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From: Wojnowski, Gary
To: Aimee Wilson/R6/USEPA/US@EPA
Cc: Rodriguez, Phyllis W; Zucha, C Keith; Lundgren, Andrew A.
Subject: Furnace efficiency calculations
Date: 09/19/2012 02:29 PM
Attachments: API Standard 560 Furnace Efficiency Calculation LPO 91%.docx


Aimee
Here are the technical reasons for the 91% furnace efficiency for the new
furnaces.
Pyrolysis furnace thermal efficiency calculations were provided based on
original design conditions of the furnace using API 560 Equation G.1. The
furnace design firm based on their proprietary models and simulations
provided the original design conditions. The modeling is based on a new, clean
furnace. Maintenance best practices from within the company will be used to
maintain the furnaces in the best possible condition within reasonable
practices. There will still be degradation over time due to fouling. By applying
a fouling factor of 10-12% due to loss of heat transfer, the furnace thermal
efficiency was calculated to be 91.2% using API 560 Equation G.1, assuming a
higher stack temperature of 302 degrees F. This fouling factor is based on
historical fouling impacts to furnaces within the company.
Also attached are the calculations used to come up with the 91%.
Let me know if you need anything else.
Thanks,
Gary Wojnowski, PE
Principal Environmental Engineer
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Net Thermal Efficiency


e =( (hL + Δha + Δhf + Δhm) – (hr + hs))/(hL + Δha + Δhf + Δhm) * 100


e = net thermal efficiency, expressed as a percentage


			


			hL = lower massic heat value of the fuel burned, Btu/lb
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			24242


			Btu/lb


			


			from Combustion Work Sheet


			


			


			





			


			


			


			


			


			


			


			


			


			





			


			hr = hL*radiant heat loss (%)


			


			


			


			


			Δhm = 0, no atomizing media


			





			


			


			


			


			


			


			


			


			


			





			hr = 


			315.14


			Btu/lb


			


			


			


			


			





			


			


			


			


			


			


			


			


			


			





			hs = 


			1808.91


			Btu/lb fuel


			


			from Stack Loss Worksheet


			


			


			





			


			


			


			


			


			


			


			Variables From Linde Design





			


			Δha = cpa * (Ta-Td) * ma/mf


			


			


			


			


			Radiant heat losses = 


			1.30%


			 





			


			


			


			


			


			


			


			Cpf = 


			1.83


			Btu/lb F





			Δha = 


			92.68


			Btu/lb of fuel


			


			


			


			


			Cpa = 


			0.24


			Btu/lb F





			


			


			


			


			


			


			


			Td = 


			60


			F





			


			Δhf = cpf * (Tf-Td)


			


			


			


			


			


			Ta = 


			75


			F





			


			


			


			


			


			


			


			Tf = 


			70


			F





			Δhf = 


			18.35


			Btu/lb fuel


			


			


			


			


			Te = 


			302


			F





			


			


			


			


			


			


			


			Relative Humidity =


			65


			%





			


			


			


			


			


			


			


			Pvapor @ Ta = 


			0.4502


			PSIa





			Net Thermal Efficiency


			


			


			


			


			


			


			


			





			


			


			


			


			


			


			


			


			


			





			e = 


			91.2


			%
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Efficiency Calculation from furnace vendor using API 560 Equation G.2 


Net Thermal Efficiency 


e =( (hL + Δha + Δhf + Δhm) – (hr + hs))/(hL + Δha + Δhf + Δhm) * 100 


e = net thermal efficiency, expressed as a percentage 


 
hL = lower massic heat value of the fuel burned, Btu/lb 


     
          hL =  26161 Btu/lb 


 
from Combustion Work Sheet 


   


          
 


hr = hL*radiant heat loss (%) 
    


Δhm = 0, no atomizing media 
 


          hr =  340.09 Btu/lb 
     


          hs =  1361.26 Btu/lb fuel 
 


from Stack Loss Worksheet 
   


       
Variables From Linde Design 


 
Δha = cpa * (Ta-Td) * ma/mf 


    
Radiant heat losses =  1.30%   


       
Cpf =  2.26655 Btu/lb F 


Δha =  60.80 Btu/lb of fuel 
    


Cpa =  0.24 Btu/lb F 


       
Td =  60 F 


 
Δhf = cpf * (Tf-Td) 


     
Ta =  70 F 


       
Tf =  70 F 


Δhf =  22.67 Btu/lb fuel 
    


Te =  265 F 


       
Relative Humidity = 65 % 


       
Pvapor @ Ta =  0.3629 PSIa 


Net Thermal Efficiency 
        


          e =  93.52 % 
        


 







Net Thermal Efficiency (Degraded Conditions) 


e =( (hL + Δha + Δhf + Δhm) – (hr + hs))/(hL + Δha + Δhf + Δhm) * 100 


e = net thermal efficiency, expressed as a percentage 


 
hL = lower massic heat value of the fuel burned, Btu/lb 


     
          hL =  24242 Btu/lb 


 
from Combustion Work Sheet 


   


          
 


hr = hL*radiant heat loss (%) 
    


Δhm = 0, no atomizing media 
 


          hr =  315.14 Btu/lb 
     


          hs =  1808.91 Btu/lb fuel 
 


from Stack Loss Worksheet 
   


       
Variables From Linde Design 


 
Δha = cpa * (Ta-Td) * ma/mf 


    
Radiant heat losses =  1.30%   


       
Cpf =  1.83 Btu/lb F 


Δha =  92.68 Btu/lb of fuel 
    


Cpa =  0.24 Btu/lb F 


       
Td =  60 F 


 
Δhf = cpf * (Tf-Td) 


     
Ta =  75 F 


       
Tf =  70 F 


Δhf =  18.35 Btu/lb fuel 
    


Te =  302 F 


       
Relative Humidity = 65 % 


       
Pvapor @ Ta =  0.4502 PSIa 


Net Thermal Efficiency 
        


          e =  91.2 % 
       


           





