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Unit Model Library Classes Optimization Ready Unit Models
Tray block Condenser block Reboiler block

Single tray with bypass block Feed splitter block

Pyomo blocks  modularity  activate/deactivate blocks

Tray Column Models in IDAES

Parameter Optimal

Objective (kW) 6754

Feed tray 6

Reflux ratio 1.56

Reboil ratio 1.60

xD,benzene/ xB,toluene 0.90/0.90

min
𝑅𝐹,𝑅𝐵, 𝑓𝑒𝑒𝑑 𝑡𝑟𝑎𝑦

𝑄𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 + 𝑄𝑐𝑜𝑛𝑑𝑒𝑛𝑠𝑒𝑟

• subject to:

𝑥𝐷,𝑏𝑒𝑛𝑧𝑒𝑛𝑒 ≥ 0.90

𝑥𝐵,𝑡𝑜𝑙𝑢𝑒𝑛𝑒 ≥ 0.90

0 ≤ 𝑅𝐹 ≤ 5

0 ≤ 𝑅𝐵 ≤ 5

𝐶𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 𝑓𝑒𝑒𝑑 𝑡𝑟𝑎𝑦𝑠 = [2, 9]

Optimal

𝑀𝐸𝑆𝐻 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠

Å Problem 2: Optimal Column design (NLP),  Benzene-
Toluene system (ideal):

Optimal solution
NLP framework

(IPOPT)
GDP

(Gurobi/IPOPT)

Superstructure
15 active trays/

feed = 10
15 active trays/

feed = 10

Objective 19430 19450

No. of trays 11 10

Feed tray 6 5

Reflux ratio 2.07 2.45

Reboil ratio 2.13 2.39

xD,benzene/ xB,toluene 0.95/0.95 0.95/0.95

min
𝑅𝐹,𝑅𝐵, 𝑓𝑒𝑒𝑑 𝑡𝑟𝑎𝑦,𝑁𝑡𝑟𝑎𝑦𝑠
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𝑖=1

𝑁𝑡𝑟𝑎𝑦𝑠

𝑥𝑏𝑦𝑝𝑎𝑠𝑠,𝑖 + (𝑄𝑅 + 𝑄𝐶)

0 ≤ 𝑅𝐹 ≤ 4

0 ≤ 𝑅𝐵 ≤ 4

• subject to.:

𝑥𝐷,𝑏𝑒𝑛𝑧𝑒𝑛𝑒 ≥ 0.95

𝑥𝐵,𝑡𝑜𝑙𝑢𝑒𝑛𝑒 ≥ 0.95

𝑀𝐸𝑆𝐻 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠

Å Problem 1: Optimal Feed Tray Location (NLP), 
Benzene-Toluene System (ideal)

• Optimization of distillation columns:

 Fixed design: Minimize operating cost 
o Optimize operating variables (continuous)

 Conceptual design: Minimize capital and operating cost
o Optimize number of trays (discrete) and operating (continuous)

Objective+ 

MESH + Purity 

Constraints

MINLP

NLP

Construct model 

and solve

Unit Model

Control Volume Block(s)

Property 
Calculations

Property 
Parameters

Inlets Outlets
Performance 

Equations

Heat Exchanger (E1)

Control Volume Block(s): Mass, Energy, Momentum

Fi, P, T Fi, P, T
CSTR Reactor (R1)

Control Volume Block(s): Mass, Energy, Momentum

k0, ρ, 
Cp coeff.

Fi, P, T Fi, P, T

Aqueous reaction:
𝐴 + 2𝐵 ⇌ 𝐶 + 𝐷
𝐴 + 2𝐶 ⇌ 2𝐸
𝐴 + 𝐵 ⇌ 𝐹

Kinetics: 𝑘𝑖 = 𝑘0𝑒
Τ−𝐸 𝑅𝑇

𝑟 = 𝑓(𝑘𝑖 , 𝐶)

Enthalpy: ℎ = ∆𝐻𝑓,298
+ 𝐶𝑝𝑑𝑇

Flowsheet Example

Case Study: (description)
- Steady state model
- 6 components
- Fin {a=1, b=2, c=0.1, d=e=f=0} mol/s
- Tin = 400 K
- Pin = 101325 Pa

Model stats Simulation Optimization

Objective ($) 161 156

Treactor,in (K) 348 346

Treactor,out (K) 533 404

Tcw,out (K) 329 320

Fcw (mol/s) 5 7.6

Qr (kW) 0 -17.01

Variable
Ideal – NRTL Peng-Robinson

IDAES Aspen Plus IDAES Aspen Plus

Distillate (mol/s) 47.94 47.82 45.31 45.33

xD,benzene 0.885 0.887 0.900 0.900

xD,toluene 0.115 0.113 0.100 0.100

Bottoms (mol/s) 52.06 52.18 54.69 54.67

xB,benzene 0.145 0.145 0.168 0.168

xB,toluene 0.855 0.855 0.832 0.832

Qcondenser (kW) -3639.9 -3591 -3375.2 -3378.7

Qreboiler (kW) 2300.6 2245.7 2366.8 2366.4

• Benzene – Toluene system (ideal-NRTL, Peng-Robinson)

• Feed = 100 mol/s; equimolar; T = 368 K, P = 1.01 bar (no pressure 
drop)

• Ntrays = 10, feed tray = 5, total condenser

• reflux ratio = 1.4 and reboil ratio = 1.3

• Initialization – built-in methods available

Feed Tray OptimizationColumn Simulation

max
𝑄𝑟, 𝐹𝑐𝑤

1000𝐹𝑐 − 200𝐹𝑓 − 5𝐹𝑐𝑤

𝑠. 𝑡. 𝑇𝑟𝑒𝑎𝑐𝑡𝑜𝑟,𝑖𝑛 ≤ 350𝐾

𝑇𝑟𝑒𝑎𝑐𝑡𝑜𝑟,𝑜𝑢𝑡 ≤ 450𝐾

𝑇𝑐𝑤,𝑜𝑢𝑡 ≤ 320𝐾

CW

E1

R1

Conceptual Design Case Study

𝜕𝑀𝑗

𝜕𝑡
= 𝐹𝑖𝑛,𝑗 − 𝐹𝑜𝑢𝑡,𝑗 +𝑁𝑟𝑥𝑛,𝑗 +𝑁𝑒𝑞,𝑗 +𝑁𝑝ℎ𝑎𝑠𝑒,𝑗 +𝑁𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟,𝑗

Control Volume Block(s): 

𝜕𝐸

𝜕𝑡
= 𝐻𝑖𝑛 −𝐻𝑜𝑢𝑡 + 𝑄 +𝑊

0 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡 + ∆𝑃

Property Block(s) (some examples): 

𝐶𝑝 = 𝑓 𝑇

𝑃𝑠𝑎𝑡 = 𝑓 𝑇

ℎ = 𝑓 𝑇, 𝑥 𝑟 = 𝑓(𝑇, 𝑃, 𝑥)

Arc

Port
𝐶𝑝 = 𝑎 + 𝑏𝑇 + 𝑐𝑇2 + 𝑑𝑇3

ℎ = න𝐶𝑝𝑑𝑇

ℎ𝑐𝑜𝑛𝑣 = 𝑓 𝑁𝑅𝑒 , 𝑁𝑃𝑟

𝑄 = 𝑈𝐴∆𝑇𝐿𝑀

𝑥𝑟 = 𝑟𝑟𝑥𝑛𝑉

Remarks:
IDAES modeling framework provides the foundation for more 
advanced capabilities:
Å Simulation/optimization ready basic unit model library
Å Flexible modular open-source framework  can be modified 

for advanced model development
Å Compatible with other IDAES/Pyomo tools: 
 Parameter Estimation (RIPE/ALAMO)  
 Conceptual Design (Pyomo - GDPopt)
 Dynamics and Control
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𝑉 = 𝑓 𝑇, 𝑃, 𝑥

𝑦𝑖 = 𝐾𝑖𝑥𝑖

m = ConcreteModel()
m.fs = FlowsheetBlock()
m.fs.properties = properties.PropertyParameterBlock()
m.fs.Tank1 = CSTR()
m.fs.HX1 = HeatExchanger()
m.fs.stream = Arc(source=m.fs.HX1.side_1_outlet,

destination=m.fs.Tank1.inlet)


