the client's requirements; d) 
the ability to process difficult wastes (such as cellulosic agricultural wastes); e) Producing 
syngas with tar content less than 10 ppm; f) a simple and reliable system suited for operation 
mostly by relatively unskilled operators. 

The main components of the TURNW2E™ gasification system are; 1) the kiln-type gasifier to 
convert waste through partial oxidation with air into a syngas containing a mixture of 
combustible gases, including carbon monoxide, hydrogen, carbon dioxide, water vapor, nitrogen 
and some hydrocarbons; and 2) the device to utilize syngas and to convert it into electrical 
power, steam, or both. Within these main components there are subcomponents, which 
operate together to deliver clean power from waste. The devices to convert syngas to electricity 
and/or steam are well known in the industry and are readily available. 
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The features and advantages that make this TURNW2E™ technology suitable for the 
conversion of agricultural wastes into alternative energy include: 

• The system has automated controls and operations to m1n1m1ze human resource 
requirements; it is rugged and has low-maintenance to minimize operational costs. It also 
has few consumables, which minimize logistical requirements. 

• In order to meet the objective of maximizing the energy recovery from the waste stream, the 
feed preparation and reactor designs minimize parasitic losses, minimize electrical 
requirements and make maximum use of waste heat from the conversion process wherever 
possible. The system objective is to consume less than 30% of the gross energy content of 
the waste stream through these losses. 

• The feed design is all-purpose rather than specific to a certain waste stream composition 
and physical nature of the agricultural wastes. It is flexible to accommodate large variations 
in the physical and chemical makeup of these agricultural wastes. 

~ PROJECTELEMENTS 

The current project comprises of four tasks, which are described hereunder. For tracking 
purposes we have also added Project Management as Task 5 in the reporting so that all project 
management activities are consolidated in one place. 

Task 1: Gasifier Cold Testing and Installation 

The objective of Task 1 is to inspect, test, and install gasification system that will convert solid 
agricultural wastes into fuel gas. 

Task 1 is divided into two subtasks as described hereunder: 

Subtask 1.1: Cold Testing and Calibration 

In Subtask 1.1, W2E will provide SUNY Cobleskill gasification equipment components for 
developing the database for agricultural wastes. W2E will provide technical support in 
configuring these components into a working gasification system for testing with agricultural 
wastes and also assist SUNY Cobleskill in identifying, designing and procuring any additional 
components that may be required to be added for this configuration. Prior to the delivery of the 
gasification system, W2E will assist SUNY Cobleskill to arrange for the temporary assembly of 
the integrated system at the point of shipment so that it is checked for operability and capacity. 
W2E will also assist SUNY Cobleskill with the calibration of different feeders for correlating rates 
of flow of waste and other materials against the feeder speeds. Once SUNY Cobleskill checks 
out the equipment, W2E will provide an option to SUNY Cobleskill to operate the unit in place at 
their cost in order to acquire gasification data for the intended agricultural wastes. Once the unit 
is checked out and operated , if necessary, W2E will disassemble the unit and pack it for 
shipment to SUNY Cobleskill. 
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Subtask 1.2: Installation in Laboratory 

In Subtask 1.2, W2E will assist SUNY Cobleskill in the installation of the prototype gasification 
system at a designated laboratory of the Environmental Science and Technology Center on the 
campus of SUNY Cobleskill. Installation support will be provided in the areas of mechanical, 
civil, and electrical installation of the system, construction of motor control center, build out for 
control room, installing instrumentation and controls, providing the software package for the 
control system, and the installation of utility and process piping. 

Task 2: Gasifier Operations 

The objective of Task 2 is to operate the gasification system with two agricultural wastes, 
specifically cellulosic animal refusals and animal waste such as cow and horse manure. 

Task 2 is divided into three subtasks as described hereunder: 

Subtask 2.1: Operations Plan 

In Subtask 2, W2E will assist SUNY Cobleskill in the preparation of a detailed operations plan 
for the testing of two agricultural wastes. The test plan will comprise operating conditions of 
temperature, feed rate to the gasifier, estimated air requirements, test duration, sampling 
protocols to include; size of the samples, whether grab sampling or continuous sampling, and 
frequency of sampling. Prior to preparing the operations plan, W2E will assist in the preparation 
of a detailed heat and material balance for the system based on certain assumptions with 
respect to temperature, gasification reactions, equilibrium constraints and conversion efficiency 
of the waste. 

Generally the temperature at the gasifier exit will be maintained between 1400 and 1800 deg F. 
Higher temperature favors better utilization of waste and minimizes the formation of tars. Each 
test will be 24 hours in duration, 4 hours of which will be at "steady-state" conditions. Steady 
state conditions imply that during those four hours steady feed rate and steady temperatures 
are maintained through the system. Several samples will be obtained during the steady-state 
operation. To better achieve a comparison, samples will also be obtained at non steady-state 
conditions to study the effect of system variables, including lower temperature especially on tar 
formation. The estimated feed rate to the gasifier will be in the range of 100 to 200 lb/h. 

The operations plan will also include a plan for acquiring data related to the working of the 
gasification equipment and may include recording information such as the gasifier skin 
temperature, pressure drop across gas cleanup devices, flow rates of cooling water, rate of solid 
and liquid discharges from the system, flow rate of syngas, and all other information that may be 
useful in the future design of larger scale equipment. 

Subtask 2.2: Data Analysis Plan 

For Subtask 2.2, W2E will assist SUNY Cobleskill in preparing a data analysis plan to assure 
that the data suggested in the operations plan as well as the data actually procured is usable for 
scale-up and for technology deployment. The data analysis plan will include the suggestions for 
the analysis of solid, liquid , and gas samples, with emphasis on carbon balance and its 
correlation to operating conditions with respect to kiln temperature and feed rate. The data 
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analysis plan will also formulate correlation of tar formation with the gas outlet temperature. 

One of the primary objectives of preparing a data analysis plan is to make sure that all data 
required for the scale-up and for technology deployment are included in this plan. The 
parameters of significance are effect of gas velocity through the gasifier that would correlate 
with amount of fines carryover to the cyclone as a function of gas velocity; pressure drops 
across the gas cleanup section that would correlate with I. D. Fan sizing; and observations about 
the feeding characteristics of agricultural wastes through the feed system for targeting design 
improvement. The data analysis plan and its implementation during data procurement and 
during actual data analysis becomes an extremely powerful tool for establishing the scale-up 
criteria for the entire gasification process as well as for upsizing the system components. 

Subtask 2.3: Operations and Data Acquisition 

In Subtask 2.3, SUNY Cobleskill will operate the gasification unit with two agricultural wastes at 
the conditions noted in the operations plan described in Subtask 2.1 and while being cognizant 
of the data analysis plan described in Subtask 2.2. W2E will provide technical support during 
the operation of the gasification unit. 

Task 3: Data Analysis 

The objective of Task 3 is to analyze data obtained in Task 2 in accordance with the data 
analysis plan as well as to support the validation of the gasification predictive model for 
agricultural wastes. 

Task 3 will comprise four subtasks which are described hereunder: 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In Subtask 3.1, SUNY Cobleskill will commission a task force of experts to collect pertinent 
gasification data reported in available literature. This data will be consolidated into a predictive 
model so that it can be utilized as an operations tool to prepare preliminary heat and material 
balance for the other, similar wastes . In developing this model certain intrinsic assumptions will 
be made pertaining to the conversion efficiency of waste, water to waste ratio, and the 
attainment of shift equilibrium within the gasifier. If possible, data assumptions related to tar 
formation as a function of the gasifier temperature will also be attempted . The function of a lime 
addition to reduce tar formation will also be explored , investigated, and integrated into the 
model. W2E will provide to SUNY Cobleskill experts in the area of gasification to assist with this 
effort. 

Subtask 3.2: Development of Scale-up Criteria 

In Subtask 3.2, SUNY Cobleskill will develop scale-up criteria for the utilization of the 
gasification system for the agricultural wastes. These scale-up criteria will be applicable to the 
feed system, gasifier, and to the gas cleanup system. For the feed system, the parameters of 
interest are feed preparation in terms of moisture, size and density; for the gasifier, the 
parameters of interest are feed residence time, gas velocity, heat rate, and the aspect ratio ; and 
for the gas cleanup system, the parameters of interest are pressure drops, efficiency of 
particulate and tar removal , gas temperature control, and the capture of heavy metals, sulfur, 
and chlorine. W2E will provide to SUNY Cobleskill experts in the area of process scaleup to 
assist with this effort. 
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Subtask 3.3: Model Validation 

In Subtask 3.3, W2E will provide technical support to SUNY Cobleskill to analyze data from 
gasifier operations in Task 2 and compare the data with the predictions of the model developed 
in Subtask 3.1. Of specific interest is the production volume of carbon monoxide, hydrogen, and 
methane formation as a function of temperature in the gas leaving the gasifier. The solid 
residues will be analyzed for their ultimate analysis and especially for fixed carbon. 

If there are significant differences between the predictive model and the actual data, the model 
parameters as well as intrinsic assumptions will be adjusted for the best match. This model will 
then be utilized for all future needs for preparing heat and material balances for the wastes prior 
to testing them in the gasifier. 

Subtask 3.4: Process Improvement Recommendations 

In Subtask 3.4, W2E will assist SUNY Cobleskill to make specific recommendations for process 
improvements based on the data analysis and based on the difficulties encountered and on the 
performance of various processing units. These recommendations will serve as guidelines for 
improving performance, if needed, for the feeding mechanism for agricultural biomass; for 
improving gasification efficiency of the waste in terms of minimizing carbon content of the solid 
residues; for reducing or minimizing tar formation; and for better performance of the gas cleanup 
system. 

Task 4: Deployment Pathways 

The objective of Task 4 is to develop pathways for the deployment of the technology at a private 
institution and within the farm community. 

Task 4 comprises two subtasks as described below: 

Subtask 4.1: Institutional Model 

In Subtask 4.1 , W2E will assist SUNY Cobleskill to develop a model by which an institution, 
such as SUNY Cobleskill or a cooperative farm can adapt this waste to energy technology for its 
own use. A case study including a focus on the energy need of a particular business or 
institution (SUNY Cobleskill, in this case); the type and amount of agricultural wastes generated 
by the institution, the potential for energy from these wastes, the cost of installing the waste to 
energy system at this particular institution and a cost to benefit ratio for this installation will be 
developed. 

Subtask 4.2: Individual Farm Model 

In Subtask 4.2, W2E will assist SUNY Cobleskill to develop a model by which a small farm can 
benefit from the installation of this particular waste to energy system. In this type of application 
the unit may operate only part of the time, and there may be a limited need for steam or power. 
For this model, SUNY Cobleskil l will consider the production of hydrogen for propelling farm 
equipment or the production of transportable fuels from farm wastes to create a new source of 
income for the farmers. Alternatively, SUNY Cobleskill may consider production of liquids from 
farm waste that can help farmer produce transportable fuel for export. 
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Task 5: Project Management 

The objective of Task 5 is to provide effective project management so that the proposed 
activities are effectively conducted within the allocated time and budget. 

Task 5 entails the following activities: 

• Program liaison with SUNY Cobleskill 
• Project reporting 

VI. PROJECT PROGRESS DURING SECOND QUARTER 

This section discusses in detail the progress made in the project during the second quarter 
which covers the period between April 2009 to June 2009. 

Task 1: Gasifier Cold Testing and Installation 

In this quarter, the activities in Task 1 were again focused on procuring the TURNW2E™ 
prototype gasification system; continuing to making some design changes to render it suitable to 
operate with agricultural wastes; adding components and instrumentation to make it suitable for 
yielding all the necessary data during operation ; and to prepare necessary plans for the 
installation of the prototype for cold and hot testing . To this end, the following activities were 
completed during this quarter. 

A. We added the waste heat boiler to the gasifier system. 

B. We added quench column and venturi scrubber system to allow us to characterize and to 
quantify trace elements present in the syngas. 

C. We procured additional instrumentation to supplement those that came with the original 
system so that we can control the gasification system adequately. 

D. We procured the Programmable Logic Controller (PLC) for the system operation and 
control. 

E. We started programming the PLC according to the control philosophy prepared in the first 
quarter. 

The commissioning of the prototype is proceeding according to the schedule. The 
commissioning will include testing the unit in cold standby conditions as well as in hot standby 
conditions. 

The provision during prototype commissioning also includes an option to conduct the requisite 
testing with the candidate agricultural wastes. 
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Subtask 1.2: Installation in Laboratory 

The location for temporary installation of the prototype has been identified. This location will 
also have an option to conduct hot testing once the prototype is installed. 

All the components of the prototype have been delivered at the site and installation of these 
components has commenced. 

Task 2: Gasifier Operations 

Subtask 2.1: Operations Plan 

In this subtask, we completed the test plan for operating the prototype with two agricultural 
wastes in addition to wood as reference waste. This plan is included in Appendix A .. 

Subtask 2.2: Data Analysis Plan 

Based on the operations plan, we have begun formulating the Data Analysis Plan. This is 
about 20% complete. 

Subtask 2.3: Operations and Data Acquisition 

No reportable activities conducted for this subtask during the current quarter. 

Task 3: Data Analysis 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In this subtask, we began literature search for the gasification of agricultural wastes so that we 
can develop correlations for the products of gasification. This task is approximately 50 percent 
complete. 

Subtask 3.2: Development of Scale-up Criteria 

No reportable activities conducted for this subtask during the current quarter. 

Subtask 3.3: Model Validation 

No reportable activities conducted for this subtask during the current quarter. 

Task 4: Deployment Pathways 

Subtask 4.1: Institutional Model 

We began to formulate the model for the deployment of TURNW2E gasification technology in 
the institutional setting such as SUNY Cobleskill . This model will examine practicality and 
economic viability of distributed alternative energy for this type of the institution. This subtask is 
approximately 20% complete. 



Subtask 4.2: Individual Farm Model 

No reportable activities conducted for this subtask during the current quarter. 

Task 5: Project Management 

The objective project management is to provide effective cost control and guidance so that the 
proposed activities are conducted within the allocated time and budget. 

At the end of the first quarter of this project, we are within our projected schedule in regard to 
deliverables and meetings, monthly reports and quarterly report. We have encountered no 
technical difficulties. 

Table 1 summarizes the present status of all the deliverables under this contract as of end of 
June 2009. 

TABLE 1: STATUS OF PROJECT DELIVERABLES 

DESCRIPTION OF 
DELIVERABLE 

First Monthly Report 

Second Monthly Report 

Third Monthly Report 

First Quarterly Report 

Fourth Monthly Report 

Fifth Monthly Report 

Sixth Monthly Report 

Second Quarterly Report 

Seventh Monthly Report 

Eighth Monthly Report 

Ninth Monthly Report 

Third Quarterly Report 

Tenth Monthly Report 

Eleventh Monthly Report 

Twelfth Monthly Report 

Fourth Quarterly Report 

SCHEDULE OF DELIVERY STATUS 

1 0 days after First Month of Contract Submitted April 16, 2009 

1 0 days after Second Month of Contract Submitted April 17, 2009 

10 days after Third Month of Contract Submitted April 17, 2009 

30 days after Third Month of Contract Submitted April 29, 2009 

10 days after Fourth Month of Contract Submitted May 10, 2009 

1 0 days after Fifth Month of Contract Submitted June 10, 2009 

1 0 days after Sixth Month of Contract Submitted July 10, 2009 

30 days after Sixth Month of Contract Submitted July 15, 2009 

1 0 days after Seventh Month of Contract Pending 

10 days after Eighth Month of Contract Pending 

10 days after Ninth Month of Contract Pending 

30 days after Ninth Month of Contract Pending 

1 0 days after Tenth Month of Contract Pending 

1 0 days after Eleventh Month of Contract Pending 

10 days after Twelfth Month of Contract Pending 

30 days after Twelfth Month of Contract Pending 



APPENDIX A: OPERATIONS PLAN FOR THE PROTOTYPE UNIT WITH WOOD, HORSE 
MANURE, AND HAY 
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OPERATIONS PLAN FOR THE GASIFICATION OF WOOD, HORSE MANURE, AND HAY 

I. INTRODUCTION 

This document represents operations plan for testing wood waste as reference material and two 
other agricultural wastes, Horse Manure and Hay in W2E prototype gasification system. The 
characteristics and compositions of these candidate wastes are shown in Table 1. 

TABLE 1: CHARACTERISTICS AND COMPOSITION OF CANDIDATE WASTES 

PROPERTY WOOD HORSE MANURE HAY 

Moisture 20.00 Moisture - 20.00 Moisture - 20.00 

Volatile 
59.96 

Volatile 
46.11 

Volatile 
52.00 

Proximate Matter Matter Matter 
Analysis (dry) Fixed 

14.52 
Fixed 

18.93 
Fixed 

16.80 
Carbon Carbon Carbon 

Ash 5.52 Ash 14.96 Ash 11 .20 

c 49.00 c 46.95 c 41 .60 

H 5.78 H 4.20 H 5.44 

0 37.30 0 26.34 0 35.70 
Ultimate 

N 0.77 N 2.29 N 2.08 
Analysis 

s 0.08 s 1.53 s 0.27 

Cl 0.12 Cl 0.00 Cl 0.91 

Ash 6.95 Ash 18.70 Ash 14.00 

HHV (Dry), 7827 7453 7576 
Btu/lb 

Density, lb/cu .ft 15-30 18-20 12-14 

Size 1-2 inches 1-2 inches 1-2 inches 

Angle of Repose 70 60 80 

II. OBJECTIVE 

The primary objective of the tests is to establish optimum operating conditions for the 
gasification of wood , horse manure and hay to yield maximum gasification efficiency. During the 
gasification tests, sufficient data will be acquired to meet this objective. 

Ill. TEST CONDITIONS 

In order to establish optimal operating conditions for the gasification of the candidate wastes, 
several tests at various operating conditions are planned. Each test period will be operated at 
least for 4 hours at steady state conditions during which all the requisite gas, solid , and liquid 
samples will be obtained so that adequate information regarding the gasification can be 
ascertained . In the following Table 2, we have developed full matrix for the test conditions for 
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each of the 3 candidate wastes. All tests will be conducted at near atmospheric conditions. 
Also, although the tests will be operated at different air distribution within the Gasifier, we have 
designated the gasifier outlet temperature as the governing temperature for the purpose of 
correlating data. The following are the brief descriptions of the tests carried out during the 
operation. 

1. Wood gasification at one specific rate will be performed with three different air enrichments, 
i.e. using air (21% oxygen), enriched air (30% oxygen) and pure oxygen (1 00% oxygen). 
The target temperature for the tests is 1800°F. The highly reactive nature of biomass may 
not allow us to attain this target temperature. In that case the target temperature will be the 
maximum attainable temperature under these operating conditions. In addition to above, 
one test will be conducted at maximum attainable feed rate of wood the system will be 
tested for the maximum capacity of wood with 95% oxygen. 

2. Horse Manure gasification at one specific rate will be performed with three different air 
enrichments, i.e. using air (21% oxygen), enriched air (30% oxygen) and pure oxygen 
(1 00% oxygen). The target temperature for the tests is 1800°F. The highly reactive nature 
of biomass may not allow us to attain this target temperature. In that case the target 
temperature will be the maximum attainable temperature under these operating conditions. 
Since the Sulfur content in horse manure is high as indicated by its composition in Table 1, 
an additional test will be conducted with limestone addition to the gasifier. The Ca/S ratio 
during this test condition will be maintained at 2.0. 

3. Hay gasification at one specific rate will be performed with three different air enrichments, 
i.e. using air (21% oxygen), enriched air (30% oxygen) and pure oxygen (100% oxygen). 
The target temperature for the tests is 1800°F. The highly reactive nature of biomass may 
not allow us to attain this target temperature. In that case the target temperature will be the 
maximum attainable temperature under these operating conditions. 

In all the above tests the target temperature is 1800°F in order to minimize the formation of tar. 
In case if this temperature is not attained due to high reactivity of the candidate wastes, the 
maximum attainable temperature will be used. We also have provision for adding air into the 
gas stream leaving the gasifier. In the event, excessive tar formation is detected in the 
downstream equipment, we will activate this air loop to burn some of the combustible 
components of the syngas in order to raise the exit gas temperature to 1800 deg F. 

For all of the three wastes, the initial tests will be conducted with shredded but not densified 
form. We will , however, procure and keep at hand same wastes in densified forms so that if we 
encounter unusual attrition problem with lighter materials, we have an option to switch to the 
denser form of the same waste. 
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TABLE 2: TEST MATRIX FOR GASIFICATION USING WOOD, HORSE MANURE AND HAY 

MATERIAL I WOOD I 

I 

HORSE MANURE I HAY 

Test No. Test 1 Test 2 Test 3 Test4 Test 5 Test 6 Test 7 Test 8 Test 9 Test 10 Test 11 

Feed Rate, lb/hr 200 200 200 500 200 200 200 200 200 200 200 

Exit Gas 
1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 1800 or 

Temperature,°F 
Max Max Max Max Max Max Max Max Max Max Max 

attainable attainable attainable attainable attainable attainable attainable attainable attainable attainable attainable 

Oxidant 21% 30% 100% 100% 21% 30% 100% 21% 21% 30% 100% 
Enrichment Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen Oxygen 

Oxidant 
Distribution,% 
Zone 1 10 10 10 10 10 10 10 10 10 10 10 
Zone 2 20 20 20 20 20 20 20 20 20 20 20 
Zone 3 60 60 60 60 60 60 60 60 60 60 60 
Zone4 10 10 10 10 10 10 10 10 10 10 10 

Residence 
30 30 30 30 30 30 30 30 30 30 30 

Time, min 

Ca/S Ratio 0 0 0 0 0 0 0 2.0 0 0 0 
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IV. PRE-TEST PREPARATION 

Before starting any test, it will be necessary to identify the requirements for the test to be 
performed. This will include identifying the material used for testing, input material requirement 
for each test, sample collection devices etc. These are tabulated in table 3. 

SLNO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 3: PRETEST REQUIREMENTS 

COMPONENT 

Waste Feed 

Drying Requirements 

Waste Quantity, tons 

Scrubber Chemical Used 

Modifier Used in Gasifier 

Gas Filtration Media used 
in Filter 

Oxygen Supply 

Gas Sampling 

Solid Sampling 

Liquid Sampling 

DESCRIPTION 

Wood, Horse Manure and Hay 

All candidate waste feeds will be dried to 20% moisture. 
If the waste as received contains less than 20% 
moisture, then additional water will be injected into the 
gasifier to make up the 20% moisture in the waste . 

1 each In addition, 1 ton each of pelletized hay and 
horse manure) 

Caustic Soda 

Lime Stone 

Lime Powder, saw dust, Iron filings, wood chips 

In Cylinders 

Vacuum Pumps 

Sample bags 

Sample Bottles 

When the candidate wastes are delivered to the site, we plan to analyze waste feeds for their 
composition and for their physical properties so that we can estimate energy and material 
balances more accurately as well as to assess the flow characteristics of the waste material 
through the feed system. If necessary, the physical characteristics of the wastes may have to 
be altered so that they can be accommodated within the existing feed system. In general, for 
testing wastes in the prototype, we are planning for the feed size to be reduced to less than 3-
inches. Also, in certain cases, the moisture content of the feedstock may have to be reduced so 
that the heating value of the waste prior to its testing is adjusted to 6500 BTU/Ib on as fed basis. 
If necessary, another waste material of higher heating value would be added to obtain this 
adjustment in the waste heating value prior to its testing. The pre-test analysis planned for 
candidate wastes as well as for other reactants is summarized in Table 4. 
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TABLE 4: PRE TEST ANALYSIS OF CANDIDATE WASTES AND OTHER REACTANTS 

SL MATERIAL ANALYSIS TO BE PERFORMED 
NO 

~ Proximate Analysis (Volatile matter, Fixed Carbon, 

Moisture and Ash). 

~ Ultimate Analysis (Carbon, Hydrogen, Oxygen, 

Nitrogen, Sulphur, Chlorine and Ash) 

Wood , Horse Manure and 
~ Elemental Analysis (Calcium, Potassium, 

Hay Magnesium, Sulphur, Phosphorous, Manganese, 

Aluminium, Zinc, Iron, Sodium, Silicon, Boron, 

Copper) 

~ Physical Properties 

~ Heating Value 

2 Limestone Powder ~ None. Vendor supplied information will be used 

3 Limestone/Dolomite ~ None. Vendor supplied information will be used 

4 Process Water ~ For traces of calcium 

5 Oxygen Purity ~ Assay or use vendor supplied information 
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V. PROJECTIONS FOR OPERATION CONDITIONS 

The projected values of various solid, gas, and liquid streams that are expected during the 
operations, based on theoretical considerations, with wood, horse manure and hay are shown in 
Table 5, 6 and 7. These tables are prepared to serve as guide for the operators so that they are 
familiar with the ball park figures for oxygen and other requirements while the unit is operating in 
the manual mode. Excessive input of oxygen into the gasifier will cause the waste to burn and 
subsequently to result in uncontrollable high temperatures. 
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TABLE 5: PROJECTION OF PROCESS STREAM VALUES FOR WOOD GASIFICATION 
USING AIR (21% 0 2), ENRICHED AIR (30% 0 2) AND OXYGEN (1 00% 0 2) 

WASTE NAME CHOPPED CHOPPED CHOPPED CHOPPED 
WOOD WOOD WOOD WOOD 

Gasification Mode Air (21% 02) 
Enriched Air Oxygen Oxygen 

(30% 02) (100% 02) (100% 02) 

Moisture% 20.00 20.00 20.00 20.00 

HHV, BTU/Ib (Dry) (Dulong) 7827 7827 7827 7827 

HHV, BTU/Ib (Wet) (Dulong) 6262 6262 6262 6262 

Feed Rate, lb/h 200 200 200 493 

Dry Feed Rate, lb/h 160 160 160 394 

Moisture Feed Rate, lb/h 40 40 40 99 

Gasification Temperature, o F 1800 1800 1800 1800 

Heat Loss,% of heat input 5 5 5 5 

Oxidant Feed Rate, moles/h 16.88 10.61 2.74 6.75 

Oxidant Feed Rate, lb/h 488.97 310.99 87.59 215.90 

Syngas Produced, mol/h 26.15 20.23 12.80 31 .55 

Syngas Produced, lb/h 678.23 500.25 276.84 682.42 

Syngas Mol Wt, lb/mole 25.94 24.73 21.63 21.63 

Syngas Produced SCFS 2.76 2.13 1.35 3.33 

Syngas Produced ACFS 11.98 9.27 5.86 14.46 

Syngas Composition, mol % 

co 11.25 16.27 29.04% 29.04% 

H2 9.21 13.68 25.25% 25.25% 

CH4 0.96 1.25 1.97% 1.97% 

C02 11 .99 13.67 18.25% 18.25% 

H20 15.43 18.17 25.09% 25.09% 

H2S 0.01 0.02 0.03% 0.03% 

N2 50.52 36.49 0.33% 0.33% 

HCI 0.02 0.03 0.04% 0.04% 

Ar 0.60 0.42 0.00% 0.00% 

Ash Produced, lb/h 10.74 10.74 10.74 26.85 

HHV of Syngas, BTU/SCF (Wet) 76.04 109.59 195.64 195.64 

HHV of Syngas, BTU/SCF (Dry) 89.92 133.93 261.16 261.16 

All 
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TABLE 6: PROJECTION OF PROCESS STREAM VALUES HORSE MANURE 
GASIFICATION USING AIR (21% 0 2), ENRICHED AIR (30% 0 2) AND OXYGEN (100% 0 2) 

WASTE NAME HORSE HORSE HORSE HORSE MANURE MANURE MANURE MANURE 

Gasification Mode Air (21% 0 2) 
Enriched Air Oxygen Air (21% 0 2)with 

(30% 0 2) (100% 0 2) Ca Addition 

Moisture% 20.00 20.00 20.00 20.00 

HHV, BTU/Ib (Dry) (Dulong) 7827 7827 7827 7827 

HHV, BTU/Ib (Wet) (Dulong) 6262 6262 6262 6262 

Feed Rate, lb/h 200 200 200 200 

Dry Feed Rate, lb/h 160 160 160 160 

Moisture Feed Rate, lb/h 40 40 40 40 

Gasification Temperature, o F 1800 1800 1800 1800 

Heat Loss , % of heat input 5 5 5 5 

Oxidant Feed Rate, moles/h 15.73 9.89 2.55 15.73 

Oxidant Feed Rate, lb/h 455.58 289.94 81 .72 455.58 

Syngas Produced, mol/h 23.86 18.36 11.43 23.86 

Syngas Produced , lb/h 626.40 460.76 252.54 626.40 

Syngas Mol Wt, lb/mole 26.25 25. 10 22.09 26.25 

Syngas Produced SCFS 2.52 1.93 1.20 2.52 

Syngas Produced ACFS 10.93 8.41 5.24 10.93 

Syngas Composition , mol % 

co 13.01 18.82 34.88 13.01 

H2 8.94 13.30 23.95 8.94 

CH4 1.02 1.33 2.14 1.02 

C02 11 .54 13.09 16.35 11 .54 

H20 12.55 14.64 20.92 12.55 

H2S 0.31 0.41 0.65 0.31 

N2 52.01 37.97 1.12 52.01 

HCI 0.00 0.00 0.00 0.00 

Ar 0.61 0.43 0.00 0.61 

Ash Produced , lb/h 29.18 29.18 29.18 29.18 

HHV of Syngas, BTU/SCF (Wet) 81.48 117.47 211 .98 81.48 

HHV of Syngas, BTU/SCF (Dry) 93.17 137.61 268.05 93.17 
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TABLE 7: PROJECTION OF PROCESS STREAM VALUES HAY GASIFICATION USING AIR 
(21% 0 2}, ENRICHED AIR (30% 0 2) AND OXYGEN (1 00% 0 2) 

WASTE NAME HAY HAY HAY 

Gasification Mode Air (21% 0 2) 
Enriched Air Oxygen 

(30% 0 2) (100% 0 2) 

Moisture% 20.00 20.00 20.00 

HHV, BTU/Ib (Dry) (Dulong) 7827 7827 7827 

HHV, BTU/Ib (Wet) (Dulong) 6262 6262 6262 

Feed Rate, lb/h 200 200 200 

Dry Feed Rate, lb/h 160 160 160 

Moisture Feed Rate, lb/h 40 40 40 

Gasification Temperature, o F 1800 1800 1800 

Heat Loss, % of heat input 5 5 5 

Oxidant Feed Rate, moles/h 15.66 9.84 2.54 

Oxidant Feed Rate, lb/h 453 .65 288.49 81.24 

Syngas Produced, mol/h 24.48 18.98 12.09 

Syngas Produced, lb/h 628.75 463.59 256.34 

Syngas Mol Wt, lb/mole 25.69 24.42 21 .20 

Syngas Produced SCFS 2.58 2.00 1.27 

Syngas Produced ACFS 11 .21 8.70 5.54 

Syngas Composition, mol % 

co 12.19 17.41 30.56 

H2 10.09 14.79 26.83 

CH4 0.97 1.25 1.97 

C02 11 .13 12.65 16.60 

H20 14.56 16.99 23.05 

H2S 0.06 0.07 0.12 

N2 50.20 36.15 0.45 

HCI 0.21 0.27 0.43 

Ar 0.59 0.42 0.00 

Ash Produced , lb/h 24.90 24.90 24.90 

HHV of Syngas, BTU/SCF (Wet) 82.00 116.88 205.57 

HHV of Syngas, BTU/SCF (Dry) 95.97 140.81 267.16 
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VI. UNIT DESCRIPTION AND OPERATING PROCEDURES 

In the following section, the operation of the waste to energy prototype system is described. 
The emphasis is primarily on the description of individual components constituting the prototype 
system. This description refers to Figure 1 (Process Flow Diagram). 
The waste to energy prototype gasification system is based on W2E technology and comprises 
of three sub systems. 

1. Feed System 

2. Gasifier 

3. Gas Cleanup System 

1. Feed System 

The feed system comprises of three separate feed trains, one each for two different types of 
wastes that can be fed either individually or as composite, and one for introducing limestone or 
other additive to the gasifier that may be called for in the test plan. 

~ Feed System for Waste #1 

The first waste feed train is for handling the first solid waste. This solid waste is manually 
charged into the feed hopper H-070 and is conveyed to the waste #1 hopper, H-1 05 through 
sidewall conveyor SWC-080. The design capacity of Waste #1 Hopper, H-1 05 is 500 lbs. This 
waste will be received in preprocessed condition such that it is already shredded to 1-in size. 

A two-way chute CH-085 at the discharge end of the side-wall conveyor SWC-080 diverts the 
material to the waste #1 hopper, H-1 05. Waste #1 from the hopper, H-1 05 is transferred to the 
inclined belt conveyor, I BC-125 using a weigh feeder, WF-115 which is supported on load cells 
to measure the quantity of waste transferred through the weigh feeder. The weigh feeder is 
equipped with variable frequency drive to enable feed rate control by speed variations based on 
the input from the load cells. 

The controlled waste feed from weigh feeder WF-115 is transported through an inclined Belt 
conveyor I BC-125 to the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the discharge end 
of the bucket elevator. This flap valve, FV-131 directs the waste #1 feed to the gasifier inlet 
chute and at the same time restricts the entry of fugitive air into the gasifier. 

The fill cycle of the waste #1 feed hopper is controlled by a low level transmittal located in the 
hopper H-1 05. It triggers an alarm for the operator to begin replenishing waste to feed hopper 
H-070. Once the feed hopper H-070 is fully charged, the hopper H-1 05 control is reset to "ON" 
position. This feed control condition is set by directing the two way chute CH-085 towards 
hopper H-105 and opening the slide gate valve SG-090 and the slide gate valve SG-75 and 
activating the side wall conveyor SWC-080. 
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A high level indication in the hopper H-105 will stop the side wall conveyor and sets the 
condition of hopper H-1 05 to "OFF" position. After filling the hopper H-1 05, both slide gate 
valves SG-75 and SG-090 are closed . 
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~ Feed System for Waste #2 

Feed System for Waste #2 will be idled during these tests unless there is compelling reasons to 
add another waste feed with higher heating value to augment heating value of the candidate 
agricultural wastes. When in operation, the following description will apply for the feed system 
for this additional waste: 

The second waste feed train is for transporting second waste to the gasifier. Again, this waste is 
manually charged to the feed hopper H-070 and is conveyed to the waste #2 hopper, H-110 
through the side wall conveyor, SWC-080. The design capacity of waste #2 hopper, H-11 0, is 
900 lbs. This waste will be also received in preprocessed condition such that it is already 
shredded to 1-in size. 

A two-way chute CH-085 at the discharge end of the side-wall conveyor SWC-080 diverts the 
material to the waste #2 hopper, H-110. Waste #2 from the hopper, H-110 is transferred to the 
inclined belt conveyor, I BC-125 using a weigh feeder, WF-118 which is supported on load cells 
to measure the quantity of waste transferred through the weigh feeder. The weigh feeder is 
equipped with variable frequency drive to enable feed rate control by speed variations based on 
the input from the load cells. 

The controlled waste feed from loss in weigh feeder WF-118 is transported through an inclined 
belt conveyor IBC-125 to the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the discharge end 
of the bucket elevator. This flap valve, FV-131 directs the waste #2 feed to the gasifier inlet 
chute and at the same time restricts the entry of fugitive air into the gasifier. 

Waste feed #1 and waste feed #2 can be fed to the gasifier individually or through any 
combination. 

The fill cycle of the waste #2 feed hoppers is controlled by a low level transmittal located in the 
hopper H-11 0. It triggers an alarm for the operator to begin replenishing waste to feed hopper 
H-070. Once the feed hopper H-070 is fully charged, the hopper H-110 control is reset to "ON" 
position. This feed control condition is set by directing the two-way chute CH-085 towards 
hopper H-110 and opening the slide gate valve SG-100 and the slide gate valve SG-75 and 
activating the side wall conveyor SWC-080. 

A high level indication in the hopper H-11 0 will stop the side-wall conveyor and sets the 
condition of hopper H-11 0 to "OFF" position. After filling the hopper H-11 0, both slide gate 
valves SG-75 and SG-1 00 are closed . 

The combination of inclined belt conveyor IBC 125 and the bucket elevator BE-130 avoids steep 
inclination of the belt conveyor as well as helps in conserving floor space for conveying feed into 
the gasifier. 

In case of waste #2 feed, the flap valve FV-131 located at the inlet feed chute of the gasifier 
allows the waste from bucket elevator BE-130 to enter the gasifier and at the same time 
prevents entry of fugitive air into the gasifier. 
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~ Feed System for Limestone 

The capture and removal of sulfur and chlorine, which are often times present in the wastes, is 
an extremely important consideration for developing design data and the equipment for the 
waste to energy system. During gasification of wastes, all forms of sulfur present in the waste 
are converted to hydrogen sulfide, H2S. Similarly, all chlorine containing compounds releases 
chlorine during gasification to yield hydrogen chloride, HCI. Both of these compounds are to be 
removed from the fuel gas which results from the gasification of wastes before this gas can be 
consumed cleanly without causing an environmental impact. 

The design of the prototype provides three options for the removal of H2S and HCI from the fuel 
gas stream. One of these methods is to add limestone to the gasifier. A separate feed system 
for introducing limestone is provided in the design and that system is described hereunder. 

Pre-sized limestone, generally -1/8-inch in size, is received either in drums or in bags. It is 
manually charged into the limestone hopper H-126. Limestone hopper H-126 has a capacity of 
200 lbs. 

The limestone from H-126 is conveyed to weigh hopper, WH-128 through Limestone Screw 
feeder, SC-127. Weigh Hopper WH-128 is fitted with load cell to measure the weight of the 
material inside the hopper. The loss in weigh feeder, LWF-129 is equipped with a variable 
frequency drive to enable feed rate control by speed variations. 
The controlled amount of limestone from weigh feeder LWF-128 is transported to the gasifier 
through an inclined belt conveyor IBC-125 and the bucket elevator BE-130 

The bucket elevator BE-130 is equipped with a flap valve FV-131 located at the discharge end 
of the bucket elevator. This flap valve, FV-131 directs the limestone feed to the gasifier inlet 
chute and at the same time restricts the entry of fugitive air into the gasifier. 

The Lime Hopper H-126 is furnished with high and low level indicators. The low-level alarm is 
meant to warn the operator to reload the hopper and high-level alarm is meant as signal to stop 
charging the hopper. 

The limestone (CaC03) added to the gasifier will be converted to Calcium Oxide (CaO). 
Subsequently, hydrogen sulfide (H2S) will react with Calcium Oxide to form Calcium Sulfide 
(CaS). This reaction is equilibrium controlled and the removal of sulfur is dependent upon the 
ratio of water to hydrogen sulfide in the gas. With limestone, it is possible to remove 99.9% 
sulfur from the feed. 

( H2S + CaC03 7 CaS + C02 + H20 

Similarly, hydrogen chloride will also react with calcium oxide to form calcium chloride. This 
reaction , however, is extremely sensitive to operating temperature of the gasifier. 

( 2HCI + CaC03 -----7 CaCI2 + C02 + H20 ) 
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CaS is an unstable compound. Therefore it must be stabilized to calcium sulfate, CaS04 prior 
to its disposal. 

During the test, CaS will be collected with ash exiting the gasifier and collected in the ash 
hopper. At the end of the test, this ash will be subjected to further reaction with air in the same 
gasifier RX-140 operating as a combustor to develop ash stabilization data. 

2. Gasifier 

The gasifier is the key component of the gasification system. The following constitutes the main 
components of the gasifier: 1) Rotary Kiln Gasifier RX-140 , 2) Startup Burner, B-144, 3) Fuel 
Supply for the burner, 4) Process Air/oxidant Supply, 6) Water Supply for the Process, 6) Air 
Distributor 7) Waste Inlet Nozzle, 8) Syngas Outlet Nozzle, and 9) Ash Discharge Nozzle . 

.M Gasifier RX.-140 

The Gasifier RX-140 is a horizontal refractory-lined kiln designed for process temperatures up to 
2000°F (1093°C). RX-140 rotates at a rate of 0.6 rpm, with kiln drive motor. The rate of rotation 
is controlled with a variable frequency drive (VFD) attached to it. The entire gasifier is kept air 
tight using a gas sealing mechanism . 

.M Burner B-144 

The burner is equipped with an integrated blower for its own air supply. The fuel supply line is 
connected to the burner. The primary functions of the startup burner are to cure the refractory 
and to preheat the gasifier to bring it up to the ignition temperature of the waste . 

.M Gasifier Inlet Hood 

The burner nozzle as well as feed nozzle to introduce solids into the gasifier is located at the inlet hood of 
the rotary kiln gasifier. The wastes as well as limestone are conveyed to the gasifier using Bucket 
Elevator, BE-130 and introduced into the Gasifier RX-140 through the feed nozzle. The feed 
nozzle is oriented in such a way that the burner flame does not impinge on it during startup and 
during refractory curing . 

.M Water Supply 

A separate nozzle for introducing water into the gasifier is also provided at the inlet hood of the 
kiln. In the event of insufficient moisture in the waste, an additional amount of water/steam is 
necessary to sustain the gasification reactions in the gasifier. The addition of water is also 
helpful in modulating the gas composition, as well as to minimize soot formation inside the 
gasifier. 

.M Air Distribution System 

The unique feature of the W2E waste to energy technology is the ability to distribute air and/or 
oxidant throughout the gasifier and to direct the flow of air to any part of the gasifier to obtain 
maximum interaction between the waste and the oxidant. In this particular design, the distributor 
inside the gasifier allows the introduction of air/oxygen/steam along the length of the gasifier at 
four different locations along the gasifier. The quantities of air/oxygen/steam introduced into the 
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gasifier through distributor pipe are individually controlled and measured in order to adjust the 
local temperature inside the gasifier, which helps in destroying tar present in the gasification 
products. The measuring devices used in each of these gas distribution lines will help in finding 
the optimal gasification conditions for an efficient operation . 

~ Oxidant Supply System to the Gasifier 

The air for the gasification is supplied by an air blower. When operating the gasifier with either 
enriched air or with oxygen, the design includes a provision for supplying nitrogen and oxygen 
with the pressurized cylinders. With air containing 21% oxygen, nitrogen, and pure oxygen, it 
will be possible to supply oxidant at any enrichment level to the gasifier. Moreover, it will also 
be possible to alter the enrichment in any of the four gas distribution zones within the gasifier 
since each of these three gases are metered individually. 

~ Operation of the Gasifier 

The gasifier RX-140 is designed to test all types of wastes. Each waste is first characterized for 
its composition and moisture content. The amounts of limestone, water, and air/oxygen 
required for the gasification process will depend upon this initial characterization. The amount 
of water required is primarily a function of the amount of carbon present in the feed. Generally 
minimum molar ratio of water to carbon of about 0.3 is required for satisfactory gasification of 
the waste. The amount of air/oxygen depends upon the oxygen, carbon, hydrogen, and sulfur 
content of the waste. Generally, the oxygen requirements for gasification will vary anywhere 
from 30 to 40 percent by weight of the waste feed. The nitrogen present in the air does not 
participate in the gasification reactions; however, it does impose additional heat duty on the 
reactor, thus decreasing its operational efficiency. 

The Gasifier RX-140 is designed to normally operate at 100-300 lb/hr of waste. However, this 
value will depend heavily on the type of waste being tested . The Gasifier RX-140 operates at 
near ambient pressure or slightly under negative pressure. Negative pressure prevents the 
discharge of harmful gases from the gasifier into the environment. The burner is fired initially 
during startup of the gasifier to raise the temperature inside the gasifier to near ignition 
temperature of the waste and also to preheat the refractory and the downstream equipment. 

Normally, the gasifier will operate in non slagging mode. In this mode of operation, the Gasifier 
RX-140 operates at a maximum temperature of 1800°F (982°C). Some limestone, if needed, 
will be added to the gasifier to remove in-situ sulfur compounds formed during gasification if 
sulfur is present in the waste feed . The organics present in the waste will be converted into 
syngas by reacting them with water and air. The inorganic ash is separated from the waste and 
discharged without any sort of chemical transformation. The ash is benign and can be sent 
safely to the landfill provided that no limestone was added to the gasifier or if there was no 
sulfur present in the waste. 

The impurities like chlorine in the waste will be converted to HCI. The HCI thus formed can also 
be removed by adding limestone to the gasifier or alternatively by simply dissolving it in the 
scrubber water during gas scrubbing operation . 

If limestone was used, and if sulfur was present in the waste, the sulfur will get converted to 
CaS which is unstable and will be discharged with ash. As CaS is unstable, the ash generated 
will not be inert and hence it will be oxidized with the same reactor before its disposal. 
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~ Gasifier Startup 

The startup of the Gasifier RX-140 is accomplished by preheating the gasifier using the Startup 
Burner B-144. The gasifier is allowed to reach at least 1500°F (815°C) before the waste, water, 
and air/oxygen are introduced into the gasifier. After the desired temperature is attained with 
the startup burner, waste is gradually introduced into the gasifier while allowing the temperature 
to rise. Water and air/oxygen are also introduced gradually. As the waste feed is increased, the 
fuel in the startup burner is cut back. This procedure will ultimately result in having only waste, 
air/oxygen, and water entering the gasifier. The temperature of 1800°F (982°C) is maintained in 
gasifier through temperature controller placed in the 4th Zone of the Gasifier RX-140 by 
controlling the oxidant supply to that particular zone. A fine tuning of the temperature at each 
zone of the gasifier is performed by providing temperature controller at each zone of the 
gasifier, which is connected to the respective individual oxidant supply. 

At high temperature and in the presence of sub stoichiometric amount of air/oxygen and 
steam/water, the organic components of the waste are converted into carbon monoxide, 
hydrogen, carbon dioxide, water vapor, and some hydrocarbons. This mixture of gas is known 
as syngas, which has a calorific value ranging from 100 to 300 BTU/SCF (890-2670 Kcal/m3

) on 
a dry basis, depending upon the enrichment of oxygen for gasification. If only air is used, the 
heating value will be on the low side, primarily because of the presence of nitrogen in the 
syngas. If pure oxygen is used for gasification, the heating value of the syngas will be on the 
high side. Either way, the combustion characteristics of syngas are similar to natural gas. 
Inorganic components are principally left behind as ash. The syngas is passed through the gas 
cooling and cleaning section before it is used for power generation. The ash is discharged from 
the bottom of the kiln at the gas discharge end. 

~ Ash Discharge System 

The ash discharge system is fairly simple, and consists of a 200-lb capacity Ash Surge Hopper 
BN-143, which receives ash continuously from the Gasifier RX-140 through Rotary Valve, RV-
142. The ash is allowed to cool in the hopper. In the event of any ash bridging and subsequent 
blockage of ash discharge port, a special cleanup rod is provided for removing blockage at the 
discharge hood of the kiln. 

The ash discharge rate will be monitored throughout the steady state period. The grab samples 
will be taken during the test for analysis. 

3. Gas Cleanup System 

~ Cyclone 

The hot syngas produced in the gasifier is passed through the refractory-lined Cyclone R-145. A 
large amount of fine particulates are removed from the syngas in the cyclone R-145. These 
particulates are collected in the refractory-lined surge tank provided at the bottom of the cyclone 
R-145. The fine particulates are allowed to cool before they are periodically discharged into the 
Discharge Bin BN-143B for offsite disposal. The cyclone dip leg is electrically traced to prevent 
moisture condensation in the pipe. The condensed water has a tendency to form a cake with 
cyclone fines and deposit inside the dip leg, which ultimately results into blockage. To prevent 
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condensation in the cyclone dip leg, a small purge of nitrogen gas is also provided at the bottom 
of the dip leg. 

The temperature of syngas at the outlet of Cyclone is around 1800°F (982°C). This gas is 
cooled and further cleaned in subsequent processing steps of heat recovery and gas scrubbing. 

The fines collected by the cyclone will be weighed and recorded at the conclusion of the steady 
state period . The grab samples of the solids collected during the steady state period will be 
analyzed. 

For cooling the syngas, two options are included in the design. These are: 

• Waste Heat Recovery Boiler 
• Quencher /Scrubber 

~ Waste Heat Recovery Boiler 

In Waste Heat Boiler WHB-150, the temperature of syngas is reduced from 1800°F to 350°F 
(982°C to 176°C). The heat recovered during the process of cooling syngas is used for 
generating steam in the boiler. The pressure of the steam generated will be 10 bar. The rate of 
steam generated from waste heat is controlled by the water circulation in the Steam Drum SD-
151 along with back pressure control. The water circulation through the Waste Heat Boiler 
WHB-150 is controlled by WHB Pump BFP-152. 

If the waste contains large quantities of alkali metals, such as sodium, the operation of the 
waste heat recovery from the syngas may result in cooling the gas below the dew point of these 
alkal i metals and subsequent deposition on the tubes. 

The deposition in the tubes is detected by monitoring the pressure drop across the waste heat 
boiler. If excessive pressure drop is detected across the boiler, the hot syngas from the cyclone 
wi ll be bypassed to the quencher/scrubber for cooling. 

If tar is formed during the gasification of waste, that tar will also have the potential of depositing 
on the tubes. Deposition of tar will also be detected by increased pressure drop across the 
waste heat boiler. Presence and subsequent deposition of tar in the boiler tubes will be another 
reason to bypass waste heat boiler and to send the hot syngas directly to the quencher. 

At the conclusion of the test, the boiler tubes will be inspected for type of deposition. The 
deposits will be collected , weighed , and characterized for its content and physical properties. 

~ Quencher 

Irrespective of whether waste heat boiler is in line or not, the syngas is always passed through 
the quench column QC-155. If the hot gas from the cyclone enters the quencher, then the 
syngas will be cooled from 1850°F to 300°F by direct water injection into the quencher. If gas is 
already cooled by the waste heat boiler, then further cool ing by the quencher is not necessary. 

The water required for the Quench Column QC-155 is stored in a Quench Water Tank TK-157. 
The water flow to the Quench Column QC-155 is automatically controlled by setting the syngas 
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outlet temperature of Quench Column to 300°F(148°C). Water is delivered from the Quench 
Water Tank TK-157 to the Quench Column QC-155 by using Quencher Pump LPP-156. 

The water level in the Quench Water Tank TK-157 is controlled by high and low level indicators 
located inside the tank. Make up water is supplied from the Plant Water Header. 

The dip leg of the Quench Column, QC-150 is electrically traced and purged with nitrogen gas 
to prevent condensation of moisture at the quencher discharge. Any solid material dropping in 
the Quench Column QC-155 is discharged through nozzle. These solids will be weighed. A 
grab sample of these solids will be analyzed. 

A pressure relief valve is provided at the top of the Quench Column to provide safety against 
over pressurization of the Gasifier RX-140 in the event of a blockage downstream of the quench 
column. 

~ Venturi Scrubber 

The venturi scrubber serves two functions. These are: 

• To cool the syngas below its dew point to recover water this can then be recycled. This 
action results in minimization of water use by the process. 

• To provide second option for the removal of hydrogen sulfide and hydrogen chloride 
from the syngas. 

The syngas temperature is dropped to about 126°F (52°C) which roughly corresponds to the 
dew point of syngas as it leaves the gasifier. In doing so, the water present in the syngas 
condenses and hence most of the water added in the Quench Column QC-150 is recovered. 

The cooling of the syngas in the scrubber is accomplished by direct contact with water from 
which the heat is continuously removed by indirect means through indirect contact with cooling 
water in the Heat Exchanger HX-175. The cooling water for the scrubber is stored in the Water 
Tank TK-176, and it is circulated through the scrubber using Scrubber Pump HPP-170. Make 
up water to Water Tank TK-176 is supplied from the process water header. The water level in 
the tank is controlled by low and high level indicators. The requirement for the water circulation 
in the Venturi Scrubber VS-160 is dictated by the temperature controller set point located at the 
exit of the scrubber. 

A small portion of the water is discharged from the Water Tank TK-176 to remove solids that are 
recovered by the scrubber. These solids will also be weighed . The water will also be analyzed 
for dissolved organic and inorganic compounds along with their compositions. The solids 
present in the liquid sample will also be analyzed for its composition. 

During the testing if the scrubber is also being utilized for the removal of inorganic compounds 
such as hydrogen chloride, ammonia, and hydrogen sulfide, then additional processing steps 
are incorporated into the scrubber operation. These are described below: 

If the waste does not contain any sulfur, but it does contain chlorine containing compounds, the 
chlorine will appear in the syngas in the form of hydrogen chloride. Hydrogen chloride is soluble 
in water and will therefore dissolve in the water circulating through the scrubber. The water 
discharged from the scrubber Water Tank TK-176 will be adjusted to remove sufficient quantity 
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of hydrogen chloride to maintain steady state balance in the system. This water, as mentioned 
above, will be analyzed for hydrogen chloride. 

Similarly, ammonia will also be dissolved in the scrubber water. The water will also be analyzed 
for ammonia. 

The process of inorganic compounds becomes tricky when there is sulfur present in the waste 
and that sulfur appears as hydrogen sulfide in the syngas. In this case, one method that will be 
tested for the simultaneous removal of hydrogen chloride and hydrogen sulfide is simultaneous 
addition of 10% caustic solution (NaOH) and 15% sodium hypochlorite solution (NaOCI). 

HCI will react with NaOH to form Sodium Chloride salt (NaCI). 

H2S will react with NaOH and NaOCI to produce stable sulfate (S04 (-2)) ions. 

The portion of water containing solid particulates and inorganic chemicals removed from the 
scrubber is collected in the Decanter, D-165 for measurement and analysis. 

The scrubbed, cooled, and saturated syngas is then passed through Demister DM-161 to drop 
any free water trapped within the syngas. Water collected in the demister will be sent to 
Decanter D-165. 

~ Filter 

The filter vessel F-180 is designed to provide three stages of either filtration or for adsorption of 
contaminants from the syngas. The primary reason for providing this type of filter is to test 
removal of organic and inorganic compounds as well as heavy metals from the syngas. This 
filter will be utilized to test the following methods for the removal of contaminants. 

There will be two conditions under which the filter could be tested. 

• First condition is when the syngas has already passed through and cleaned by the 
scrubber. In this case, most of the contaminants would have been removed from the 
syngas and only traces of contaminants might be present in the syngas. 

• The second condition is when the syngas after being cooled by the waste heat boiler is 
bypassed across the quencher/scrubber and sent directly into the filter. In this case, the 
gas temperature is approximately 300°F and it still contains all the contaminants of 
interest. 

In the first condition, the primary interest is to test the removal of trace amounts of sulfur present 
in the syngas. For this testing, the filter beds could be filled with sponge iron or zinc for 
capturing traces of hydrogen sulfide from the syngas. 

In the second set of conditions, the filter could be deployed for developing data for the removal 
of several contaminants: 

• A layer of sawdust or wood chips on one tray would trap organics present in the syngas. 
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• Another layer of lime would trap hydrogen sulfide and hydrogen chloride from the 
syngas. 

• Another layer of activated carbon will trap mercury and ammonia from the syngas. 

The design of the filter allows for testing one filter/absorption media at a time or testing up to 
three filter/ absorption in a single test. 

Upon conclusion of steady state test periods, these filter media would be analyzed and 
quantified . 

.a ID Fan 

The gas flow across the gasifier and gas cleanup/gas cooling sections is maintained by an 
Induced Draft Fan F-660. The I.D Fan is equipped with a variable frequency drive (VFD) to 
enable speed variations for adjusting the draught through the system. 

The amount of syngas produced during the test will be continuously measured at the upstream 
of the ID Fan. The grab samples of this gas will be withdrawn periodically from this location for 
analysis. 

.a Flare 

The gas exiting I.D Fan F-205 will be flared off using a flare FL-220. The Flare is equipped with 
a fuel burner, which acts as pilot as well as to ensure complete combustion of flue gas. A 
provision for adding process water to control the exit gas temperature of the flare is also 
provided. 

VII. OPERATING PROCEDURES 

The following section describes the stepwise operating procedures for the start up of the 
prototype. The assumption is that all the utilities like water, compressed air are available for the 
start up. 

A. Quencher/Scrubber System Preparation 

During the cold startup WHB, WHB-150 will be offline and the gas cooling will be done in 
Quench column, QC-155. The water tanks TK-157 and TK-176 should be filled with water as 
required for the operation . The following sequence will be followed for selecting quench column 
in line. 

1. Open Diverter Valve-1 DV-146 towards quench column, QC-155 to direct the gas from 
cyclone, R-145. 

2. Open Diverter Valve-2 DV-159 to receive gas from quench column, QC-155. 
3. Start the scrubber water circulation pump, HPP-170 
4. Start the quench column water circulation pump, LPP-156 
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B. Refractory Curing and Dry Out 

The refractory lining for gasifier and Cyclone systems are in as installed conditions, and 
therefore will contain substantial amount moisture. This must be removed before the system is 
used for the required application . Normally curing and dry out will be done at a controlled rate to 
expel the moisture. The refractory must not be heated at temperature greater than 75° F per 
hour during a cold start. Once the refractory is preheated , the heating rate can be increased to 
1 00°F per hour. The following sequence must be followed before starting the curing activities. 

1. Start ID Fan, F-205 

2. Ensure that scrubber water circulation pump, HPP-170 is running . 

3. Start the filter discharge rotary valve, RV-185 

4. Start the Startup burner. 

5. Burner sequence will be initiated by the local control panel. 

6. Adjust the fuel flow into the burner to maintain the heating rate at 75°F per hour. 

7. Start the gasifier intermittently i.e. 1/3 rotation in every 15 minutes. 

8. Follow the procedure supplied by the refractory vendor. 

9. Start the quench water circulation pump, LPP-150 when the temperature of the gas 

exceeds 400°F. 

10. Put the gasifier in continuous rotation once the temperature exceeds 400°F. 

C. Feed System Preparation 

The gasifier feeding will be started after successful dry out of refractory materials. The following 
sequence must be followed to start the feeding . 

1. Startflapvalve, FV-131 

2. Start Bucket Elevator, BE-130. 

3. Start Inclined belt conveyor, IBC-125 

4. Start the weigh feeder for waste #1, WF-115. 

5. Start the process air blower, B-21 0 
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D. Feed Preparation System 

The feed preparation system must be on standby before the feeding is started. The following is 
the operating sequence for the feed preparation system. 

1. Open SG-090 on top of waste #1 hopper, H-1 05 

2. Open two way chute, CH-085, towards waste #1 hopper. Action 1 and 2 will ensure the 

selection towards the waste #1 hopper, H-1 05. 

3. Start Side wall conveyor, SWC-080. The operation of the side wall conveyor will be 

automatic based on the hopper selection and the level. 

4. Open slide gate, SG-075 below the waste feed hopper, H-070. 

5. Start manual feeding to waste feed hopper, H-070. 

E. Normal Operation 

For normal operations, the equipments should run as described below. 

1. Scrubber water Pump running 

2. ID Fan, F-205 running. 

3. Quench column in line and the temperature control for Quencher is in Auto mode. 

4. Scrubber water pump HPP-170 is running and water circulation is going on. 

5. Bag filter discharge rotary valve RV-185 is running. 

6. Gasifier R-145 is running and the rotation is at the required speed for the test. 

7. Start up burner is running and the temperature inside the gasifier is above 1500°F. 

8. Gasifier ash discharge rotary valve RV-142 is running. 

9. All oxidant shut off valves are in open condition. 

10. Set the oxidant supply controls in MAN mode and keep control valves open at 10% 
opening. 

11 . Flap Valve FV-131 running. 

12. Bucket Elevator, BE-130 running. 

13. Inclined Belt Conveyor, IBC-125 running. 

14. Weigh Feeder, WF-115 running and the feed rate controller in MAN mode. The belt 
speed set at low speed. 

15. Increase the temperature in the various zones of the gasifier by increasing the feed rate 
and oxidant rate. 

• Increase the speed of the weigh feeder to increase the feed rate 
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• Increase the zone-1 oxidant flow. Controller in MAN mode till the process stabilizes 

• Increase the zone-11 oxidant flow. Controller in MAN mode till the process stabilizes 

• Increase the zone-Ill oxidant flow. Controller in MAN mode till the process stabilizes 

• Increase the zone-IV oxidant flow. Controller in MAN mode till the process stabilizes 

16. Turn off the startup burner once the temperature is stabilized. 

17. Check for the tar content in the scrubber outlet water. If some tar is visible inject air into 
cyclone through TCV-145 and again monitor the tar level. 

18. Once no tar is observed in the water WHB can be brought online. 

19. Operating Parameters 

• Gasifier exit temp 1400 to 1800°F 

• Cyclone outlet temp - 1800 to 2000°F 

• Gasifier draft -0.2 to -0.3 in we . 

• Gasifier speed 0.5 to 0.7 rpm 

• Filter inlet temp < 212°F 

VIII. UTILITY AND OTHER MATERIAL REQUIREMENTS FOR WOOD, HORSE MANURE 
AND HAY 

The utility requirement Table 8 is based on the projected operating data for wood, horse 
manure, and hay shown in Tables 5, 6, and 7. 

SL 

TABLE 8: UTILITY REQUIREMENTS FOR PROTOTYPE OPERATIONS WITH WOOD, 
HORSE MANURE, AND HAY 

NO 
UTILITY NAME USER TYPE OF REQUIREMENT QUANTITY 

No water Requirement for 
Gasifier gasification as the moisture content 0.00 GPM 

of all wastes is 20% or greater. 

Normal operation of the quencher 
scrubber system is to cool down 700 
lb/hr of gas exiting the WHB from a 
temperature of 350°F to 129°F. 

1 Process Water Quencher I During this operation all the water 

Scrubber will be circulated in the system and 0.050 GPM 
only make up for evaporation loss 
and blow down is required. Water 
requirement is calculated assuming 
a blow down of 50% slurry of salts 
and an evaporation loss of 3-5%. 

WHB (for DeMin WHB is operated for reducing the 
0.033 GPM 

water preparation) gas temperature exiting the cyclone 
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2 Cooling Water 

3 Natural Gas 

4 Compressed Air 

from 1800°F to 350°F. The amount 
of steam generated during the 
cooling of 700 lb/hr of gas from 
1800°F to 350°F will be about 335 
lb/hr. Under normal conditions the 
steam condensed will be re
circulated to the feed water loop. 
The expected loss through blow 
down and evaporation will be 5%. 

Under normal operating conditions, 
the entire gas generated will be 
burnt in a flare . 700 lb/hr of 180 

Flare Btu/Scf gas is combusted and 0.00 GPM 
1600°F temperature in the flare is 
maintained . At this condition , the 
water requirement will be zero. 

General Clean ing For Plant and floor cleaning 2.00 GPM 

Total 

Heat Exchanger 

Gasifier 

Flare 

Total 

Instruments 

Normal requirement of cooling water 
is the case where WHB is in line and 
the gas is cooled from 350°F to 
129°F in venturi scrubber. The 

2.083 GPM 

amount heat of required to remove 5.40 GPM 
from the process water corresponds 
to cool i n~ of 700 lb/hr of syngas 
from 350 F to 129°F and 20°F rise in 
cooling water temperature. 

During normal operations, no fuel is 
required . However, during start up 
operations, we need to heat the 
gasifier to 1800°F. The burner 
capacity is 10, 00,000 Btu/hr and the 
estimated time for heating up the 
gasifier is 4 hours and this number 
provides the amount of Natural gas 
requirement. The heating value of 
Natural gas is 1000 Btu/SCF. 

During normal operation of the 
gasifier, no fuel is required to burn of 
the gas produced. The worst case 
for finding the requirement of fuel for 
flare is the situation where the entire 
flue gas generated during start up is 
to be raised to 1600°F using natural 
gas. 

The instrument air requirement is 
based on the assumption that all the 

16.67 SCFM 

8.33 SCFM 

25.0 SCFM 

30 SCFM 
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instruments and valves will operate 
at the same time. 

The process air requirement for 

5 Process Air Gasifier 
gasification is determined from the 110 SCFM 
Heat and Mass balance calculations 
shown in table 5, 6 and 7. 

The Oxygen requirement for 

6 Oxygen Gasifier 
gasification is determined from the 45 SCFM 
Heat and Mass balance calculations 
shown in table 5, 6 and 7. 

7 Lime Gasifier 
Lime is added to remove the HCI 

15.0 lb/hr 
and H2S. 

8 
Caustic Soda 

Venturi Scrubber Not used in this test. 
solution (1 0%) 

9 Power 

Motor No. Equipment Tag Motor Description Power, kW 

SG-75 Slide Gate 1.18 

SWC-80 Side Wall Conveyor 1.77 

WF-115 Belt Feeder for Waste 1 0.59 

WF-118 Belt Feeder for Waste 2 0.59 

IBC-125 Inclined Belt Conveyor 0.89 

SC-127 Lime Screw Feeder 0.59 

LWF-129 Loss in Weight Feeder-Lime 0.30 

BE-130 Bucket Elevator 1.77 

R-140 Gasifier 2.94 

RV-142 Rotary A irlock Valve 0.59 

B-144 Start Up Burner Blower Motor 5.88 

RV-185 Rotary Vane Feeder 0.59 

BFP-152 Boiler feed water Pump 0.59 

LPP-156A Quench Water Pump 0.89 

LPP-156B Quench Water Pump (Aux) 0.89 

HPP-170A Scrubber Water Pump 0.59 

A29 



HPP-1708 Scrubber Water Pump (Aux) 0.59 

P-147 Cooling water circulation pump 0.59 

R-150 Rotary Air valve Motor for WHB 0.15 

P-168 Dosing Pump 0.30 

F-205 ID Fan 8.82 

B-210 Process Air Blower 2.94 

C-200 Air Compressor 5.88 

Total 39.91 
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IX. DATA ACQUISITION 

The data acquired during each of the steady state operating period for each of the waste is 
summarized in Table 9. 

TABLE 9: SUMMARY OF RECORDED DATA FOR EACH TEST 

SL OPERATING PARAMETER INSTRUMENT TAG PROCESS 
NO NO VALUE 

Waste feed rate, lb/hr WIG- 116/119 

2 Oxidant feed rate to Zone-1, Cu.ft/hr Fl-1 01 

3 Oxidant feed rate to Zone-2, Cu.ft/hr Fl-11 1 

4 Oxidant feed rate to Zone-3, Cu .ft/hr Fl-121 

5 Oxidant feed rate to Zone-4, Cu .ft/hr Fl-131 

6 Lime feed rate, lb/hr WIC-128 

7 Oxidant Supply Pressure, psi Pl-101 

8 Steam/ Water Flow rate to Zone-1 , lb/hr Fl-1 03 

9 Steam/ Water Flow rate to Zone-2, lb/hr Fl-113 

10 Steam/ Water Flow rate to Zone-3, lb/hr FE-123 

11 Steam/ Water Flow rate to Zone-4, lb/hr Fl-133 

12 Steam Supply Pressure, psi Pl-103 

13 Gasifier Pressure, inWC Pl-144 

14 Gasifier zone-1 temperature,°F Tl-140 

15 Gasifier zone-2 temperature,°F Tl -141 

16 Gasifier zone-3 temperature,°F Tl-142 

17 Gasifier zone-4 temperature ,°F Tl-143 

18 Syngas Temperature at Gasifier exit,°F Tl -144 

19 Ash Temperature at Gasifier Discharge,°F Tl-139 

20 Gasifier rotational speed, rpm Sl-140 

21 Cyclone exit temperature,°F Tl-145 

22 Differential Pressure across cyclone, inWC PDI-145 
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23 Water flow into Quench Column, GPM Fl-156 

24 Syngas temp at Quench Column outlet,°F Tl-155 

24 Differential Pressure across quench column, inWC PDI-155 

25 Water flow into Scrubber, GPM FE-170 

26 Syngas temp at Scrubber outlet,°F Tl-161 

27 Differential Pressure across scrubber, inWC PDI-160 

30 Differential Pressure across filter, inWC PDI-180 

31 Syngas flow at the exit of ID Fan, Cu.ft/hr Fl-205 

32 Syngas temperature at ID Fan exit,°F Tl-205 

33 Syngas Pressure at ID Fan exit, inWC Pl-205 

34 CO analyzer at ID Fan exit, ppm Al-205 

The reference drawings are listed in Table 10 and included for reference as Figure 2-7. 

SL 
NO 

2 

3 

4 

5 

6 

TABLE 10: REFERENCE DRAWING LIST 

DESCRIPTION 

Piping and Instrumentation Diagram for Feed system 

Piping and Instrumentation Diagram for Gasifier 

Piping and Instrumentation Diagram for Cyclone and WHB 

Piping and Instrumentation Diagram for Quench Column 

Piping and Instrumentation Diagram for Venturi Scrubber 

Piping and Instrumentation Diagram for Filter, ID Fan and Flare 

DRAWING NO 

003-010 

003-011 

003-012 

003-013 

003-014 

003-015 
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X. SAMPLING PLAN 

All the samples that will be collected during the test are summarized in Table 9. The explicit 
sampling points are indicated in Figure 8 . The reference streams that will be influenced by this 
sampling is also stated in Table 11. 

TABLE 11: SAMPLING PLAN 

SAMPLING 
SL SAMPLE NAME SAMPLE POINT LOCATION STREAM 
NO NUMBER NO 

(REF FIG 2) 

Waste feed into Gasifier Feed Conveyor SP-301 

2 Oxidant feed into Gasifier Mixer Outlet SP-302 5 

3 
Process Water into Venturi Scrubber Water Pump 

SP-304 15 
Scrubber Discharge 

4 Solids from Gasifier 
Gasifier Discharge Rotary 

SP-305 9 
valve 

5 Solids from Cyclone Cyclone Discharge SP-306 11 

6 Syngas from Gasifier Gas Reheater Outlet SP-307 12 

7 Solids from Quencher Quench Column Discharge SP-308 27 

8 Solids from WHB WHB Discharge SP-309 42 

9 Solids from Venturi Scrubber Decanter Solids Discharge SP-310 18 

10 Water from Venturi Scrubber Decanter Overflow SP-310 17 

11 Solids from Filter 
Filter Discharge Rotary 

SP-311 20 
Valve 

12 Clean Syngas ID Fan Discharge SP-312 21 

13 Lime Stone into Gasifier 
Loss in weight feeder 

SP-313 2 
Discharge 
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XI. SAMPLE ANALYSIS PLAN 

The following sampling protocol will be followed during each steady state test period for each of 
the waste. The required analysis is also indicated in the table. For gas samples, analysis will be 
performed on each of the samples collected during the steady state period. For solid and liquid 
samples, all the samples collected during the steady state will be composited and the analysis 
will be performed for one composite sample 

TABLE 22: SAMPLE COLLECTION AND ANALYSIS PLAN 

-,-----
SL 
NO I 

2 

3 

SAMPLE 

Solid Waste feed 

Oxidant feed to 

Gasifier 

Solids from Gasifier 

_i 
~---

4 Solids from Cyclone 

ANALYSIS TO BE 
PERFORMED 

• Proximate Analysis 

• Ultimate Analysis 

• Elemental Analysis of 
ash (Ca, K, Mg, S, P, 
Mn, AI , Zi , Fe, Na, Si , 
B, Cu) 

• Physical Properties 

• Heating Value 

• Gas Composition 

• Proximate Analysis 

• Ultimate Analysis 

• Elemental Analysis (Ca, 
K, Mg, S, P, Mn, AI , Zi , 
Fe, Na, Si , B, Cu). 

• Heating Value 

• Tar Content 

• Tar Composition 
(proximate and ultimate 

analysis) 

• Proximate Analys is 

• Ultimate Analysis 

• Elemental Analysis of 

Ash (Ca, K, Mg, S, P, 
Mn, AI , Zi , Fe, Na, Si, 
B, Cu) 

• Heating Value 

• Tar Content 

• Tar Composition 
(proximate and ultimate 

analysis) 

SAMPLING 
FREQUENCY 

• Feed material upon 
Arrival 

• 2 Additional 
samples during the 
steady state period . 

Hourly 

Hourly 

Hourly 

ANALYSIS I 
FREQUENCY 

Average of 
each lot 

One composite 
for all hourly 

samples 

One composite 
1 

for all hourly 
samples 
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9 

I 
I 

10 

11 

12 

Solids from WHB 

• Proximate Analysis 

• Ultimate Analysis 

• Elemental Analysis (Ca, 
K, Mg, S, P, Mn, AI, Zi , 
Fe, Na, Si, B, Cu). 

• Heating Value 

• Tar Content 

• Tar Composition 
(proximate and ultimate 
analysis) 

One composite 
sample at the end of 
each test 

One for each 
test 

--------+--------------------------------------~------

Solids from Scrubber 

-t- --

Solids from Filter 

Clean Syngas from 
the Filter 

j ________________ l 

• Proximate Analysis 

• Ultimate Analysis 

• Elemental Analysis (Ca, 
K, Mg, S, P, Mn , AI, Zi , 
Fe, Na, Si , B, Cu) 

• Tar Content 

• Tar Composition 
(proximate and ultimate 
analysis) 

• Proximate Analysis 

• Ultimate Analysis 

• Elemental Analysis (Ca, 
K, Mg, S, P, Mn, AI , Zi , 
Fe, Na, Si, B, Cu). 

• Heating Value 

• Tar Content 

• Tar Composition 
(proximate and ultimate 
analysis) 

• Gas Composition (CO, 
H2, C02, CH4, N2, 
H2S, HCI, H20, C2-C6 
and other higher 
hydrocarbons) 

• Tar Content 

• Particulates 

One composite 
sample at the end of 
each test 

One composite 
sample at the end of 
each test 

Hourly 

One for each 
test 

One for each 
test 

Analyze each 
sample and 
then average 
the values 
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SUMMARY 

This report represents the third quarterly report on behalf of W2E USA Inc., Chicago, IL as 
subcontractor to the State University of New York at Cobleskill for the subcontract R.F Award 
#49825, Project #1 077943, CFDA #81.000. It is submitted in fulfillment of the third quarterly 
r eport required by the subcontract agreement. 

The report contains details of actual work performed for this subcontract during the period 
covered by July 2009 to September 2009. 

I. INTRODUCTION TO OVERALL SUNY PROGRAM 

This Biowaste to Bioenergy Project is an integral part of The State University of New York at 
Cobleskill (SUNY Cobleskill)'s unique academic undertaking of developing alternative energy 
program on the campus to encourage and to foster the utilization of currently underutilized 
agricultural wastes for the production of heat and power. The focus of this undertaking is to 
develop small scale distributed energy system that could cater to individual farmers, farmer's 
coops, and institutions to generate their own energy by using their own wastes, thereby not 
only making them energy self reliant, and non dependent on the grid but also opening up 
new avenues for their economic growth. These specific constituencies, which are the 
targeted beneficiaries of this academic program, are closely tied to SUNY Cobleskill's 
College of Agriculture. The support from Department of Energy for this project greatly 
enhances SUNY Cobleskill 's capacity to attract students from these constituencies for 
training in this unique field of alternative energy by offering them new opportunities and 
thereby further strengthening these ties. The academic platform provides an intellectually 
stimulating environment to attain the goals of this unique undertaking. 

There are several factors that make the SUNY Cobleskill program unique in the development 
of alternative energy. These are: 

1. The development is specifically targeted for agriculture-related constituencies, which 
have direct access to the waste and as a result do not have to depend on other sources. 

2. These constituencies have a genuine need for this type of alternative energy and for this 
reason the energy will be utilized by the constituent without having to rely on outside 
demand. 

3. The scale of energy production and demand by these constituencies is rather small and 
as a result it requires much smaller capital investment to implement the particular 
alternative energy strategy which is being developed by SUNY Cobleskill. 

4. Since this is an initiative taken by the academic institution, the technology development 
and information exchange are guaranteed to be backed by solid academic programs on 
the campus. As a result, these targeted constituencies will have continuous access to 
new developments in this field of alternative energy; a continuous supply of qualified 
human resources , and free access to new advancements in these new technologies. 
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5. With the advent of new support from the Department of Energy under this current 
program, SUNY Cobleskill has forged a critical partnership with the Department of Energy 
in fostering the implementation of these types of small-scale distribute alternative energy 
strategies and the technologies within the targeted constituencies for attaining energy 
independence within rural and agricultural communities. SUNY Cobleskill 's reputation 
within these target constituencies, backed by strong academic programs, is certain to 
generate confidence within these constituencies so that it will become easier to make 
them partners in implementing government's mandate of creating alternative energy 
supply by attracting thousands of such small generators into this program. Hopefully, 
Department of Agriculture will also lend their support to this noble cause in tandem with 
the Department of Energy. 

With this and other similar undertakings, the aim of SUNY Cobleskill is to become a leader in 
the area of renewable utilization and bioenergy production. 

In addition to developing and instituting an academic curriculum and technology development 
and demonstration, SUNY Cobleskill will continue to play a pivotal role in the training of 
suitable human resources that will be needed in the future for operating and managing 
renewable energy facilities, both in the public and private sectors. In a broader perspective, 
SUNY Cobleskill will continue to identify potential and related policy issues with regard to 
alternative energy, and subsequently become the premier facility to advance learning and 
demonstration through its participation with the developers of energy and environmental 
technologies. SUNY Cobleskill will be able to assist in the testing, demonstration, training 
and even the marketing of their technologies. The center will provide a wide array of 
facilities , including the conversion of renewable into various forms of energy such as gaseous 
fuel and hydrogen, as well as liquid fuels ; conversion of renewable into beneficial and 
marketable products such as compost, biodiesel, bio-lubricant, and ethanol. The center will 
provide feasibility studies; technology transfer; and overarching continuing education 
programs. Academic programs and research programs undertaken by the faculty members 
will complement the industrial programs. 

II. INTRODUCTION TO DOE PROJECT 

This is the first project in alternative energy supported by the Department of Energy at SUNY 
Cobleskill. This support is a cornerstone for the development and fostering of the alternative 
energy academic curricula at this university. 

Broadly speaking, this project is a critical first step towards bringing together academia, 
government, and industry in developing small scale distributed generation outposts within the 
farming community to enhance the nation's overall commitment towards energy 
independence and to increase energy security. This development bypasses all previously 
unattainable infrastructure-type programs and goes directly to developing a simple, practical, 
and economical means of converting small amounts of agricultural wastes into energy for 
local use. The only stakeholders who would control the generation and use of the energy are 
the local beneficiaries. These stakeholders will independently assess the benefits and 
economics behind adapting this technique of making them energy independent and its value 
to their bottom line rather than depending upon the regulators , the utility companies, and the 
raw material suppliers to shape their future . Depending on third parties has often proved an 
untenable position for these stakeholders, often after making a significant investment in the 
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technology. This specific development and the academic support behind it will enable these 
stakeholders to understand their risks even before they make any investment in any of these 
technologies. In essence, this project will put considerable decision-making power in the 
hands of small energy users to determine the viability of using their own local resources with 
which to meet their own energy demands. 

This project is the first in series of many such projects that would hopefully be supported by 
DOE to demonstrate and to validate alternative energy technologies to foster confidence 
among the users. In this particular project, the TURNW2E™ Gasification technology, 
developed by a woman-owned technology company, W2E USA Inc, has been selected for 
validation for converting agricultural wastes into alternative energy. This technology utilizes a 
kiln-type gasification system, which makes it versatile for use with all types of agricultural, 
and forestry wastes. This program will validate the technology for its ability to efficiently 
convert solid agricultural wastes into clean burning gaseous fuel via a staged gasification 
technique. More about the technology is discussed later in this report. 

DOE primarily supports this project with along with a significant cost share provided by 
industry. SUNY Cobleskill is the program coordinator and program manager. 

This report constitutes the third quarterly report of the project and covers the period from July 
2009 to September 2009. 

Ill. PROJECT GOAL AND OBJECTIVES 

The project goal is to develop design and operating data for the conversion of the selected 
agricultural wastes into alternative energy using the TURNW2E rM technology as well as to 
establish efficient and economical deployment pathways for the technology. 

The specific project objectives include: 

1. To design, reconfigure, and procure a prototype TURNW2E™ Gasification System for 
operations with two selected agricultural wastes. 

2. Based on literature data, to develop correlations for the products of gasification of 
agricultural wastes and to validate these correlations with data acquired from the 
prototype system. 

3. To develop scale up criteria based on operation of the prototype system. 

4. To develop pathways for the efficient deployment of small-scale gasification systems. 

IV. TECHNOLOGY FOR THE PROJECT 

As stated earlier, TURNW2E™ Technology has been selected for the validation for this 
specific project. 

TURNW2E™ Technology incorporates a unique and highly flexible rotary kiln-type 
gasification system for the conversion of all types of wastes into energy as electricity and/or 
steam. The technology is particularly suited for agricultural wastes, MSW, sludge, biomass 
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such as sewage sludge and animal manure, and industrial wastes. The rotary kiln has a 
lengthy track record for reliability when used in similar processing applications and has a 
record of availability of greater than 99% and minimum maintenance requirements. 

When compared with other gasification technologies such as fluidized bed gasification, 
entrained bed gasification, downdraft gasification, and fixed bed gasification, the 
TURNW2E™ Gasification system distinguishes itself in six process and operational areas. 
These are a) the reliable gasification of non-homogenous waste; b) sufficient turndown 
capacity to process varied quantities of waste; c) production of consistent gas quality to meet 
the client's requirements; d) the ability to process difficult wastes (such as cellulosic 
agricultural wastes); e) producing syngas with tar content less than 10 ppm; f) a simple and 
reliable system suited for operation mostly by relatively unskilled operators. 

The main components of the TURNW2E™ Gasification system are; 1) the kiln-type gasifier to 
convert waste through partial oxidation with air into a syngas containing a mixture of 
combustible gases, including carbon monoxide, hydrogen, carbon dioxide, water vapor, 
nitrogen and some hydrocarbons; and 2) the device to utilize syngas and to convert it into 
electrical power, steam, or both. Within these main components there are subcomponents, 
which operate together to deliver clean power from waste. The devices to convert syngas to 
electricity and/or steam are well known in the industry and are readily available. 

The features and advantages that make this TURNW2E™ Technology suitable for the 
conversion of agricultural wastes into alternative energy include: 

• The system has automated controls and operations to m1n1m1ze human resource 
requirements ; it is rugged and has low-maintenance to minimize operational costs. It also 
has few consumables, which minimize logistical requirements. 

• In order to meet the objective of maximizing the energy recovery from the waste stream, 
the feed preparation and reactor designs minimize parasitic losses, minimize electrical 
requirements and make maximum use of waste heat from the conversion process 
wherever possible. The system objective is to consume less than 30% of the gross 
energy content of the waste stream through these losses. 

• The feed design is all-purpose rather than specific to a certain waste stream composition 
and physical nature of the agricultural wastes. It is flexible to accommodate large 
variations in the physical and chemical makeup of these agricultural wastes. 

~ PROJECTELEMENTS 

The current project comprises of four tasks, which are described hereunder. For tracking 
purposes we have also added Project Management as Task 5 in the reporting so that all 
project management activities are consolidated in one section of the document. 

Task 1: Gasifier Cold Testing and Installation 

The objective of Task 1 is to inspect, test, and install the gasification system that will convert 
solid agricultural wastes into fuel gas. 
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Task 1 is divided into two subtasks as described hereunder: 

Subtask 1.1: Cold Testing and Calibration 

In Subtask 1.1 , W2E will provide SUNY Cobleskill gasification equipment components for 
developing the database for agricultural wastes. W2E will provide technical support in 
configuring these components into a working gasification system for testing with agricultural 
wastes and also assist SUNY Cobleskill in identifying, designing and procuring any additional 
components that may be required to be added for this configuration. Prior to the delivery of 
the gasification system, W2E will assist SUNY Cobleskill to arrange for the temporary 
assembly of the integrated system at the point of shipment so that it is checked for operability 
and capacity. W2E will also assist SUNY Cobleskill with the calibration of different feeders 
for correlating rates of flow of waste and other materials against the feeder speeds. Once 
SUNY Cobleskill checks out the equipment, W2E will provide an option to SUNY Cobleskill to 
operate the unit in place at their cost in order to acquire gasification data for the intended 
agricultural wastes. Once the unit is checked out and operated, if necessary, W2E will 
disassemble the unit and pack it for shipment to SUNY Cobleskill. 

Subtask 1.2: Installation in Laboratory 

In Subtask 1.2, W2E will assist SUNY Cobleskill in the installation of the prototype 
gasification system at a designated laboratory of the Environmental Science and Technology 
Center on the campus of SUNY Cobleskill. Installation support will be provided in the areas 
of mechanical, civil , and electrical installation of the system, construction of motor control 
center, build out for control room, installing instrumentation and controls, providing the 
software package for the control system, and the installation of utility and process piping. 

Task 2: Gasifier Operations 

The objective of Task 2 is to operate the gasification system with two agricultural wastes, 
specifically cellulosic animal refusals and animal waste such as cow and horse manure. 

Task 2 is divided into three subtasks as described hereunder: 

Subtask 2.1: Operations Plan 

In Subtask 2, W2E will assist SUNY Cobleskill in the preparation of a detailed operations plan 
for the testing of two agricultural wastes. The test plan will comprise operating conditions of 
temperature, feed rate to the gasifier, estimated air requirements, test duration, sampling 
protocols to include; size of the samples, whether grab sampling or continuous sampling, and 
frequency of sampling. Prior to preparing the operations plan, W2E will assist in the 
preparation of a detailed heat and material balance for the system based on certain 
assumptions with respect to temperature, gasification reactions, equilibrium constraints and 
conversion efficiency of the waste. 

Generally the temperature at the gasifier exit will be maintained between 1400 and 1800°F. 
Higher temperature favors better utilization of waste and minimizes the formation of tars. 
Each test will be 24 hours in duration, 4 hours of which will be at "steady-state" conditions. 
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Steady state conditions imply that during those four hours steady feed rate and steady 
temperatures are maintained through the system. Several samples will be obtained during 
the steady-state operation. To better achieve a comparison, samples wil! also be obtained at 
non steady-state conditions to study the effect of system variables, including lower 
temperature especially on tar formation. The estimated feed rate to the gasifier will be in the 
range of 100 to 200 lb/h. 

The operations plan will also include a plan for acquiring data related to the working of the 
gasification equipment and may include recording information such as the gasifier skin 
temperature, pressure drop across gas cleanup devices, flow rates of cooling water, rate of 
solid and liquid discharges from the system, flow rate of syngas, and all other information that 
may be useful in the future design of larger scale equipment. 

Subtask 2.2: Data Analysis Plan 

For Subtask 2.2 , W2E will assist SUNY Cobleskill in preparing a data analysis plan to assure 
that the data suggested in the operations plan as well as the data actually procured is usable 
for scale-up and for technology deployment. The data analysis plan will include the 
suggestions for the analysis of solid, liquid, and gas samples, with emphasis on carbon 
balance and its correlation to operating conditions with respect to kiln temperature and feed 
rate. The data analysis plan will also formulate correlation of tar formation with the gas outlet 
temperature. 

One of the primary objectives of preparing a data analysis plan is to make sure that all data 
required for the scale-up and for technology deployment are included in this plan. The 
parameters of significance are effect of gas velocity through the gasifier that would correlate 
with amount of fines carryover to the cyclone as a function of gas velocity; pressure drops 
across the gas cleanup section that would correlate with 1.0. Fan sizing; and observations 
about the feeding characteristics of agricultural wastes through the feed system for targeting 
design improvement. The data analysis plan and its implementation during data 
procurement and during actual data analysis becomes an extremely powerful tool for 
establishing the scale-up criteria for the entire gasification process as well as for upsizing the 
system components. 

Subtask 2.3: Operations and Data Acquisition 

In Subtask 2.3, SUNY Cobleskill will operate the gasification unit with two agricultural wastes 
at the conditions noted in the operations plan described in Subtask 2.1 and while being 
cognizant of the data analysis plan described in Subtask 2.2. W2E will provide technical 
support during the operation of the gasification unit. 
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Task 3: Data Analysis 

The objective of Task 3 is to analyze data obtained in Task 2 in accordance with the data 
analysis plan as well as to support the validation of the gasification predictive model for 
agricultural wastes. 

Task 3 will comprise four subtasks which are described hereunder: 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In Subtask 3.1, SUNY Cobleskill will commission a task force of experts to collect pertinent 
gasification data reported in available literature. This data will be consolidated into a 
predictive model so that it can be utilized as an operations tool to prepare preliminary heat 
and material balance for the other, similar wastes. In developing this model certain intrinsic 
assumptions will be made pertaining to the conversion efficiency of waste, water to waste 
ratio , and the attainment of shift equilibrium within the gasifier. If possible, data assumptions 
related to tar formation as a function of the gasifier temperature will also be attempted. The 
function of a lime addition to reduce tar formation will also be explored, investigated, and 
integrated into the model. W2E will provide to SUNY Cobleskill experts in the area of 
gasification to assist with this effort. 

Subtask 3.2: Development of Scale-up Criteria 

In Subtask 3.2 , SUNY Cobleskill will develop scale-up criteria for the utilization of the 
gasification system for the agricultural wastes. These scale-up criteria will be applicable to 
the feed system, gasifier, and to the gas cleanup system. For the feed system, the 
parameters of interest are feed preparation in terms of moisture, size and density; for the 
gasifier, the parameters of interest are feed residence time, gas velocity, heat rate, and the 
aspect ratio ; and for the gas cleanup system, the parameters of interest are pressure drops, 
efficiency of particulate and tar removal , gas temperature control , and the capture of heavy 
metals, sulfur, and chlorine. W2E will provide to SUNY Cobleskill experts in the area of 
process scale-up to assist with this effort. 

Subtask 3.3: Model Validation 

In Subtask 3.3, W2E will provide technical support to SUNY Cobleskill to analyze data from 
gasifier operations in Task 2 and compare the data with the predictions of the model 
developed in Subtask 3.1. Of specific interest is the production volume of carbon monoxide, 
hydrogen, and methane formation as a function of temperature in the gas leaving the gasifier. 
The solid residues will be analyzed for their ultimate analysis and especially for fixed carbon . 

If there are significant differences between the predictive model and the actual data, the 
model parameters as well as intrinsic assumptions will be adjusted for the best match. This 
model will then be utilized for all future needs for preparing heat and material balances for 
the wastes prior to testing them in the gasifier. 
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Subtask 3.4: Process Improvement Recommendations 

In Subtask 3.4, W2E will assist SUNY Cobleskill to make specific recommendations for 
process improvements based on the data analysis and based on the difficulties encountered 
and on the performance of various processing units. These recommendations will serve as 
guidelines for improving performance, if needed, for the feeding mechanism for agricultural 
biomass; for improving gasification efficiency of the waste in terms of minimizing carbon 
content of the solid residues; for reducing or minimizing tar formation ; and for better 
performance of the gas cleanup system. 

Task 4: Deployment Pathways 

The objective of Task 4 is to develop pathways for the deployment of the technology at a 
private institution and within the farm community. 

Task 4 comprises two subtasks as described below: 

Subtask 4.1: Institutional Model 

In Subtask 4.1 , W2E will assist SUNY Cobleskill to develop a model by which an institution, 
such as SUNY Cobleskill or a cooperative farm can adapt this waste to energy technology for 
its own use. A case study including a focus on the energy need of a particular business or 
institution (SUNY Cobleskill, in this case); the type and amount of agricultural wastes 
generated by the institution, the potential for energy from these wastes, the cost of installing 
the waste to energy system at this particular institution and a cost to benefit ratio for this 
installation will be developed. 

Subtask 4.2: Individual Farm Model 

In Subtask 4.2, W2E will assist SUNY Cobleskill to develop a model by which a small farm 
can benefit from the installation of this particular waste to energy system. In this type of 
application the unit may operate only part of the time, and there may be a limited need for 
steam or power. For this model, SUNY Cobleskill will consider the production of hydrogen for 
propelling farm equipment or the production of transportable fuels from farm wastes to create 
a new source of income for the farmers. Alternatively, SUNY Cobleskill may consider 
production of liquids from farm waste that can help farmer produce transportable fuel for 
export. 

Task 5: Project Management 

The objective of Task 5 is to provide effective project management so that the proposed 
activities are effectively conducted within the allocated time and budget. 

Task 5 entails the following activities: 

• Program liaison with SUNY Cobleskill 
• Project reporting 
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VI. PROJECT PROGRESS DURING THIRD QUARTER 

This section discusses in detail the progress made in the project during the third quarter 
which covers the period from July 2009 to September 2009. 

Task 1: Gasifier Cold Testing and Installation 

In this quarter, the activities in Task 1 were focused on installing the TURNW2E™ prototype 
gasification system; continuing to produce some design changes to render it suitable to 
operate with agricultural wastes; installing components and instrumentation to render it 
suitable for yielding all of the necessary data during operation ; and shaking down and 
operating the prototype under cold and hot conditions. To this end, the following activities 
were completed during this quarter. 

A. The prototype components leased by W2E USA, Inc. were delivered to the temporary 
site for integration and commissioning. 

B. Additional processing units, namely, Waste Heat Boiler, Quench Column, and Venturi 
Scrubber were acquired and delivered to the site for integration with the gasifier 
system. 

C. The prototype system was fully instrumented so that adequate data could be recorded . 

D. The Programmable Logic Controller (PLC) for the system operation and control was 
installed for complete automation of the prototype. 

E. The programming of the PLC was completed in accordance with the control philosophy 
prepared for the prototype. 

The commissioning of the prototype is proceeded according to the schedule. The 
commissioning included testing the unit in cold standby conditions, as well as hot standby 
conditions. 

The activities of this task were concluded during this quarter. 

Subtask 1.2: Installation in Laboratory 

All of the components of the prototype were delivered at the temporary installation site and 
the installation of the components was completed. 

Task 2: Gasifier Operations 

Subtask 2.1: Operations Plan 

The activity for this subtask was completed and reported upon previously. 

Subtask 2.2: Data Analysis Plan 

Based on the operations plan, W2E completed the Data Analysis Plan. The Data Analysis 
Plan is included in Appendix A. 
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Subtask 2.3: Operations and Data Acquisition 

The feedstock of Wood , horse Manure and Hay has been arranged and stocked at the site. 
The technical team is in place and is anticipating permission from the client to launch the 
testing phase. Once the testing phase commences, the data collected and samples will be 
analyzed. All of this data will be reported in the fourth quarterly report. 

Task 3: Data Analysis 

Subtask 3.1: Gasification Model for Agricultural Wastes 

In this subtask, a literature search was initiated for the gasification of agricultural wastes in 
order to develop correlations for the products of gasification. This task is now completed. 
Based upon the literature data, correlations for trends for the products of gasification have 
been developed. We have devoted a separate report for this activity, which is included in 
Appendix B. 

Subtask 3.2: Development of Scale-up Criteria 

The scale up of a kiln is a relatively simple task because, unlike other technologies, it is not 
dependent upon fluidization velocity, or on the type of waste introduced into the gasifier, or 
on the size distribution of waste, or on the moisture content (as long as minimum heating 
value of the waste is satisfied), or on the homogeneity of the waste. The scale-up criteria for 
the TURNW2E1

m Gasification system is discussed in Appendix C. 

This subtask is completed . 

Subtask 3.3: Model Validation 

We began analyzing the preliminary hot testing data of the prototype. When the operations 
commence and all of the sample analysis is received and all of the operations data have 
been analyzed, we will be able to compare the results with the correlations developed from 
the literature data. 

Task 4: Deployment Pathways 

Subtask 4.1: Institutional Model 

We have begun to formulate the model for the deployment of TURNW2E1
m Gasification 

technology in the institutional setting such as SUNY Cobleskill. This model will examine 
practicality and economic viability of distributed alternative energy for this type of the 
institution. This subtask is approximately 20% complete. 

Subtask 4.2: Individual Farm Model 

We have begun to formulate the model for the deployment of the TURNW2E1
m Gasification 

technology for farm applications. This model will examine the practicality and the economic 
viability of distributed alternative energy as well as producing alternative transportable fuels 
from the farm wastes. This subtask is approximately 70% complete. 
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Task 5: Project Management 

The objective project management is to provide effective cost control and guidance so that 
the proposed activities are conducted within the allocated time and budget. 

At the end of the third quarter of this project, we are within our projected schedule in regard 
to deliverables and meetings, monthly reports and quarterly report. We have encountered no 
technical difficulties. 

Table 1 summarizes the present status of all of the deliverables under this contract as of the 
end of September 2009. 

TABLE 1: STATUS OF PROJECT DELIVERABLES 

----------·-- -,-----------------,-------------

DESCRIPTION OF 
DELIVERABLE 

First Monthly Report 

SCHEDULE OF DELIVERY 

! 1 0 days after First Month of Contract 

STATUS 

Submitted April 16, 2009 

Second Monthly Report 110 days after Second Month of Contract Submitted April17, 2009 

Third Monthly Report I 10 days after Third Month of Contract Submitted April17, 2009 

First Quarterly Report 30 days after Third Month of Contract Submitted April 29, 2009 
---------------;------- --------+------------

Fourth Monthly Report I 10 days after Fourth Month of Contract Submitted May 10, 2009 
·----- -·-----

I 1 0 days after Fifth Month of Contract Submitted June 10, 2009 Fifth Monthly Report 

Sixth Monthly Report 
--------~------------

1 10 days after Sixth Month of Contract 
; 

Second Quarterly Report I 30 days after Sixth Month of Contract 
i 

---~-=~-=~~~~-o_n~~~--~=~~~ . ! 1 0 days after Seventh Month of Contract 

Eighth Monthly Report 

Ninth Monthly Report 

Third Quarterly Report 

I 1 0 days after Eighth Month of Contract 

I 10 days after Ninth Month of Contract 

I 30 days after Ninth Month of Contract 

Submitted July 10, 2009 

Submitted July 15, 2009 

Submitted August 15, 2009 

Submitted September 15, 2009 

Submitted October 6, 2009 

Submitted October 15, 2009 
---------+------------

Tenth Monthly Report 1 1 0 days after Tenth Month of Contract Pending 

Eleventh Monthly Report ! 10 days after Eleventh Month of Contract Pending 

Twelfth Monthly Report ! 10 days after Twelfth Month of Contract Pending 
--···--·····----·--····--·-···--·······---+----- ·----- ----- ----;------------

Fourth Quarterly Report 30 days after Twelfth Month of Contract Pending 
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DATA ANALYSIS PLAN FOR WOOD, HORSE MANURE, AND HAY 
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TABLE 1 OA: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION -TEST 5 A-64 

TABLE 10B: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 5 A-68 

TABLE 1 OC: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 5 A-72 

TABLE 11A: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 5 A-75 

TABLE 11 B: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 6 A-79 

TABLE 11C: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 6 A-83 

TABLE 12A: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 7 A-87 

TABLE 12B: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 7 A-90 

TABLE 12C: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 7 A-95 

TABLE 13A: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 8 A-99 

TABLE 13B: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 8 A-102 

TABLE 13C: ANALYSIS OF SAMPLES FOR HORSE MANURE GASIFICATION- TEST 8 A-106 

TABLE 14A: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 9 A-110 

TABLE 14B: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 9 A-114 

TABLE 14C: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 9 A-118 

TABLE 15A: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 10 A-122 

TABLE 15B: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 10 A-126 

TABLE 15C: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 10 A-130 

TABLE 16A: ANALYSIS OF SAMPLES FOR HAY GASIFICATION TEST 11 A-134 

TABLE 16B: ANALYSIS OF SAMPLES FOR HAY MANURE GASIFICATION- TEST 11 A-138 

TABLE 16C: ANALYSIS OF SAMPLES FOR HAY GASIFICATION- TEST 11 A-142 

TABLE 17: MEASUREMENT TOLERANCES OF THE INSTRUMENTS A-146 

TABLE 18: ACCURACY OF SOLID, LIQUID AND GAS FLOWS A-147 

TABLE 19 A: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-148 

TABLE 19B: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-149 

TABLE 19C: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-150 

TABLE 19D: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-151 

TABLE 19E: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-152 

TABLE 19F: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-153 

TABLE 19G: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-154 

TABLE 19H: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-155 
--· ---- ·-- - ·---· ·---· ··--· · ·-· · -·-·· ---··- -· ··· .... ···-- ···-··· ··•··· ··--·· ·--·· ·--··· ---· ---·· ·--- ---- ··--· ··--· ··---·· ---·· ··- . ···· - ·····-·· · ··-· - ·'------
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TABLE 191 : HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-156 

TABLE 19J: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-157 

TABLE 19K: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-158 

TABLE 19L: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 1 A-159 

TABLE 20A: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-160 

TABLE 20B: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-161 

TABLE 20C: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-162 

TABLE 20D: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-163 

TABLE 20E: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-164 

TABLE 20F: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-165 

TABLE 20G: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-166 

TABLE 20H: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-167 

TABLE 201 : HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-168 

TABLE 20J : HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-169 

TABLE 20K: HEAT AND MASS BALANCE FOR WOOD GASIFICATION-TEST 2 A-170 

TABLE 20L: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 2 A-171 

TABLE 21A: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-172 

TABLE 21B: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-173 

TABLE 21C: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-174 

TABLE 210: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-175 

TABLE 21E: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-176 

TABLE 21F: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-177 

TABLE 21G: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-178 

TABLE 21H: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-179 

TABLE 211 : HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-180 

TABLE 21J : HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-181 

TABLE 21K: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-182 

TABLE 21L: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 3 A-183 

TABLE 22A: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-184 

TABLE 22B: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-185 

TABLE 22C: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-186 
--- ---- ·--- ·--- · .... ........................... ............................. ... ....... .. .................... ....... ---· ---· ·--- ..... . ... ....................... ... - ..................... --· '-------
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TABLE 22D: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-187 

TABLE 22E: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-188 

TABLE 22F: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-189 

TABLE 22G: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-190 

TABLE 22H: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-191 

TABLE 221: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-192 

TABLE 22J: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-193 

TABLE 22K: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-194 

TABLE 22L: HEAT AND MASS BALANCE FOR WOOD GASIFICATION- TEST 4 A-195 

TABLE 23A: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-196 

TABLE 23B: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-197 

TABLE 23C: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-198 

TABLE 23D: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-199 

TABLE 23E: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-200 

TABLE 23F: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-201 

TABLE 23G: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-202 

TABLE 23H : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-203 

TABLE 231: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-204 

TABLE 23J : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-205 

TABLE 23K: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-206 

TABLE 23L: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 5 A-207 

TABLE 24A: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-208 

TABLE 24B: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-209 

TABLE 24C: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-210 

TABLE 24D: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-211 

TABLE 24E: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-212 

TABLE 24F: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-213 

TABLE 24G: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-214 

TABLE 24H: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-215 

TABLE 241: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-216 

TABLE 24J : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-217 
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TABLE 24K: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-218 

TABLE 24L: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 6 A-219 

TABLE 25A: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-220 

TABLE 25B: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-221 

TABLE 25C: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-222 

TABLE 25D: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-223 

TABLE 25E: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-224 

TABLE 25F: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-225 

TABLE 25G: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-226 

TABLE 25H: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-227 

ABLE 251 : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-228 

TABLE 25J: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-229 

TABLE 25K: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-230 

TABLE 25L: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 7 A-231 

TABLE 26A: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-232 

TABLE 26B: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-233 

TABLE 26C: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-234 

TABLE 26D: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-235 

TABLE 26E: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-236 

TABLE 26F: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-237 

TABLE 26G: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-238 

TABLE 26H : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-239 

TABLE 261 : HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-240 

TABLE 26J: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-241 

TABLE 26K: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-242 

TABLE 26L: HEAT AND MASS BALANCE FOR HORSE MANURE GASIFICATION- TEST 8 A-243 

TABLE 27A: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 A-244 

TABLE 27B: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 A-245 

TABLE 27C: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 A-246 

TABLE 27D: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 A-247 

TABLE 27E: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 A-248 
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TABLE 27F: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 27G: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 27H: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 271: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 27J: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 27K: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 27L: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 9 

TABLE 28A: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28B: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28C: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28D: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28E: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28F: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28G: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28H: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 281 : HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28J : HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28K: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 28L: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 10 

TABLE 29A: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29B: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29C: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29D: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29E: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29F: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29 G: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29H: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 291: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29J : HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29K: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 

TABLE 29L: HEAT AND MASS BALANCE FOR HAY GASIFICATION- TEST 11 
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DATA ANALYSIS PLAN FOR WOOD, HORSE MANURE, AND HAY 

I. INTRODUCTION 

The primary objective of testing the prototype TURNW2E gasification system with the 
agricultural and animal wastes is to obtain design data necessary for the scale up of the 
technology. These design data will include developing following information. 

1. Gasification efficiency including cold gas efficiency as a function of Temperature and 

Residence time.( feed , syngas at different operating temp, kiln speed) 

2. Amount of unutilized carbon present in the ash as a function of Temperature and 

Residence time. (feed, syngas, ash at different operating temp, kiln speed) 

3. Gasification conditions with respect to temperature and pressure. (different operating 

conditions and the data for each operating condition) 

4. Temperature distribution inside the gasifier using air, enriched air and oxygen as 

oxidants (Operating parameters using different oxidants). (operating condition and 

temperatures) 

5. Air, enriched air, or oxygen requirement for gasification per unit of each candidate 

waste (feed, syngas, air flow into gasifier).(feed rate, oxidant rate, syngas produced, 

gasification efficiency, carbon loss) 

6. Fuel gas produced per unit of each candidate waste as a function of Temperature 

and Residence time (syngas flow. (feed, gas, efficiency, carbon loss) 

7. Heating value of fuel gas produced by the system (syngas). 

8. Amount of tars produced per unit of waste. 

9. Relationship of tar formation as a function of gasifier exit temperature of the fuel gas. 

10. Effect of limestone addition to the gasifier on chlorine and sulfur capture. 

11. Analysis of ash for forms of sulfur captured in the gasifier. 

12. Composition of fuel gas as a function of Temperature and Residence time. 

13. Effectiveness of sulfur and chlorine removal by the scrubber with and without 

limestone addition to the gasifier. 

14. Effectiveness of chlorine and sulfur capture by lime with and without sulfur and 

chlorine removal in gasifier and in scrubber, 

15. Characterization of residues in gasifier, cyclone, scrubber, and filters . 

16. Heat and material balance around the system during steady state operating period, 

17. Quantity of water required by the system at various stages of processing. 

18. Effect of limestone addition on the reduction of tar formation during gasification. 
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19. Effect of Ca/S ratio on sulfur and chlorine removal in the gasifier and in the filter. 

20. Optimization steps for sulfur and chlorine removals from the waste with minimal cost 

impact. 

21. Stabilization of residues containing sulfur. 

For generating these design data it is absolutely essential to generate detailed heat and 
material balance for each of the Test condition stipulated in the Operations Plan. This 
data analysis plan is a compendium to the operations plan to make sure that all data 
acquired during operations will enable us to produce fairly accurate balances. 

For reference purposes, we have included in Figure 1, the Process Flow Diagram for the 
TURNW2E prototype gasification system to indicate the various streams that will be 
monitored during the operations and the data will then be utilized to produce energy and 
material balances around the entire system. 
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II. DATA ACQUIRED DURING THE TESTS 

The data acquired for Wood, Horse Manure and Hay during the tests 1 to 11 will be tabulated as shown in Table 1. 

Stream 
No. 

Parameter 

01 Waste Feed 

Feed rate, lb/hr 

Temperature, deg F 

02 Lime stone 

Feed rate, lb/hr 

Temperature, deg F 

05 Air to Zone-1 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

28 Oxygen to Zone-1 

Feed rate, lb/hr 
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TABLE: 1 OPERATING DATA FOR TESTS 

WOOD HORSE MANURE 

Test 1 Test 2 Test 3 Test4 Test 5 Test 6 Test 7 Test 8 Test 9 

WIC-117 

Ambient 

WIC-129 

Ambient 

Fl-101 

Ambient 

Pl-101 

I Fl-102 I I - j ____ 

HAY 

Test10 Test 11 

I 
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Temperature, deg F 

Pressure, mmWC 

07 Steam to Zone-1 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, psi 

31 Air to Zone-2 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

29 Oxygen to Zone-2 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

30 Steam to Zone-2 

Feed rate, lb/hr 

Temperature, deg F 
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Pressure, psi 

34 Air to Zone-3 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

32 Oxygen to Zone-3 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

33 Steam to Zone-3 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, psi 

37 Air to Zone-4 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 
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35 Oxygen to Zone-4 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, mmWC 

36 Steam to Zone-4 

Feed rate, lb/hr 

Temperature, deg F 

Pressure, psi 

44 Process Waster to Gasifier 

Flow rate, GPM 

Temperature , deg F 

Pressure, psi 

13 
Process Water to Quench 
Column 

Flow rate, GPM 

Temperature, deg F 

Pressure, psi 

15 
Process Water to Venturi 
Scrubber 
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Flow rate, GPM 

Temperature , deg F 

Pressure, psi 

21 Syngas from ID Fan 

Flow rate, CFH 

Temperature, deg F 

Pressure, mmWC 

09 Solids from Gasifier 

Quantity, lbs 

Temperature, deg F 

11 Solids from Cyclone 

Quantity, lbs 

Temperature, deg F 

42 Solids from Waste Heat 
Exchanger 

Quantity, lbs 

Temperature, deg F 

43 Solids from Quencher 
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Tl-175 

Pl-170 

Fl-205 

Tl-205 

Pl-205 

I 

Wl-400 

Tl-400 

Wl-400 

Tl-400 

H 

Wl-400 

Tl-400 
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Quantity, lbs 

Temperature, deg F 

18 
Solids from Scrubber Water 
Tank 

Quantity, lbs 

Temperature, deg F 

20 Solids from Filter 

Quantity, lbs 

Temperature, deg F 

25 Water from Quencher 

Quantity, lbs 

Temperature , deg F 

26 Water Collected from 
Demister 

Quantity, lbs 

Temperature, deg F 

27 Water to Flare 

Flow rate, lb/hr 

Temperature, deg F 
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Ill. SAMPLE NUMBERING SYSTEM 

For identification purposes, the following numbering system will be used for various 
samples collected during the tests, XX-YY-AA-ZZZ- ### 

XX Feed material Used 
yy Test number 

zzz Sample material 

AA Stream Number 

### Sample number 

Table 2 is the legend that will be used in place of XX to identify the waste feed utilized in 
this series of tests. 

TABLE 2: LEGEND FOR WASTE FEED MATERIALS 

cw Chopped Wood 

HM Horse Manure 

HY Hay 

Table 3 is the legend that will be used in place of YY to identify the test number. 

TABLE 3: LEGEND FOR TEST NUMBERS 

01 Wood Gasification using Air (21% Oxygen) 

02 Wood Gasification using Enriched Air (30% oxygen) 

03 Wood Gasification using Oxygen (100% oxygen) 

04 Wood Gasification at maximum capacity (500 lb/hr) Oxygen (100% oxygen) 

05 Horse Manure Gasification using Air (21% Oxygen) 

06 Horse Manure Gasification using Enriched Air (30% Oxygen) 

07 Horse Manure Gasification using Oxygen (100% Oxygen) 

08 Horse Manure Gasification using Air (21% Oxygen) and lime addition in gasifier 

09 Hay Gasification using Air (21% Oxygen) 

10 Hay Gasification using Enriched Air (30% Oxygen) 

11 Hay Gasification using Oxygen (100% Oxygen) 
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Table 4 is the legend that will be used in place of AA to identify the stream numbers. 

TABLE 4: LEGEND FOR STREAM NUMBERS 

01 Waste feed into weigh feeder for waste #1 

02 Limestone 

03 Waste feed into gasifier 

04 Waste feed into weigh feeder for waste #2 

05 Air to Gasifier Zone-1 

06 Natural gas to Startup Burner 

07 Steam to Gasifier Zone-1 

08 Syngas from Gasifier 

09 Ash from Gasifier 

10 Syngas from Cyclone 

11 Ash from Cyclone 

12 Syngas from WHE 

13 Process Water to Quench column 

14 Syngas from Quench Column 

15 Process Waster to Venturi Scrubber 

16 Syngas from Demister 

17 Water from Demister 

18 Solids from Scrubber water tank 

19 Syngas from Filter 

20 Solids from filter 

21 Syngas from 10 Fan 

22 Syngas from Gas Reheater 

23 Natural gas to Flare 

24 Cooling water into Heat Exchanger 

25 Caustic Solution to Scrubber water tank 

26 Boiler feed water to SD-151 

27 Hot Water from Hot water storage drum 

28 Oxygen to Gasifier Zone-1 
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29 Oxygen to Gasifier Zone-2 

30 Steam to Gasifier Zone-2 

31 Air to Gasifier Zone-2 

32 Oxygen to Gasifier Zone-3 

33 Steam to Gasifier Zone-3 

34 Air to Gasifier Zone-3 

35 Oxygen to Gasifier Zone-4 

36 Steam to Gasifier Zone-4 

37 Air to Gasifier Zone-4 

38 Oxidant Mixture to Zone-1 

39 Oxidant Mixture to Zone-2 

40 Oxidant Mixture to Zone-3 

41 Oxidant Mixture to Zone-4 

42 Solids from WHE 

43 Solids from Quench Column 

44 Water to Gasifier 

Table 5 is the legend that will be used in place of ZZZ to identify the type of samples. 

TABLE 5: LEGEND FOR TYPE OF SAMPLES 

SWF 

GAS 

WAT 

ASH 

LST 

OXY 
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IV. ANALYSIS OF SAMPLES 

The following tables 6 to 16 will be used for tabulating the analysis of the samples obtained during the series of tests performed with 
Wood, Horse Manure and Hay as stated in the operation plan. 

TABLE 6A: ANALYSIS OF SAMPLES FOR WOOD GASIFICATION- TEST 1 

ANALYSIS NAME WASTE FEED 

Composite of 

CW-01-01-SWF-001, 
CW-01-01-SWF-002 & 
CW-01-0 1-SWF-003 

Proximate Analysis 

Moisture,% 

Volatile Matter, % 

Fixed Carbon, % 

Ash,% 

Ultimate Analysis (dry) 

Carbon,% 

Hydrogen,% 

Oxygen,% 

Nitrogen,% 

Sulphur,% 

Chlorine,% 

Elemental Analysis 
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LIMESTONE OXYGEN 
SOLIDS FROM SOLIDS FROM 

GASIFIER CYCLONE 

CW-01-02-LST -001 CW-01-28-0XY-001 CW-01-09-ASH-001 CW-01-11-ASH-001 

- --- --

SOLIDS FROM SOLIDS FROM I 
WHE DEMISTER 

CW-01-42-ASH-001 CW-O 1-18-ASH-00 1 

-
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I 

4 

Si,% 

AI,% 

Fe,% 

Ti,% 

Ca,% 

Mn,% 

Na,% 

K,% 

S,% 

Mg,% 

B,% 

Cu,% 

Zn,% 

Gas Composition 

co 

Hz 

CH4 

COz 

HzO 

Nz 

HzS 

HCI 
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5 

6 

7 

NH3 

HCN 

Ar 

Oz 

Cz 

c 3 

c4 

Cs 

Tar Composition 

c1 

Cz 

c 3 

c4 

Cs 

C6-Cn 

Water Analysis 

HzS/NazS 

HCI/NaCI 

NH3 

HCN 

Sieve Analysis (ASTM) 
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TABLE 68: ANALYSIS OF SAMPLES FOR WOOD GASIFICATION- TEST 1 

Analysis Name 

CW-01-22-GAS-001 

Proximate Analysis 

Moisture,% 

Volatile Matter, % 

Fixed Carbon, % 

Ash,% 

Ultimate Analysis 
(dry) 

Carbon,% 

Hydrogen,% 

Oxygen,% 

Nitrogen,% 

Sulphur,% 

Chlorine,% 
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Syngas from Gasifier 

Average of 

CW-01-22-GAS-002 CW-01 -22-GAS-003 CW-01-22-GAS-004 
CW-01-22-GAS-001, 
CW-01-22-GAS-002, 
CW-01-22-GAS-003 & 
CW-01-22-GAS-004 

Water to Solids from 

Scrubber Quench 
Column 

CW-01 -13-WAT-001 CW-01-43-ASH-001 
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3 

4 

# 
Elemental Analysis 

Si, % 

AI , % 

Fe, % 

Ti,% 

Ca, % 

Mn, % 

Na,% 

K,% 

S, % 

Mg,% 

8, % 

Cu,% 

Zn, % 

Gas Composition 

co 

H2 

CH4 

C02 
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5 

HzO 

Nz 

HzS 

HCI 

NH3 

HCN 

Ar 

Oz 

Cz 

c 3 

c4 

Cs 

Tar Composition 

c, 

Cz 

c 3 

c4 

Cs 

C6-Cn 
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6 

7 

Water Analysis 
I 

H2S/Na2S 

HCI/NaCI 

NH3 

HCN 

Sieve Analysis 
(ASTM) 
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TABLE 6C: ANALYSIS OF SAMPLES FOR WOOD GASIFICATION- TEST 1 

Analysis Name 
Syngas from 

Filter 

CW-01 -20-ASH-001 

Proximate Analysis 

Moisture,% 

Volatile Matter, % 

Fixed Carbon, % 

Ash,% 

Ultimate Analysis 
(dry) 

Carbon,% 

Hydrogen,% 

Oxygen,% 

Nitrogen,% 

Sulphur,% 

Chlorine,% 
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Water from 
Syngas from ID Fan Scrubber 

CW-01-17-WAT-001 CW-O 1-21-GAS-00 1 CW-01-21-GAS-002 CW-01-21-GAS-003 CW-01-21-GAS-004 

Average of 

CW-01-21-GAS-001, 
CW-01-21-GAS-002, 
CW-01-21-GAS-003 & 
CW-01-21-GAS-004 

I 
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3 

4 

# 
Elemental Analysis 

Si,% 

AI,% 

Fe,% 

Ti,% 

Ca,% 

Mn,% 

Na,% 

K,% 

S,% 

Mg,% 

8,% 

Cu,% 

Zn,% 

Gas Composition 

co 

Hz 

CH4 

COz 
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5 

H20 

N2 

H2S 

HCI 

NH3 

HCN 

Ar 

02 

c2 

c3 

c4 

Cs 

Tar Composition 

c1 

c2 

c3 

c4 

Cs 

Cs-Cn 
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6 

7 

Water Analysis 

HzS/NazS 

HCI/NaCI 

NH3 

HCN 

Sieve Analysis 
(ASTM) 

# 

SUNY DOE- Third Quarterly Report 
Submitted by W2E USA Inc. 

A-29 



51 
N 
0 

1 

2 

TABLE 7A: ANALYSIS OF SAMPLES FOR WOOD GASIFICATION- TEST 2 

Analysis Name Waste Feed 

Composite of 

CW-02-01-SWF-001 , 
CW-02-01-SWF-002 & 
CW-02-0 1-SWF-003 

Proximate Analysis 

Moisture,% 

Volatile Matter, % 

Fixed Carbon, % 

Ash,% 

Ultimate Analysis 
(dry) 

Carbon,% 

Hydrogen,% 

Oxygen,% 

Nitrogen,% 

Sulphur,% 

Chlorine,% 
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Solids from Solids from 
Limestone Oxygen gasifier Cyclone 

CW-02-02-LST-001 CW-02-28-0XY-001 CW-02-09-ASH-001 CW-02-11-ASH-001 

- ---

Solids from Solids from 
WHE De mister 

CW-02-42-ASH-001 CW-02-18-ASH-001 
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3 

4 

# 
Elemental Analysis 

Si,% 

AI,% 

Fe,% 

Ti,% 

Ca,% 

Mn,% 

Na,% 

K,% 

S, % 

Mg,% 

8,% 

Cu,% 

Zn,% 

Gas Composition 

co 

Hz 

CH4 

COz 
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