
Research Article
Assessment of Bioprocess Development-Based Modeling and
Simulation in a Sustainable Environment

R. Satish Kumar,1 B. Nageswara Rao,2 M. Prameela,3 S. Peniel Pauldoss,4

Amol L. Mangrulkar,5 Saleh H. Salmen,6 Sami Al Obaid,6 S. Sappireamaniyan,7

and Kibrom Menasbo Hadish 8

1Namakkal-Department of Medical Electronics, Sengunthar College of Engineering, 637205 Tamilnadu, India
2Department of Mechanical Engineering, VFSTR Deemed to Be University, Andhra Pradesh, India
3Department of Electrical and Electronics Engineering, B V Raju Institute of Technology, Narasapur, Telangana, India
4Department of Mechanical Engineering, Brilliant Group of Technical Institutions, Hyderabad, India
5Department of Mechanical Engineering, Rajiv Gandhi Institute of Technology, Mumbai, India
6Department of Botany and Microbiology, College of Science, King Saud University, PO Box-2455, Riyadh-11451, Saudi Arabia
7Department of Bioenvironmental Energy, College of Natural Resources and Life Science, Pusan National University, Miryang-Si,
50463, Republic of Korea
8Department of Mechanical Engineering, Faculty of Mechanical Engineering, Arba Minch Institute of Technology (AMIT),
Arba Minch University, Ethiopia

Correspondence should be addressed to Kibrom Menasbo Hadish; kibrom.menasbo@amu.edu.et

Received 8 January 2022; Accepted 26 February 2022; Published 5 May 2022

Academic Editor: V. Mohanavel

Copyright © 2022 R. Satish Kumar et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Modeling and simulation help us gain a better knowledge of chemical systems and develop obstacles and improvement
opportunities. In the initial stages of systems integration, the time and money constraints prevent more precise estimates, basic
simulation software that provides a reasonable approximation of energy and material usage and procedure exhaust is typically
useful. Every next era of technicians will confront a new set of difficulties, including developing new biochemical reactions with
high sensitivity and selectivity for pharmaceutical industries and manufacturing lesser chemicals from biomass resources. This
job will need the use of operational process systems integration development tools. The existing toolsneed improvement so that
they could be used to examine operations against sustainability principles as well as profitability. Eventually, characteristic
models for substances that aren’t presently in collections will be necessary. In the field of integrated bioprocesses, there will
undoubtedly be a plethora of new prospects for process systems engineering. The financial and environmental evaluations were
based on a generic methodology for collecting first-estimate stock levels. The time it takes to do the evaluation may be cut in
half, and a wider number of choices could be explored. A valuable commitment to sustainability bioprocess modeling and
evaluation can be made by using a first-approximation numerical method as the basis for financial and environmental evaluations.

1. Introduction

Renewable resources such as grain production and accom-
panying leftovers, wood residues, coastal biomass combus-
tion, industrial engineering creeks, and food system side
creeks are all used in the manufacturing of bio-based chemi-
cals and polymers. To evaluate the fermentation process

synthesis of bio-based chemicals and polymers within a bio-
polymer matrix, measure feedstock supply as well as the spa-
tial location of important IFSS feedstocks [1]. Traditional
fermentation technologies are now widely acknowledged to
be less expensive than hydrocarbon processes. As a result,
biomass processing should be optimized in comparison to
applicable comparisons (e.g., comparable hydrocarbon
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byproducts), taking into account the assessment of the inno-
vative, environmental, and social aspects. While the original
upstream to downstream relied solely on fungus, germs, and
microbes, the inclusion of enzymes and eukaryotic cells
eventually expanded industrial output. Other biocatalysts,
such as the cells of the insect and plant, as well as transgenic
plants and animals, have been introduced to the technology
platform, but have yet to be deployed in manufacturing.
Simultaneously, the brewing process and downstream
methods were improved, and the technology and quality of
bioprocess design increased dramatically.

These emphasize the use of abundant renewable inputs
in conjunction with sustainable electric power, particularly
solar or wind, as an electrostatic field [2]. It is expected that,
especially in cities, such electricity will become the main
kind of energy, allowing geographically spread biomass
should be used more extensively in a descending strategy
to provide food, feed, and the essential carbon dioxide con-
centration for pharmaceuticals while using less energy. The
indirect or direct connection of the different sources of car-
bon and energy is possible. Researchers need to create life-
changing, life cycle, systematic problem-solving architec-
tures, tools, and strategies to endorse strategy and regulatory
preparation and also company decision - making process in
efforts to progress the inter-/cross-/trans-disciplinary con-
ceptions of environmental protection, ecological/evolutionary
economics, physical and biological economic, sustainability
engineering and science in having to confront advancement
issues. Different sustainability-related research has empha-
sized the importance of establishing these integrated tools
and methodologies to support policies, legislation, and prac-
tices for environmental sustainability at both the regional
and international levels [3]. The bioindustries have grown to
a critical level, and they rely on a comprehensive understand-
ing of genomic, proteomic, informatics, genetic transforma-
tion, and molecular breeding [4]. Bioprocesses are used in a
variety of industries nowadays, as shown in Table 1shows Pro-
cess Industry vs Microorganisms.

Biorefinery technology should be used to make valuation
bio-based goods from different renewable energy sources,
including agricultural wastes, forest resources, algal feed-
stock, and IFSS. Cellulose and lignin biomass is defined as
the first two residues. Yellow biomass, which refers to wastes
resulting from any growing crops, is one of the biomass
feedstocks that is primarily planted for organic material,
methane, or other biofuels generation (e.g., corn stover,
wheat straw) [5]. Crop residue-related factors are closely
linked to the development of industrial units in the best
location. Biofuels have a good outlook since they can reduce
fossil energy reliance while also reducing environmental
consequences and chemical pollutants resulting from
reduced utilization of such supplies. There are a few critical
characteristics of biofuels that are strongly linked to the
selection of biomass resources and the development of bio-
refinery processes and technologies.

Change is an inherent aspect of natural systems, accord-
ing to these definitions. Sustainability must be an element of
such transition, to induce reasonable human progress rather
than protection. The three major aspects of sustainable

development, according to the WCED (1987), are the so-
called “triple bottom line.” These pillars serve as a frame-
work for focusing efforts toward achieving the goal of
“responsible human development.” Economic feasibility,
environmental management systems, and community
involvement are the three pillars indicated in Figure 1 Major
Aspects of Sustainability Development.

The three aspects of sustainability have frequently been
depicted as a mutually beneficial relationship. These param-
eters can be more precisely described in the context of sus-
tainable process development and design (a central issue of
the thesis) [6]. The application of scientific methods to opti-
mize the use of resources and energy localized to the
manufacturing process is at the heart of strong sustainability
concerns.

As a result, selecting operating pathways for a biorefinery
layout becomes a critical issue that must take into account
process flow sustainability. As a result, there is genuine interest
in developing biorefinery syntheses and enhancement simula-
tions to assist decision-makers in the implementation of con-
struction projects. The primary benefit of using biofuels is that
they are more environmentally friendly than traditional fuels
(gasoline) throughout their complete lifecycle (resource crea-
tion, resource exploitation, product manufacture, and product
consumption stages) [7]. The pollutants from farming activi-
ties and planting are generally removed or decreased in cellu-
losic biofuels, especially those made from agro-industrial
residues, resulting in a lower ecological footprint than the first
decade of biofuels.

Membrane-based, gas-liquid equilibrium and liquid-
liquid state of balance are some of the separating concepts
used to help with product separation. This research looked
into the impact on the environment of biodiesel production,
a more appealing gasoline alternative than bioethanol. The
need for a pre-concentrate phase before the process of distil-
lation is more crucial for the butanol-water mixture than
with the ethanol-water mixture, even though butanol and
water form an azeotrope mixture at low butanol concentra-
tions, and the eventual results azeotrope combination has
much different boiling points than the ethanol-water
azeotrope mixture [8]. Over the next few decades, the use
of bioprocesses in various sectors will skyrocket. Biopro-
cesses could also be used in industries in which they are
not currently utilized or where mainly lab-scale procedures
are being explored, such as the development of novel sub-
stances with new qualities that mimic natural materials.
The confluence of biotech, nanomaterials, and information
and technology is predicted to result in a significant rate of
advancement and expansion. The role of information tech-
nology has indeed improved random drug testing and
manufacturing, as well as our knowledge of biological sys-
tems. It could also lead to bio-chips replacing silicon-based
processors in computers.

Sustainable chemical compound manufacturing necessi-
tates a renewable source of carbon, as well as a renewable
source of energy if the carbon dioxide is insufficiently ener-
getic. As seen in Table 1, there are several phases of biotech-
nological processes. The benefits and drawbacks of the early
generations are well-known.
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2. Related Work

The researcher proposed a method for the sustainable pro-
duction of bio-based chemicals and polymers through inte-
grated biomass refining and bioprocessing based on the
circular bioeconomy context. The establishment of feasible
bio-refinery models using crude renewable energy sources
for the production of varied products is critical for the
long-term manufacture of bio-based chemicals and mono-
mers. The accessibility of fractionation co-products and fer-
mentation products that could be obtained from big
manufacturing and food distribution network side streams
in EU countries is presented in this serious assessment. Fer-
mentable sugars have the potential to be used to make bio-
based pharmaceuticals and polymers. Following circular
bioenergy principles, the application of bio-refinery ideas
in business should be evaluated based on operational success
and effectiveness, which includes a techno-economic, envi-
ronmental, and social impact analysis. Edge possibilities
and incorporating sustainability metrics have been provided.
A case study of the innovative evaluation of bio-based car-
boxylic acid secretion from the lignocellulosic biomass waste
was provided, with an emphasis on the process efficiency
and substrate demand [9].

Synthesis and Sustainability evaluation of a lignocellu-
losic defines the multifidous biorefinery with the consider-
ation of various technical performance and indicators.
This study presents a novel research method for a self-
sustaining design process predicated on this motivation,
which includes synthesis of a multifidous optimal biorefin-
ery while simultaneously optimizing environmental and
economic objectives, while further sustainability assess-
ment that uses the sustainable development balanced
return on the capital metric. Researchers performed envi-
ronmental, safety, economic, and power assessments to
examine the system, which is a study conducted for north
Colombia after the model synthesized the best biorefinery.
The mathematical model provided the data required to
create the system assessment process using the Aspen Plus
software (expanded material and momentum balances,
properties estimations, and downstream modeling). The
environmental and economic evaluations revealed that
the assumptions used to solve optimization problems were
sufficient, resulting in positive financial and environmental
consequences [10].

Impact on the environment evaluation is important of
biodiesel synthesis since it ensures that emissions are kept to
a minimum. The preprocessing and downstreammanufactur-
ing phases of a typical cellulosic ethanol manufacturing pro-
cess were observed to use a lot of chemical products and
energy, resulting in a lot of emissions. The biochemical, water,
and energy, and wind of cellulosic bioethanol production uti-
lizing low water anhydrous ammonia (LMAA) preparation
was projected to be minimal, particularly when the method
was paired with more effective downstream processing
methods. The life-cycle assessment of various pretreatment
and product proposed by the researcher deals with the separa-
tion technology for the Butanol Bioprocessing. When con-
trasted to other predicted pretreatment methods, the analysis
indicates that LMAA preparation had commercial viability
due to its low energy consumption. LMAA preparation
resulted in strong security measures that reduced the chance
of anhydrous ammonia leaking into the air [11].

Table 1: Process Industry vs Microorganisms.

Organization
Complexity of
downstream

Scale Byproducts Biocatalyst
Market share

biotech

Elementary
chemical

Super low Large
Small organic
molecules

Enzymes/micro organic Super low

Fine chemical Average Average
Small organic
molecules

Enzymes/micro organic Low

Cleansing agent Low Large Enzymes Micro organic Average

Medical care/
cosmetics

Average - high
Small –
Average

Small molecules and
proteins

Mammalian cells/enzymes/micro
organic

Average

Conventional
biopharma

Average - high Average
Small organic
molecules

Mammalian cells/micro organic Low- average

Food and feeds Average Super large Proteins and others Enzymes/micro organic Average

Mining metal Low Super large
Metal and metal
compounds

Micro organic Super low

Treatment of waste Super large Low
Purified water air and

soil
Micro organic High

Sustainable development

Economic viability Social
responsibility

Environmental
performance

Figure 1: Major Aspects of Sustainability Development.
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The grand research challenges for sustainable industrial
biotechnology proposed by the author define the different
issues in the biotechnology process. Unique, enhanced com-
modities and new, advanced production technologies will be
the reference for future production. Recent biotechnological
and academic breakthroughs, like as CRISPR-Cas and omics
technologies, are paving the way for exciting new biotech-
nology research, production, and implementation of new
sustainable goods. Deeper biologic comprehension and
robust in silico biochemical markers will be enabled by
mathematically rigorous explanations of microbes and com-
munities. Biological design, which combines model-based
architecture and biomedical engineering, will speed up the
development of resilient and high-performing microbes.
Commercial biotechnology is projected to become strongly
incorporated into self-sustaining eras of technology systems
based on these creatures and aims toward zero-concepts in
terms of greenhouse gas emissions and surplus materials in
bioprocess engineering [12].

The author done research on the advancing integrated
system modeling explaining the framework for the cycle sus-
tainability assessment. Due to the increasingly multiple envi-
ronmental systems concerns, the need for integrated
conditions stipulated for life cycle assessment has been
widely explored and is urgent. These issues affect the envi-
ronment and human well-being, posing a danger to coun-
tries’ and enterprises’ economic success. The integrated
assessment considers several concerns, covers regional and
temporal scales, looks forward and backward, and includes
input from multiple stakeholders. The goal of this research
is to create an integrated technique by combining the capa-
bilities of distinct industrial environmental scientists’ and
physicochemical economists’ methods.

3. Materials and Method

Like other biochemical reactions, bioprocesses require a
variety of material and energy inputs, as well as specialized
unit activities and supplementary requirements. Biopro-
cesses are also often divided into three different categories:
upstream operations, bioreaction, and downstream opera-
tions. All three components, as well as their accompanying
operations, must be examined and incorporated into the
flowsheet model. It’s critical to specify the model’s limits
and planned use precisely so that all of the components
designed to accomplish the model’s goals are included [4].
The simulation approach employed is determined by the
simulation’s goal. Gathering the appropriate process data is
the first step in creating a flowsheet model. This is incorpo-
rated into a structural model that is tailored to the system for
assessment.

3.1. Sustainability in Bioprocess Development. The large
assortment of goods and services created by the bioproces-
sing industry has the potential to generate substantial value.
Due to the promoted advantages of functional ingredients,
regenerative feedstocks, decrease pollution, and advanta-
geous operational requirements, bioprocess architectures
are rapidly being used over conventional chemical produc-

tion technologies. Furthermore, the economic benefits
derived from procedures that use sustainable feedstocks,
such as lower emissions costs and higher consumption of
natural ingredients, appear to be well justified [13].

Changes to process units and retrofit with new technol-
ogy can help biomanufacturing plants enhance energy con-
sumption, improve net consumption of water, and
minimize waste output in an attempt to enhance the perfor-
mance of the process. By minimizing greenhouse emissions
and natural capital use, this method to better process inno-
vation can assure a more ecologically friendly process. It is,
nevertheless, just as critical, if not, even more, to develop
more economical and environmentally efficient procedures
initially in the process development phase [13]. Changes to
process units and retrofit with new technology can help bio-
manufacturing plants enhance energy consumption,
improve net consumption of water, and minimize waste out-
put in an attempt to enhance the performance of the process.
By minimizing greenhouse emissions and natural capital
use, this method to better process innovation can assure a
more ecologically friendly process. It is, nevertheless, just
as critical, if not, even more, to develop more economical
and environmentally efficient procedures initially in the pro-
cess development phase.

3.1.1. Process Development Assessment and Designing. This
information can be improved by modeling the design pro-
cess and performing a comprehensive assessment. To realize
viable manufacturing processes, a continuous examination is
needed [14]. Decisions must be based on accurate assess-
ments of an application’s costs and potentials, as well as
the identification of ‘hot spots in the production timetable.
This is known as integrated planning, and it should involve
environmental and economic evaluations.

The above Figure 2 Decision in the Process Development
is defined based on the basic parameter. The more sophisti-
cated the design of the system, the more the ultimate process
of production, including its pricing structure and environ-
mental consequences, is already known. The expense of
redesigning to address a previously unnoticed issue climbs
as the development stage progresses. End-of-pipe technol-
ogy, which incurs added expenses, is frequently the only
solution to environmental issues at a different stage of devel-
opment [15].

Gaps in the data and uncertainties in the development
phase result in an imperfect image of the predicted
production-scale process. Process modeling can bridge this
gap as well as provide a solid foundation for evaluation.
The following Figure 3 Process development of Bioprocess
shows the iterative aspect of designing and developing of
bioprocess.

Further data is acquired from trademarks, publications,
and other alternative entities, and the models should indeed
be produced in close coordination with the design process.
The simulation findings are used to assess the process and
steer R&D resources toward the most promising avenues
and pressing issues. As a result, it’s critical to consider the
entire process rather than just a single stage, such as the fer-
mentation step, which is separated from the rest of the
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process. The main goal is to create the most competitive and
long-lasting process possible [8]. The modeling and evalua-
tion procedure is done iteratively and necessitates a multi-
disciplinary approach. Important obstacles that may
obstruct a successful transfer to an industrial use can be
detected sooner using this approach, eliminating R&D
waste. Consequently, the predictions that are generated
and the assessments that are based on such models have
some inherent uncertainty. This inconsistency must be taken
into account and quantified.

3.2. Flowsheet Model. For bioprocesses, a basic flowsheet
model was created. For Life Cycle Analysis of bioprocesses,
the worksheet model was created to generate first-estimate
energy and material equilibrium inventory data. The
researcher began developing the model on the assumption
that these data are often difficult to get or not accessible at

all during the initial phases of process development. The
model’s energy and material equilibrium data can be used
to create inventory items for Life Cycle Analysis of particular
bioprocesses. The flowsheet was created to address three key
requirements for a general initial phase simulation tool:

The flowsheet should act as a first-estimate bioprocess
simulation tool

The tool should provide all relevant data for a compre-
hensive Life Cycle Assessment (LCA).

The flowsheet should require minimum input data to
yield a first stage estimate which can be

refined on the availability of more comprehensive data
Produce first-estimate energy and material balance data

for specified bioprocess models using the generic flowsheet
model. Microsoft Excel is used to create the flowsheet (MS-
Office 2008). Model characteristics and calculation processes
are mostly based on basic principles and relevant published

Basic research and
development

Design process Engineering Production

Time

Cost and knowledge for fault clearance
Development of freedom
Determination of cost and environmental burdens

Figure 2: Decision in the Process Development.

Concept
process

Process design and
development

Simulation and
modeling

Sustainability assessment

Application of
industries

Eco-efficient

Not eco-efficientImprovements
needed

Figure 3: Process development of Bioprocess.
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information [16]. A typical large-scale bioprocess flowsheet
is defined by six successive processes in the model. As the
user describes the process, a modified flow process diagram,
displayed in Figure 4 General Process Flow diagram shows
the sequential selection of potential process units in each
stage.

Batch or continuous microbial growth with intracellular
or extracellular product production is possible with this
technology. The process’s energy and material consumption
are controlled by the number of products manufactured.
Liquid–solid extraction, cell destruction, as well as further
filtration precede sterilization, inoculation, microbial
growth, and manufacturing of products. Selecting from sev-
eral unit operations seen in bioprocesses is how downstream
treatment is defined. Six concentration or filtration processes
are proceeded by a last composition step in the downstream
unit. In downstream operations, the recycling of process

Bioreaction

Raw material

Sterlisation

Separation 1

Separation 2

Waste treatment

Waste treatment Waste treatment

Waste treatment

Formulation

Byproduct

Concentration/
purification × 6

Cell disruption

Figure 4: General Process Flow Diagram.

Table 2: Input requirement and simulation.

Procedure Input of user Output simulation

Complete process

(i) Selection of batch or continuous operations
(ii) Selection of liquid or solid and intra or extracellular products
(iii) Selection based on the growth of anaerobic or aerobic biomass
(iv) User-defined product quantity

(i) Energy and material requirement
(ii) Categorizing the waste material
(iii) Recovery and product purity

Sterilization (i) Media sterilization (i) Energy and material requirement

Bioreaction
(i) Growth rates, the concentration of biomass, and yield

coefficients are required
(ii) Maintenance calculation is included for selection

(i) Microbial growth prediction
(ii) Requirements of antifoam and agitation

Waste treatment (i) Waste treatment selection (i) Chemical oxygen demand

Cooling (i) Relevant cooling is included (i) Energy and material requirement

Downstream (i) From the built-in model, the downstream is specified (i) Energy and material requirement

Table 3: Material Balance form starch.

Components Generic flowsheet
In Out

Ammonium nitrate 23.5 —

Biomass 0.356 —

Carbon dioxide — 157

Citric acid — 354

COD — 0.693

Fat — 1000

Glucose — 30.5

Hydrogen chloride 0.713 299

Nitrogen 19581 19581

Oxygen 5951 5485

Starch 1201 —

Water 13235 13235
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steps is not factored into the equation [14]. Even though the
general flowsheet includes attribute values for input vari-
ables based on research and production practices, certain
essential default values should be checked against procedure
research or facility data to guarantee minimal departure
from the overall procedure. The parameter estimation for
manufacturing found crucial factors. Modifications in these
crucial variables have a significant impact on the energy
and material balance outcomes of the typical flowsheet.
The changes have an impact on the Life Cycle Assessment
scores, thus careful evaluation of these factors is required
to measure the reliability and validity are as accurate as a
first-estimate expense analysis. The following Table 2 dis-
plays Input requirement and simulation output based on
Flowsheet depicts these six processes as well as the most cru-
cial elements of each.

Selecting from a variety of unit operations seen in bio-
processes is how downstream processing is defined. Six con-
centration or purification steps are proceeded by a last
formulation step in the downstream unit. In downstream
operations, the recycling of process steps is not taken into
account. Even though process variables for individual com-
ponent activities can be defined, default settings for chosen
units that are typically found in bioprocesses are supplied
[17]. Yield ratios, material mixtures, and densities, working
pressure and temperature, and enhancing the capabilities
are all standard values. The researcher provides a full expla-
nation of the unit operational theory, computation tech-
niques, and default values. The process needs minimum
inputs to get precise predictions for material and energy bal-
ance data because it was designed for evaluation in the early
phases of process development.

3.3. System Engineering Process and Its Role

3.3.1. Process Option Evaluation. Existing infrastructure,
input costs, feedstock availability, and the effectiveness of
the necessary (bio)catalyst and (bio)process technology are
all economic factors for deployment. Simultaneously, there
are environmental and, in a broader sense, sustainability
considerations that influence the choice of various process
options. The evaluation of the greenhouse effect and the
design to reduce or prevent this impact are two examples

of current uses of process system analysis. For example, they
recently advocated using process systems engineering
methods like conservation of mass, thermodynamics, and
process work balances to reduce energy use and greenhouse
gas emissions [11]. This is an instance of how simulation
design and thermodynamics can be used to create measure-
ments and objectives for key elements or consequences. This
is also an illustration of current techniques that tend to con-
centrate on a single effect and its following measure.

Process systems engineering plays a key role in enabling
quantitative analyses of such processes, not just from a pro-
cess standpoint but also from a larger sustainability point of
view. Detection and quantification are important because it
allows for thorough comparisons and judgments, which
boosts decision-making confidence. Rapid computational

0
5000

Generic flowsheet

In Out
Generic flowsheet

10000
15000
20000
25000

Ammonium nitrate
Citric acid
Glucose
Oxygen

Biomass
COD
Hydrogen chloride
Starch

Carbon dioxide
Fat
Nitrogen
Water

Figure 5: Generic Flowsheet Comparison.

Table 4: Energy and Utility Requirement.

Input utility Generic flowsheet

Electricity 10895

Adsorption 1.84

Aeration 5375

Agitation 2898

Crystallization 39.8

Drying 228

Filtration 565

Ion exchange 1.84

Steam 141005

Bioreactor 1885

Crystallization 11065

Drying 785

Sterilization 380

Cooling water 2235

Aeration 1195

Bioreactor —

Condenser 995

Sterilization 50

Chilled water 207

Bioreactor 198

Crystallization 8.99
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models are also a benefit of process systems engineering.
Solutions can be swiftly explored using such simulators. This
is critical in allowing tools to be used beginning of the
project and product creation. Finally, the response to the
challenge posed here will be influenced by regional charac-
teristics in a specific example.

3.3.2. Chemical Platform Evaluation. Aside from biomass,
there are several potential options for fuel supply and avail-
ability. It’s less apparent where the chemicals for the next
generation will come from in a world where oil is scarce
(or very expensive). There is presently an infrastructure in
place that is based on the utilization of the seven well-
known platform chemicals. In the medium run, we could
investigate repurposing existing infrastructure to make the
seven compounds from alternative energy sources. In the
long run, new procedures due to a different set of raw mate-
rials will be required. A few groups will be dependent on
fructose. In a biorefinery, it will be important to create a
framework that can handle a variety of feedstocks, methods,
and outputs. This poses a significant design and optimiza-
tion, as well as system integration, problem.

(1) Process Integration. With a few exclusions, water is the
principal mediator for most bioprocesses. As a result, the
downstream process is typically challenging, which is exac-
erbated by the requirement to perform breakups at warmer
temps. Because of the dilute nature of rivers, the preponder-
ance of the environment and expense, safety, and health
implications are typically found in the downstream process
[18]. The necessity for energy-intensive segregation has tra-
ditionally been driven by the dilute character of the streams.
For bigger density estimation, such as petroleum products,
evaporation of water becomes a must to cut costs and pre-
vent carrying large quantities of water. In other circum-
stances, the output may be included in a biorefinery
system, however, water will have to be eliminated at some
stage.

As a result, incorporating water consumption and recov-
ery via recycling into the design of industrialized bioprocess
plants is critical. Furthermore, bioprocesses must be built
using processes synthesis and system integration methods
to prevent having a procedure that is efficient in one section

but wasteful in another. Conventional material and energy
integration methods, such as squeeze innovation, will play
a key role. In many respects, the problem of water incorpo-
ration in a biorefinery is similar to the problem of thermal
storage in a traditional refinery.

(2) Design of Biorefinery. Exploitation to produce a variety of
sugars (for (bio)catalysis or ferment) as well as oil-based
material. In each scenario, the present focus of the biorefin-
ery study is to find that all fractions of a given feedstock are
fully used in a given environment. Similarly, the develop-
ment of downstream goods is currently being investigated.
Glycerol, for illustration, can be utilized as a foundation
chemical because it is a byproduct of biodiesel manufactur-
ing [19]. Another fascinating case in point is the
manufacturing of bioethanol. Although biofuel is widely
used as a fuel, there is a solid economic incentive to produce
a wide range of different products from it or to use it as a
foundation chemical. There seems to be little question that
the expanding spectrum of technologies and opportunities
available as a result of enzyme- or fermentation-based catal-
ysis will create complicated integration challenges that may
necessitate the development of new tools.

(3) Design of Biocatalyst. Bioprocesses are distinguished by
their usage of biocatalysts, which come in a variety of forms,
as previously mentioned, and can be modified. The alterna-
tives for switching amino acids via protein engineering exist
at the most basic level as a protein (isolated enzyme). New
enzymes that have been changed may also have better

0
Condenser Sterilization Chilled water Bioreactor Crystallization

200

400

600

800

1000

1200

Figure 6: Energy and Utility.

Table 5: Result of Impact.

Impact Generic flowsheet Difference

Abiotic depletion 0.45 0.22%

Ozone depletion 5.81E-08 0.17%

Global warming 4.5 1.5%

Aquatic economy 0.47 -3.3%

Marine economy 1805 0.00%

Human economy 1.85 -0.50%

Acidification 0.025 -1.1%

Eutrophication 0.0099 -4.8%
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selectivity or responsiveness (activity) on a particular (non-
natural) target or reaction, as well as new sensitivity to reac-
tors conditions like temperature or pH value [20]. Through a
mix of genetic manipulation and de-novo route design, some
progress has been made toward the construction of systems
in which proteins from many sources are cloned into a host
machine to create a novel route. Individuals working in pro-
cess system design must teach biological designers about
what is needed in a given scenario and set appropriate tar-
gets in all of these domains.

4. Result and Analysis

Differences in simulation outcomes might also be ascribed to
the simulated frameworks’ computation methodologies. The
bioreaction estimates in the generic flowsheet model were
predicated on output to biomass proportion and yield con-
stants, whereas the bioreaction outputs were determined using
explicit chemical processes and limiting nutrient content.
Because of the inherent differences in themodels, the computed
values are likely to vary. Variations in computation results can
also be caused by default values for non-critical input parame-
ters. The following Table 3 Material Balance form starch shows
the in and out model of the generic flowsheet.

The following Figure 5 Generic Flowsheet Comparison is
represented. For a variety of material outputs and inputs, the
numerical solution outcomes for the various models differ.
The presumption that surplus nutrients were provided to
the system resulted in higher waste flowrates of glucose,
ammonium nitrate, and potassium phosphate in the generic
model. The increased yield due to improved process recov-
ery in downstream processing is linked to the generic simu-
lation’s lower starch demand.

Table 4 summarizes the energy and utility requirements,
which comprise power, steam, cooling water, and chilled
water. In terms of energy and utility requirements, the pro-
cess models contrasted rather well, as shown in Figure 6
Energy and Utility. The bioreactor’s air compression and
mechanical movement consumed the majority of the elec-
tricity in both modeling techniques. The compressor’s elec-
trical requirement was dictated by the aeration rate and
period of the bioreaction.

Sterilization, medium heating, evaporation in the crystal-
lization unit, and final product drying all required steam. For
turbine cooling and isothermal bioreactor operation, cooling
water was used. The temperature of the bioreactor was con-
trolled with chilled water, which was also utilized to cool the
solution during crystalline structure.

The outcomes of the above analysis suggest that LCA is
most useful for method development in the initial stages of
process development when decision-making is often based
on process designs with drastically different sales data.
LCA is likely to reveal significant disparities in effect classifi-
cations for processes involving various feedstocks and pro-
cessing pathways and it is mentioned in the following
Table 5 Result of Impact.

The above Figure 7 Impact on Result demonstrates that
the generic flowsheet model could be used to create inven-
tory items of adequate quality for use in life cycle impact
assessments of large-scale bioprocesses for original decision
comparability.

5. Conclusion

New bioprocess chemical and fuel generation technologies
are an intriguing endeavor that will keep many process engi-
neers busy in the future. Process systems engineers will play
a vital role in this growing industry, thanks to the benefits of
quantified decision-making tools and quick modeling and
intended to cause and environmental principles. In the
future, appropriate models will guide innovations at the
infrastructure, process, and catalyst levels (assessment of
various solutions and system integration) (evaluation of
alternatives for protein and metabolic engineering). More
rigorous and consistent life cycle environmental inventory
datasets of bio-derived components and better modeling
and awareness of social and economic dimensions of sustain-
ability and their connections will be required to assess the sus-
tainability of bioprocesses regularly. Finally, to fully exploit the
goals of sustainable development biotechnological processes,
increased dialogue among biochemical engineers, biologists,
and other professionals with relevant areas of competence will
be required.
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Figure 7: Impact on Result.
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