i{{® MedCrave

Step into the Wonld of Research

MedCrave Online Journal of Applied Bionics and Biomechanics

Review article

8 Open Access

Present status (PS) of integrated bio refineries
(IBRs) and sustainable development engineering
(SDE) together with editorial of future research
(FR) for multi-disciplinary (MD), multi-scales (MSs),
multi-plat-forms (MPFs), multi renewable raw
materials (MRRMs) feed-stocks (FSs) IBR for SDE

Abstract

SDE is more advanced than Environmental Engineering (EE), the best way to analyze their
relations is by using the System Theory (ST) especially the Integrated System Approach
(ISA) which from a certain point of view shows EE as a subsystem of SDE with the other
most important sub-system being RRMs.

From another point of view SDE can be considered a subsystem of Sustainable Development
(SD), with the other sub-systems being the other sustainability sub-systems, e.g.: SD-
economics; SD-politics; SD-sociology; SD-production; SD-consumption; SD-ethics; etc.

IBRs are the most important sub-systems of SDE especially with regards to production
from MRRMs. This Editorial Paper (EP) introduces PS IBRs and the future ones with large
number of MRRM FSs and larger number MPFs.
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Introduction

This EP addresses in an integrated manner, the development of
IBRs, SD and their relation to each other. With special emphasis on
the use of RRMs to achieve SD and not only a clean environment. The
article addresses all distinction between Environmental Engineering
(EE) and Sustainable Development Engineering (SDE).

Many parts address the MRRMs and their choice as well as the
suitable enzymes and microorganisms to be used.

The heart of the paper and most of its parts will address the
challenges of moving from the present two platforms and one RRM to
the complex novel ones with MPFs and MRRMs FSs. It presents the
advancement towards MD IBRs with a variety of products, e.g.: BFs,
BPs, Bio-polymers and Bio-medicine from a wide range of MRRMs.
It addresses EE and SDE using simple IBRs with two PFs as well as
complex ones with MRRMs FSs and large number of PFs producing
a wide range of BFs and BPs including Carbon Nano Tubes (CNTs)

from lignin extracted from lignocellulose waste materials, as well
as Bio-Energies (BEs). The treatment of wide range of MRRMs to
produce a wide range of BFs; BPs and BEs will fight pollution, Global
Warming (GW) and CO, emission, etc.

SD is formed of a large number of subsystems such as the
engineering one (SDE), economical ones, etc. Therefore, the subject
is MD by its very nature. This EP concentrates on SDE which, from
a ST point of view, can be formed of the two subsystems: EE and
MRRMs.'® From a Non-linear Dynamics (NLDs) point of view,
especially stability theorem, it can be divided into necessary but
not sufficient condition which, in the process industry, is namely:
Maximum Production Minimum Pollution (MPMP), what makes this
necessary condition, sufficient is the introduction of RRM for simple
IBRs and MRRMs for the complex MD MPFs IBRs.® A relatively
simpler analysis of these complex IBRs has been presented earlier.”*

IBRs are the most important integrated tools to achieve SD with
regard to BFs and BPs, particularly when using MRRMs. The PS IBRs
process biomass fed through two platforms, one biochemical and the
other thermal; the single platform is not an IBR but an Elementary Bio-
Refinery (EBR).” However, IBRs still require extensive development
with regards to its configuration, the optimization of each unit, and the
overall efficiency of the processes. What’s more, two platforms IBRs
are not the end of the story; more platforms using different kinds of
biomass waste, energy crops, or microalgae (natural and synthetically
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produced from photo-bioreactors using CO, as feedstock) are possible.
These multi-platforms IBRs have the potential to drastically increase
the CO, consumption of IBRs by utilizing natural and industrially
generated CO,. They also expand the range of raw materials that can be
employed, for example agricultural wastes such as rice, wheat straw,
cotton stacks, and corn Stover (which are mainly lingo-cellulose) also
energy crops such as switch grass (which is mainly lingo-cellulose)
and Jatropha (which is a mixture of lingo-cellulose and lipid) can be
used. In addition to algae (natural and produced from CO, in photo
bioreactors) that can also be used.

IBRs and this suggested MD IBRs are becoming most important
after nature did ring the bell of anger during this destructive wave of
Global Warming (GM) which is a negative subsystem of the neglect
of SD.

Goals and discussion

This editorial paper addresses IBRs both in the PS and future
novel developments. A specific focus is on the application of MRRMs
in IBRs of different degrees of complexity and sophistication with
regard to the configuration, ensuring sustainability by replacing non-
RRMs by RRMs. When the raw material is changed, it is typically
accompanied by a change in technology, and this opens the door for
advanced research using Mathematical Modeling (MM), Computer
Simulation (CS) and Experimental Verification (EV) to integrate
chemical processes with biochemical techniques to achieve the
optimal synergy of the two or more platforms IBRs, this will also
involve the use of novel technologies such as membrane reactors.”
The overall aim is to be able to produce a wide range of BFs and
BPs from a wide range of MRRMs in MPFs IBR using novel
technologies. The analysis of an IBR includes that of its optimal
configuration, simple process optimization using Mass and Heat
Balances (MHBs), and more advanced optimization using MM, CS,
EV and Computational Fluid Dynamics (CFD) techniques in a unified
manner (e.g.: physico-chemical or empirical models are created and
then their accuracy is improved in a feedback loop with experimental
data). Such optimization for each RRM is essential to achieve
maximum efficiency of the particular IBR, while at the same time
providing flexibility to convert any feedstock into power, heat and
value-added products (BFs, BPs) in a sustainable manner. In addition,
each subsystem of each platform is investigated and optimized with

Table I Numbers of PFs for different types of MD, MSs, MRRMs FSs for SDE
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regard to its configuration, optimal design and optimal mode of
operation taking into consideration modern findings in both sides,
e.g.. membrane reactors and bio-reactors, integrated auto-thermic
reactors, exploration of the implications of bifurcation and chaos in
autonomous and non-autonomous systems, etc.!®!!

Many articles and review ones discuss the different approaches
for dealing with IBRs, especially with regard to the use of novel
technologies, e.g.: membrane catalytic and bio-catalytic reactors, in
addition to other challenges associated with BFs, BPs and BEs from
RRMs as well as other sides of IBRs.!>?

In addition to the above, the number of platforms can be
increased with increasing the number of BPs using the same non-
edible MRRMS. For example, additional platforms can be added by
using the same MRRMs biomass to produce Bio-polymers and Bio-
medicines?? from the same MRRMs, we will start in this article by
3 Bio-polymers and 3 Biomedicines. Therefore additional 6 platforms
are added per one RRM. In addition, the main biochemical platform
used to produce BFs/BPs from the lingo-cellulosic non-edible RRM
biomass, the first step is the delignification of lingo-cellulose to
separate lignin in one side from cellulose-hemicellulose in the other
side. The present state is that lignin is completely used to produce
energy and electricity for the process and they are more than what is
needed by the process and extra electricity is sold. What is suggested
in this EP is to create an additional platform to process the extra lignin
to produce Carbon Nanto Tubes (CNTs) in a special Fluidized bed
with Chemical Vapor Deposition (CVD) catalyst.>*?” The thermal
platform can be made into 2 one is the usual gasification to syngas
after conditioning is reacted in Fischer Tropsch reactors to produce
BFs and BPs. The second is pyrolysis to produce bio-oil which is
cracked in a Fluid Catalytic Cracking (FCC) unit to produce a range of
BFs. Therefore, according to the above the total number of platforms
per RRM of the first 4 RRMs is 10 PFs. For the other 3 RRMs (i.e.:
Jatropha and Algae) PFs=11 per RRM taking into consideration a PF
for separation of lipid and transforming it to biodiesel. Therefore for
this MD, MSs, MPFs, MRRMs FSs for SDE with 4 standard MRRMs
Lignocellulose biomass + one Jatropha and 2 algae the total number
of PFs is =4X10+3X11= 73 PFs for this MD IBR. For PS IBR with
one RRM FS the total number of PFs is 2; the IBRs in between are
given in Table 1 below.

No. of Platforms:

Type of IBR I‘f’:::""&s No. of Lignocellulose, No. of Jatropha and NPFs=NLGC*10 +NJA* |

NT=NLGC+ NJA (LGC) MRRMs ,NLGC Algae MRRMs, NJA Except.for the_ PS S|mp_le
IBRs with NT=1, NPFs=2

| | | 0 2

7 7 4 3 73

2 2 2 0 20

3 3 3 0 30

4 4 4 0 40

5 5 4 | 51

6 6 4 2 62

8 Additional example | (e.g.1) 8 5 3 83

eg2 9 5 4 94

eg3 N 6 5 15

Applying material balances in a simplified systematic approach?
is shown below in sequential description then summarized in Table 2,
The lignin L, can be divided into two parts for each i =1-7 as shown

below. The fraction of L, to be transformed to Benzene is B, and the
rest is transformed to CNTs. The choice of the B, values depends upon
economics and market conditions.
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I. Biomasses, i=1-4, the following sequence of relations valid for

all 4 first RRM, not for Jatropha and the 2 types of algae:
1) Lignocellulose in any RRM, =LC,, i=1-4
2) Lignin in all RRMs except =L, , i=1-4
3) x,=L/LC, (LC,is RRM)—L,=x.LC,,i=1-4
4) Carbon Nano Tubes from different L, = CNTs, i=1-4
5) a=CNTs/L,— CNTs=a.L,=a.X,.LC (LC isRRM),i=1-4
6) B, = fraction of L, used to produce Benzene (C, H,)
I1. Jatropha i=5:

1) (Ligno-cellulose, LC,)/ (total Jatropha, LC,, (which is RRM,))
=y, »LC=y,. LC =y, RRM;

2) Lignocellulose in any Jatropha = LC,

3) Lignin in lignocellulose of Jatropha = L,

4) x,=L,/LC, — L, =x,. LC,

5) Carbon Nano Tubes from L, = CNTS;

6) a=CNTs/ L, — CNTs;=a,. L,=a,. x,. LC|

7) B, = fraction of L, used to produce Benzene (C, H,)
II1.Algae (natural):

1) Lignocellulose in natural algae = LC,

2) (Lignocellulose in natural algae, LC,)/ (total natural algae, LC
(which is RRM)) =y, —»LC =y, LCT,=y,. RRM,

3) Lignin in lignocellulose of natural algae =L,

4) x=L,/LC, —» L =x,. LC,

5) Carbon Nano Tubes from L, = CNTS,

6) a=CNTs/L, — CNTs,=a.L,=a,x,. LC,

7) B, = fraction of Li used to produce Benzene (C, H,)

Table 2 Of the state variables, physical, design and optimization parameters

8) Approximate estimate of Lipid in Algae, LP =(1-y,). LCT, =
LP=(1-y,). RRM,

IV. Algae, synthetic, e.g., in a photo-bioreactor with CO, feed:

1) Lignocellulose in synthetic algae, e.g., in a photo-bioreactor
with CO, feed = LC,

2) Lignocellulose in synthetic algae, LC))/ (total synthetic algae,
LCT, (which is RRM,)) =y, »LC =y,. LCT,=y.. RRM,

3) Lignin in lignocellulose of natural algae =L,

4)x=L/LC—-L, =x.LC,

5) Carbon Nano Tubes from L, = CNTs,

6) a=CNTs/L,— CNTs,=a.L =a.x,.LC7

7) B.=Benzene (C, H) from L, =L, - (a,. x,. LC)) = (x,. LC,) -
(a.x,.LC)=(1-2).(x,.LC)

8) Approximate estimate of Lipid in Algae, LP,_(1-y,). LCT, =

(1-y,)- RRM,

9) Approximate estimate of CO, consumed per ton Algae produced
= YCDOIOA

10) CO, consumption =Y ..., .. LCT, =Y, .. RRM,

This benzene above is reacted with a part z of the bioethanol
resulting from the cellulose —~hemicellulose in the above 7 steams =

7
B=(B,+B,+B,+B,#+B,+B,+B,).z=z. ZBi , This Benzene if produced
1

from certain fractions of L, will be reacted with Bioethanol produced
from the biochemical platform to produce Ethyl Benzene (EB) which
is then dehydrogenated to Styrene and then polymerized to Polystyrene
used in the foam industry. Most efficient modern efficient processes
should be used, e.g.: relatively advanced process for dehydrogenation
of EB to styrene is the catalytic process with hydrogen selective
membranes to beak the thermodynamic equilibrium barrier of this
reversible reaction and also producing pure hydrogen as a secondary
product (Table 2).%

Renewable LC, =fraction L, Cellulose- ° s ! Y; . actio
ik LP, L [ . Tubes of CNTs fraction of L.
raw Ligno- L LC+LP, Lignin in Lignin= Hemicellulose . '
. Lipid i i A CNTs, to Lignin LC. / made
material. cellulose Ligno- x. LC. CHC=LC-L. ! R i .
R ! P tons/ production RRM. into
tons/day cellulose . !
day ratio CH,
Biomass | RRM, LC,=RRM, LP=0 LC,=RRM,  L/LC, L,=x,LC, CHC=LC-L, CNTs,  CNTs/L, | B,
Biomass2  RRM, LC,=RRM, LP=0 LC,=RRM,  L/LC, L,=x,LC, CHC=LC-L, CNTs,  CNTs/L, | B,
Biomass 3 RRM, LC,=RRM,  LP,=0 LC,=RRM,  L,/LC, L=x,LC, CHC=LC-L, CNTs,  CNTs/L, | B,
Biomass 4  RRM, LC,=RRM, LP=0 LC,=RRM,  L,/LC, L,=x,LC, CHC=LC-L, CNTs, CNTs/L, | B,
LC=y,. LP= (I- Lc/
Jatropha  RRM, R sy Ry, LGP L/LC, L=x,.C, CHC=LC-L  CNTs,  CNTs/L, RRM B,
5 5/ 5
Natural LC=y. LP= (I- LC/
RRM 6 e © LC +LP L/LC L=x,.LC CHC=LC-L CNT: CNTs,/L N B
Algae 6 RRl\/I6 Y(,) RRM6 6 6 6 6 6 X6 6 6 6 6 56 56 6 RRF/I6 6
Synthetic LC =y, LP=(I- LC/
RRM 7T 7 LC +LP L/LC L=x,.LC CHC=LC-L CNT. CNTs, /L B
Algae 7 RRM7 ),7)‘ RRM7 7 7 7/ 7 7 Xé 6 7 7 7 S7 S7 7 RRM7 7
CNTs: Molecular Formula of Lignin: C ;H ,N.Na,O.S , i.e.: 1 mole conversion (X =1.0) =0.35-0.45 depending on the type of L, and
conv 1

of L, gives 18 moles of C. Molecular weight of Lignin= 509.4, i.e.:
509.4 gm lignin will give 18 X12= 216 gm Carbon, 1 gm Lignin =
216/509 = 0.424 gm Carbon. Thus, the values of a based on 100%

type of CNTs.. The actual conversion X will depend on the State of
the Art (SA) of the design and optimization of Fluidized Bed Reactor
with Chemical Vapor Deposition (CVD) Catalyst for converting L,
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to CNTs,. The SA may allow X = 0.4-0.5. Further research using Acknowledgments

kinetics model as well as reactors modeling, experimental verification
and will increase X, considerably.®

B;: These are the values of the fraction of fraction of L, to be used
to produce C H, and are arbitrary depending upon economics and
market conditions.

CO, consumption for synthetic algae: Consumption of CO, emitted
which contributes positively against

GW =Y, LCT, =Y RRM

CDOtoA" CDOtoA" 7

x,and y: The x, whichis the fraction of lignin in the lignocellulose,
vary depending on the type of biomass, its strain and whether the
lignocellulose is almost the whole biomass i=1-4, or it is part of
Jatropha or algae, i=5-6. It varies in the range ~ 0.15- 0.30 for i=1-4,3"
for i=5-7 it varies in the range ~ 0.15-0.20.%2 For i=1-4, which are free
of the lipid y, which is the fraction of lignocellulose =1.0 and for i=
5-7 it varies Widely in the range ~ 0.25-0.55 depending on the strain
of Jatropha and the natural or synthetic (e.g.: in photo bioreactors)
algae. 3¢

This EP is very useful in introducing the audience to the present 2
platforms and one biomass RRM FS and it also introduces the audience
to the novel complex MFSs with MPFs IBRs with multi platforms and
multiple RRMs feedstock in order to achieve SD, reduction of CO,
emission and other environmental and economic benefits.

Most papers published are dealing with 2 platforms and one RRM
feedstock. This EP will deal with large number of platforms with a
large number of MRRMs FSs.

This EP is a clear illustration of the preliminary steps towards the
development of Novel(N) Complex(C) IBRs for SD (NCIBRS for
SD), to be followed by other steps. It does not only illustrate the use
of a wide range of biomasses wastes and algae to produce a wide
range of BFs, BPs and BEs that is very useful but it also achieves
controllability of CO, emission and GW that is beneficial for the
earth and its inhabitants. Both aspects are very useful for SD. This
stage involves MBs followed by HBs both described by Algebraic
Equations (AEs). Followed by the Design Stage (DS) characterized
by equations of the types: AEs and Ordinary Differential Equations
(ODEs) and Partial Differential Equations (PDEs) for Mass, Heat and
Momentum. This stage involves 3 experimental substages:*’3

1. Gathering rate equations and their parameters for rate processes
as well as thermodynamic equilibrium. These can be obtained
from the literature, when available, or from own experiments.

2. Parameter estimation for verification of all above balances and
designs equations against laboratory, pilot plant and commercial
(if available) results to ensure the validity of equations for
balances and designs calculations.

3. Use the above verified equations for sensitivity analysis and
optimization for each unit and the entire NCIBR for SD.

Future advanced work will involve the above for dynamic
investigation, Direct Digital Control (DDC) and the use of Artificial
Intelligence (Al).

As a final comment it should be noticed that many equipment of
this NCIBR for SD are affected positively/negatively by static and
dynamic bifurcation as well as chaotic behavior. These phenomena
should be exploited when their effects are positive and controlled
when their effects are negative.*

None.

Funding

None.

Conflicts of interest

The authors declare that there are no conflicts of interest.

References

1.

10.

11.

14.

15.

17.

Elnashaie SS. Environmental engineering and sustainable development.
Eur J Sustain Develop Res. 2018;2(1):11-24.

Elnashaie SS, Fateen SE, El-Ahwany AH, et al. Integrated system
approach to sustainability, bio-fuels and bio-refineries. Bull Sci Technol
Soc. 2008;28(6):510-520.

Elnashaie SS. Multidisciplinary sides of environmental engineering
and sustainability. Chapter 3 of Sustainable solutions for environmental
pollution. Volume 1, Waste management and value-added products.
Edited by Nour Shafik El-Gendy. Wiley publisher. Elsevier. 2021.

Elnashaie SS, Elzanati E. Pollution protection using novel membrane
catalytic reactors. Chapter 4 of Sustainable solutions for environmental
pollution: Volume 2. Air, water and soil reclamation. Edited by Nour
Shafik El-Gendy. Wiley publisher. Elsevier. 2022.

Voytenko PY, McCormick K. Biorefineries in Sweden: Perspectives
on the opportunities, challenges and future. Biofuels Bioproducts
Biorefineries. 2016;10(5):523-533.

Elnashaie SS, Danafar F, Abashar ME. Maximum production minimum
pollution (MPMP), necessary but not sufficient for sustainability. Eur J
Sustain Develop Res. 2018;2(4):41-52.

Elnashaie SS. Research Aspects of Novel Advanced Multi-Platforms
(MPs) Integrated-Bio-Refineries (IBRs) for Sustainable Development
(SD). Archiv Chem Chem Eng eScient. 2022:4(1):1-2.

. Zayed A, Fouad MM, Elnashaie SS. Advanced integrated bio-refineries

(IBRs) and sustainable development (SD): IBRs: Generation of
sustainable alternatives. Wat Ener Food Env J. 2020;1(3):29-40.

Elnashaie SS, Danafar F, Fakhrul-Razi A. Sustainable world through
sustainable materials and integrated bio-refineries. Appl Petrocheml Res.
2013;3(3-4):107-116.

Elnashaie SS. Bifurcation/Chaos and their practical relevance to chemical

and biological systems. Pertanika J Sci Technol. 2014;22(2):337-364.

Mustafa IH, Elkamel A, Lohi A, et al. Structured mathematical modeling,
bifurcation, and simulation for the bioethanol fermentation process
using Zymomonas mobilis. Ind Eng Chem Res. 2004;53(14):5954-5972.

. Kircher M. The transition to a bio-economy: emerging from the oil age.

Biofuels Bioproducts Biorefieries. 2012;6(4):369-375.

. Elnashaie SS. Review Paper: An Integrated system approach (ISA) for

sustainable development (SD) and environmental engineering (EE).
Water Energy Food Environment (WEFE). 2020;1(1):1-17.

Keegan D, Kretschmer B, Elbersen B, et al. Cascading use: a systematic
approach to biomass beyond the energy sector. Biofuels Bioproducts
Biorefineries. 2013;7(2):193-206.

Ragauskas AJ, Williams CK, Davison BH, et al. The path forward for
biofuels and biomaterials. Science. 2006;311(5760):484-489.

. Elnashaie SS. Multidisciplinary sides of environmental engineering and

sustainability. Sustain Sol Environ Pollut. 2021;1:123-161.

Awad A, Fgaier H, Mustafa I, et al. Pharmacokinetic/Pharmacodynamic
modeling and simulation of the effect of medications on B-amyloid
aggregates and cholinergic neurocycle. Comp Chem Eng.2019;126:231—
240.

Citation: Elnashaie S, Elzanati E, Mahinpey N, et al. Present status (PS) of integrated bio refineries (IBRs) and sustainable development engineering (SDE)
together with editorial of future research (FR) for multi-disciplinary (MD), multi-scales (MSs), multi-plat-forms (MPFs), multi renewable raw materials (MRRMs)
feed-stocks (FSs) IBR for SDE. MOJ App Bio Biomech. 2023;7(1):176—180. DOI: 10.15406/mojabb.2023.07.00191


https://doi.org/10.15406/mojabb.2023.07.00191
https://www.ejosdr.com/download/environmental-engineering-and-sustainable-development.pdf
https://www.ejosdr.com/download/environmental-engineering-and-sustainable-development.pdf
https://scholar.cu.edu.eg/?q=fateen/publications/integrated-system-approach-sustainability-bio-fuels-and-bio-refineries
https://scholar.cu.edu.eg/?q=fateen/publications/integrated-system-approach-sustainability-bio-fuels-and-bio-refineries
https://scholar.cu.edu.eg/?q=fateen/publications/integrated-system-approach-sustainability-bio-fuels-and-bio-refineries
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch4
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch4
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch4
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch4
https://portal.research.lu.se/en/publications/biorefineries-in-sweden-perspectives-on-the-opportunities-challen
https://portal.research.lu.se/en/publications/biorefineries-in-sweden-perspectives-on-the-opportunities-challen
https://portal.research.lu.se/en/publications/biorefineries-in-sweden-perspectives-on-the-opportunities-challen
https://www.ejosdr.com/article/maximum-production-minimum-pollution-mpmp-necessary-but-not-sufficient-for-sustainability-3909
https://www.ejosdr.com/article/maximum-production-minimum-pollution-mpmp-necessary-but-not-sufficient-for-sustainability-3909
https://www.ejosdr.com/article/maximum-production-minimum-pollution-mpmp-necessary-but-not-sufficient-for-sustainability-3909
https://escientificpublishers.com/assets/data1/images/ACCE-04-0026.pdf
https://escientificpublishers.com/assets/data1/images/ACCE-04-0026.pdf
https://escientificpublishers.com/assets/data1/images/ACCE-04-0026.pdf
https://www.naturalspublishing.com/files/published/qr2j7710ulb101.pdf
https://www.naturalspublishing.com/files/published/qr2j7710ulb101.pdf
https://www.naturalspublishing.com/files/published/qr2j7710ulb101.pdf
https://link.springer.com/article/10.1007/s13203-013-0037-7
https://link.springer.com/article/10.1007/s13203-013-0037-7
https://link.springer.com/article/10.1007/s13203-013-0037-7
http://www.pertanika.upm.edu.my/pjst/browse/archives?article=JST-ED08-2014
http://www.pertanika.upm.edu.my/pjst/browse/archives?article=JST-ED08-2014
https://pubs.acs.org/doi/10.1021/ie402361b
https://pubs.acs.org/doi/10.1021/ie402361b
https://pubs.acs.org/doi/10.1021/ie402361b
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbb.1352
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbb.1352
https://www.naturalspublishing.com/Article.asp?ArtcID=20726
https://www.naturalspublishing.com/Article.asp?ArtcID=20726
https://www.naturalspublishing.com/Article.asp?ArtcID=20726
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbb.1351
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbb.1351
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbb.1351
https://pubmed.ncbi.nlm.nih.gov/16439654/
https://pubmed.ncbi.nlm.nih.gov/16439654/
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119785439.ch3
https://www.sciencedirect.com/science/article/abs/pii/S0098135418312535
https://www.sciencedirect.com/science/article/abs/pii/S0098135418312535
https://www.sciencedirect.com/science/article/abs/pii/S0098135418312535
https://www.sciencedirect.com/science/article/abs/pii/S0098135418312535

Present status (PS) of integrated bio refineries (IBRs) and sustainable development engineering (SDE)
together with editorial of future research (FR) for multi-disciplinary (MD), multi-scales (MSs), multi-plat-
forms (MPFs), multi renewable raw materials (MRRMs) feed-stocks (FSs) IBR for SDE

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Wellisch M, Jungmeier G, Karbowski A, et al. Biorefinery systems-
potential contributors to sustainable innovation. Biofitels Bioproducts
Biorefineries. 2010;4(3):275-286.

. Foxon T, Pearson P. Overcoming barriers to innovation and diffusion of

cleaner technologies: some features of a sustainable innovation policy
regime. J Clean Prod. 2008;16(1):S148-S161.

Weber KM, Rohracher H. Legitimizing research, technology and
innovation policies for transformative change: Combining insights from
innovation systems and multi-level perspective in a comprehensive
“failures’ framework. Res Policy. 2012;41(6):1037-1047.

MacGregor EA. Encyclopedia of physical science and technology
(Third Edition). Biopolymers. 2003:207-245.

Kaplan G. Encyclopedia of Social Measurement. Biomedicine.

2005:189-201

Elnashaie SS, Danafar F, Rafsanjani HH. Nanotechnology for Chemical
Engineers. Springer Publisher. 2014.

Danafar F, Elnashaie SS, Hashemipour H, et al. Mathematical modeling
of carbon nanotubes formation in fluidized bed chemical vapor
deposition catalyst. Int J Chem React Eng. 2017;15(2):1-10.

Liu F, Wang Q, Zhai G, et al. Continuously processing waste lignin into
high-value carbon nanotube fibers. Nat Commun. 2022;13(1):5755.

Cao J, Xiao G, Xu X, et al. Study on carbonization of lignin by TG-FTIR
and high-temperature carbonization reactors. Fuel Process Technol.
2013;106:41-47.

Feng FY, Jiang J, Xu Y, etal. Biomass derived diverse carbon
nanostructure for electro-catalysis, energy conversion and storage.
Carbon. 2023;211:118105.

Elnashaie SS, Garhyan P. Conservation equations and modeling of
chemical and biochemical processes. MARCEL & DEKKER, INC.
NEW YORK. 2003.

Karama Abdallah BK, Elnashaie SS. Catalytic dehydrogenation
of ethylbenzene to styrene in membrane reactors. AIChE Journal.
1994;40(12):2055-2059.

30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Copyright:

©2023 Elnashaie etal. 180

. Liu F, Wang Q, Zhai G, et al. Continuously processing waste lignin into
high-value carbon nanotube fibers. Nat Commun. 2022;13:5755.

Chen H. Chemical composition and structure of natural lignocellulose.
In: Chen, H.Z., Ed., Biotechnology of lignocellulose: theory and
practice, springer, Netherlands, Dordrecht. 2014:25-71.

Abdul Khalil HPS, Sri Aprilia NA, Bhat AH, et al. A Jatropha biomass
as renewable materials for bio- composites and its applications. Renew
Sustain Energy Rev. 2013;22:667-685.

Cheng D, Li D, Yuan Y, et al. Improving carbohydrate and starch
accumulation in Chlorella sp. AE10 by a novel two-stage process with
cell dilution. Biotechnol Biofuels. 2017;10:75.

Chen CY, Zhao XQ, Yen HW, et al. Microalgae-based carbohydrates for
biofuel production. Biochem Eng J. 2013;78:1-10.

Gouda M, Tadda MA, Yinglei Zhao Y, et al. Microalgae bioactive
carbohydrates as a novel sustainable and eco-friendly source of
prebiotics: emerging health functionality and recent technologies for
extraction and detection. Front Nutr. 2022;9:806692.

Chandrasekhar T, Varaprasad D, Gnaneswari P, et al. Algae: The
reservoir of bioethanol. Fermentation. 2023;9:712.

Elnashaie SS. Elshishini SS. Modeling, simulation and optimization of
industrial fixed bed catalytic reactors. Publisher: Gordon and Breach
Science Publishers, London, UK. 1994.

Elnashaie SS, Elshishini SS. Dynamic modeling, bifurcation and chaotic
behavior of gas-solid catalytic reactors. Publisher: Gordon and Brea
Science Publishers, London, UK. 1996.

Elnashaie SS, Uhlig F. Advanced numerical techniques with MATLAB
for chemical and biochemical engineers. A simplified bifurcation
colorful approach. Springer, USA. 2007.

Garhyan P, Elnashaie SS, Al-Haddad SM, et al. Exploration and
exploitation of bifurcation/chaotic behavior of a continuous fermentor
for the production of ethanol. Chem Eng Sci. 2003;58(8):1479-1496.

Citation: Elnashaie S, Elzanati E, Mahinpey N, et al. Present status (PS) of integrated bio refineries (IBRs) and sustainable development engineering (SDE)
together with editorial of future research (FR) for multi-disciplinary (MD), multi-scales (MSs), multi-plat-forms (MPFs), multi renewable raw materials (MRRMs)
feed-stocks (FSs) IBR for SDE. MOJ App Bio Biomech. 2023;7(1):176—180. DOI: 10.15406/mojabb.2023.07.00191


https://doi.org/10.15406/mojabb.2023.07.00191
https://onlinelibrary.wiley.com/doi/10.1002/bbb.217
https://onlinelibrary.wiley.com/doi/10.1002/bbb.217
https://onlinelibrary.wiley.com/doi/10.1002/bbb.217
https://www.sciencedirect.com/science/article/abs/pii/S095965260700217X
https://www.sciencedirect.com/science/article/abs/pii/S095965260700217X
https://www.sciencedirect.com/science/article/abs/pii/S095965260700217X
https://www.sciencedirect.com/science/article/abs/pii/S0048733312000613
https://www.sciencedirect.com/science/article/abs/pii/S0048733312000613
https://www.sciencedirect.com/science/article/abs/pii/S0048733312000613
https://www.sciencedirect.com/science/article/abs/pii/S0048733312000613
https://www.scribd.com/document/362143567/Encyclopedia-of-Physical-Science-and-Technology-Robert-a-Meyers-Editor-Encyclopedia-of-Physical-Science-and-Technology-Polymers-Academic-Press
https://www.scribd.com/document/362143567/Encyclopedia-of-Physical-Science-and-Technology-Robert-a-Meyers-Editor-Encyclopedia-of-Physical-Science-and-Technology-Polymers-Academic-Press
https://link.springer.com/book/10.1007/978-981-287-496-2
https://link.springer.com/book/10.1007/978-981-287-496-2
https://www.degruyter.com/document/doi/10.1515/ijcre-2016-0081/pdf
https://www.degruyter.com/document/doi/10.1515/ijcre-2016-0081/pdf
https://www.degruyter.com/document/doi/10.1515/ijcre-2016-0081/pdf
https://pubmed.ncbi.nlm.nih.gov/36180457/
https://pubmed.ncbi.nlm.nih.gov/36180457/
https://www.sciencedirect.com/science/article/abs/pii/S0378382012002287
https://www.sciencedirect.com/science/article/abs/pii/S0378382012002287
https://www.sciencedirect.com/science/article/abs/pii/S0378382012002287
https://www.sciencedirect.com/science/article/abs/pii/S0008622323003500
https://www.sciencedirect.com/science/article/abs/pii/S0008622323003500
https://www.sciencedirect.com/science/article/abs/pii/S0008622323003500
https://www.routledge.com/Conservation-Equations-And-Modeling-Of-Chemical-And-Biochemical-Processes/Elnashaie-Garhyan/p/book/9780824709570
https://www.routledge.com/Conservation-Equations-And-Modeling-Of-Chemical-And-Biochemical-Processes/Elnashaie-Garhyan/p/book/9780824709570
https://www.routledge.com/Conservation-Equations-And-Modeling-Of-Chemical-And-Biochemical-Processes/Elnashaie-Garhyan/p/book/9780824709570
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.690401215
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.690401215
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.690401215
https://www.nature.com/articles/s41467-022-33496-2
https://www.nature.com/articles/s41467-022-33496-2
https://link.springer.com/chapter/10.1007/978-94-007-6898-7_2
https://link.springer.com/chapter/10.1007/978-94-007-6898-7_2
https://link.springer.com/chapter/10.1007/978-94-007-6898-7_2
https://www.sciencedirect.com/science/article/abs/pii/S1364032112007393
https://www.sciencedirect.com/science/article/abs/pii/S1364032112007393
https://www.sciencedirect.com/science/article/abs/pii/S1364032112007393
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-017-0753-9
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-017-0753-9
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-017-0753-9
https://www.sciencedirect.com/science/article/abs/pii/S1369703X13000752
https://www.sciencedirect.com/science/article/abs/pii/S1369703X13000752
https://pubmed.ncbi.nlm.nih.gov/35387198/
https://pubmed.ncbi.nlm.nih.gov/35387198/
https://pubmed.ncbi.nlm.nih.gov/35387198/
https://pubmed.ncbi.nlm.nih.gov/35387198/
https://www.taylorfrancis.com/books/mono/10.1201/9780203746769/modelling-simulation-optimization-industrial-fixed-bed-catalytic-reactors-elnashaie
https://www.taylorfrancis.com/books/mono/10.1201/9780203746769/modelling-simulation-optimization-industrial-fixed-bed-catalytic-reactors-elnashaie
https://www.taylorfrancis.com/books/mono/10.1201/9780203746769/modelling-simulation-optimization-industrial-fixed-bed-catalytic-reactors-elnashaie
https://www.abebooks.com/9782884490788/Dynamic-Modelling-Bifurcation-Chaotic-Behaviour-2884490787/plp
https://www.abebooks.com/9782884490788/Dynamic-Modelling-Bifurcation-Chaotic-Behaviour-2884490787/plp
https://www.abebooks.com/9782884490788/Dynamic-Modelling-Bifurcation-Chaotic-Behaviour-2884490787/plp
https://www.sciencedirect.com/science/article/abs/pii/S0009250902006814?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009250902006814?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009250902006814?via%3Dihub

	Abstract
	Keywords
	Abbreviations
	Introduction
	Goals and discussion 
	Acknowledgments
	Funding
	Conflicts of interest 
	References
	Table 1
	Table 2

