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BEB-IIVIAT®OPMA «CHEMGRAPH» U1 MOJAEJIMPOBAHUSA
HUHTEI'PUPOBAHHBIX ITPOLECCOB ITPOU3BOJACTBA
BYTAHOJIA-3TAHOJIA (IBE/ABE)

Annomayusn. B cmamve npeocmasnena eeo-niamgpopma Chemgraph,
NPEOHA3HAYUEHHAs. O MOOEIUPOBAHUS UHMESPUPOBAHHBIX OUONPOYECCO8 NONYYEeHUs
oymanona—smanona (IBE/ABE). [lnamgopma evlcmynaem omkpulmou aibmepHamuso
APONPUEMAPHBIM  CUMYJISIMOPAM, ORUPAACL HA O001AUHble BbIYUCIEHUS, OMKPbIMble
MEePMOOUHAMUYECKUe NAKembl U UHMeZPpayuio OAHHbIX XUMUYECKOU UH@OPMAMUKLU.
Onucanvl apxumexmypa, Mooenu OaHHbIX, CMPYKMypa MoO0eIupo8aHus u pe3yibmamol
sepucpuxayuu.  Chemgraph  obecneyusaem uHmepakmueHoe NpPOEKMUPOBAHUE,
onmumusayuio U o06pazoeamenvHoe NpPUMeHeHUue 8 XUMUYEeCKOU U OUOXUMUYECKOU
uMIICEHepUU.
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WEB-BASED SIMULATION FRAMEWORK “CHEMGRAPH” FOR
INTEGRATED BUTANOL-ETHANOL (IBE/ABE) BIOPROCESS
MODELING

Abstract. The paper presents Chemgraph — a web-based simulation platform
developed as an open research tool for modeling integrated butanol—ethanol (IBE/ABE)
bioprocesses. The system provides an accessible alternative to proprietary simulators
through cloud computing, open-source thermodynamic packages, and cheminformatics-
based data integration. Its architecture, data models, simulation workflow, and validation
results are described. Chemgraph supports interactive process design, optimization, and
educational use in chemical and biochemical engineering.

1. Introduction

Modern bioprocess simulation remains dominated by proprietary
environments such as Aspen HYSYS or SuperPro Designer. These tools,
while powerful, are costly and closed-source, limiting their integration with
cheminformatics workflows and machine learning environments. To address
these challenges, Chemgraph was developed as a web-based, modular
process simulator designed specifically for IBE/ABE bio-refinery systems.
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The goal of this work is to demonstrate how a cloud-native, data-driven
simulation framework can replicate essential functionalities of conventional

process simulators while enabling broader access for research and education.
2. System Architecture and Methodology

Chemgraph consists of three main layers:

1. Front-End (User Interface):
Implemented using modern web technologies, allowing real-time
visualization of process flow diagrams, thermodynamic property data,
and unit operation parameters.

2. Simulation Engine:
Built on Python and integrated with open-source packages such as
NumPy, SciPy, and CoolProp. Mass and energy balances are solved
iteratively through modular blocks representing reactors, separators,
and heat exchangers.

3. Data Layer and API:
Supports cheminformatics data import (e.g., molecular properties,
thermodynamic coefficients) and REST-based data exchange with
external systems such as laboratory information management systems
(LIMS) or Al-based optimization engines.

A schematic representation of Chemgraph’s architecture is shown in Fig. 1.
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Fig. 1. Schematic structure of the Chemgraph process simulation framework.

3. Case Study: IBE/ABE Process Simulation
The system was validated on a continuous IBE/ABE fermentation and
separation process, which involves multiple coupled unit operations:
fermentation reactor, distillation column, liquid—liquid extractor, and
dehydration unit.
Key model features:

- Component database for acetone, butanol, and ethanol mixtures.

- Thermodynamic models: NRTL and UNIQUAC (via CoolProp

interface).
- Dynamic mass balance of microbial conversion.
- Separation optimization via equilibrium-based distillation algorithms.
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Simulation results were benchmarked against Aspen HYSYS reference data.
The average deviation for outlet stream compositions was below 4 %,
confirming computational reliability for academic applications.

4. Results and Discussion
Chemgraph successfully reproduces steady-state process parameters for
solvent fermentation systems and demonstrates potential for:
- Educational use — allowing students to design process flows directly
in a browser.
- Collaborative research — enabling multiple users to edit and compare
process scenarios online.
- Integration with Al tools — machine learning models can optimize
process conditions using Chemgraph’s API.
Compared to traditional simulators, Chemgraph achieves faster iteration,
open data interoperability, and reduced cost for small research labs.
However, further work is required to integrate advanced thermodynamic
libraries, dynamic simulation of control systems, and visualization of 3D
reactor geometries.

5. Conclusions

Chemgraph demonstrates that open, web-based simulation tools can achieve
accuracy comparable to commercial simulators in modeling IBE/ABE
bioprocesses.

The framework supports educational and research integration, providing a
foundation for collaborative digital process design. Future developments will
focus on cloud deployment, hybrid modeling using experimental datasets,
and integration with cheminformatics repositories.
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