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▪ Sizing function may be complex and heuristics

• Describe the transfer phenomena

• Residence time => sizes

Sizing units 2

x+
u Streams entering the unit u

x�
u Streams leaving the unit u

�u Parameters of the unit u

Ulrich, K.T., and S.D. Eppinger, others. Product design and development. Vol. 384. McGraw-Hill New York, 1995.

see also : http://www.mech.utah.edu/senior_design/07/uploads/Main/Lect12-ConceptSelection.pdf.
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http://www.mech.utah.edu/senior_design/07/uploads/Main/Lect12-ConceptSelection.pdf


• Cost of doing a investment estimation

Estimating the investment from the size 3

Offer call

Detailed design

From Turton, 2008



▪ Purchased cost of unit u 

	 	 


▪  : purchased cost of a unit u for a reference size


▪  Equipment sizing attribute of unit u


▪  Equipment sizing attribute of the reference unit u


▪      capacity exponent for unit u typical values are between 0.6 and 0.8


▪  cost index for the reference year where  is given


▪ cost index for the project year


▪ Ranges => Min and Max bounds (comparable equipment)

▪ Cost index :


▪ Marshall & Swift Equipment Cost Index

▪ CEPCI : Chemical Engineering Plant Cost Index


• Chemical Engineering Journal
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Estimating purchased cost based on reference data 4

=> is a function of equipment type

=> Size

=> year adaptation



• Adapting the cost estimate from one year to another

Equipment index 5

Source : chemical engineering Journal (monthly update)

year of the reference
where the cost is known for a reference size

year of the evaluation
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Example of data [US$, 1998] 6

Importance of
- Size range
- Type of materials
- Application area

- Domestic
- Industry
- Production
- Custom made



Observing the market : note the log scale !!! 7

CCoolingHX [€] = 420 A0.823 + 147  
A    [0.08 m2, 70 m2] 

Thesis Henchoz, 2015, Heat exchanger cost for CO2 network



Validity for the different types of technologies 8

Ccomp [€]= (154 V 0.84  + 224) (Pdis/20) 0.41 (P suc/6.82) 0.19 

V    [0.35 m3/h, 1120 m3/h] 
Pdis    [7.6 bar, 140 bar] 

Psuc    [2 bar, 57 bar] 

cost function 
(Pdis = 20 bar, Psuc = 6.82 bar)

CCoolingHX [€] = 420 A0.823 + 147  
A    [0.08 m2, 70 m2] 

Cpump [€] = 278 Es
0.9 + 805

 Es [0.5 kW, 100 kW] 

.
.

Thesis Henchoz, 2015, Heat exchanger cost for CO2 network



▪ Purchased costs of an equipment : statistical analysis (log/log) of the 
equipment market 
 




▪  empirical constants derived from the cost database


▪
Note that : if 

Cp,u =
Idyearproject

Idyearref

⋅ 10(k1,u+k2,ulog(Su)+k3,u(log(Su))2)

ki

k3,u = 0 Cp,u =
Iyearproject

Iyearref

⋅ 10k1,u ⋅ (Su)k2,u

Estimating purchased cost based on correlations 9

Reference year = year of the data publication :
e.g. Turton, R., Whiting, W., and Shaeiwitz, J. (1998). 
 Analysis, Synthesis and Design of chemical processes, , 
(ISBN:130647926), 



Installed cost 10

Fluids : 4.74
Solids : 3.1
Solids- fluids : 3.63

 : Order of magnitudeFBM,u

Installed cost proportional to purchased cost
Accounts for 

• Pipings, contingencies, control, etc...
• Materials
• Pressure

CBM,u [CHFinstalled] = FBM,u ⋅ Cp,u

iu ·Qu,max
[CHF/kW ] =

CBM,u
·Qu,max



Effect of pressure and materials 11

Fp = 10c1+c2·logP̃+c3·(logP̃ )2

ci empirical constant derived from the existing plant cost database
P̃ pressure di�erence from atmospheric pressure e.g. pressure ex-

pressed in bar gauge (barg)

FBM = B1 + B2 · Fm · Fp

Bi constants computed on the base of existing equipment cost
databases

Fm material factor, describes the e�ect of material change on the bare-
module cost. If there is no material change Fm = 1

Fp pressure factor, describes the e�ect of operating pressure change
on the bare-module cost.

Data  in : Turton, R., Whiting, W., and Shaeiwitz, J. (1998). 
 Analysis, Synthesis and Design of chemical processes, , (ISBN:130647926), 

Update the statistics by further statistics



Heat exchangers correlations 12

CEPCI : 382, Turton, R., Whiting, W., and Shaeiwitz, J. (1998). 
 Analysis, Synthesis and Design of chemical processes, , 
(ISBN:130647926), 

Ranges

Types of equipment



Material Factors 13

CEPCI : 382, Turton, R., Whiting, W., and Shaeiwitz, J. (1998). 
 Analysis, Synthesis and Design of chemical processes, , (ISBN:130647926), 



▪ Estimation of an investment when equipment type and size [kW or m2] is known 

	 


•  : equipment  of the  equipment needed to construct the unit  


• 20% precision

• Similar equipment or correlations


• Check validity range


• Note the year of the data and use index update  


▪ Scaling factor (default =0.8)

• Installed cost = (3 to 4) * Purchased cost

• Factors for Materials + Pressure

iu ·Qu,ref
[CHF/kW ] =

∑ne,u
eu=1 CBM,eu

·Qu,ref
eu e Ne,u u

Idyearproject

Idyearref

Summary calculating iu ·Qu,max
[CHF/kW ] 14



▪ Cost estimation

• Comparing sizes => scaling factor

• Statistical values from data base (log/log) => precision ???

• Index for the year of the reference data update

• Heuristics

• Installation Factor

• Materials/Pressure Factor

Summary 15


