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𝑃 = 
𝑉2
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𝑤2 =

[
 
 
 𝐴2

�̅�1 (
𝑓𝐿
𝐷 + 2 𝑙𝑜𝑔𝑒

𝑃1
′

𝑃2
′)]

 
 
 
[
(𝑃1

′)2 − (𝑃2
′)2

𝑃1
′ ] (1)

𝑤 = Rate of flow [
kg

s⁄ ] 

�̅�1 = Specific volume of fluid [m
3

kg⁄ ] 

𝐴 = Cross sectional area of the pipe [m2] 

𝑓 = Friction factor [−] 

𝐿 = Length of pipe [m] 

𝐷 = Internal diameter of pipe [m] 

𝑃1
′ = Absolute inlet pressure [Pa] 

𝑃2
′ = Absolute outlet pressure [Pa]

𝑓 =  
0,094

(1000 𝐷)
1

3⁄
 (2)

                                                                                    𝑓 = Friction factor [−]

                               𝐷 = Internal diameter of pipe [m] 

 



𝑣exit =
𝑤 𝑍 𝑅 𝑇

∆𝑃 𝑀 𝐴
  (3)

𝑣exit = Exit velocity [m s⁄ ]

𝑤 = Rate of flow [
kg

s⁄ ] 

𝑍 = compressibility factor [−] 

𝑅 = Gas constant;  8,314 [
J
mol K

⁄ ] 

𝑇 = Temperature [K] 

∆𝑃 = Pressure drop [Pa] 

𝑀 = Molar weight [
kg

mol
⁄ ]

𝐴 = Cross sectional area of the pipe [m2] 



        

        
         
         
         

         
         
         

         
         

         
         
         

         
         

         
         

         
         

         
         

         



     

      

      

      

      





 

 

 







 

 

 

 

 

 



 

 



CO2 abatement price =  
Annual cash flow

Annual abated CO2
 (4)

 





 



 







 



 





 



 

Free Allowance = Historical level x Benchmark x Reduction factor x Emissions (5)
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