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APPENDIX C 
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BACT Analysis for Dairy Manure Digester with Backup/Emergency Flare 
 

Top-Down BACT Analysis for VOC Emissions 
 
Step 1 - Identify all control technologies 

 
The following options were identified to reduce VOC emissions:  
1) Open flare (98% control efficiency) (Achieved in Practice) 
2) Ultra-low emissions (ULE) enclosed flare (Technologically Feasible) 

 
Step 2 - Eliminate technologically infeasible options 

 
There are no technologically infeasible options to eliminate from step 1. 
 

Step 3 - Rank remaining options by control effectiveness 
 

1) Ultra-low emissions (ULE) enclosed flare (99% control efficiency) (Technologically 
Feasible) 

2) Open flare (98% control efficiency) (Achieved in Practice) 
 

Step 4 - Cost Effectiveness Analysis 
 
Option 1: Ultra-low emissions (ULE) enclosed flare (99% control efficiency) 
(Technologically Feasible) 
 
Emissions of VOC from the ULE (99% control) in comparison to an open flare (98% 
control) will be used to determine if this option is cost-effective. 
 
Uncontrolled VOC emission rate is back calculated from the controlled emission factor 
and open flare control efficiency as shown below: 
 

Uncontrolled VOC emission rate = (0.006 lb/MMBtu)/(1 – 0.98) = 0.3 lb/MMBtu 
 
Controlled VOC emission rate of the ULE is calculated from the uncontrolled rate, above, 
and the required control efficiency as shown below: 
 

ULE VOC emission rate = (0.3 lb/MMBtu) x (1 – 0.99) = 0.003 lb/MMBtu 
 
Reduction in VOC emission achieved by the ULE over the open flare is calculated as 
shown below: 

 
VOC reduction = [(0.006 – 0.003) lb/MMBtu] x 33.33 MMBtu/hr x 750 hrs/yr x (1 

ton/2,000 lb)  
= 0.0375 tons-VOC/year 

 
Cost  

 
Several flare manufacturers were contacted for cost estimates in Project C-1162454, 
which was finalized in November 2018, which was for a similar operation, but with a 



 

 

smaller flare (12.25 MMBtu/hr vs 34.4 MMBtu/hr).  Cost information was also obtained for 
the development of Rule 4311 for a 16.5 MMBtu/hr flare. A summary of the cost estimates 
received are summarized below: 
 

Emission Factors for Natural Gas-Fired RTO 
Flare Size Installed Cost Source 

12 MMBtu/hr $240,000 
Project C-11692454: 

Aereon Representative 

13 MMBtu/hr $355,000 
Project C-11692454: 

John Zink Representative 
16.5 MMBtu/hr $361,858 District Rule 4311 Staff Report 

 
Since these costs are for flares less than half the size of the proposed flare, these cost 
estimates are conservative estimates for this project.  Therefore, the lowest cost listed 
above, $240,000 will be used for this analysis, excluding any adjustment for inflation. 
 
Pursuant to District Policy APR 1305, section F (6/1/21), the incremental capital cost for 
the purchase of the flare will be spread over the expected life of the flare using the capital 
recovery equation.  The expected life of the flare will be estimated at 10 years.  A 4% 
interest rate is assumed in the equation and the assumption will be made that the 
equipment has no salvage value at the end of the ten-year cycle. 

 
A = [P x i(I+1)n]/[(I+1)n-1] 

 
Where: A = Annual Cost 

     P = Present Value 
     I = Interest Rate (4%) 
     N = Equipment Life (10 years) 
     A = [$240,000 x 0.04(1.04)10]/[(1.04)10-1]  
         =  $29,589/year 

 
No operation costs are included at this time.  If the technology is determined to not be 
cost effective based on the capital costs alone, then consideration of the operation costs 
will not be necessary, since such additional costs would only remove the technology even 
further from the cost effectiveness threshold. 
 
Value of VOC Reduction 
 
Per the version of APR 1305 that was in effect when this project was deemed complete, 
Section C (6/1/21) the cost effectiveness threshold for VOC reductions is $22,600/ton.  The 
value of the VOC reduction achieved with ULE instead of open flare is calculated below.  
 

Value of VOC Reduction  = (0.0375 ton-VOC/year x $22,600/ton-VOC) 
= $847.50/year 



 

 

 
 
 
 
 

Cost Effectiveness of VOC Reduction 
 

As shown above, the annualized capital cost of this alternate option ($29,589/yr) exceeds 
the value of the VOC emission reductions ($848/yr). Therefore, this option is not cost 
effective and is being removed from consideration. 
 
Option 2: Open flare (98% control efficiency) (Achieved in Practice) 
 
This has been identified as achieved in practice and has been proposed by the applicant.  
Therefore, the option required and is not subject to a cost analysis. 
 

Step 5 - Select BACT 
 
Pursuant to the above BACT Analysis, BACT for VOC emissions from the proposed flare 
is an open flare with a 98% control efficiency. The applicant has proposed an enclosed 
flare with a 98% control efficiency.  Though the proposed flare is enclosed, rather than 
open as mentioned in the guideline, it has the manufacturers guaranteed to have a 98% 
or greater control efficiency in this application.  The District’s primary intention with BACT 
guidelines is reduction in emissions, regardless of method used to achieve said reduction. 
Therefore, the BACT requirements for VOC are satisfied. 
 

  



 

 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
HRA and AAQA Summary 

  



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 
 
 
  



 

 

 
 
 
 
 
 
 
 
 

APPENDIX E 
Quarterly Net Emissions Change (QNEC) 



 

 

Quarterly Net Emissions Change (QNEC) 
 
The Quarterly Net Emissions Change is used to complete the emission profile screen for the 
District’s PAS database.  The QNEC shall be calculated as follows: 
 
QNEC = PE2 - PE1, where: 
 

QNEC = Quarterly Net Emissions Change for each emissions unit, lb/qtr. 
PE2 = Post-Project Potential to Emit for each emissions unit, lb/qtr. 
PE1 = Pre-Project Potential to Emit for each emissions unit, lb/qtr. 

 
Using the values in Sections VII.C.2 and VII.C.1 in the evaluation above, quarterly PE2 and 
quarterly PE1 can be calculated as follows: 
 
PE2quarterly = PE2annual  4 quarters/year 
 
PE1quarterly = PE1annual  4 quarters/year 
 

Quarterly NEC [QNEC] for N-9354-1-1 

Pollutant PE2 (lb/yr) PE1 (lb/yr) QNEC (lb/qtr) 

NOX 2,249 0 562.25 

SOX 16,562 0 4,140.5 

PM10 337 0 84.25 

CO 3,490 0 872.5 

VOC 250 0 62.5 

 
 


