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Happy New (Quantum) Year!
According to the UN!
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Current state of Quantum 
Computing leads us to identify 3 
areas for ChemE with potential 
quantum advantage
• Computational Chemistry
• Optimization
• Machine Learning

Although potential, there are still 
challenges to overcome

QUANTUM COMPUTING IN CHEMICAL ENGINEERING
PERSPECTIVES ARTICLE AS INVITED CONTRIBUTION
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Hybrid quantum classical research
Optimization [1]

1. Bernal Neira, David E., et al. "Utilizing modern computer architectures to solve mathematical 
optimization problems: A survey." Computers & Chemical Engineering 184 (2024): 108627.

Computational Chemistry [2] Machine Learning

Quantum Computing for Pharma

2. Gustafson EJ, Tiihonen J, Chamaki D, Sorourifar F, Mullinax JW, Li AC, Maciejewski FB, Sawaya NP, 
Krogel JT, Bernal DE, Tubman NM. Surrogate optimization of variational quantum circuits. arXiv preprint 
arXiv:2404.02951. 2024 Apr 3.

6

3. Bhatia, A. S., & Neira, D. E. B. (2024). Federated learning with tensor networks: a quantum AI framework 
for healthcare. Machine Learning: Science and Technology, 5(4), 045035.
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• Practical and functional differences of 
Quantum Computing (QC) and Classical 
Computing (CC)

• Promise to accelerate certain computational tasks
• Few available experimental evidence of advantage

• Significant progress in algorithms driven by 
research

• QC does not extend CC computability, distinction in 
matter of efficiency

• Progress in hardware driven by interest from 
public and private sectors

• Progress in software ecosystem driven by 
growing community Retrieved from DOI: 

10.1126/science.abb2823 

Retrieved from Quantum Open 
Software Foundation qosf.org/

Retrieved from Quantum Algorithm Zoo 
quantumalgorithmzoo.org/

Retrieved from doi.org/10.1038/s41586-019-1666-5, 
doi.org/10.1038/d41586-020-03434-7, 

doi.org/10.1103/PhysRevLett.127.180501

Introduction to Quantum Computing
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Introduction to Quantum Computing

• Progress in 40 years but still not achieving “full promise of QC”
• We are living in the Noisy Intermediate Scale Quantum (NISQ) devices era

• Fault-tolerance estimated to be reached soon (?)

• Advantage experiments highlight the physical possibility of speedups, it is now an 
engineering challenge

• Observed for tailored problems not corresponding to any industrial application yet*

• Moderate size (~100s qubits) devices 
• Too many for classical simulation
• Too few for error correction

• Devices subject to physical noise 
• Distinction of physical and logical qubits

Retrieved from research.ibm.com/blog/ibm-quantum-roadmapRetrieved from quantumai.google/learn/map
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Optimization via Quantum Computing
• Optimization problems are ubiquitous in science and engineering

• ChemE has been a source of problem and algorithms for the wider community 
given the issues we encounter

• Many of these optimization problems cannot be solved “efficiently”
• I.e., belong to NP-complete or NP-Hard complexity classes
• Exponential speedups are believed as unreachable

• Given application we still want to develop solution methods

The suspected relationship of 
BQP to other problem spaces

Retrieved from Michael Nielsen and Isaac 
Chuang (2000). Quantum Computation and 
Quantum Information

• QC can provide asymptotic speedup for certain 
optimization problems

• Hard to predict scale at which this is observable
• No quantum advantage for practical optimization yet 

observed
• Practical and heuristic speedups are of interest!
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Flowsheet Optimization using Classical and Quantum 
Methods in Pharmaceutical Applications

Quantum Computing for Pharma

Yirang Park
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Superstructure-based Optimization

11

Superstructure
• Single flowsheet to 

encapsulate all feasible 
alternative structures

• Represents solution 
space for process 
synthesis problem

min
𝑥 ,𝑦

𝑓 𝑥, 𝑦

s. t.     ℎ 𝑥, 𝑦 = 0 
        𝑔 𝑥, 𝑦 ≤ 0 

𝑥 ∈ 𝑋 ⊆ ℝ𝑛

𝑦 ∈ 𝑌 ⊆ ℤ𝑝

Mathematical 
Programming 
Formulation

• Formulate the 
optimization problem as 
a mathematical 
programming model

Optimal Solution

• Solve the model via 
optimization algorithms

• Find the optimal 
configuration

[4] Tomio Umeda et.al. Chemical Engineering Science, 1972.
[5] G R Kocis and I E Grossmann, Computers & Chem. Eng., 1989.
[6] Metin Türkay and Ignacio E. Grossmann. Computers & Chemical Engineering, 1996.
[7] Qi Chen and I. E. Grossmann, Annual Review of Chemical and Biomolecular Engineering, 2017.
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Method: Optimization Framework 

12

Operational Level Optimization[9]Configuration Level Optimization

Import configuration
Build flowsheet 

Simulate flowsheet

Process optimization
PyNOMAD

Nonlinear Optimization Mesh 
Adaptive Direct Search 

y: process configuration

objective value

[9]  Yash Barhate et al. Computer Aided Chemical Engineering, 2024.
[25] Pedro Maciel Xavier et al. arXiv: Math, 2023.
[26] Michael L. Bynum et al. Springer Science & Business Media, 2021.
[27] Gurobi Optimization, LLC. Gurobi Optimizer Reference Manual, 2024.

[28] D-Wave Systems Inc. Neal: Simulated Annealing Sampler, 2024.
[29] Daniel Casas-Orozco et al. Computers & Chemical Engineering, 2021.
[30] Charles Audet et al. ACM Trans. Math. Softw., 2022.
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Case Study: Drug Substance Synthesis Process

13

feedin

PFR

Batch

Ḟin

CSTR

Ḟin

min

PFR

Batch

Ḟin

CSTR

Ḟin

min

Hold Tank
Only if cont->batch

Hold Tank

Hold Tank

Batch

MSMPR:
mixed suspensions mixed product removal

Hold Tank

Batch 
Evaporator

VAC
Filter

API

N2

MSMPR MSMPRMSMPR

MSMPR MSMPR

Design-Obj Fcn:    Minimize capital cost

Operation-Obj Fcn:  Maximize production rate and crystal size 
(product quality)
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Preliminary Results: Simulation Optimization 

• Provides a way to evaluate process design level decisions and operational decisions 

• Simulation objective value does not improve with configuration decisions 
• Objective functions are not aligned

14

MIP
Iteration #: 1 5 10 15 20 25 30 35
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Clinical trial optimization competition
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Computational Chemistry and Molecular Simulation

• Many applications in ChemE 
require kinetic and thermodynamic 
properties

• Design and modeling of chemical 
processes, materials, separations, 
catalysts, and proteins

• Computational chemistry allows to 
replace challenging direct 
measurement and provide 
molecular-level understanding

• Computational Chemistry believed 
as first domain where QC may have 
substantial advantage against CC

16

Retrieved from
www.mckinsey.com/industries/chemicals/our-

insights/the-next-big-thing-quantum-
computings-potential-impact-on-chemicals

Retrieved from
cen.acs.org/articles/95/i43/Chemistry-quantum-computings-killer-app.html
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Surrogate Optimization for Variational Quantum Algorithms

Erik J. Gustafson1, Juha Tiihonen ,2 Diana Chamaki,3 Farshud
Sorourifar,1, 4 J. Wayne Mullinax,5 Andy C. Y. Li ,6 Filip B. 

Maciejewski,1, 7 Nicolas PD Sawaya,8 Jaron T. Krogel,9 DEBN,1,10

and Norm M. Tubman1

Diana ChamakiFarshud Sorourifar Norm TubmanJuha Tiihonen

Quantum Computing for Pharma

Erik Gustafson

1USRA Research Institute for Advanced Computer Science (RIACS), NASA 
Ames Research Center
2Department of Physics, Nanoscience Center, University of Jyv ̈askyl ̈a, 
Jyv ̈askyl ̈a, Finland
3Department of Chemistry, Columbia University, New York, New York 10027, 
USA
4Department of Chemical and Biomolecular Engineering, The Ohio State 
University
5KBR, Inc., Intelligent Systems Division, NASA Ames Research Center, 

Moffet Field, CA 94035, USA
6Fermi National Accelerator Laboratory, Batavia, IL, 60510, USA
7Quantum Artificial Intelligence Laboratory (QuAIL), NASA Ames Research 
Center, CA, USA
8Azulene Labs, San Francisco, CA 94115
9Materials Science and Technology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 37831, USA
10Davidson School of Chemical Engineering, Purdue University
11Applied Physics Group, NASA Ames Research Center
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Surrogate Optimization for Variational Quantum Algorithms
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Machine Learning

19

• Learning patterns from data has become a useful paradigm in science and 
engineering

• ChemE is not the exception with a growing interest in Machine Learning (ML)
• Observed quantum advantage in different ML tasks motivate looking into it

• Learning parity with noise, by IBM in 20171

• Learning from experiments gathered from quantum sensors, by Caltech in 20212

• Classification of relevant advances of QC in ML using learning task, technology 
involved in it, and realization in near-term devices or requiring fault-tolerance 
devices.

1. doi.org/10.1038/s41534-017-0017-3 2. doi.org/10.48550/arXiv.2112.00778
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Federated Learning with tensor networks: 
a quantum AI framework for healthcare

Amandeep Bhatia1, DEBN1,2,3

1Davidson School of Chemical Engineering, Purdue University

2Quantum Artificial Intelligence Laboratory, NASA Ames Research Center

3Research Institute of Advanced Computer Science, Universities Space Research Association

Amandeep Bhatia
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Quantum Federated Learning Proposed Approach
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Example Results

The FedQTN global model significantly 
outperforms individual local models 

regardless of how uneven and insufficient 
data distributions are and significantly 

obtains a smoother and faster 
convergence .

Quantum Computing for Pharma 22May 8, 2025
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More Examples
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Federated Learning for Chemical Engineering

Siddhant Dutta

Quantum Computing for Pharma 24

Iago Leal

Claudio Farias

Dutta, Siddhant, et al. "Federated Learning in Chemical Engineering: A Tutorial on a Framework for Privacy-Preserving Collaboration Across Distributed Data Sources." arXiv preprint arXiv:2411.16737 (2024).

Pedro M. Xavier
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Conclusions and open questions

Current state of QC leads us to 
identify 3 areas for ChemE with 
potential quantum advantage 
• Computational Chemistry

• Optimization

• Machine Learning

Although potential, there are still challenges
to overcome
• Current size limitations will only allow for 

small molecules to be tackled
• The Q Mechanics calculations are just part 

of the workflow, we need to address it all

• Complexity of discrete optimization 
bounds the quantum advantage to 
practical improvements although not 
exponential

• The data feeding and extraction delineates 
how to better make use for QC

Quantum Computing for Pharma 25May 8, 2025
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What is possible? – Breaking news!
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