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           THERMOGENICS, INC


Energetic   innovation   in   energy   conversion


Understanding the gasification process and the benefits of Thermogenics’ gasification process:


The beauty of simplicity, where less is more-Einstein


This document is designed to help those who are considering gasification as a method of power generation, catalysis and a guide for their determination of an appropriate technology to use. 

Gasification is an arrested combustion process. Instead of going all the way to combusting the fuel, it is only converted to the combustible gas that can be seen when a match is burned out; the smoke it gives off can be re-lit and burn. This smoke can be cleaned, cooled and used as a “produced” gas, through an adequately designed gasification process. 


This sounds eminently simple, but it is not. Many have attempted to build gasifiers for the purpose of generating electricity, chemicals, and synthetic fuels and have found the devils in the details. There have been many projects undertaken by the largest companies which have failed, even in as short as 8 hours of operation and many millions invested. 


What Thermogenics has been able to do over the decades of its involvement in the technology is to create a very simple system that adequately addresses the major issues of gasification that are:

· Feeding a wide variety of feedstock with varying properties as to moisture, density, and particle size distribution.

· Converting the fed material into a combustible gas with a reasonably low tar content to allow cleaning, accepting a wide range of fuels’ size, moisture content, heating value, having minimal carbon residue,  using the proper configured reactor

· Cooling and cleaning the gas in simple systems that allow for lower capital, operating and control costs. 

· Simple process controls which allow for ease of operation, full automation and remote sensing and control. 

This is embodied in the Thermogenics’ gasification technology. to compare it with other systems, a basic block diagram is shown below: (due to the proprietary nature of the systems, no photos or more detail is shown)


First of all, let’s set some definitions so that the apples to apples comparison can be made. 

Gasification is a controlled process of partial combustion. This can occur in several manners. The system descriptions detail these options:

· Pyrolysis:  Pyrolysis is the heating of a feed material and consequent production of volatiles from this heating. The residual material is carbon and ash and contains a substantial amount of the heating value of the input material. This is often accomplished by the external heating of material which drives off the volatiles. Many systems claim pyrolysis as a manner of converting materials to usable products, but run into the issue of what to do with the carbon residue. Tire pyrolysis systems typically are promoted using this technology and the claim made that the carbon residue is carbon black, but this is not the case. Others use a combined process of pyrolysis and then conversion of the carbon to fuel or energy which is a two stage process and has issues with emissions from the conversion of the carbon into thermal products. Elements contained in the carbon may produce adverse emission products when burned. Being a two stage process, it is quite complex and has many material handling issues. 

· Two stage combustors:  These claim to be gasifiers for whatever reason. However, they are typically a partial combustor with a secondary combustion system for the gases evolving from the first one. They cannot power IC engines and are typically limited to steam plant efficiency for power generation, around 18-20%. These units also may have emissions issues from particulate carryover, Nox production, heavy metals if contained in the feed, and dioxin or furan production if chlorine is present in the feed stream. These units are typically close coupled to the boiler to reduce thermal losses.  Out of the installations, these are the most prominent numerically. 

· Modified two-stage combustors: In order to clean the tars from the gas in the reactor, they use a secondary air injection system or other oxidizer to attempt to reduce the tar content of the gas. This process reduces the heating value of the produced gas and in many instances, will produce such a low heating value gas that an engine will not operate on it. Any of the units will still require additional gas cleaning to allow the engine to be operated on the produced gas. Some may also use plasma to heat the gas up to break down the tars that is very expensive in capital and energy costs. 

· Plasma gasification: These heavily buzz worded technology uses electric power to produce the heat to vaporize and convert the feed into gas. It operates at extremely high temperature that is supposed to work magic on the produced gas, but above a certain temperature, there is no intrinsic benefit to the gasification reaction. To anyone experienced in the plasma field, the input to output power is typically very high and the capital cost phenomenal. The plasma arc uses inert gas as a carrier that alone is relatively expensive to the process. 

· Downdraft gasifier: These are the most successful systems numerically. They represent hundreds of thousands of systems from WWII where they powered autos, boats, buses, trucks, when there weren’t petroleum supplies to do so. They typically operate in small scale, require a hard, large feed particle size and have limited range of operation and control options. If a finely divided material is fed, it tends to bread down and block the air/gas path through the bed. They do produce a relatively low tar gas, but additional cleaning is still needed to operate an internal combustion engine under industrial or utility demand lifetime. 

· Fluidized bed gasifier: These are basically a high velocity gas stream which suspends the reacted feedstock in a virtual liquid state, may be in a fluidizing media such as sand,  and have properties which make for a complex operating system. Because of the amount of gas needed to fluidize the bed, a high flow rate is needed and this is a significant parasitic load. Once the material is consumed, it has to be removed from the bed that may be done in overhead cyclones and sand recirculation systems, both of which add complexity. Because the gas velocity in the bed is so high, it is near combustion stiochiometry, producing a gas that is relatively low in heating value. The gas produced from this reactor is tar laden and has to have the tars and a relatively high particulate loading removed from the gas stream. 

Where the devils lie:

1. Feeding: In order to operate a gasifier under some pressure, it is necessary to feed the material into the reactor and discharge the ash which requires a pressure seal. Below are some of the conventional systems and their issues:

· Rotary airlock or star valve: These devices always have an empty side that will transport the pressure gases back when the feed is carried on the other side. This requires either two stage devices or inert gas backing or both to prevent the produced gas and tars from migrating through the valve into the feeding area which is a toxic release and can be an explosion hazard. Additionally, the feed material needs to be sized to allow the gate to feed it as the sealing requires close tolerance fitting of the rotating element to the shell which acts as a continuous shear, in many instances where the material is hard such as in feeding wood chips into a downdraft system, these won’t work. Tire feeding is another issue with shearing. 

· Dual slide gate: This can be effective, but requires careful pressure control between the valve unit to prevent the leakage of produced gas through the gates. In practice, it has been seen that the exposure of the feed to the produced gases causes their coating with a moist and tarry mix which causes them to bridge in the area between the slide gates or just their nature, and they don’t always fall through the slide gate. 

· Ram feeder: This will work by itself, but may require special configuration to allow the formation of a suitably hard plug to prevent gas leakage and the material may accumulate behind the ram causing it to not retract and extend completely. 

· Other devices: There are other configurations that work, but many are very complicated and require very narrow feed properties. 

2. 
Gas cleaning: In order to make a gasifier operate an internal combustion engine or other suitable conversion device, or to produce syngas for a catalyst operation for value added products, the gas has to be cleaned of the contaminants from the gas. This may represent 60% of the cost of a facility. There are a variety of “devils” which occur from conventional systems being used for this gas stream. These are itemized below:

· Cyclones: These are typically used to remove particulate from the gas stream near the reactor. However, because the gas stream contains tars, which typically spontaneously decompose, the cyclone may become coated with tars which reduce it’s effectiveness and if left long enough, will crack and form a continuing deeper hard coating on the cyclone surface, requiring shut down and mechanical scraping to remove. In SASOL, the output pipes from the main reactor have augers which are used periodically to clear the output pipe from the reactor. So, if the output pipe is clogging, imagine what the cyclone is doing. 

· Baghouses: These are used for primarily dust collection in industrial settings, and have been used in gasification systems for removal of dust in the gas stream, but if there are any tars present, they will coat up and become unusable in short order. They also represent a potential significant pressure drop. 

· Venturi scrubbers: These are supposed to be the holy grail of gas cleaning, but have limited benefit in fine submicron tar particle removal, use significant pressure drop and when coated with non-flow able tars, the centrifugal effect is significantly reduced. Remember that in some gasifiers, the reactor output pipe will clog, let alone piping to the scrubber. 

· Conventional heat exchangers: The lowly heat exchanger will foul with tars and become well-insulated, ineffective devices. Making them larger increases the capital cost and has minimal benefit to cool the gas. This applies to plate, shell and tube, and coil system alike. It is typically necessary to take the heat exchangers apart periodically and clean the surfaces that can be very expensive in labor and downtime, even with the best access and disassembly schemes. 

· Liquid spray systems: These are very difficult to operate. Basically, they may use a fine mist to cool the gas and to remove the tars, but typically are subject to fouling of the plumbing with tars that coat everything and are not easy to separate. Centrifugal pumps will typically end up with a tar coating between the impeller and the housing and lock up between operations. These devices will not collect the submicron tar aerosols very well. 

None of the above system are used in the Thermogenics’ gasification system

2. Other aspects of gasifier operation: Even in many of the systems where the gas cleaning has been adequate to operate an internal combustion engine, the temperature of the gas allows for moisture and organic laden gases to be introduced to the engine. This causes acid build up in the engine and eats the components, plus reduces the rating of the engine as moisture content reduces the heating value of the gas that is not determined in typical fixed gas analysis.  Optimum IC engine lifetime and operating performance requires a gas with very low moisture and attendant organic content. Reactor configuration and operating properties must allow for high carbon conversion, modest tar content, high heating value of the gas, process controls to prevent feedstock melting (ash fusion) and other factors. 

3. Non-gasifier issues with project development: When one is considering undertaking a gasification project, the financial world wants to see the due diligence to finance the project, which typically includes qualified technical review. Well, that is where the rub comes. This is a specialized field with very few out there who have the understanding to evaluate this technology. Their yardsticks are the typical systems listed above, as that is what is readily available and published industry accepted standards of operation, but not for gasification. For this reason, the technical review process is not easy and in many instances, obviously flawed. It has been seen that typical chemical engineers also do not like considering technology from those who have not matriculated through their brotherhood. This limits innovation as the educational process may not create an open mindedness needed for “out of the box” innovation. It is also interesting to see non-field investors such as IT based operators’ get involved in this work in a big way and take massive hits, damaging the industry. 

Thermogenics has been in this field for decades. The original patent for a reactor was issued in 1980, and several more have been issued since, with additional ones forthcoming. Over this time, the number of failed project has been astounding, not being exempt from this calamity; Thermogenics has suffered numerous setbacks primarily from client demise. It is of some awe that the field is only slightly more populated now as when it began work in this field. It has repeatedly seen market interest move toward highly publicized technologies and those fail. As an example, several Australian groups were ready to sign contracts with Thermogenics and then Britestar/EDL announced their massive MSW to power project which put everyone off until this was completed, which ended in a $200million dollar debacle and of course, made any subsequent development much more difficult. The recent failure of Range Fuels’ well publicized $320mm investment in wood to ethanol in Georgia has left the financial world reeling and raises serious questions about the technology review process as noted above. The primary reason appears from gasifier dysfunction. By the way, there is a difference between cellulosic ethanol as done by acid or enzyme hydrolysis and that done by gasification which has a much higher carbon conversion rate, and should be called “Carbonaceous Ethanol”. ( Thermogenics 2010. 

To those who want to embrace the wonderful promises of gasification, this is only part of the GPS directions on where not to go, and a group that has arrived there. Thermogenics has operating systems using the innovations needed to avoid the pitfalls of other. 
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