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INTRODUCTION

Microalgae are group of microscopic, unicel-
lular, photosynthetic and heterotrophic groups of 
organisms which are often referred to as the an-
cestral organisms that make up the primary pro-
ducers of aquatic ecosystem (Singh et al., 2017; 
Ugya et al., 2021b). They play an important role 
in fresh and marine habitats because they are 
adapted and tend to grow well in both freshwa-
ter, marine water and hyper saline environment 
(Alvarez et al., 2021; Zafar et al., 2021). Mi-
croalgae are renewable resources that can grow 
as autotrophs, heterotrophs, or mixotrophs. The 
autotrophic forms of microalgae are referred to 
as an efficient biological factory because they 
play a significant role in CO2 removal from the 
atmosphere by utilizing CO2 for the process of 
photosynthesis (Dixon & Wilken, 2018; Ugya et 

al., 2020b). They also transform this atmospheric 
CO2 into high-value bio resources, such as pro-
teins, starch, lipids, and other biomolecules in 
the presence of nutrients and solar energy (Vale 
et al., 2020). Heterotrophic microalgae, such as 
cyanobacteria are considered bio fertilisers due 
to their role in fixing atmospheric nitrogen and 
solubilising immobilised phosphorus in the soil 
(Singh et al., 2016). Microalgae are an important 
biotechnological tool which has diverse industri-
al application including biofuels, food, feed, cos-
metics, aquaculture, and pharmaceuticals (Raja 
et al., 2018). The studies on the use of microal-
gae biomass as a source of renewable energy is 
intensifying, because under suitable culture con-
ditions, most microalgae species tend to accumu-
late up to 50–70% of lipid per dry weight which 
are suitable for the synthesis of biofuels (Amaro 
et al., 2017; Ugya et al., 2021c). 
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The goal of natural resource management is 
to sustainably utilise natural resources such as 
water, land, forest, fisheries, and mineral resourc-
es with more emphasis on non-renewable min-
eral resources due to their non-renewable char-
acteristics (Muralikrishna & Manickam, 2017). 
The management of non-renewable resources is 
necessary due to the continuous demand and fast 
depletion of fossil fuels. To prevent the exhaus-
tion of fossil fuels, it is important to search for 
alternative energy resources. Biofuels, either bio-
diesel or bioethanol, are an alternative important 
source of energy that can be used to replace fos-
sil fuels (Khanna et al., 2011). This form of bio-
fuel, termed “bioeconomic,” is a lasting solution 
that utilizes bioresources in place of fossil re-
sources. Bioeconomics increases environmental 
sustainability, limits fossil feedstocks and pre-
vents the negative effects of fossil resources on 
the environment (Acién et al., 2017). The mate-
rials utilised in biofuel production include food 
crops, crop waste, woody parts of plants and 
fruits. These biomaterials are also important in 
the basic life routine of man. It is therefore very 
important to obtain alternative bioresources with 
minimal basic life support (Balan, 2014). Micro-
algae biomass utilisation can solve the problems 
associated with non-renewable resource sustain-
ability due to the ability of microalgae to accu-
mulate high starch and lipids in their biomass, 
making it an emerging tool for bioresource pro-
duction due to its fast biomass growth (Khan et 
al., 2018a). Microalgae biomass is also rich in 
metabolites, such as fatty acids, polysaccharides, 
proteins, minerals, pigments, and vitamins, which 
are highly valued products with pharmaceutical 
applications (Sathasivam et al., 2019; Ugya et al., 
2020a). These metabolites act as important an-
tioxidants used for the treatment of illness such 
as inflammation and immunomodulating actions 
(Pham-Huy et al., 2008).

Microalgae biomass production is important 
in the success of the microalgae-based industry 
(Araújo et al., 2021). This is necessary, because 
optimising the production of microalgae biomass 
will lead to tremendous advancement in algae 
biotechnology (Hannon et al., 2010). This algae 
biotechnology development will lead to the easy 
commercialisation of microalgae applications 
(Fabris et al., 2020). The optimisation of the pro-
duction of microalgae biomass is the most impor-
tant step in the harnessing of microalgae resourc-
es, because it reduces the cost of the production of 

microalgae biomass and increases the efficiency 
of microalgae resource utilisation (Chu, 2017). 
The industrial application of microalgae bio-
mass includes the production of cosmetics, health 
products, fertilisers, biofuel, feeds and food 
(Milledge, 2011). Microalgae biomass is also an 
important tool used in the treatment of wastewa-
ter (Mohsenpour et al., 2021). The current paper 
is aimed at reviewing the progress and prospects 
of microalgae resource modelling and optimisa-
tion as a tool for sustainable biotechnology.

MICROALGAE BIOMASS PRODUCTION

Microalgae biomass production is usually ac-
complished using an open or closed system. The 
open system used in microalgae biomass produc-
tion is a pond-like type of system, with the major-
ity of studies focusing on the use of tanks (Costa 
& de Morais, 2014). Although, the open systems 
are used in large scale microalgae culture due to 
low power demand, easy cleaning process, low 
construction cost and appropriate scale-up (Costa 
& de Morais, 2014). There are limitations in its 
application due to adverse environmental condi-
tions and greenhouse emission which affect the 
ability of microalgae to fix CO2 in the system, 
leading to low biomass production by the micro-
algae (Murthy, 2011). The closed system of mi-
croalgae biomass production involves the use of 
a closed photoreactor for the cultivation of micro-
algae biomass (Xu et al., 2009). This system has 
high microalgae biomass productivity and a high 
reduction in the risks of contamination (Sharma 
et al., 2022). The system favours the ability of mi-
croalgae to fix and convert CO2 into microalgae 
biomass and aids in the production of bioresourc-
es of interest (Ebhodaghe et al., 2022). 

The mechanism involved in the production of 
biomass in both open and closed systems by mi-
croalgae depends on the mode of nutrition of the 
microalgae (Randrianarison & Ashraf, 2017). This 
is because the growth requirements of autotrophic 
microalgae tend to differ from those of heterotro-
phic microalgae. Similarly, the growth conditions 
of mixotrophic microalgae tend to differ from 
those of autotrophic and heterotrophic microal-
gae (Jareonsin & Pumas, 2021; Roostaei et al., 
2018). The mechanism of biomass production 
by autotrophic microalgae involves the utilisa-
tion of CO2 and water in the presence of sunlight 
(Fig. 1) (Mohammad Mirzaie et al., 2016). The 
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process also involves the utilisation of nitrate, 
phosphate, and other essential elements present in 
open and closed systems. The autotrophic culture 
method is considered the most economical and 
most viable method because a high biomass yield 
is achieved (Silva et al., 2021). The mechanism 
involve in the production of biomass by hetero-
trophic microalgae by the utilisation of organic 
carbon substrate as source of carbon and energy 
(Morales-Sánchez et al., 2017). The process oc-
curs in dark, because it is independent of light. 
The carbon source used to grow heterotrophic 
microalgae biomass includes glycerol, glucose 
and acetate. However a number of studies have 
shown how heterotrophic microalgae biomass is 
grown using wastewater as the source of organic 
carbon and energy source. The heterotrophic mi-
croalgae biomass production method is the most 
used method on commercial scale production of 
microalgae biomass because the method favours 
higher accumulation of lipid, thus better suited for 
biofuel production (Ranjith Kumar et al., 2015). 
The amount of protein and carbohydrate produce 
in microalgae biomass using the heterotrophic 
method is also higher and this is attributed to the 
utilisation of high nutrient loads, compared to the 
microalgae biomass resulting from autotrophic 
microalgae (Guldhe et al., 2017).

Mixotrophic method of microalgae biomass 
production involves the use of light and organic 
source of energy as energy sources for the pro-
duction of microalgae biomass. The method also 
utilises both inorganic and organic carbon, lead-
ing to higher biomass production. The method 
produces the microalgae biomass that accumu-
lates more lipids, carbohydrate, proteins and oth-
er biomolecules because the method overcomes 
the limitation of both heterotrophic and autotro-
phic method of microalgae biomass production 
because both principles are combined in the mix-
otrophic method (Zhan et al., 2017).

MODELLING AND OPTIMISATION OF 
MICROALGAE BIOMASS PRODUCTION

A number of microalgae base models have 
been developed. These models are based on key 
factors that aff ect microalgae biomass produc-
tion, including CO2 sequestration, nutrients, cul-
ture system, and light. The fi rst work on microal-
gae growth kinetics was fi rst proposed by Droop 
(1983). The model proposed shows the relation-
ship between the internal substrate in microalgae 
cells and the growth process. The Droop model is 
described in equation (1):

Figure 1. Mechanism of biomass production by autotrophic microalgae 
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 𝜇𝜇 = 𝜇𝜇𝑚𝑚(1 − 𝐾𝐾𝑞𝑞
𝑄𝑄 )  

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+ 𝑆𝑆   

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+𝑆𝑆+ 𝑆𝑆2/𝐾𝐾𝐼𝐼

   

µMCA =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑚𝑚
𝐾𝐾𝑠𝑠𝑚𝑚+ 𝑆𝑆𝑚𝑚

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑝𝑝
𝐾𝐾𝑠𝑠𝑝𝑝+ 𝑆𝑆𝑝𝑝

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

 (1)

where: μ – specific growth rate,
 μm – theoretical growth rate at infinite 

quota,
 Kq – minimum quota,
 Q – cell quota.

After the work of Droop (1983), many stud-
ies on mathematical modelling and prediction of 
biomass production were published (Packer et al., 
2011). Although the majority of these models de-
scribe microalgae biomass production using the 
Monod formulation rather than the direct use of 
the Droop model, measurement of the external 
substrate is easier and more accurate than internal 
cell quotas (Davidson & Gurney, 1999). These 
models are based on experimental data which re-
late microalgae growth and the concentration of 
substrate in the culture medium (Eze et al., 2018). 
The emergence of dynamic models is due to the 
fact that changes in microalgae growth could be 
due to more than two factors (Lee et al., 2015).

MODELLING OF CO2 SEQUESTRATION
FOR MICROALGAE BIOMASS 
PRODUCTION

Microalgae tend to sustain the atmosphere 
by utilising CO2 for biomass production (Prasad 
et al., 2021). The fixing of CO2 by microalgae 
tends to increase the amount of lipid accumu-
lation in the biomass of microalgae, thus en-
hancing the potential of the microalgae biomass 
for use in biofuel production (Onyeaka et al., 
2021). To enhance the ability of microalgae to 
fix CO2 for biomass production, it is important 
to optimise the rate of CO2 fixation under opti-
mal conditions (Gerotto et al., 2020). The mod-
elling of microalgae systems will give a clear 
understanding of microalgae behaviour and 
optimal operation parameters (Gerotto et al., 
2020). The study involving the modelling of the 
fixing of CO2 by microalgae for biomass pro-
duction is usually interpreted by using micro-
algae in the removal of CO2 from the flue gases 
of a power plant (Kroumov et al., 2016). Other 
gases present in the flue gas include SO2 and 
NO2, although its composition depends largely 
on what is burnt (Songolzadeh et al., 2014). To 
develop and effective model for CO2 fixation 
during biomass production, there is need to first 

develop a pure kinetic model of the tolerance 
of CO2 in air by microalgae and the develop-
ment of real kinetic on the utilisation of CO2 
from flue gas (Daneshvar et al., 2022). The de-
velopment of pure kinetic model is important, 
because it occurs in lab scale and involves real 
experimental design which leads to the under-
standing of water chemistry (Eze et al., 2018). 
Another important issue in carbon sequestration 
is the uptake of CO2 from flue gases and how 
it liquefies in the liquid phase as a function of 
pH (Leung et al., 2014). The pH is an important 
tool in the modelling of CO2 fixing rate by mi-
croalgae, because gases such as SO2 and NO2 
are gases in flue that are useful in microalgae 
photosynthesis; hence, both SO2 and NO2 are 
important in CO2 fixing modelling (Duarte et 
al., 2016). The utilisation of CO2 and increase 
in microalgae biomass production in most mi-
croalgae species is between pH of 6–11 (Duarte 
et al., 2016). The models used to predict CO2 
fixing in microalgae is represented in the equa-
tions (2) and (3). Equation (2) is Monod model 
which shows the monotonic behaviour, because 
it fails to take into consideration possible in-
hibition that could occur due to high substrate 
concentration. Equation (3) is the Haldane-like 
model which display a non-monotonic behav-
iour which describe inhibition at high substrate 
concentration (Kasiri et al., 2015).
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 (3)

where: μ – specific growth rate,
 μm – maximum growth rate,
 S – substrate concentration,
 KS – half substrate saturation constant,
 KI – inhibition parameter.

MODELLING OF LIGHT INTENSITY FOR 
MICROALGAE BIOMASS PRODUCTION 

Microalgae are able to produce biomass at 
low light intensity (Nzayisenga et al., 2020). This 
is because light intensity increases the ability of 
microalgae to fixed CO2. The modelling of light 
shows the effect of light on the biomass produc-
tion of microalgae, because at cellular level it 
is one of the important tools used by microal-
gae for photosynthesis (Alishah Aratboni et al., 
2019). The linkage between light intensity and 
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photosynthesis in the cell of microalgae is repre-
sented as Pl, where l denotes light intensity and P 
denotes photosynthesis. The Pl is divided into 3 
distinct regimes which are light limited regime, 
light saturated regime and light inhibited regime 
(Liu et al., 2013). The rate at which photosynthe-
sis occurs is usually proportional to the rate of 
light intensity at the light limited regimes (Béchet 
et al., 2013). This is due to the fact that the rate 
of photosynthesis is limited by the amount of 
captured protons (Béchet et al., 2013). The rate 
of photosynthesis in microalgae culture is usu-
ally maximal and independent of light intensity 
at the light saturated regimes. This is due to the 
fact that the light intensity needed for photosyn-
thesis have reached the saturated thresholds. The 
rate of photosynthesis in microalgae culture tends 
to decrease with increasing light intensity at light 
inhibition regime (Metsoviti et al., 2019). This 
decrease in the rate of photosynthesis is due to 
the deactivation of key protein important for pho-
tosynthesis due to the effect of increasing light 
intensity beyond an inhibitory threshold (Mc-
Clain & Sharkey, 2019). There is no universal 
model for the description of Pl, but the reviews 
by Bechet et al. (2013) and Kroumov et al. (2016) 
have summarised some interesting models used 
to show the effect of light intensity on microal-
gae biomass production. The kinetic model de-
veloped thus far can be classified into 3 based 
on theoretical knowledge, namely type I model, 
type II model and type II model (Scheufele et al., 
2018). The type I model shows that the rate of 
photosynthesis in well-mixed microalgae cultures 
is expressed as a function of the average light in-
tensity within the culture. The idea behind this 
strategy is that individual microalgae cells in a 
well-mixed system are exposed to the same light 
intensity and, thus, have the same average rate of 
photosynthesis. However, empirical studies have 
demonstrated that the kinetic parameters associ-
ated with these models are actually functions of 
operating conditions, such as cell concentration, 
incident light intensity, or system size (Masojídek 
et al., 2021). The type II model shows the effect 
of light gradients on the local rate of photosyn-
thesis of the microalgae. These models are built 
by: (i) quantifying the light distribution within 
the culture (ii) establishing a biological model 
that expresses the local rate of photosynthesis as a 
function of the local light intensity; and (iii) add-
ing the local rates of photosynthesis to obtain the 
global rate of photosynthesis (Abdel-Raouf et al., 

2012). The type III shows the rate of photosynthe-
sis of an individual algal cell is a function of its 
light history. Their model shows that microalgae 
cell tend to experienced light intensity overtime 
as it moves in the system. These models are usu-
ally built by (i) determining the light history of 
microalgae cells; (ii) using a dynamic biological 
model to calculate the rate of photosynthesis of 
individual microalgae cells; and (iii) adding the 
rates of photosynthesis of individual microalgae 
cells to calculate the total rate of photosynthesis 
in the cultivation system (Kroumov et al., 2016).

MODELLING OF NUTRIENTS FOR 
MICROALGAE BIOMASS PRODUCTION 

These nutrients play a key role in microalgae 
production of biomass (Delgadillo-Mirquez et al., 
2016). Biomass production of microalgae corre-
lates positively with nutrient concentration, partic-
ularly nitrogen and phosphorus which must be suf-
ficient for microalgae to achieve maximal biomass 
productivity (Yaakob et al., 2021). The modelling 
of the nutrients in microalgae system tends to fo-
cus on the concentration nitrogen and phosphorus 
(Yaakob et al., 2021). The equation (4–7) below 
represents the model use in the modelling and pre-
diction of nitrogen and phosphorus in the system.

Nitrogen models
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where: µm – maximum specific growth rate,
 qnx – internal nitrogen cell quota,
 qnxmin – minimum nitrogen cell quota.
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µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

  (5)

where: µm – maximum specific growth rate,
 Sn – nitrogen concentration,
 Ksn – half-saturation constant for nitrogen.

Phosphorus model

 

𝜇𝜇 = 𝜇𝜇𝑚𝑚(1 − 𝐾𝐾𝑞𝑞
𝑄𝑄 )  

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+ 𝑆𝑆   

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+𝑆𝑆+ 𝑆𝑆2/𝐾𝐾𝐼𝐼

   

µMCA =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑚𝑚
𝐾𝐾𝑠𝑠𝑚𝑚+ 𝑆𝑆𝑚𝑚

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑝𝑝
𝐾𝐾𝑠𝑠𝑝𝑝+ 𝑆𝑆𝑝𝑝

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

  (6)

where: µm – maximum specific growth rate,
 Sp – phosphorus concentration,
 Ksp – half-saturation constant phosphorus.

 

𝜇𝜇 = 𝜇𝜇𝑚𝑚(1 − 𝐾𝐾𝑞𝑞
𝑄𝑄 )  

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+ 𝑆𝑆   

µ =  µ𝑚𝑚  𝑆𝑆
𝐾𝐾𝑠𝑠+𝑆𝑆+ 𝑆𝑆2/𝐾𝐾𝐼𝐼

   

µMCA =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )   

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑚𝑚
𝐾𝐾𝑠𝑠𝑚𝑚+ 𝑆𝑆𝑚𝑚

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚  𝑆𝑆𝑝𝑝
𝐾𝐾𝑠𝑠𝑝𝑝+ 𝑆𝑆𝑝𝑝

    

µ𝑀𝑀𝑀𝑀𝑀𝑀 =  µ𝑚𝑚(1 − 𝑞𝑞𝑞𝑞𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞𝑥𝑥 )     (7)

where: µm – maximum specific growth rate,
 qpx – internal phosphorus cell quota,
 qpxmin – minimum phosphorus cell quota.
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MODELLING OF PHOTOBIOREACTOR 
FOR MICROALGAE BIOMASS 
PRODUCTION 

The modelling of the behaviour of photobio-
reactors is imperative for the studies involving 
large-scale production of microalgae biomass 
(Sforza et al., 2014). This is because modelling 
of the photobioreactor will increase the microal-
gae biomass optimisation level, saving time and 
investment (Slegers et al., 2011). Photobioreac-
tor is important for microalgae biomass produc-
tion, because it controls such parameters as light 
and temperature which influence the ability of 
microalgae to produce biomass. For the model-
ling of photobioreactors for sustainable produc-
tion of microalgae biomass, the latitude of the 
photobioreactor, the orientation of the photobio-
reactor, the variations in light due to the diurnal 
cycle, the variations in light intensity caused by 
seasonal changes, the influence of shadows of 
nearby objects, the ability of the photobioreactor 
wall and ground to reflect light, the effect of ab-
sorption of light by microalgae on the light gra-
dient in the photobioreactor, the type of micro-
algale species used, the effect of light gradients 
on the growth of microalgae and dark respira-
tion should be taken into consideration (Slegers 
et al., 2011; Vasile et al., 2021).

THE ROLE OF MICROALGAE BIOMASS 
IN SUSTAINABLE BIOTECHNOLOGY

The use of microalgae biomass as a resources 
will help to enhance the present day needs and 
without depleting the resources needed by the fu-
ture generation (Pathak et al., 2018). This is be-
cause microalgae biomass is an important tool for 
the production of aquaculture feeds, nutritional 
supplements, pharmaceutical products, biomedi-
cal tools, and biofuels (Ugya et al., 2022). It is also 
widely used for phycoremediation of contaminat-
ed water (Ugya, 2021; Ugya et al., 2021a). The 
production of aquaculture feeds from forage fish 
has implications for the sustainability of the biota 
of fresh and marine ecosystems due to food chain 
disruption (Jennings et al., 2016). The production 
of aquaculture feeds from terrestrial plants also 
tends to negatively affect the sustainable utilisa-
tion of resources (Froehlich et al., 2018). The pro-
cess is associated with continuous deforestation 
and high usage of freshwater (Kong et al., 2020). 

The production of aquaculture feeds using ter-
restrial plants causes a shortage of vital food re-
sources, such as soybeans, corn, cottonseed, peas, 
wheat, and barley, which are food resources that 
are in high demand in our present world (Delgado 
et al., 2021; Kokou & Fountoulaki, 2018; Zhou 
et al., 2018). The use of microalgae biomass as 
an aquaculture feed will solve the problems as-
sociated with the use of forage fish and terrestrial 
plant materials, because the net biomass produc-
tion of microalgae is higher than terrestrial plants. 
The biomass of microalgae also tends to have 
little or no food-use characteristics (Nagappan et 
al., 2021). The production of microalgae biomass 
does not largely depend on freshwater, because 
microalgae can grow faster in wastewater. Other 
metabolic profiles of microalgae biomass qualify 
it as an effective resource for the production of 
aquaculture feeds. A detailed study on the effi-
cacy of microalgae biomass for the production 
of aquaculture feeds has been well presented by 
Nagappan et al., (2021). The increasing concern 
over the substitute for fossil fuel due to its high 
price and environmental fate has increased the 
tendency towards the use of biofuel (Reid et al., 
2020). Energy policymakers believe that using 
biofuels will alleviate the burden of consuming 
over 86 million barrels of crude oil per day, re-
ducing the economic hardship associated with 
crude oil price increases (Jeswani et al., 2020). 
The use of biofuel will also eliminate the nega-
tive environmental impact associated with the use 
of crude oil, as the usage of fossil fuels accounts 
for more than 25% of CO2 emissions. The use of 
biofuel will also aid in the economic growth of 
developing countries that lack the technological 
know-how to effectively utilise and manage fos-
sil fuels (Hill et al., 2006). The incessant increase 
in the price of food crops and deforestation has 
raised public debate over the importance of bio-
fuels due to the massive utilisation of terrestrial 
plants for biofuel production (Popp et al., 2016). 
The use of terrestrial plants for biofuel produc-
tion will likely increase the greenhouse gases, 
rather than reduce them, due to the role of ter-
restrial plants in the carbon cycle (Field John 
et al., 2020). The debate on the applicability 
of biofuel has been centred on food vs. fuel, 
greenhouse gases and ecosystem services (Mil-
ner et al., 2016). The use of microalgae biomass 
will eradicate the problems associated with the 
utilisation of food crops for biofuel production 
(Khan et al., 2018b). This is because microalgae 
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grow over 100 times faster than terrestrial plants 
(Ganesan et al., 2020). Microalgae are able to 
accumulate more lipids in their biomass than 
terrestrial plants, thereby making them more ef-
ficient for biofuel production (Tan & Lee, 2016). 
The use of microalgae will also eradicate the 
problems associated with greenhouse emissions 
and ecosystem services, because microalgae are 
able to sequestrate inorganic carbon for biomass 
production (Molazadeh et al., 2019). The use of 
microalgae biomass for biofuel production will 
also prevent deforestation and the problems as-
sociated with it (Medipally et al., 2015).

CONCLUSIONS

The current review showed the role of model-
ling and optimisation of microalgae biomass pro-
duction for a sustainable biotechnology. It was 
shown that microalgae biomass is an important 
component for industrial revolution that will lead 
to sustainable development. Microalgae biomass 
is important in renewable energy production and 
other economic viable materials such as aquacul-
ture feeds, nutritional supplements, pharmaceutical 
products, biomedical tools, and biofuels. Microal-
gae are an emerging tool used in the phycoremedia-
tion of wastewater and reduction of high CO2 level. 
The modelling and optimisation of microalgae bio-
mass production will help to upscale the production 
of the microalgal based fuel and bioproducts from 
model scale to the money-making level.
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