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Environmental pollution specifically wastewater is gaining attention both in the developed and developing 

countries. Malaysia is considered as one of the major palm oil producers in the world. Therefore, it is important 

to develop an environmental friendly and economic method to treat palm oil mill effluent (POME). The 

wastewater can serve as an economical nutrient source or substrate that can support the cultivation of 

microalgae. This can be a great nutrient for algal cultivation at the same time as remediating effluent and 

generating biomass. Nowadays, many microalgae species are being investigated to determine their potential 

and effectiveness for phytoremediation application, especially high growth rate. However, using synthetic media 

for growing microalgae in a mass scale is costly. It is acknowledged that POME (as nutrients enriched media) 

assisted enhanced microalgae growth under certain condition can considerably reduce the presence of organic 

and inorganic compounds. In this review, the potential of wide range of the predominant microalgae species 

with main focus on green microalgae (high removal efficiency): Chlamydomonas sp and Chlorella sp were 

investigated. Moreover, we discussed about the history, methods and future prospects in nutrients removal by 

green microalgae comprehensively. This review discusses several potential strategies for tackling the 

environmental issue generated by agro-waste water POME with enhancement of biomass productivity which 

can be used as an alternative for energy production. 

1. Introduction 

According to international data, the supply of water usage is 22 % in industry, 8 % local and 70 % in agriculture 

(UNESCO, 2003). A substantial part of this water is released into the environment as wastewater (Zeraatkar et 

al., 2016). Palm oil industry produces a large volume of palm oil mill effluent (POME) though contributing 

significantly to the economy of several ASEAN countries (Tan et al., 2018). In Malaysia, the palm oil industry 

contributes tremendously to the pay of the nation, since palm plantations represent 77 % of agricultural land 

and around 15 % of the aggregate land region (Bakar et al., 2018).  

As indicated by Malaysia Palm Oil Board (MPOB), around 35 Mt of unrefined palm oil was created in 2016 that 

brought about the arrival of 6 Mt of POME to the earth (Igwe and Onyegbado, 2007). POME is a destructive 

waste that ought to be dealt with before it can securely be discharged to the environment (Lam et al., 2018). It 

was evaluated that, for every 1 t of rough palm oil created, 5 - 7.5 t of water are required, and over half of the 

water will wind up as POME, which is the significant wellspring of water contamination in Malaysia (Kamyab et 

al., 2017). POME creates a lot of very contaminated wastewater. POME is a thick and brownish slurry squander 

that has water-dissolvable segments of palm organic product (Zangeneh et al., 2018). POME has a high 

biochemical oxygen demand (BOD) and synthetic oxygen Demand (COD), which is 100 times more than 
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municipal sewage. On the other hand, POME is a non-toxic waste but contribute to environment ecological 

issues because of its expansive oxygen exhausting capacity in aquatic frameworks, for example, natural and 

supplement substance. As one of the significant waste delivered from palm oil industry, treatment of POME has 

been given attention for two fundamental reasons: (i) POME has high natural and oil content that does not take 

into account guide release to watercourses and (ii) because of the high natural substance, POME is an 

appropriate material to be utilized for bioenergy production (Tan et al., 2018). It is likewise known to be a decent 

wellspring of supplements for green growth algae cultivation (Kamyab et al., 2018). Since it is rich in minerals 

and contains vitamins that may give significant supplements to animate cell culture (Habib et al., 1997). In 

addition, the profoundly moved nitrogenous mixes in POME could be advantageous for the development of 

different kinds of microorganisms (Islam et al., 2018). Photosynthetic organisms (macroalgae and microalgae) 

require daylight, water, and CO2 to create biomass (Stylist, 2009). 

Expanding concerns about environmental change and manageability of petroleum products based economies 

have brought enthusiasm to microalgae for the potential to set up the bio-based economy, for the most part, 

because of their higher areal productivity over conventional biomasses (De and Francisci et al., 2018). All things 

considered, algal biomass generation cost is as yet one noteworthy obstruction for commercialization of algae 

as bioenergy items, particularly for the low-value ones, for example, biofuels. As an outcome, current use of 

algal biomass is fixated on high-value items (De Francisci et al., 2018). It is unequivocally prescribed to deliver 

biofuel at the same time with value-added by-products, following a biorefinery technique (Rawat et al., 2013). 

The combination of microalgae with wastewater treatment for evacuation of supplements and dangerous 

components can also prompt a further advance towards a cost-effective process, by saving the cost for N and 

P manures when utilizing supplement rich streams (Abdelaziz et al., 2013). 

The supplement expulsion is essentially an impact of absorption of nutrients as the microalgae growth, however, 

other supplement stripping marvels additionally happen (Larsdotter, 2006) and income from wastewater 

treatment would help the general procedure economy. Determination of proper algal species is vital: the capacity 

of the species to grow in particular wastewaters and afterwards create biomass appropriate for assist change 

to high by-products directly affects the potential incomes. The utilisation of wastewater as the culturing media 

includes stricter necessities for robustness of microalgae against adverse conditions, for example, 

contamination with a dangerous component and competition with unwanted microorganisms (Osundeko et al., 

2014). A few studies managing algal consortia recommended Chlamydomonas and Chlorella sp. as moderately 

vigorous species that can grow in wastewater (Kamyab et al., 2015).  

Aside from the chose species, biomass generation combined with wastewater treatment relies upon an 

assortment of activity parameters, for example, kind of wastewater, light intensity and cycle, pH, temperature, 

etc (Larsdotter, 2006). 

Utilizing microalgae in POME treatment is a known idea (Lam et al., 2011), and the microalgae biomass 

extraction for lipid can be utilized as biofuel. However, literature regarding this subject is as yet constrained. 

Kamyab et al (2016) researched biomass and lipid generation of Chlorella pyrenoidosa utilizing POME. Kamyab 

et al. (2016) considered the impact of POME on lipid efficiency of C. pyrenoidosa in hybrid photobioreactors 

(HPBR). Kamarudin et al. (2013) revealed that bioremediation of POME utilizing Chlorella vulgaris has 

evacuation effectiveness of ammoniacal nitrogen 61.0 %, ammonium 53.8 %, Phosphorus 84.0 %, Phosphate 

ion 66.2 %, COD 50.5 % and BOD 61.6 %. Ding et al. (2016) investigated a recently confine microalgae named 

Chlamydomonas sp UKM 6 in POME and decided the capability of microalgae production and expulsion of 

nutrients. As indicated by Kamyab et al. (2015) the ideal accomplishment rate of nutrient evacuation with C. 

incerta was around 67.35 % of COD for 250 mg/L of POME concentrations in 28 d. As expressed by Nur (2014) 

POME has been examined for their potential as a medium wellspring of green growth algae particularly Chlorella 

sp. Nur and Hadiyanto (2015) explained cultivation of C. vulgaris in 40 % POME with the expansion of various 

carbon sources can be an elective technique for microalgae development in POME medium for the age of 

biomass to be utilised as a biofuel feedstock.  

There is still a need to research an effective microalgae possibility to apply in wastewater treatment technique 

for remediation and at the same time deliver lipid. Using microalgae into the treatment framework cause to a 

few invaluable contain improving treatment strategy, microalgae growth, diminishing nutrients, decreasing 

expense and efficient. This paper expects to expand the utilisation of microalgae in expelling organic particle 

could lead to the clean and feasible generation of palm oil process.  

The goal of this research is to give a better image of the most elevated potential uses of microalgae particularly 

in a tropical locality like Malaysia. As history has appeared, research studies on microalgae have been vast and 

varied but they have not always resulted in specific regions with specific species of microalgae.  Hence, our 

motivation is to clear up the real circumstance by just talking about genuine pertinent and to outline them with 

cases of Chlamydomonas and Chlorella for even commercialized reason and bioenergy production. 
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2. Industrial wastewater and POME treated by microalgae 

According to global statistics, the distribution of water usage is 22 % in industry, 8 % domestic and 70 % in 

agriculture (UNESCO, 2003). A big fraction of this water is discharged into the environment as wastewater. It 

has been estimated that 5- 7.5 t of water is required for producing 1 t of crude palm oil and more than 50 % of 

the water ends up as POME (Ahmad et al., 2003). It is necessary to have a modern approach to treat the 

industrial effluents. Disposal of such huge effluent volumes to surface waters has major implications for the 

environment and freshwater sources have forced authorities to regulate standards for discharging industrial 

wastewater (IW). The initial composition of the IW largely determines the technical and economic requirements 

for treatment to meet regulated discharge criteria. The composition of the IWWs is as diverse as the sources 

and sites of IWWs. Industrial wastewaters mostly contain heavy metals as well as organic toxins and surfactants 

(Ahluwalia and Goyal, 2007). 

Nowadays there is a great and continuous increase in industrialisation, infrastructure and urban expansion in 

Asia, which has contributed to significant waste treatment demand and water shortage due to water pollution 

(Prinz and Brontowiyono, 2015). Recent industry including agro-based industry as one of the major sectors 

discharge a large amount of wastewater annually affecting the other water sources and human life. The palm 

oil industry in Malaysia is producing the largest amount of organic pollutant loads into rivers (Abdullah et al., 

2009). Indonesia and Malaysia are the two largest palm oil producing countries and is rich with numerous 

endemic, forest-dwelling species (Abdurahman et al., 2011). Malaysia has a tropical climate and is prosperous 

with natural resources. Oil palm currently occupies the largest acreage of farmed land in Malaysia (Chin et al., 

2013). POME is considered to be a highly polluted waste having an unpleasant odour. There is a greater need 

to find an alternative way to utilize these organic pollutants for the benefit of both human beings and the 

environment (Kamyab et al., 2017). 

Hence, characterization of the IW in order to determine the type of pollution and available nutrients is important 

as it directly influences the algae growth and IW treatment (Komolafe et al., 2014). In living algae cells, the 

ability to treat IW is dependent on the growth rate; growth rate directly determines the biomass concentration, 

and it, in turn, influences the total biosorption capacity of metal ions (Volesky, 2007). Furthermore, to date, no 

detailed techno-economic feasibility on such process has been conducted. It is to be noted that sustainable 

reliability of any proposed process, must be tested at pilot and demonstration scale prior to commercialization. 

Palm oil mill Effluent (POME) is the wastewater generated by processing oil palm and consists of various 

suspended materials. Meanwhile, a nitrogen source (usually appears in nitrate form) plays an important role in 

promoting microalgae growth. In order to grow microalgae effectively, the basic nitrate concentration required 

is in the range of 200-400 mg/L (Li et al., 2008). Other minerals such as Fe, Zn, P, Mg, Ca and K, which are 

required for microalgae growth, also exist in POME. POME emerged as an alternative option as a chemical 

remediation to grow microalgae for biomass production (Lam et al., 2011). When compared to the conventional 

wastewater treatment process which introduces activated sludge and biological floc to degrade organic 

carbonaceous matter to CO2, microalgae can assimilate organic pollutants into cellular constituents such as 

lipid and carbohydrate and achieve pollutant reduction in a more environmentally friendly way (de Andrade et 

al., 2016). Moreover, parameters such as temperature, irradiance and, most markedly, nutrient availability have 

been shown to affect both lipids composition and content in many microalgae (Karpagam et al., 2015a). 

3. Bioenergy production and nutrients removal by green microalgae 

Microalgae research has gained much interest in recent years as it does not displace food crops for bioenergy 

production. Certain microalgae species have been reported to contain high amounts of oil to biomass ratio, 

which could be extracted, processed and refined into transportation fuels, using currently available technology. 

Microalgae are photosynthetic, aquatic plants that utilise inorganic nutrients such as nitrogen and phosphorus 

(Alvarez et al., 2000). Algae have several industrial applications that can lower the cost of biofuel co-production. 

Among these co-production applications, environmental and wastewater bioremediation are increasingly 

important (Zeraatkar et al., 2016). These algae normally have fast growth rate and their production are not 

seasonal and can be harvested on daily basis. Microalgae structures are primarily for energy conversion without 

any development beyond the cells, and their simple development allows them to adapt to the prevailing 

environmental conditions and prosper in long term. The selection of appropriate microalgal strain is an important 

factor for the overall success of the by-product resulting from the microalgae (Rosenberg et al., 2008). The ideal 

algal strain for waste water treatment and biodiesel production should: (a) have high lipid productivity; (b) be 

robust and able to survive the shear stresses common in photobioreactors; (c) be able to dominate wild strains 

in open pond production systems; (d) have high CO2 sinking capacity; (e) have limited nutrient requirements; (f) 

be tolerant to a wide range in temperatures resulting from the diurnal cycle and seasonal variations; (g) provide 

valuable co-products; (h) have faster productivity cycle (i) display self flocculation characteristics.   
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Lipid from microalgae is one of the putative oil resources to facilitate the biodiesel production during this era of 

energy dissipation and environmental pollution (Karpagam et al., 2015b). The average lipid content of algal cells 

varies between 1 % and 70 %, but can reach 90 % of dry weight under certain conditions (Xin et al., 2010). The 

total content of lipids in microalgae may vary from about 1 - 85 % of the dry weight, with values higher than 40 

% is typically achieved under nutrient limitation. The interest in microalgae for biodiesel production is due to the 

presence of high amount of lipid content in some species, and also due to the fact that lipid synthesis, especially 

of non-polar TAGs (triacylglycerols), which are considered to be the best substrate for producing biodiesel, can 

be modulated by varying the growth conditions (Monari et al., 2016). Lipid accumulation in microalgae occurs 

when a nutrient is exhausted from the medium or becomes the growth limiting factor. Cell proliferation is 

prevented but carbon is still assimilated by the cell and converted to TAG lipids that are stored within the existing 

cells thereby increasing the concentration of lipid (Meng et al., 2009). Up to now, Chlorella sp. And Botryococcus 

braunii were determined as potential microalgae to biomitigate CO2 from flue gas while producing high lipid 

content for subsequent biodiesel production (Yoo et al., 2010).  

Biodiesel can serve as an alternative diesel fuel that offers some advantages to the environment, such as being 

biodegradable, non-toxicity, better lubricity, low SOx and CO emission (Jacobson et al., 2008). Biodiesel from 

renewable sources can be an alternative to reduce our dependency on fossil fuel and assist to maintain the 

healthy global environment and economic sustainability. However, they are also some disadvantages as NOx 

emissions. Production of biofuel from food stock generally consumed by humans or animals can be also 

problematic and the root cause of worldwide dissatisfaction. Biofuels production from microalgae can provide 

some distinct advantages such as their rapid growth rate, fast greenhouse gas fixation ability and high 

production capacity of lipids (Alam et al., 2012). Relative to terrestrial biofuel feedstocks, algae can convert solar 

energy into fuels at higher photosynthetic efficiencies and can thrive in salt water systems. There has been 

recently considerable progress in identifying relevant bioenergy genes and pathways in microalgae, and 

powerful genetic techniques have been developed to engineer some strains via the targeted disruption of 

endogenous genes and/or transgene expression. Collectively, the progress that has been achieved in these 

areas is rapidly advancing our ability to genetically optimise the production of targeted biofuels (Beer et al., 

2009).  

4. Conclusion 

The use of wastewater for the growth of microalgal cultures is considered beneficial for minimising the use of 

freshwater, reducing the cost of nutrient addition, removing nitrogen and phosphorus from wastewater and 

producing microalgal biomass as bioresources for biofuel or value-added by-products. This review has shown 

that the integration of POME treatment with microalgae growth for useful by-products. It could be a beneficial 

alternative to using wastewater as a source to grow algae to be processed to obtain bioenergy. Various aspects 

need to be studied for microalgae cultivation in POME, especially to control contamination. Moreover, the 

location of Malaysia on the equator makes microalgae cultivation potentially productive. Other aspects that 

should be considered include the concentration of POME used as media, isolation/selection of microalgae 

strains, reactor/system selection and optimisation of growth operating conditions for microalgae biomass to be 

extracted for lipids as an alternative biofuel resource. 

Acknowledgement 

This work has been supported by the EU project Sustainable Process Integration Laboratory - SPIL funded as 

project No. CZ.02.1.01/0.0/0.0/15_ 003/0000456, by the Czech Republic Operational Programme Research, 

Development and Education under a collaboration agreement with Universiti Teknologi Malaysia, Johor Bahru 

and Pázmány Péter Catholic University, Budapest, Hungary. 

References 

Abdelaziz A.E., Leite G.B., Hallenbeck P.C., 2013, Addressing the challenges for sustainable production of algal 

biofuels: I. Algal strains and nutrient supply, Environmental Technology, 34, 1783-1805. 

Abdullah A.Z., Salamatinia B., Mootabadi H., Bhatia S., 2009, Current status and policies on biodiesel industry 

in Malaysia as the world's leading producer of palm oil, Energy Policy, 37, 5440-5448. 

Abdurahman N.H., Rosli Y.M., Azhari N.H., 2011, Development of a membrane anaerobic system (MAS) for 

palm oil mill effluent (POME) treatment, Desalination, 266, 208-212. 

Ahluwalia S.S., Goyal D., 2007, Microbial and plant derived biomass for removal of heavy metals from 

wastewater, Bioresource technology, 98, 2243-2257. 

Ahmad A.L., Ismail S., Bhatia S., 2003, Water recycling from palm oil mill effluent (POME) using membrane 

technology, Desalination, 157, 87-95. 

2200

https://www.sciencedirect.com/science/article/pii/S0734975010001369#bb0675
https://www.sciencedirect.com/science/article/pii/S0734975010001369#bb0275


Alam F., Date A., Rasjidin R., Mobin S., Moria H., Baqui A., 2012, Biofuel from algae-is it a viable 

alternative?, Procedia Engineering, 49, 221-227. 

Alvarez D.A., Petty J.D., Huckins J.N., Manahan S.E., 2000, Development of an integrative sampler for polar 

organic chemicals in water. ACS Division of Environmental Chemistry, Preprints 40(1), 71-74. 

Bakar S.N.H.A., Hasan H.A., Mohammad A.W., Abdullah S.R.S., Haan T.Y., Ngteni R., Yusof K.M.M, 2018, A 

review of moving-bed biofilm reactor technology for palm oil mill effluent treatment, Journal of Cleaner 

Production, 171, 1532-1545. 

Barber J., 2009, Photosynthetic energy conversion: natural and artificial, Chemical Society Reviews, 38, 185-

196. 

Beer L.L., Boyd E.S., Peters J.W., Posewitz M.C., 2009, Engineering algae for biohydrogen and biofuel 

production, Current Opinion in Biotechnology, 20, 264-271. 

Chin M.J., Poh P.E., Tey B.T., Chan E.S., Chin K.L., 2013, Biogas from palm oil mill effluent (POME): 

Opportunities and challenges from Malaysia's perspective, Renewable and Sustainable Energy 

Reviews, 26, 717-726. 

de Andrade G.A., Berenguel M., Guzmán J.L., Pagano D.J., Acién F.G., 2016, Optimization of biomass 

production in outdoor tubular photobioreactors, Journal of Process Control, 37, 58-69. 

De Francisci D., Su Y., Iital A., Angelidaki I., 2018, Evaluation of microalgae production coupled with wastewater 

treatment, Environmental Technology, 39, 581-592. 

Ding G.T., Yaakob Z., Takriff M.S., Salihon J., Rahaman M.S.A., 2016, Biomass production and nutrients 

removal by a newly-isolated microalgal strain Chlamydomonas sp in palm oil mill effluent 

(POME), International Journal of Hydrogen Energy, 41, 4888-4895. 

Habib M.A.B., Yusoff F.M., Phang S.M., Ang K.J., Mohamed S., 1997, Nutritional values of chironomid larvae 

grown in palm oil mill effluent and algal culture, Aquaculture, 158, 95-105. 

Igwe J.C., Onyegbado C.C., 2007, A review of palm oil mill effluent (POME) water treatment, Global Journal of 

Environmental Research, 1, 54-62. 

Islam M.A., Yousuf A., Karim A., Pirozzi D., Khan M.R., Ab Wahid Z., 2018, Bioremediation of palm oil mill 

effluent and lipid production by Lipomyces starkeyi: A combined approach, Journal of Cleaner 

Production, 172, 1779-1787. 

Jacobson K., Gopinath R., Meher L.C., Dalai A.K., 2008, Solid acid catalyzed biodiesel production from waste 

cooking oil, Applied Catalysis B: Environmental, 85, 86-91. 

Kamarudin K.F., Yaakob Z., Rajkumar R., Takriff M.S., Tasirin S.M., 2013, Bioremediation of palm oil mill 

effluents (POME) using Scenedesmus dimorphus and Chlorella vulgaris, Advanced Science Letters, 19, 

2914-2918. 

Kamyab H., Chelliapan S., Din M.F.M., Lee C.T., Rezania S., Khademi T., Chie C.P., 2018, Isolate New 

Microalgal Strain for Biodiesel Production and Using FTIR Spectroscopy for Assessment of Pollutant 

Removal from Palm Oil Mill Effluent (POME), Chemical Engineering Transactions, 63, 85-91. 

Kamyab H., Chelliapan S., Shahbazian-Yassar R., Din M.F.M., Khademi T., Kumar A., Rezania, S., 2017, 

Evaluation of Lipid Content in Microalgae Biomass Using Palm Oil Mill Effluent (Pome), JOM, 69, 1361-

1367. 

Kamyab H., Din M.F.M., Ghoshal S.K., Lee C.T., Keyvanfar A., Bavafa A.A., Rezania, S., Lim J.S., 2016, 

Chlorella pyrenoidosa mediated lipid production using Malaysian agricultural wastewater: effects of photon 

and carbon, Waste and Biomass Valorization, 7, 779-788. 

Kamyab H., Din M.F.M., Keyvanfar A., Majid M.A., Talaiekhozani A., Shafaghat A., Ismail H.H., 2015, Efficiency 

of microalgae Chlamydomonas on the removal of pollutants from palm oil mill effluent (POME), Energy 

Procedia, 75, 2400-2408. 

Karpagam R., Preeti R., Ashokkumar B., Varalakshmi P., 2015a, Enhancement of lipid production and fatty acid 

profiling in Chlamydomonas reinhardtii, CC1010 for biodiesel production, Ecotoxicology and Environmental 

Safety, 121, 253-257. 

Karpagam R., Raj K.J., Ashokkumar B., Varalakshmi P., 2015b, Characterization and fatty acid profiling in two 

fresh water microalgae for biodiesel production: lipid enhancement methods and media optimization using 

response surface methodology, Bioresource Technology, 188, 177-184. 

Komolafe O., Orta S.B.V., Monje-Ramirez I., Noguez I.Y., Harvey A.P., Ledesma M.T.O., 2014, Biodiesel 

production from indigenous microalgae grown in wastewater, Bioresource Technology, 154, 297-304. 

Lam M.K., Lee K.T., 2011, Renewable and sustainable bioenergies production from palm oil mill effluent 

(POME): win–win strategies toward better environmental protection, Biotechnology Advances, 29, 124-141. 

Lam S.S., Liew R.K., Cheng C.K., Rasit N., Ooi C.K., Ma N.L., Chase H.A., 2018, Pyrolysis production of fruit 

peel biochar for potential use in treatment of palm oil mill effluent, Journal of Environmental Management, 

213, 400-408. 

Larsdotter K., 2006, Wastewater treatment with microalgae-  a literature review, Vatten, 62, 31–38. 

2201



Li Y., Horsman M., Wang B., Wu N., Lan C.Q., 2008, Effects of nitrogen sources on cell growth and lipid 

accumulation of green alga Neochloris oleoabundans, Applied Microbiology and Biotechnology, 81, 629-

636. 

Meng X., Yang J., Xu X., Zhang L., Nie Q., Xian M., 2009, Biodiesel production from oleaginous 

microorganisms. Renewable Energy, 34, 1-5. 

Monari C., Righi S., Olsen S.I., 2016, Greenhouse gas emissions and energy balance of biodiesel production 

from microalgae cultivated in photobioreactors in Denmark: a life-cycle modelling, Journal of Cleaner 

Production, 112, 4084-4092. 

Nur M.A., Hadiyanto H., 2015, Enhancement of Chlorella vulgaris biomass cultivated in POME medium as 

biofuel feedstock under mixotrophic conditions, Journal of Engineering and Technological Sciences, 47, 

487-497. 

Nur M.M.A., 2014, Lipid extraction of microalga Chlorella sp. cultivated in palm oil mill effluent (POME) 

medium, World Applied Sciences Journal, 31, 959-967. 

Osundeko O., Dean A.P., Davies H., Pittman J.K., 2014, Acclimation of microalgae to wastewater environments 

involves increased oxidative stress tolerance activity. Plant and Cell Physiology, 55, 1848-1857. 

Prinz D., Juliani A., Brontowiyono W., 2009, Future water management problems in Asian megacities, Jurnal 

Sains & Teknologi Lingkungan, 1, 01-16. 

Rawat I., Bhola V., Kumar R.R., Bux F., 2013, Improving the feasibility of producing biofuels from microalgae 

using wastewater, Environmental Technology, 34, 1765-1775. 

Rosenberg J.N., Oyler G.A., Wilkinson L., Betenbaugh M.J., 2008, A green light for engineered algae: 

redirecting metabolism to fuel a biotechnology revolution. Current Opinion in Biotechnology, 19, 430-436. 

Tan H.M., Gouwanda D., Poh P.E., 2018, Adaptive neural-fuzzy inference system vs. anaerobic digestion model 

No. 1 for performance prediction of thermophilic anaerobic digestion of palm oil mill effluent, Process Safety 

and Environmental Protection, 117, 92-99. 

UNESCO, 2003, Water for People, Water for Life. United Nations World Water Development Report, 

<www.unesdoc.unesco.org>, accessed 15/06/2018. 

Volesky B., 2007, Biosorption and me, Water Research, 41, 4017-4029. 

Xin L., Hong-ying H., Ke G., Ying-xue S., 2010, Effects of different nitrogen and phosphorus concentrations on 

the growth, nutrient uptake, and lipid accumulation of a freshwater microalga Scenedesmus sp, Bioresource 

Technology, 101, 5494-5500. 

Yoo C., Jun S.Y., Lee J.Y., Ahn C.Y., Oh H.M., 2010, Selection of microalgae for lipid production under high 

levels carbon dioxide, Bioresource Technology, 101, S71-S74. 

Zangeneh H., Zinatizadeh A.A., Zinadini S., Feyzi M., Bahnemann D.W., 2018, A novel photocatalytic self-

cleaning PES nanofiltration membrane incorporating triple metal-nonmetal doped TiO2 (KBN-TiO2) for post 

treatment of biologically treated palm oil mill effluent, Reactive and Functional Polymers, 127, 139-152. 

Zeraatkar A.K., Ahmadzadeh H., Talebi A.F., Moheimani N.R., McHenry M.P., 2016, Potential use of algae for 

heavy metal bioremediation, a critical review, Journal of Environmental Management, 181, 817-831. 

2202

http://www.unesdoc.unesco.org/



