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✓ Integrated molecular and process design of pure components and mixtures

✓ Process target function to assess performance beyond molecular heuristics

✓ Molecule superstructures unlock high-fidelity property predictions with gc-PC-SAFT

✓ Tailored outer approximation algorithm for efficient calculation of candidate rankings

Code based on FeOs framework8

and published open-source
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𝜀𝛼𝛽

Segments rather than molecules

as species in the equation of state

group-group interaction2

𝜀𝛼𝛽 = 𝜀𝛼𝜀𝛽 1 − 𝑘𝛼𝛽

✓ finer resolution of the molecules

✓ no (arbitrary) combining rules

x higher computational cost

…expensive screening

…combinatorial

complexity

𝒏

𝒌
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𝒌! 𝒏 − 𝒌 !

…vast molecular

space

Extend method to include economic and environmental performance of working fluid7

min
𝑥,𝑦,𝑝

𝑓 𝑥, 𝑝 process target

s. t. 𝑔 𝑥, 𝑝 ≤ 0
ℎ 𝑥, 𝑝 = 0

process model and 

constraints

𝐴𝑦 ≤ 𝑏 structural constraints

𝐶𝑦 − 𝑝 = 0 feature constraints

𝑥lb ≤ 𝑥 ≤ 𝑥ub ∈ ℝ𝑁𝑥 process degrees of freedom

𝑦 ∈ 0,1 𝑁𝑦 structure variables

𝑝 ∈ ℝ𝑁𝑝 molecular features

min
𝑥

𝑓 𝑥

s. t. 𝑔 𝑥 ≤ 0
ℎ 𝑥 = 0

𝑥lb ≤ 𝑥 ≤ 𝑥ub ∈ ℝ𝑁𝑥

min
𝑥,𝑦,𝑝,𝛼

𝛼

s. t. 𝐹𝑥𝑥 + 𝐹𝑝𝑝 − 𝛼 ≤ 𝐹

𝐺𝑥𝑥 + 𝐺𝑝𝑝 ≤ 𝐺

𝐻𝑥𝑥 + 𝐻𝑝𝑝 = 𝐻

𝐶𝑦 − 𝑝 = 0

𝑥lb ≤ 𝑥 ≤ 𝑥ub ∈ ℝ𝑁𝑥

𝑦 ∈ 0,1 𝑁𝑦

𝑝 ∈ ℝ𝑁𝑝

𝛼 < 𝛼ub ∈ ℝ
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example

superstructure

structure variables

structural constraints

feature constraints
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molecular

space

structurally

feasible

solutions
𝑦 ≤

𝑦𝑝 =

➢ Generalizable for more complex superstructures 

and larger molecular spaces

➢ Simultaneous optimization of superstructures

using disjunctive programming and

convex hull relaxation

process optimization (NLP)
𝑥𝑦0, 𝑝0

𝑦

𝑦

molecular design using linearized

process model (MILP)

new molecular structure

optimal molecule (assuming convexity)

initial molecular structure

Molecular design 

aligns the 

temperature glides 

in the condenser

Efficient calculation 

of candidate 

mixture rankings

Organic Rankine cycle6

converts waste heat to power

Optimal working         

fluid mixture?

github.com/feos-org/feos-campd

crates.io/crates/feos-campd

Choice of molecules

influences process

performance,

but…

Determine candidate 

mixtures efficiently in 

molecular design!
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ethanol dimethyl ether methanol water

Get the digital version here:

Mixed working 

fluid increases 

power output 

by 11%

Exclude solutions using

integer cuts and repeat

for ranking
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