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Discussed below are my responses to questions posed in the Scope of Work dated December 1, 2003 entitled “Control of Triethylene Glycol Dehydration Reboiler Still Emissions and Related Costs and Considerations.”  The responses are based on my knowledge of natural gas gathering and treating (mid stream) operations, discussions with mid stream operators, equipment manufactures, suppliers, along with literature searches.  

The scope of this study is limited to common and practical air emission control strategies for triethylene glycol (TEG) natural gas dehydration reboiler still emissions where the throughput of natural gas exceeds 1 million standard cubic feet per day (1mmscfd).  
Natural gas for this discussion is produced from underground reservoirs.  The material for the reservoir rock was laid down in a marine environment, and originally saturated with water.  Natural gas at the wellhead is usually produced with some water and is normally saturated with water vapor.  There is an inverse relationship between the saturated water content of natural gas and pressure.  A lean sweet natural gas mix will be saturated with water vapor at 1,000 psia, containing 9 lb water per million standard cubic feet, while the same natural gas mix will be saturated with water vapor at 14.7 psia and contain 400 lb of water vapor per million standard cubic feet.  

Most interstate natural gas transmission lines require that the natural gas delivered into the pipeline be dehydrated to less than 7 lb water vapor per million standard cubic feet.   

Water vapor is removed from natural gas primarily by TEG dehydration towers.  Other methods to remove water vapor from natural gas streams include; ethylene glycol cold separator/dehydrators, molecular sieves, pressure swing, or desiccant beds.   

A TEG tower operates by contacting lean low water content TEG, with a natural gas stream.  Water vapor, along with some volatile organic compounds (VOCs) and hazardous air pollutants (HAP, from the natural gas stream are absorbed by the TEG.  The TEG is then routed to a reboiler where it is heated to about 350 degrees Fahrenheit, and the water vapor, VOCs, and HAPs are released as a still vapor.  

TEG reboiler still vapors are a mixture of more than 60% water, VOCs and HAPs, and exhibit a heat content of less than 500 btu/scf, (methane = ~980 btu/scf).  The volume of VOCs and HAPs emitted from a reboiler still are a strong function of the composition of the natural gas stream, and the recirculation rate of the TEG.  

Control strategies for TEG reboiler still vapors include:

1) Burning the vapors in a process flare, 

2) Routing the vapors to a process burner, 

3) Condensing the water vapor and heavier hydrocarbon vapors then routing the non-condensable portion to the atmosphere, or a process burner.  

The burning of the TEG reboiler still vapors without first condensing the water vapor and heavier hydrocarbon vapors is difficult since significant volumes of combustion fuel needs to be added to provide for a smokeless flame, and the water vapor and heavier hydrocarbons tend to condense in the flow lines, creating safety concerns.  

Most TEG reboiler still vapor emission controls will include a condenser.  Condensers look similar to the radiator on a car, except larger.  Condensers can be natural convection air cooled (NCAC), fan cooled, or use a liquid cooling medium such as rich TEG.  See exhibit 1.  

The liquids condensed from a condenser are primarily water and are usually routed to a storage tank.  Hydrocarbon liquids are decanted and sold, water is decanted and routed for disposal.  

The uncondensed vapors from a condenser are routed to the atmosphere, or to a flare or burner box.  

Costs:

A simple NACA condenser capable of condensing the TEG reboiler still vapors from a 10 mmscfd/d natural gas stream would have an installed cost of about $15,000, and provide more than 80% control of the VOC & HAP emissions.  

If one desires to route the non-condensed TEG reboiler still vapors to a burner, the cost would increase by about $3,000, and the VOC & HAP emission control efficiency would increase to 99%.

The addition of a flare would increase the costs by about $15,000, with the VOC & HAP emission control efficiency remaining at 99%.

Annual operating costs for NACA condensers are less than $2,000 per year.  

Emission Control Spreadsheet:

Attachment “1” is a spreadsheet identifying the TEG reboiler still emissions located in northeast Colorado (Adams, Arapahoe, Boulder, Denver, Jefferson, Larimer and Weld counties) and reported to the CDPHE APCD.  

It appears that the VOC emissions from about 40 northeastern Colorado TEG reboiler stills total 310 tpy.  The HAP emissions from these 40 TEG reboiler stills total 107 tpy.  If all of the northeastern Colorado TEG reboiler stills that emit more than 10 tpy were controlled with a condenser, the VOC/HAP emissions would fall to about 98/47 tpy respectively.  If all of the northeastern Colorado TEG reboiler stills that emit more than 10 tpy were controlled with a condenser and burner, the VOC/HAP emissions from TEG reboiler stills would fall to about 52/39 tpy respectively.  

Northeast Colorado TEG Reboiler Still Emissions
From Attachment 1
	Existing Dehydrators
	VOC/tpy
	HAPs/tpy

	NE Colorado
	310
	107


	Retrofit Controls, VOCs> 10 tpy
	VOC/tpy
	HAPs/tpy

	Condenser only
	98
	52

	Condenser and burner
	47
	39


The costs to control more than 10 tpy of VOC emissions from existing TEG reboiler still is usually less than $1,000/tpy.  The control costs listed on the attached spreadsheet are low because they do not adequately account for depreciation or the time value of money.  It is my belief that a condenser & burner installed on existing TEG reboiler still would be capitalized over 15 years.  The annual operating cost of a condenser & burner should be escalated by some inflation factor (estimated at 4%), then discounted to year one over the expected life of the asset (estimated at 15 years), with some discount factor (estimated at 10%).  Most everyone will have a different asset life, inflation rate, and discount rate.  
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