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ENVIRONMENTAL PRODUCTS FOR INDUSTRIAL SOLUTIONS

May 26, 2009
Subject:
White Paper
Title:
The Importance of having a Flexible Emission Control System Design.
Over the past decade the design capacity for ethanol plants has continually increased, requiring new designs for both production and backend emission control.  As the capacity of the ethanol plants increased, there was a challenge facing companies that provide the process and emission control technologies to match system capacity based upon anticipated production and emission rates.  In an attempt to standardize process designs, this effort sometimes leads to issues relating to equipment sizing or an increase in production beyond design conditions the effecting  the emission control system.  Recent technological advancements in pollution emission control as well as flexible parameters and a conservative system design all contribute to significantly increasing the reliability and compatibility of the emission control system with various operational or process needs, while reducing the amount of vocs and haps released into the atmosphere, heightening the benefits of ethanol.

For the purpose of this article, the emission control technology being discussed is a regenerative thermal oxidizer (RTO).  This technology is broadly used in the ethanol industry to control emissions from the DDG and DDGS dryers, Fermentation scrubbers, load out, distillation and various other sources which may require control depending upon the location of the ethanol facility.  The RTO also offers the ability to control moderate amounts of organic particulate, high moisture, and varying flow and voc concentrations.

Looking at the process for designing the RTO system, the manufacturers typically receive flow and voc conditions from the process engineer which reflect the anticipated emissions from the dryer, fermentation scrubbers, load out or any source that will be controlled by the RTO system.  At this juncture the RTO supplier sizes the equipment and develops the optimum operating conditions to maximize performance and minimize operating costs.  Once this initial design is complete, the RTO will control all design conditions and in addition will have a test block capacity to allow for periodic increases above the maximum design primarily to allow for increases in system pressure relating to particulate build-up prior to performing a thermal bake out (to be discussed later in the article).  Since pressure drop increases by the square with flow, any increase in flow from the process will have a significant effect on the available horse power of the RTO system.  NESTEC, Inc. has found that for modern ethanol plants being built, these flow conditions vary and in many cases are in excess of 20% higher than the maximum flow conditions provided during the initial design phase of the RTO system.  We have also found that conservatively designing the RTO by having low velocities in the heat recovery media particulate build-up is minimized and additional flow is available beyond the rated test block of the RTO system.
There are a few explanations for the relatively high flow conditions seen in the field vs. what was expected at the time of design.  Looking at the dryer design NESTEC, Inc. has found that in many cases the flows given to the RTO supplier are based upon MM gallons of ethanol production rather than the maximum capacity of the dryer.  Dryers are typically standard sizes so for a given capacity and the evaporative flow requirements vary based upon the ethanol production.  Once installed the flow conditions out of the dryer vary based upon actual production rates and if the dryer is sized larger than the rated capacity the result is higher flows to the RTO.   Please refer the following chart which shows the design vs. actual operating conditions at the inlet of the RTO system.
Another area where design conditions vary with actual operation is the centrifuges.  For a 40MM gallon plant we typically see four centrifuges that feed the dryer.  Three are continuously online with the fourth as a spare for a maximum capacity of 120GPM each. What we have seen is all four centrifuges in production at 150GPM each.  In this case the plant is running at a capacity which exceeds other areas of production and is challenged how to deal with the additional water generated.  Consequently, in some cases this results in much wetter cake being fed into the dryer resulting in much higher SCFM conditions or a higher evaporative requirement for the dryer both leading to a significant flow impact on the RTO system. 
Thermal Efficiency Discussion
Relating the previous discussion to their impact on energy consumption the RTO burners are faced with trying to keep up with maintaining in most cases around 1600F to meet DER requirements.  Although the burner systems typically have an over fire capacity operating the burners in this fashion will bring them out of compliance for NOX and in many cases requiring additional fuel contribution.  NESTEC, Inc. has designed a supplemental fuel system which will allow for minimum burner modification and bring the overall fuel requirements back into normal operating conditions.

From a thermal balance standpoint the RTO is designed for maximum thermal efficiency but also is designed to allow for variations  in process conditions.  For the conditions described above the burner system becomes maximized and additional fuel may be required.  For RTO designs using a forced draft design the burner has even more difficulty since the firing rate of the burner is pressure dependant.  Burners which fire into an induced draft will typically yield a higher rated capacity.
Furthermore, most RTO system controlling emission from DDG or DDGS dryers require a feature known as bakeout.  The bakeout features provides a self cleaning mechanism so that over time the RTO system can be brought back close to its original pressures without adversely effecting the RTO.  It is strongly recommended for both safety and in order to meet permit requirementsa relating to maintenance that the bakeout is performed off line.  With 800-1000F temperature being created at the bottom of the heat recovery beds it is recommended that the inlet ducting be isolated and the system fresh air damper be used to provide the flow for the bakeout operation.  Furthermore, Should bakeout be done online there is a risk that the smoke, CO, voc and particulate generated during bakeout will cause an NOV for the plant permit.  If done offline, this procedure can be classified as part of the maintenance plan.

Fermentation scrubbers

One process which has large variations in the BTU value being sent to the RTO as well as flow are the fermentation scrubbers.  This process source although appearing to be constant actually varies greatly depending upon water levels, oxygen content and upstream operation of the fermenters.  Looking at the first issue; water level variations, this is primarily associated with how the operators are running the fermentation and fermentation scrubbers.  By varying the water rate to the scrubbers flow at the RTO changes as does the water carry over which also may cause high amperage issues for the RTO fan motor.  The second issue; oxygen content  at the inlet to the RTO is primarily controlled by the RTO fresh air damper but it has been found that the damper position needs to have fixed positions (high voc and low voc) to allow for the frequent upstream variations in flow and moisture content.  As indicated the RTO fresh air damper  has a minimum position to address the minimum oxygen requirements for the RTO but will modulate to a second position based upon a high voc level in the process stream.  The last issue; CIP or clean in place procedures for the fermenters which occurs prior to filling sends large voc spikes to the RTO.  These spikes drive the RTO combustion chamber temperature above 1700F as well as a surge in volume which potentially can result in an over amperage condition for the fan motor.  Although some industry experts are looking at regenerative catalytic options for controlling the fermentation scrubbers, most catalysts will not survive, long-term at elevated temperatures above 1500F.  Please refer to the enclosed chart showing process conditions and performance for this application.

As you can see the RTO system is a flexible technology and if designed correctly will allow ethanol manufactures flexibility.
If the RTO is designed conservatively most of the excess flow can be handled but as you can see in some cases the RTO is running above the test block.  At this capacity the RTO will see excessive wear, higher operating costs and may have difficulty meeting performance requirements.  The NESTEC, Inc. design accounts for these variations so that production and expected RTO performance are met.
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