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This review article assesses existing investigation 

on sugar industry wastewater for cultivating 

microalgae and its potential for biodiesel 

production. Pakistan is an agro based industrial 

economy in developing world. Energy crisis and 

second largest agro based processing industrial 

wastewater with high COD and BOD and other 

nutrients discharge directly in to natural water 

bodies without treatment due to complexity of 

process, high in energy consumption. Pakistan is 

currently serving demographic, economic and 

energy crisis, due to high growing demands, the 

situation is worsened to supply non-renewable fuel 

sources, which are the major cause of global 

warming and climate change. In this senerio, the 

study aims to provide sustainable low cost and 

energy-efficient solutions for sugar mills 

wastewater treatment and to find renewable viable 

options which are driving force for country in this 

developing world. To accomplish these objective, 

Bio based wastewater treatment system with 

biofuels production is promising’ alternative and 

renewable energy source based idea are launched in 

this review paper. Various feedstock’s has been 

reviewed for production of biofuels, but much more 

production efficiency has resulted in micro-algae, 

the most compelling source of biofuel, and its 

potentials for brewing wastewater. Pakistan is a 

tropical archipelago, which can grow microalgae as 

a reproductive source of biomass, will use 

wastewater from the sugar industry as a source to 

produce biofuels. Finally, the BOD, COD and other 

Toxins are removed and biomass product from 

microalgae is used as bio energy feedstock in this 

whole process
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INTRODUCTION 

Pakistan is known as an agriculture country. The second largest agro based sector in Pakistan 

is sugar industry. Currently, Pakistan is one of the leading sugar producer countries around the 

agricultural world. Sugar industry is a largest source of wastewater, generated during 

processing and manufacturing of sugar, that wastewater directly discharge into natural water 

bodies now it become threat for natural environment (Panhwar et al., 2019). On other hand 

Pakistan known as developing country, Energy is one of the vital factors responsible for the 

development of any nation (Zaidi et al., 2018). That is suffering from energy crisis due to its 

growing demands (Tareen et al., 2020). The energy demands have increasing constantly 

throughout the years (Figure 1). Simultaneously, exploration of nonrenewable fossil fuel 

sources are decreasing, with growing population, the situation is worsened by insufficient fuel 

supplies to energy consumer(Azimatun Nur and Hadiyanto, 2013).Crisis in non-renewable 

fuel sources have made them an un-reliable energy source. Excessive pollution from 

greenhouse gases and the effects on global change have become important natural, economic 

and social issues. In this aspect, the advancement of renewable energy sources is inevitable; 

biofuels are known to be a viable option and a driving force for the developing world. Various 

feedstock’s have been studied for production of biofuels, but much more production efficiency 

has resulted in micro-algae, the most compelling source of biofuel, and more inefficient 

quality of sustainable food and its potentials for brewing with brackish or wastewater(Gill et 

al., 2013). Pakistan is a tropical archipelago, which can grow microalgae as a reproductive 

source of biomass. However, only few microalgae will use wastewater from the sugar industry 

as a source to produce biofuels(Gill et al., 2013). Finally, the BOD, COD and other Toxins are 

removed and biomass product from microalgae is used as bio energy feedstock in this whole 

process(Manzoor et al, 2016). 

 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
432 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

Methodology of Literature Review 

The review article is based totally on the research analysis of published research articles, reports, and case 

studies from scientific database such as Science Direct, Google Scholar, and Scopus. The focus of review on 

cultivation of microalgae in sugar mills effluents in the context of Pakistan. 

 

Microalgae Potential Feed Stock for Biodiesel   

Microalgae are bio-based feedstock that has countless prospective for the replacement of fossil fuels. 

The increased fossil fuel consumption is alarming, and use a microalgae biofuel as an alternative with high 

production potential and less competition is slowly becoming more common with food processing. Biodiesel 

output from feedstock, which will reduce greenhouse emissions and will not clash with other sustainable crop 

production(Karmakar, Karmakar and Mukherjee, 2010).Microalgae species is used as feedstock for biofuel 

that can be grown with minimal input, their nutritional requirements are simple because photoautotrophic 

organisms.  

In the last decades, Algae-derived biofuels also attained popularity. Microalgae can be used for different types 

of renewable fuels and sustainable, such as methane(Chisti, 2007a)., biodiesel (Ahmad et al., 2011) 

(Gavrilescu and Chisti, 2005) and bio hydrogen(Kapdan and Kargi, 2006). Different microalgae species can be 

modified in various environment conditions for cultivation.  Species living in the local environment(s) can be 

quickly cultivated under the growing conditions and should therefore be screened. Such provision is not 

therefore necessary for biodiesel feedstock of first generation, such as palm oils,  soybean oil and sunflower 

because of their obvious food competition reasons.(Mata, Martins and Caetano, 2010).Third generation 

biodiesel feed is micro-organisms and can be used for production in a wide range of fields. Microalgae is one 

of the best highest ratio third generation feedstock source for  Biodiesel production then obtained from 

traditional feedstocks (Karmakar, Karmakar and Mukherjee, 2010). Microalgae are considered to be 

potentially very good sources of biodiesel production through high oil production, lowest-cost source and 

timely biomass production(Karmakar, Karmakar and Mukherjee, 2010). Biodiesel production from 

microalgae, as comparison crops are much greater as shown in table 1 (Lim and Teong, 2010). Algal biomass 

can be grown in marginal soils, compact bioreactors and saline water bodies as comparison to oil producing 

crops (Lim and Teong, 2010)  

 

Table 1 Oil yield of some biodiesel feedstocks 
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Crop  Crop Oil yield (L/ha/year)   Biodiesel productivity (Kg/ha/year) 

Rape seed  1190   862 

Oil palm  5950   4747 

Sunflower  952   946 

Jatropha  1892   656 

Microalgaea  58,700   51,927 

Microalgaeb  136,900   121,104 

 

a Algae contain 30 % oil (/wt) in biomass 

b Algae contain 70 % oil (/wt) in biomass (Manzoor et al., 2015). 

 

Table 2 some of the important advantages of microalgae as feedstock for biodiesel production 

 

S. NO: Advantages  References 

1 1 Ability to sequester atmospheric CO2  (Manzoor et al., 2015) 

2  2 Highly efficient in biomass production   (Huesemann et al., 2009) 

3  3 Capable of growing in saline/wastewaters 

(industrial effluents and municipal sewage)  

(Raja et al., 2008) 

4  4 Can be cultivated on non-arable land  (Demirbas, 2009)(Spolaore et 

al., 2006) 

5  5 Several microalgal species produce valuable co-

products including proteins, natural dyes, 

antioxidants, pigments, fats, and sugars 

(Raja et al., 2008)(Li et al., 

2008) 

6  6 They require less labor, are easy to handle and have 

a short life cycle as compared to other crop oils 

 (Schenk et al., 2008) 

 

 

Biomass Conversion  

The biomass produced from microalgae can also be used for the production of biodiesel, bioethanol, bio 

hydrogen, methanol and even electricity(Wang et al., 2008). However, the most technically reasonable and 

commercialized sustainable forms of green energy in the domestic sector are biodiesel and 

bioethanol(Francisco et al., 2010). Many studies also observed that direct ( insitu) trans esterification was 

carried out using supercritical and micro wave approach(Patil et al., 2011a)(Babajide et al., 2010),  and 

ultrasound methods(Ehimen, Sun and Carrington, 2012). Micro algae may be converted to biodiesel(Cardozo 

et al., 2007), The   trans esterification   process by using solvents and a catalyst  to   produce   biodiesel  is one 

of the most promising   technologies   due to its simplicity in handling, and consume low amount  of energy in 

conversion of microalgae biodiesel(Patil et al., 2011b)(Ehimen, Sun and Carrington, 2010)(Xu et al., 2011). In 

fact, researchers want the possibility of converting microalgae into biodiesel that is grown in wastewater. 

Penglin (Xu et al., 2011),  has reported that direct trans esterification is feasible for microalgae cultivated in 
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rice straw wastewater. (L. F. Wu et al., 2012)worked on the production of bio diesel from micro algae 

medium as a   industrial wastewater, concludes that 18, 4 % of the microalgae absorb lipid through ammonium 

extraction and that their structure is ideal for the production of biodiesel. Most of these factors also effect on 

lipids in microalgae. Widjaja et al. Concludes lipid increases factors such as nitrogen depletion, concentration 

of CO2, time of harvesting, and finally extraction process in chlorellavulgar(Singh and Gu, 2010). In addition, 

the  

 

 

 

specific strain inoculum also plays an important role in producing a high volume of biofuel based on 

microalgae. In fact, if the weight of the 30% oil and biomass costs is approximately $1,40 and $1,81 for the 

provision of the bioreactors and the runs of photography for one liter of oil, respectively(Chisti, 2007a). 

 
Figure 1: Microalgae biodiesel production pathway 
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Figure 2: Chemistry of esterification. 

 

 

 

 

 

 

 

 
Figure 3: Schematic of esterification process of microalagl oil to biodiesel. 

Microalgae Cultivation in wastewater  

Microalgae species are different are in their forms can be grown according to their specific required nutrient 

media (Papazi, Assimakopoulos and Kotzabasis, 2012), such as are carbohydrates, starch, cellulose 

hemicellulose, organic compounds (Lara et al., 2003). In controlled environmental conditions microalgae is 

high efficient in removal in nitrogen phosphorus toxic metals, during growth of microalgae in wastewater at 

varying level if nitrogen and phosphorus are tolerated. Phytoplankton growth can also lower the risk of harm 

through microalgae cultivation (Cai, Park and Li, 2013). Algal species for cultivation depends on the type of 

wastewater. Wastewater as cost-effective media substrates may be used as a medium for production of liquid 

biofuel. The production of organic fuels in agro-industrial and municipal waste water through oleaginous 
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microalgae is a more cost-effective and more promising sustainable production (Cai, Park and Li, 2013). In 

different types of waste / waters the microalgae will grow efficiently. Several of the most frequently available 

forms of wastewater are listed below, for low cost algal growing in the near future. 

 

Table 2: Microalgae grown from different waste water sources 

SNO: Waste water  Microalgae strain  References  

1  Domestic wastewater  Mixed algae growth  (Shyue Koong 

Chang and 

Schonfeld, 1991) 

2  Domestic wastewater  Botryococcusbraunii  (Nurdogan and 

Oswald, 1996) 

3  Wastewater from textile 

industry  

Chlorella  

vulgaris  

(Sydney et al., 2011) 

4  Synthetic wastewater  Chlorella  

vulgaris  

(Lim, Chu and 

Phang, 2010) 

5  Primary wastewater  Haematococcus  

pluvialis  

 (Kang et al., 2006) 

6  Soybean processing 

wastewater  

Chlorella  

pyrenoidosa  

(Kang et al., 2006) 

7  Primary and secondary 

wastewater  

Desmodesmus  

communis  

(Hongyang et al., 

2011) 

8 Urban waste water  Chlorellasp.andChlamyd

omonas sp.  

(Samorì, Samorì and 

Pistocchi, 2014) 

 

 

 

Wastewater treatment along with algal biomass Production 

In the last four decades, the bioremediation based microalgae has been researched extensively to remove 

pollutants from water(Press and Sciences, 2011)(Kuyucak and Volesky, 1988)(Romero-Gonzalez, Williams 

and Gardiner, 2001)(Fu and Wang, 2011). A practical alternative approach to bio remediating algae was 

recently studied in which algae are directly cultivated in the wastewater stream. Three microalgae species were 

grown in water contaminated with heavy metals coupled with nutrients. All species achieved high heavy metal 

concentration (to 8% dry weight). Interestingly, fairly, in contaminated water growth rates have doubled 

compared to freshwater (Saunders et al., 2012). Another study analyzed the ability to grow algae using 

wastewater as a nutrient source. The algal species consortium, including Scenedesmus sp. Chlorella and 

Chlorella sp, respectively. The average growth productivity achieved in this case was 3.3±1.5 g dry wt m-2 d-1 

(Dalrymple et al., 2013). Another study reported similar results in which Chlorella sp's rate of growth was 3 g 

dry wt m-2 d-1, grown on wastewater(Woertz et al., 2009). In addition, 13 g dry wt m-2 d-1 was reported to be 

significantly higher growth rates. It has been shown that 94% ammonia, 89% total nitrogen and 81% total 

microalgae were removed at the end of the 14 day batch cultivation(Li, Chen, et al., 2011). In a recent study, 

anaerobic sludge centrate algae showed a rate of 12.8 g dry wt m-2 d-1 increase in productivity(Li, Chen, et 

al., 2011). The lipid content reported was nearly 11 percent in both studies. Generally, Chlorella sp. can 

generate lipid contents up to 30% (Table 1) But in high-strength media the lipids, in particular Chlorella sp., 

were reduced by two folds in the growing algae. The caloric content associated with lipid production is 

believed in such situations to be significantly reduced (Illman, Scragg and Shales, 2000). Generally, the 
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microalgae "starve" in nitrogen produces high lipid content (Chisti, 2007a). In order to assess their lipid 

content and the lipid productivity, several microalgae species have been studied in various experimental 

designs for starvation and heterotrophic conditions. However, the most suitable Chlorella sp. has been found 

for such systems(Chu, See and Phang, 2009)(Bhatnagar et al., 2010) Chlorella kessleri produces a very high 

density of biomass among them (2.01 g L−1) when it is cultivated in municipal wastewater(Li, Zhou, et al., 

2011). Naturally, a group of microalgae genera (Chlorella, Micractinium and Actinastrum). During wastewater 

treatment, a maximum lipid productivity of 24 mg L−1d−1 was reported(Woertz et al., 2009).    Some 

microalgae, such as Botryococcus braunii, are commonly found on all continents in wetlands, brackish waters, 

and salt-water ponds, and are able to absorb 15-75% dry weight of insaturated long-chain hydrocarbons (An et 

al., 2003)(Órpez et al., 2009). But for each source of water, we still need to optimize the desired conditions. A 

very complex type of Scenedesmus sp strain. LX1 are showing biomass yield (0.11 g L−1), and lipid 

productivity (8 mg L−1 d−1) usage of secondary effluent as a batch culture growth medium (Xin, Hong-ying 

and Jia, 2010). which are encouraging results. In addition, in another study, it was shown that LX1 had 

significant removal of total nitrogen (90.4 percent) and total phosphorus (nearly 100 percent). Using 

ammonium as the source of nitrogen, LX1 obtained a very high growth rate of 0.82 d−1(Xin et al., 2010). 

Similar results were reported in a more recent study(Zhou, Li, et al., 2012)(Zhou, Hu, et al., 2012).  

Chlamydomonas reinhardtii Is another microalga with potential of wastewater treatment and oil production. It 

was cultivated in wastewaters taken from three different stages of a municipal wastewater treatment plant 

(influent, effluent and centrate). In this scenario, a lipid productivity of 505 mg L−1d−1 was achieved which 

can be the highest recorded lipid productivity in wastewater for microalgae (Kong et al., 2010). Keeping the 

view of bio-extraction ability of contaminant microalgae along with the production of biomass, such Integrated 

systems which use microalgae for wastewater treatment and the production of oil for biodiesel and chemical 

products are of interest. Recently, microalgae cultivation in the wastewater treatment and biofuel production 

were observed as an attractive option for reduced energy, and freshwater costs and reduction of greenhouse 

gas emissions(Pittman, Dean and Osundeko, 2011)(Park, Craggs and Shilton, 2011)(Menger-Krug et al., 

2012). A multi-national organization has also indicated that the combination of biomass production and waste 

water treatment with microalgae mediated CO2 fixation and biofuel processing was more feasible(Kumar et 

al., 2010). 

 

 

 

 

            Table 1: Lipid contents in the dry biomass of various species of microalgae (X. Wu 

et al., 2012) 

S.No Microalgae Lipid Contents (% Dry mass basis) 

01 Anabaena cylindrical 4–7 

02 Botyococcus braunii 25–80 

03 Chlamydomonas reinhardtii 21 

04 Chlorella emersonii 28–32 

05 Chlorella protothecoides 57.9 

06 Chlorella pyrenoidosa 2 

07 Chlorella vulgaris 14–22 

08 Crypthecodinium cohnii 20 
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09 Cylindrotheca sp. 16–37 

10 Dunaliella bioculata 8 

11 Dunaliella primolecta 23 

12 Dunaliella salina 6 

13 Dunaliella tertiolecta 35.6 

14 Euglena gracilis 14–20 

15 Hormidium sp 38 

16 Isochrysis sp 25–33 

17 Monallanthus salina >20 

18 Nannochloris sp 30–50 

19 Nannochloropsis sp 31–68 

20 Neochloris oleoabundans 35–54 

21 Nitzschia sp 45–47 

22 Phaeodactylum tricornutum 20–30 

23 Pleurochrysis carterae 30–50 

24 Porphyridium cruentum 9–14 

25 Prymnesium parvum 22–38 

26 Scenedesmus dimorphus 16–40 

27 Scenedesmus obliquus 12–14 

28 Schizochytrium sp 50–77 

29 Spirogyra sp 11–21 

30 Spirulina maxima 6–7 

31 Spirulina platensis 4–9 

32 Synechoccus sp 11 

33 Tetraselmis maculata 8 

34 Tetraselmis sueica 15–23 

 

 

 

 

 

PROSPECTS FROM PAKISTAN 

The area of Pakistan is highly appropriate for cultivation of microalgae (Fig. 3) In Pakistan, all major sources 

including nutrients, CO2 and sunlight, which are needed to form a micro algal-bacterial consortium, are 

commonly available throughout the year. Whereas Fig. 4 depicts the sunlight availability in Pakistan 

throughout the year(Manzoor et al, 2016). reported that the ability to produce high oil revenues of some 

indigenous oleaginous species of Pakistan (Table I). (Manzoor et al, 2016). There exists about 72,500 algal 

species in the world and approx¬imately 33% of these algal species have been explored for different purposes 

to this day [28]. Pakistan holds a distinctive geographical, geological and environmental position in its region 

which promotes biodiversity(Zaidi et al., 2018). In agro based world Pakistan is the 8th largest with 7.42 

metric ton sugar producer country. Sugar industry is a large water consuming as well as largest wastewater 
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producer industry during the manufacturing of sugar. An average of 30,000 - 40,000 liters of effluent generate 

from per tons of processed sugar (Sahu, 2018)[3].   

 

    
             Figure 4: Map showing sunlight distribution in Pakistan developed by USAID and NREL 

(NREL,2010) 

Integrated Processing of Sugar Industry Wastewater for Biomass Production  

Almost all sugar industry wastewater contains high amount of BOD and COD(Alayu and Yirgu, 2018).  These 

pollutants can cause greenhouse gas emissions and environmental damage. Microalgae however grow at their 

highest growth rate  use as a growth medium sugar industrial wastewater under low COD and BOD conditions, 

by removing nitrogen , phosphorus and micronutrients (Molazadeh et al., 2019) .  By anaerobic digestion 

methods this COD and BOD concentration could be reduced (Wu et al., 2019). Methane, carbon dioxide and 

other compounds are produced in this process (Figure 3). Wastewater influential will be processed into a 

digestive reactor to make biogas and then combusted to generated electricity and flue gas will be used as 

CO2  feedstock for the second cultivation of microalgae(Singh and Dhar, 2011). The bio digester effluent 

usually contains remaining nutrient and has low COD and BOD content used as a medium for microalgae 

growth.  

In this integrated process two cultivation systems used. In the first cultivation, to lower heavy metals, dye 

color, COD and BOD content wild microalgae are used as phytoremediation. Biomass which are generated 

from this cultivation could be used as fertilizer, while in the second step cultivation residual filtrate is used as 

growth medium for microalgae based bioenergy(Cheirsilp and Torpee, 2012). In the second phase for 

increasing lipid content cultivation of microalgae take place in low concentration nitrogen as well for carbon 

source the flue gas as a sporting element will be injected into the medium. The generated biomass used for 

energy recovery and A filtrate material will be discharge in the river (i.e. biodiesel, bioethanol)(Azimatun Nur 

and Hadiyanto, 2013). 
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Results and Discussion 

The reviewed studies in this paper indicate that sugar industry wastewater contains nutrients such as nitrogen 

and phosphorus, which can promote growth of microalgae. Chlorella vulgaris cultivated in high – strength 

wastewater has achieved removal rate of ammonia, total nitrogen, and phosphorus of 94%, 89% and 81%, 

respectively(Li, Chen, etal.2011). Organisms such as Botryococcus braunii and Scenedesmus sp. Hydroc /and 

/ Acutodesmus obliquus/ are another example of a microalveolate and microcyanobacterium, respectively, 

which exhibit increased lipid productivity under nitrogendeprived conditions, up to 80% dry weight for 

nitrogen deprived cells of /CX1/ (Órpez et al., 2009; Xin et al., 2010). Summary They are thus useful for 

biodiesel manufacture. From your Table 1 we can see that microalgae are capable of producing as much as 

136,900 L/ha per year of oil—that’s much more than sunflower or jatropha, for example. Moreover, Table 2 

illustrates that microalgae are capable of growing in different types of wastewaters such as domestic and 

textile industry effluents.  Pakistan sugar industry generates 30,000 to 40,000 liters of waste water per ton of 

cane that is processed (Sahu, 2018), therefore this could be an important resource. Due to ample sunlight and 

native strainsous algae, Pakistan, has great prospect in the inclusion of microalgae in the wastewater treatment 

system (Manzoor et al., 2016; Zaidi et al., 2018). Therefore, microalgae cultivation in sugar industry effluent 

provide two benefits: as an environmental remediation and as a renewable energy source. Implementing these 

systems can contribute to decreasing the reliance on fossil fuels and sustainable treatment of industrial 

wastewater. 

 

Environmental benefits of Microalgae 

Microalgae appear to be the only highly efficient renewable energy-friendly means of producing biofuels(Gill 

et al., 2013) and removing pollutants from waste wastewater (Chisti, 2007b), Because of lipid production, 

microalgae as a biofuel feedstock is much higher(Kalwar et al., 2019)(Ahmad et al., 2015). It produces 

biomass by the photosynthesis process, which converts the chemical energy by using solar energy for growth 

and by discovering a proactive environment for growth. Water, sunlight and simple nutrients, for example, can 

thrive. This approach allows microalgae to be cultivated under harsh local conditions that are not suitable to 

other existing feedstocks. Conventional carburization produces large quantities of CO2, NO2 and S pollutants 

and other toxic gasses, while sulfate- free algae-derived biodiesel decreases the pollution of particulate matter, 

CO, hydrocarbons and SOx. The production of microalgae for biofuel use also may play an important role in 
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reducing CO2 from industrial exastes by bio-fixation (K. and Shukl, 2011). Furthermore, waste water-based 

algae will contribute towards reducing wastewater pollutants by utilizing NH4 +, NO3 and PO43 as nutrients 

for the production of the microalgae (Eida, Darwesh and Matter, 2018)(Chisti, 2007a). The residual biomass 

will be further converted and changed into nutritional supplements  to include protein, pigments, antioxidants, 

natural dyes and carbohydrates(Patel et al., 2019). The production of bio fuel from algae is valuable, because 

biomass products are rapidly produced within just a few days. Finally, various studies have reported that micro 

algae-based biofuels, compared to fossil fuels, are more environmentally sustainable (Chia et al., 2018). 

 

 

 

Conclusion  

The study discussed in this review proposes that microalgae are one of the best candidates for the sugar mills 

wastewater treatment and biodiesel production in Pakistan. Pakistan sugar production is predicted to continue 

increasing in the future. The potential wastewater associated with it could be a major problem in the process. 

Microalgae as future biofuel feedstock cultivated in sugar industrial wastewater is an interesting technology to 

be adopted in the country. Climatic zones of Pakistan, nature and abundance of agro/food industrial wastes and 

the wastes containing effluents and endogenous microalgal cultivatable species give much hope to develop 

bioprocess for efficient biodiesel production. Microalgal treated wastewater may not be perfect for drinking 

purpose but may be more suitable for irrigation purposes. Combination of wastewater treatment and 

microalgal CO2 fixation provides additional economic incentives due to the savings from chemicals (the 

nutrients) and the environment benefits. It provides a pathway for removing nitrogen, phosphorus, and metal 

from wastewater, and producing algal biomass, which can further be exploited for biofuel production, without 

using freshwater. The cultivation of microalgae in sugar mill wastewater is a twofold solution; it 

simultaneously works as an environment treatment process and a form of renewable energy production. This 

combined approach of bio-based integrated concept is well suited for Pakistan’s climate and RBDL needs. 

Subsequent work need to be aimed at the commercial production of this technology and its investible potential 

in factories. However, it is necessary in the future to generate a challenge which finds sustainable and feasible 

process to produce microalgae biofuel in sugar industry wastewater to reach rational cost of production. 

 

Reference 

Ahmad, A. L. et al. (2011) ‘Microalgae as a sustainable energy source for biodiesel production: A review’, 

Renewable and Sustainable Energy Reviews, 15(1), pp. 584–593. doi: 10.1016/j.rser.2010.09.018. 

Ahmad, M. et al. (2015) ‘Prospects for the Production of Biodiesel in Pakistan’, Biofuels - Status and 

Perspective. doi: 10.5772/59318. 

Alayu, E. and Yirgu, Z. (2018) ‘Advanced technologies for the treatment of wastewaters from agro-processing 

industries and cogeneration of by-products: a case of slaughterhouse, dairy and beverage industries’, 

International Journal of Environmental Science and Technology, 15(7), pp. 1581–1596. doi: 

10.1007/s13762-017-1522-9. 

An, J. Y. et al. (2003) ‘Hydrocarbon production from secondarily treated piggery wastewater by the green alga 

Botryococcus braunii’, Journal of Applied Phycology, 15(2–3), pp. 185–191. doi: 

10.1023/A:1023855710410. 

Azimatun Nur, M. M. and Hadiyanto, H. (2013) ‘Utilization of Agroindustry Wastewater as Growth Medium 

for Microalgae based Bioenergy Feedstock in Indonesia (an Overview)’, International Journal of 

Sustainable Future for Human Security, 1(1), pp. 3–3. doi: 10.24910/jsustain/1.1/37. 

Babajide, O. et al. (2010) ‘Low-cost feedstock conversion to biodiesel via ultrasound technology’, Energies, 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
442 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

3(10), pp. 1691–1703. doi: 10.3390/en3101691. 

Bhatnagar, A. et al. (2010) ‘Chlorella minutissima - A promising fuel alga for cultivation in municipal 

wastewaters’, Applied Biochemistry and Biotechnology, 161(1–8), pp. 523–536. doi: 10.1007/s12010-

009-8771-0. 

Cai, T., Park, S. Y. and Li, Y. (2013) ‘Nutrient recovery from wastewater streams by microalgae: Status and 

prospects’, Renewable and Sustainable Energy Reviews, 19, pp. 360–369. doi: 

10.1016/j.rser.2012.11.030. 

Cardozo, K. H. M. et al. (2007) ‘Metabolites from algae with economical impact’, Comparative Biochemistry 

and Physiology - C Toxicology and Pharmacology, 146(1-2 SPEC. ISS.), pp. 60–78. doi: 

10.1016/j.cbpc.2006.05.007. 

Cheirsilp, B. and Torpee, S. (2012) ‘Enhanced growth and lipid production of microalgae under mixotrophic 

culture condition: Effect of light intensity, glucose concentration and fed-batch cultivation’, 

Bioresource  

Technology, 110, pp. 510–516. doi: 10.1016/j.biortech.2012.01.125. 

Chia, S. R. et al. (2018) ‘Sustainable approaches for algae utilisation in bioenergy production’, Renewable 

Energy, 129(April), pp. 838–852. doi: 10.1016/j.renene.2017.04.001. 

Chisti, Y. (2007a) ‘Biodiesel from microalgae’, Biotechnology Advances, 25(3), pp. 294–306. doi: 

10.1016/j.biotechadv.2007.02.001. 

Chisti, Y. (2007b) ‘Biodiesel from microalgae’, Biotechnology Advances, 25(3), pp. 294–306. doi: 

10.1016/j.biotechadv.2007.02.001. 

Chu, W. L., See, Y. C. and Phang, S. M. (2009) ‘Use of immobilised Chlorella vulgaris for the removal of 

colour from textile dyes’, Journal of Applied Phycology, 21(6), pp. 641–648. doi: 10.1007/s10811-008-

9396-3. 

Dalrymple, O. K. et al. (2013) ‘Wastewater use in algae production for generation of renewable resources: A 

review and preliminary results’, Aquatic Biosystems, 9(1), pp. 1–11. doi: 10.1186/2046-9063-9-2. 

Demirbas, A. (2009) ‘Progress and recent trends in biodiesel fuels’, Energy Conversion and Management, 

50(1), pp. 14–34. doi: 10.1016/j.enconman.2008.09.001. 

Ehimen, E. A., Sun, Z. and Carrington, G. C. (2012) ‘Use of Ultrasound and Co-Solvents to Improve the In-

Situ Transesterification of Microalgae Biomass’, Procedia Environmental Sciences, 15, pp. 47–55. doi: 

10.1016/j.proenv.2012.05.009. 

Ehimen, E. A., Sun, Z. F. and Carrington, C. G. (2010) ‘Variables affecting the in situ transesterification of 

microalgae lipids’, Fuel, 89(3), pp. 677–684. doi: 10.1016/j.fuel.2009.10.011. 

Eida, M. F., Darwesh, O. M. and Matter, I. A. (2018) ‘Cultivation of oleaginous microalgae Scenedesmus 

obliquus on secondary treated municipal wastewater as growth medium for biodiesel production’, 

Journal of Ecological Engineering, 19(5), pp. 38–51. doi: 10.12911/22998993/91274. 

Francisco, É. C. et al. (2010) ‘Microalgae as feedstock for biodiesel production: Carbon dioxide sequestration, 

lipid production and biofuel quality’, Journal of Chemical Technology and Biotechnology, 85(3), pp. 

395–403. doi: 10.1002/jctb.2338. 

Fu, F. and Wang, Q. (2011) ‘Removal of heavy metal ions from wastewaters: A review’, Journal of 

Environmental Management, 92(3), pp. 407–418. doi: 10.1016/j.jenvman.2010.11.011. 

Gavrilescu, M. and Chisti, Y. (2005) ‘Biotechnology - A sustainable alternative for chemical industry’, 

Biotechnology Advances, 23(7–8), pp. 471–499. doi: 10.1016/j.biotechadv.2005.03.004. 

Gill, S. S. et al. (2013) ‘Waste-water treatment coupled with biodiesel production using microalgae: A bio-

refinery approach’, Pakistan Journal of Life and Social Sciences, 11(3), pp. 179–189. 

Hongyang, S. et al. (2011) ‘Cultivation of Chlorella pyrenoidosa in soybean processing wastewater’, 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
443 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

Bioresource Technology, 102(21), pp. 9884–9890. doi: 10.1016/j.biortech.2011.08.016. 

Huesemann, M. H. et al. (2009) ‘Biomass productivities in wild type and pigment mutant of cyclotella sp. 

(Diatom)’, Applied Biochemistry and Biotechnology, 157(3), pp. 507–526. doi: 10.1007/s12010-008-

8298-9. 

Illman, A. M., Scragg, A. H. and Shales, S. W. (2000) ‘Increase in Chlorella strains calorific values when 

grown in low nitrogen medium’, Enzyme and Microbial Technology, 27(8), pp. 631–635. doi: 

10.1016/S0141-0229(00)00266-0. 

K., S. and Shukl, A. (2011) ‘Environmental Impacts of Production of Biodiesel and Its Use in Transportation 

Sector’, Environmental Impact of Biofuels. doi: 10.5772/20923. 

Kalwar, S. et al. (2019) ‘National Planning Strategies for Agro-based Industrial Development in Secondary 

Cities of Sindh Province, Pakistan’, Sustainability (Switzerland), 11(24). doi: 10.3390/su11247066. 

Kang, C. D. et al. (2006) ‘Astaxanthin biosynthesis from simultaneous N and P uptake by the green alga 

Haematococcus pluvialis in primary-treated wastewater’, Biochemical Engineering Journal, 31(3), pp. 

234–238. doi: 10.1016/j.bej.2006.08.002. 

Kapdan, I. K. and Kargi, F. (2006) ‘Bio-hydrogen production from waste materials’, Enzyme and Microbial 

Technology, 38(5), pp. 569–582. doi: 10.1016/j.enzmictec.2005.09.015. 

Karmakar, A., Karmakar, S. and Mukherjee, S. (2010) ‘Properties of various plants and animals feedstocks for 

biodiesel production’, Bioresource Technology, 101(19), pp. 7201–7210. doi: 

10.1016/j.biortech.2010.04.079. 

Kong, Q. X. et al. (2010) ‘Culture of microalgae chlamydomonas reinhardtii in wastewater for biomass 

feedstock production’, Applied Biochemistry and Biotechnology, 160(1), pp. 9–18. doi: 

10.1007/s12010-009-8670-4. 

Kumar, A. et al. (2010) ‘Enhanced CO2 fixation and biofuel production via microalgae: Recent developments 

and future directions’, Trends in Biotechnology, 28(7), pp. 371–380. doi: 10.1016/j.tibtech.2010.04.004. 

Kuyucak, N. and Volesky, B. (1988) ‘Biosorbents for recovery of metals from industrial solutions’, 

Biotechnology Letters, 10(2), pp. 137–142. doi: 10.1007/BF01024641. 

Lara, M. A. et al. (2003) ‘Black liquor lignin biodegradation by Trametes elegans’, International 

Biodeterioration and Biodegradation, 52(3), pp. 167–173. doi: 10.1016/S0964-8305(03)00055-6. 

Li, Y. et al. (2008) ‘Effects of nitrogen sources on cell growth and lipid accumulation of green alga Neochloris 

oleoabundans’, Applied Microbiology and Biotechnology, 81(4), pp. 629–636. doi: 10.1007/s00253-

008-1681-1. 

Li, Y., Chen, Y. F., et al. (2011) ‘Characterization of a microalga Chlorella sp. well adapted to highly 

concentrated municipal wastewater for nutrient removal and biodiesel production’, Bioresource 

Technology, 102(8), pp. 5138–5144. doi: 10.1016/j.biortech.2011.01.091. 

Li, Y., Zhou, W., et al. (2011) ‘Integration of algae cultivation as biodiesel production feedstock with 

municipal wastewater treatment: Strains screening and significance evaluation of environmental 

factors’, Bioresource Technology, 102(23), pp. 10861–10867. doi: 10.1016/j.biortech.2011.09.064. 

Lim, S. L., Chu, W. L. and Phang, S. M. (2010) ‘Use of Chlorella vulgaris for bioremediation of textile 

wastewater’, Bioresource Technology, 101(19), pp. 7314–7322. doi: 10.1016/j.biortech.2010.04.092. 

Lim, S. and Teong, L. K. (2010) ‘Recent trends, opportunities and challenges of biodiesel in Malaysia: An 

overview’, Renewable and Sustainable Energy Reviews, 14(3), pp. 938–954. doi: 

10.1016/j.rser.2009.10.027. 

Manzoor et al (2016) ‘Microalgal-bacterial consortium: a cost-effective approach of wastewater treatment in 

Pakistan Maleeha’, 31(2), pp. 307–320. 

Manzoor, M. et al. (2015) ‘Lucrative future of microalgal biofuels in Pakistan: a review’, International 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
444 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

Journal of Energy and Environmental Engineering, 6(4), pp. 393–403. doi: 10.1007/s40095-015-0186-

9. 

Mata, T. M., Martins, A. A. and Caetano, N. S. (2010) ‘Microalgae for biodiesel production and other 

applications: A review’, Renewable and Sustainable Energy Reviews, 14(1), pp. 217–232. doi: 

10.1016/j.rser.2009.07.020. 

Menger-Krug, E. et al. (2012) ‘Integration of microalgae systems at municipal wastewater treatment plants: 

Implications for energy and emission balances’, Environmental Science and Technology, 46(21), pp. 

11505–11514. doi: 10.1021/es301967y. 

Molazadeh, M. et al. (2019) ‘The use of microalgae for coupling wastewater treatment with CO2 biofixation’, 

Frontiers in Bioengineering and Biotechnology, 7(MAR). doi: 10.3389/fbioe.2019.00042. 

Nurdogan, Y. and Oswald, W. J. (1996) ‘Tube settling of high-rate pond algae’, Water Science and 

Technology, 33(7), pp. 229–241. doi: 10.1016/0273-1223(96)00358-7. 

Órpez, R. et al. (2009) ‘Growth of the microalga Botryococcus braunii in secondarily treated sewage’, 

Desalination, 246(1–3), pp. 625–630. doi: 10.1016/j.desal.2008.07.016. 

Panhwar, A. et al. (2019) ‘GSJ : Volume 7 , Issue 7 , July 2019 , Online : ISSN 2320 - 9186’, 7(7), pp. 1100–

1118. 

Papazi, A., Assimakopoulos, K. and Kotzabasis, K. (2012) ‘Bioenergetic Strategy for the Biodegradation of p-

Cresol by the Unicellular Green Alga Scenedesmus obliquus’, PLoS ONE, 7(12), pp. 1–6. doi: 

10.1371/journal.pone.0051852. 

Park, J. B. K., Craggs, R. J. and Shilton, A. N. (2011) ‘Wastewater treatment high rate algal ponds for biofuel 

production’, Bioresource Technology, 102(1), pp. 35–42. doi: 10.1016/j.biortech.2010.06.158. 

Patel, A. et al. (2019) ‘Biosynthesis of Nutraceutical Fatty Acids by the Oleaginous Marine Microalgae 

Phaeodactylum tricornutum Utilizing Hydrolysates from Organosolv-Pretreated Birch and Spruce 

Biomass’, Marine Drugs, 17(2), pp. 1–17. doi: 10.3390/md17020119. 

Patil, P. D. et al. (2011a) ‘Optimization of microwave-assisted transesterification of dry algal biomass using 

response surface methodology’, Bioresource Technology, 102(2), pp. 1399–1405. doi: 

10.1016/j.biortech.2010.09.046. 

Patil, P. D. et al. (2011b) ‘Optimization of microwave-assisted transesterification of dry algal biomass using 

response surface methodology’, Bioresource Technology, 102(2), pp. 1399–1405. doi: 

10.1016/j.biortech.2010.09.046. 

Pittman, J. K., Dean, A. P. and Osundeko, O. (2011) ‘The potential of sustainable algal biofuel production 

using wastewater resources’, Bioresource Technology, 102(1), pp. 17–25. doi: 

10.1016/j.biortech.2010.06.035. 

Press, C. and Sciences, B. (2011) ‘Eutrophication- Production Increasing by Wastes’, 22(3), pp. 144–152. 

Raja, R. et al. (2008) ‘A perspective on the biotechnological potential of microalgae’, Critical Reviews in 

Microbiology, 34(2), pp. 77–88. doi: 10.1080/10408410802086783. 

Romero-Gonzalez, M. E., Williams, C. J. and Gardiner, P. H. E. (2001) ‘Study of the mechanisms of cadmium 

biosorption by dealginated seaweed waste’, Environmental Science and Technology, 35(14), pp. 3025–

3030. doi: 10.1021/es991133r. 

Sahu, O. (2018) ‘Assessment of sugarcane industry: Suitability for production, consumption, and utilization’, 

Annals of Agrarian Science, 16(4), pp. 389–395. doi: 10.1016/j.aasci.2018.08.001. 

Samorì, G., Samorì, C. and Pistocchi, R. (2014) ‘Nutrient removal efficiency and physiological responses of 

Desmodesmus communis at different HRTs and nutrient stress condition using different sources of 

urban wastewater effluents’, Applied Biochemistry and Biotechnology, 173(1), pp. 74–89. doi: 

10.1007/s12010-014-0792-7. 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
445 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

Saunders, R. J. et al. (2012) ‘Sustainable sources of biomass for bioremediation of heavy metals in waste 

water derived from coal-fired power generation’, PLoS ONE, 7(5). doi: 10.1371/journal.pone.0036470. 

Schenk, P. M. et al. (2008) ‘Second Generation Biofuels: High-Efficiency Microalgae for Biodiesel 

Production’, BioEnergy Research, 1(1), pp. 20–43. doi: 10.1007/s12155-008-9008-8. 

Shyue Koong Chang and Schonfeld, P. M. (1991) ‘Multiple period optimization of bus transit systems’, 

Transportation Research Part B, 25(6), pp. 453–478. doi: 10.1016/0191-2615(91)90038-K. 

Singh, J. and Gu, S. (2010) ‘Commercialization potential of microalgae for biofuels production’, Renewable 

and Sustainable Energy Reviews, 14(9), pp. 2596–2610. doi: 10.1016/j.rser.2010.06.014. 

Singh, N. K. and Dhar, D. W. (2011) ‘Microalgae as second generation biofuel. A review’, Agronomy for 

Sustainable Development, 31(4), pp. 605–629. doi: 10.1007/s13593-011-0018-0. 

Spolaore, P. et al. (2006) ‘Commercial applications of microalgae’, Journal of Bioscience and Bioengineering, 

101(2), pp. 87–96. doi: 10.1263/jbb.101.87. 

Sydney, E. B. et al. (2011) ‘Screening of microalgae with potential for biodiesel production and nutrient 

removal from treated domestic sewage’, Applied Energy, 88(10), pp. 3291–3294. doi: 

10.1016/j.apenergy.2010.11.024. 

Tareen, W. U. K. et al. (2020) ‘Present status and potential of biomass energy in pakistan based on existing 

and future renewable resources’, Sustainability (Switzerland), 12(1). doi: 10.3390/su12010249. 

Wang, B. et al. (2008) ‘CO2 bio-mitigation using microalgae’, Applied Microbiology and Biotechnology, 

79(5), pp. 707–718. doi: 10.1007/s00253-008-1518-y. 

Woertz, I. et al. (2009) ‘Algae Grown on Dairy and Municipal Wastewater for Simultaneous Nutrient 

Removal and Lipid Production for Biofuel Feedstock’, Journal of Environmental Engineering, 135(11), 

pp. 1115–1122. doi: 10.1061/(asce)ee.1943-7870.0000129. 

Wu, L. F. et al. (2012) ‘The feasibility of biodiesel production by microalgae using industrial wastewater’, 

Bioresource Technology, 113, pp. 14–18. doi: 10.1016/j.biortech.2011.12.128. 

Wu, N. et al. (2019) ‘Techno-Economic Analysis of Biogas Production from Microalgae through Anaerobic 

Digestion’, Anaerobic Digestion. doi: 10.5772/intechopen.86090. 

Wu, X. et al. (2012) ‘Current status and prospects of biodiesel production from microalgae’, Energies, 5(8), 

pp. 2667–2682. doi: 10.3390/en5082667. 

Xin, L. et al. (2010) ‘Growth and nutrient removal properties of a freshwater microalga Scenedesmus sp. LX1 

under different kinds of nitrogen sources’, Ecological Engineering, 36(4), pp. 379–381. doi: 

10.1016/j.ecoleng.2009.11.003. 

Xin, L., Hong-ying, H. and Jia, Y. (2010) ‘Lipid accumulation and nutrient removal properties of a newly 

isolated freshwater microalga, Scenedesmus sp. LX1, growing in secondary effluent’, New 

Biotechnology, 27(1), pp. 59–63. doi: 10.1016/j.nbt.2009.11.006. 

Xu, L. et al. (2011) ‘A simple and rapid harvesting method for microalgae by in situ magnetic separation’, 

Bioresource Technology, 102(21), pp. 10047–10051. doi: 10.1016/j.biortech.2011.08.021. 

Zaidi, A. A. et al. (2018) ‘Progress of Microalgal Biodiesel Research in Pakistan’, J Plant Sci Curr Res, 

2(February), p. 4. doi: 10.24966/PSCR-3743/100004. 

Zhou, W., Li, Y., et al. (2012) ‘Growing wastewater-born microalga Auxenochlorella protothecoides 

UMN280 on concentrated municipal wastewater for simultaneous nutrient removal and energy 

feedstock production’, Applied Energy, 98, pp. 433–440. doi: 10.1016/j.apenergy.2012.04.005. 

Zhou, W., Hu, B., et al. (2012) ‘Mass cultivation of microalgae on animal wastewater: A sequential two-stage 

cultivation process for energy crop and omega-3-rich animal feed production’, Applied Biochemistry 

and Biotechnology, 168(2), pp. 348–363. doi: 10.1007/s12010-012-9779-4.  

 

http://amresearchreview.com/index.php/Journal/about


 
 
 
 
 
 
 
 

 
446 

/17 

Annual Methodological Archive Research Review 
http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 5 (2025) 

 
 
 
 
 
 
 
 
 
 

http://amresearchreview.com/index.php/Journal/about

