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Abstract  

Biodiesel is an alternative for fossil fuel resources because of the environmental 

benefits offered by renewable energy resources, and the attractiveness is towards third-

generation biofuels because it is having higher calorific content since it can be directly used 

in fossil-fueled engines. In this research work, the Chlorella vulgaris   is cultivated in exit 

liquid and solid digestate of anaerobic digester. An algae growth from wastewaters is 

reported in many kinds of literature, however solid digestate is not tried anywhere for algae 

growth is identified from the literature studied. The various concentration and weight 

percentage of the both medium were studied to find the best suitable proportion for the 

growth of algae. The growth rate studied in indoor and outdoor environmental conditions and 

compared with the standard Bold Basal Medium (BBM). The algae growth was found 

maximum at 80% concentration of liquid digestate, and 7gm/l of solids digestate, and 

improved growth rate observed in outdoor conditions compared with indoor conditions. The 

growth rate was analyzed based on three parameters optical density, weight and chlorophyll 

content. Thus, the solid digestate usage was successfully proved, and the growth rate was 

more in solid digestate compared to liquid digestate. The reduction percentages of pollutant 

in the liquid supernatant 82.54, 80, 30.77 and 76.92 for COD, TKN, SO4 and PO4. 

Furthermore, pollutant reduction percentage in solid digestate were 78.42, 85 and 75 for 

nitrogen, potassium and phosphorous respectively. Thus, the dual wastes from the anaerobic 

digester could be used as alternative growth medium for algae growth found to be attractive. 

Finally, the lipids extracted from biomass converted into biodiesel through transesterification 

process. The properties of the biodiesel measured are kinematic viscosity, density ,flash point 

and Calorific value of 3.6 cSt, 0.87 gm/cm3 , 152 ˚C, 34.5 MJ/kg and 3.4 cSt, 150˚C, 

0.88gm/cm3 and 36.5 MJ/kg produced from both digestate of liquid and solid respectively. 

Thus, the solid digestate can also be used for the algae growth, which would reduce the 

pollutants of wastes with the high calorific value of biodiesel like liquid digestate.  

 

Key words: Chemical oxygen demand , Transesterification, Chlorophyll, Calorific value, Algae 
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1. Introduction 
 

Nowadays, fossil fuels play vital roles in the energy sector, but the production is lower 

than our needs ,and it is expected to hike 40% by 2040 [1]. To bring under control this, an 

alternative form of energy source is much required and should be less contributing to global 

warming.  Hence the whole world is in the search for alternative fuels which could solve 

environmental issues leading to sustainable technologies. Alternate energy resources are 

classified : first-generation ,second-generation and third-generation biofuels based on aquatic 

cultivated feedstock and third-generation biofuels extracted from microalgae is advantageous 

over the drawbacks associated with first and second-generation biofuels [2]. Biofuels exerted 

from microalgae biomass is among the one for the future. Therefore, the research trends are 

towards third-generation fuels. The biofuels that can be extracted from algae, carbohydrate 

(sugars) rich biomaterials, oil-rich biomaterials, agricultural wastes(organic and inorganic 

sources) Etc. are classified as bio-char, liquid fuels such as ethanol, vegetable oil, and 

biodiesel, and gaseous fuels such as biogas, bio syngas and biohydrogen [3].  

Microalgae grow with the help of sunlight and require growth medium viz. (light, 

sugars, CO2, N, P, and K) producing lipids, proteins and carbohydrates of its own in large 

amounts within a limited time. The grown algae can be cultivated and converted to both 

biofuels and valuable other products [4, 5, 2]. It can accumulate lipids with a potential of 

producing 100 times more oil per acre than other first and second-generation biomasses [3]. 

Thus, microalgae are  potential biomass for producing biofuels such as biodiesel, bioethanol, 

bioethane, biohydrogen and syngas [6][7][8][9]. Various microalgae’s species are studied for 

the potential as biofuels; and proved to be an alternative for fossil fuels based on renewability 

and environmental benefits. It can absorb higher levels of CO2 than other plants; therefore, it 

is a boon for CO2 absorption from the atmosphere from emitted from industrial sources, thus 

reducing the greenhouse gas effect globally [6]. It constitutes nutrients like nitrogen and 

phosphorus [6]. It has the ability for converting CO2 into other products such as 

carbohydrates, lipids, and other bioactive metabolites [10]. When compared with coal-based 

and fossil fuels, it possesses environmental benefit with a higher calorific value like 

conventional fuels [11]. 

Microalgae cultivation is carried out in two methods: open-culture systems(lakes or 

ponds) and closed-culture systems called photo-bioreactors [12]. For better growth rate and 

produce the cultivation parameters can be optimized ,and variously studied are reported. The 

parameters are nutritional requirements (growth medium), light exposure, degree of agitation, 

and environmental conditions [7]. Open pond systems should be selective since the growth 

get affected due to other algae species and protozoa[13]. Monoculture can maintain a high 

extreme culture environment; however, a very minimal number of algae’s is only suitable [2]. 

However, the high production rate can be achieved in open pond systems ,and there are still 

inconsistencies in the production rates reported in the literature [2]. Microalgae cultivation in 

a closed environment can reduce significant problems faced by open pond production 

systems if  the high-value product is desired(pharmaceutical and cosmetics industry) [2]. The 

growth rate is directly governed by the environmental and nutrient conditions like the amount 

and intensity of light, CO2 level, pH value, temperature, nutrients and the presence of other 

organisms [14]. Temperature is the primary crucial limiting factor, after light, for the 

cultivation of algae in both closed and open outdoor systems [12]. 

Sustainability is a key to the natural resource ,which also involves efficiency, less 

environmental impact and socio-economic benefits [2]. Thus, the growth of microalgae can 

be improved for its lipid productivity through green techniques by using flue gas as a carbon 

source and wastewater as the growing medium which could directly reduce the pollution 

generated from another medium [7]. Algae can grow with nutrients such as nitrogen and 

phosphorous from a variety of wastewater sources (e.g. agricultural run-off, concentrated 

animal feed and municipal wastewater), thus being sustainable through wastewater utilization 

for environmental benefits [1, 06]. Using wastewater to cultivate microalgae would reduce 

costs tremendously as well as significantly reduce the amount of freshwater that needs to be 

introduced to the system [7]. Utilization of wastewater for algae cultivation in Brazil using 

domestic wastewater from 40% of its municipalities is reported, and the biodiesel production 

is increased by 21.4%. [15].In India, untreated rice mill water is one of the threats to the 

environment; therefore, techniques are being developed to minimize the environmental issues 
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caused to vegetation sources. Since 60% of the population of India consumes rice, this is a 

serious issue. The water required to soak the paddy in rice mill is about 1.3 times its weight 

,and for the parboiling process of rice, it is about 1.25 times its weight (Wimberley, 1983) 

[16]. Dispensing this water into an open field or water bodies and barren lands might cause 

environmental problems like eutrophication. The nutrients in these waters were utilized by a 

microorganism (mostly algae) for their growth. 

Chlorella vulgaris   is a unicellular green algae that has more chlorophyll, protein 

and degrades heavy metals such as cadmium, lead [1]. Technological advancements have 

brought microalgae biodiesel closer to becoming economically feasible through increased 

efficiency of the cultivation, harvesting, pretreatment, lipid extraction, and transesterification 

subsystems [7]. Transesterification of algal oil or biomass using acid or alkaline as a catalyst 

could produce, fatty acid methyl esters (FAME), the chemical composition of biodiesel Etc. 

the process of reaction with triglyceride and alcohol to procedure glycerol and esters are 

known as transesterification. [2]. All biodiesel is produced through this method , and it is the 

most economical process which requires low pressures and temperatures for producing 98% 

yield. It has a higher lubricity index than petroleum diesel and pollution-free compared to 

petroleum diesel. Chemical solvents are often used in the extraction of the oils [17]. In this 

study, the growth of Chlorella vulgaris   was planned to grow in the wastes derived from the 

anaerobic digester in different environmental conditions. The liquid phase (supernatant) has 

low COD and high concentrations of nitrogen, sulphate, phosphate which are being 

potentially used by the microalgae for their growth. Whereas, the solid phase (sludge) is rich 

in nitrogen, potassium, phosphorous ,which are also used as organic fertilizers for the plant is 

measured. From the various trials, the maximum growth rate concerning concentration is 

identified. Furthermore, the extraction of biodiesel is done successfully by the 

transesterification process. Finally, the extracted biodiesel is compared with the ASTM 

standards.  

 

2. Materials and Methods 
 
2.1 Sample collection and preparation 

 

The rice mill wastewater collected from M/s Muthuraja, Modern rice 

mill , Puduvayal, Sivaganga district, Tamilnadu and the anaerobic sludge 

collected from EID Parry (I) Ltd.,(Sugar Division) Nellikuppam, Tamilnadu 

digested in the lab scale anaerobic digester. After biogas production, liquid 

digestate and solid digestate collected from the anaerobic digester was stored 

in sterile glass bottles under refrigerated condition at 4˚C. The wet digestate 

was dried in the oven for 2 hours at 60˚C. The liquid digestate, wet solids 

digestate and dried solids digestate samples shown in Figure 1. There is no 

after-treatment required for the liquid and digestate supernatant. Therefore, 

the treated wastes can be used directly as a substrate for algae growth to 

produce lipids.  
  

 

Figure 1: a)  liquid digestate  b)  wet solids digestate c) dried solids 
digestate after oven drying 

a 
 

b c 
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2.2 Cultivation of microalgae 

 
             The microorganism Chlorella vulgaris   was purchased from Phycospectrum 

Environmental Research Centre (PERC) Chennai-600040. The microalgae Chlorella vulgaris 

cultivation carried out in two environmental conditions, indoor and outdoor environment. 

The microalgae growth studied in both the indoor and outdoor environment by using liquid 

digestate and solid digestate medium by varying the concentration of 20%, 40%, 60%, 

80%,100% liquid digestate and 1gm/l, 3gm/l, 5gm/l, 7gm/l, 9gm/l of solids digestate sludge 

respectively. Distilled water used for dilution of both digestate. The growth rate was analyzed 

on alternate days based on three parameters, such as optical density, chlorophyll and biomass 

dry weight. Growth for each one method examined, average values were reported from 

triplicate samples performed. Thus, the maximum algae growth was determined ,and the 

growth rate was compared with the standard medium of Bold Basal medium (BBM) under 

sterile conditions and incubated at 25ºC with the lux of 3200 . Thus, the growth was 

compared with the Synthetic medium of BBM for 40 days.Indoor conditions experimental set 

up shown in figure 2. 

 

 

 

 

 

 

 

 

Figure 2: a) Algae growing in liquid digestate and b) solids digestate at 

Indoor conditions 

  

The maximum yield resulted from the indoor environment was scaled up for the 

outdoor condition. For outdoor condition, the units are scaled up in 10 l reactor ,and the same 

testing methods are followed. The experimental setup shown in Figure 3. 

 

 

 
 

Figure 3: a) Algae growing in liquid digestate  and b) solid digestate at 

outdoor conditions 

 

 

 

a b 

 

a b 
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2.3 Determination of proximate analysis 

The proximate analysis carried out according to the standards for evaluating 

carbohydrate, protein, lipids, chlorophyll, and carotenoids for the produced algae biomass. 

Carbohydrate: The carbohydrate content in the produced algal biomass was determined by 

the anthrone method. The standard solutions prepared with glucose with the following 

percentages 20% (0.2ml SS + 0.8ml DDW), 40%, 60%, 80%, and 100% using test tube and 

distilled water added to make the solution to 1ml. Then 5ml of ice-cold anthrone reagent is 

added. The setup was kept undisturbed in a water bath for 10 mins. After incubation, the 

optical density (OD) is measured at 620nm in the calorimeter taking water as a blank. 

Protein estimation: The protein content in the algal biomass was determined using the 

Lowry method. Standard solutions prepared with BSA (Bovine Serum Albumin) 20% (0.2ml 

SS + 0.8ml DDW), 40%, 60%, 80%, and 100% measured in test tubes and distilled water is 

added for making up the solution to 1m. It was kept undisturbed at room temperature for 10 

mins. Add 0.3ml of folinciocolteau reagent in all test tubes and mix properly. Incubate these 

tubes for 60min.and after incubation measure OD at 660nm in the calorimeter. Take water as 

blank. Plot the graph and calculate the amount of protein present. 

Lipid estimation: The lipid content in the algal biomass was determined using folch 

method. 0.1 ml of algal biomass is mixed with 5 ml of chloroform and methanol in the ratio 

of 2:1 and incubated at room temperature for 24 hours. Then, it was filtered using Whatman 

filter paper no.1 and the filtered extract was dried and weighed. Thus, the difference in lipid 

content is the amount of total lipid presents the biomass is determined. (Folch, J., M.Loes and 

G.H.S, Stanley, 1956).  

Chlorophyll and carotenoid estimation: For the estimation of Chlorophyll and 

carotenoids, 2ml of algal culture centrifuged for 5mins at 12,500 rpm. The pellet was 

suspended in 2ml of 90% methanol. Incubate the mixture for 5 mins at 65˚C and maceration 

for 20 hours in the dark. Further, it was centrifuged for 5 mins at 12,500 rpm proposed by 

Sartory&Grobbelar [14].Spectrophotometer UV-Vis measured this supernatant at  470 nm, 

652.4 nm, and 665.2 nm taking methanol as blank. The equation for the estimation of 

chlorophyll given below ,as reported by S. Nayek et al. [6]. 

 

Chlorophyll a (Ch-a)=16.72(A665.2)–9.16(A652.4)  

Chlorophyll b (Ch-b)=34.09(A652.4)–15.28(A665.2)  

Total carotenoid content=[1000(A470)–1.63Ch-a–104.96Ch-b]/221 

 
2.4. Transesterification Process 

The sample collected in a conical flask with a mixture of  0.25 gm of NaOH and 

24ml of methanol and then stirred continuously for 20 minutes. The mixture of catalysts and 

methanol was poured to the algal oil in a conical flask for the transesterification process to 

take place. The solution was mixed with a magnetic stirrer for 3 hr at 300 rpm. After mixing 

the medium was kept undisturbed to settle biodiesel for 16 hrs. The algal oil separated by 

flask separator and  washed with 5% water until it will become clear so that the undesirable 

impurities get removed. The oil is dried using the dryer for 12 hr and then weighed. 

 

3. Results and Discussion 
            The results obtained based on the experiments conducted are optical 

density, Chlorophyll content and biomass weight for determining the growth rate and 

pollutant reduction in the solid digestate and liquid digestate also discussed in this session. 

Finally, the maximum growth proportion chosen for outdoor environmental conditions for 

growth rate study followed by biodiesel extraction also discussed ,and the properties of 

biodiesel was evaluated. 

 

   3.1 The Growth rate in liquid digestate an indoor environment  
The growth rate measured based on the optical density, chlorophyll, and biomass 

measurement is shown in Figure 4, 5, and 6. The growth rate is compared with the  BBM 

medium according to the standard. The concentration of the liquid medium was  20, 40, 60, 
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80% and 100 % of liquid digestate. Among the observed values, algae growth rate was more 

in 80% concentration for all the parameters such as Optical density, chlorophyll and biomass 

measurement. The cultivation period for the species is thus 40 days observed in Figure  4, 5 

and ,6. 

 

 

 

Figure 4: Optical density of Chlorella vulgaris in liquid digestate 

 

 
    Figure 5 :  Chlorophyll of Chlorella vulgaris in liquid digestate 
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Figure 6 : Biomass weight of Chlorella vulgaris in liquid digestate 

Table 1: Indoor growth parameters in liquid digestate 

Parameters BBM 20% 40% 60% 80% 100% 

Biomass(gm L-1) 1.412 1.270 1.660 1.990 2.930 1.890 

Chlorophyll (mg L-1) 13.15 13.93 13.79 13.81 16.09 15.07 

Optical density (nm) 1.379 1.245 1.782 1.989 2.856 1.758 

 

The above Table 1 indicates the maximum growth values of algae in the supernatant 

medium of the varying concentration in indoor condition and the growth rate compared with 

standard medium. The standard showed values almost near to the values in the concentration 

of 40%. The results in 100 % concentration medium slightly higher than the 60% 

concentration medium and considerably lower than the concentration of 80%. The 

concentration of 80% exhibits higher values compared to 100% and 60 % medium as well. 

The values are 2.93 gm/l dry weight, 16.09mgm/l chlorophyll, and 2.856 optical density. 

3.1. The Growth rate in solids digestate at  indoor environment  
  
The growth rate measured based on the optical density, chlorophyll measurement, 

and biomass measurement was shown in figure 7, 8, and 9 and the growth rate compared with 

the BBM standard medium. The concentration of sludge digestate were  1, 3, 5, 7 and 9gm/l. 

Among the observed values, algae growth rate was more in 7 gm/l concentration for all the 

parameters such as optical density, chlorophyll and biomass measurement. Although a small 

variation in days was exhibited, the cultivation period for the species is thus 40 days observed 

in figure 7,8 and 9. 
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Figure 7 : Optical density of Chlorella vulgaris  grown in solid digestate  

 

 
Figure 8 : Chlorophyll of Chlorella vulgaris grown in solids digestate 
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Figure 9 : Weight of Chlorella vulgaris grown in solids digestate. 

 

Table 2: Indoor growth parameters in solids digestate  

Parameters BBM 1 gm L-1 3 gm L-1 5 gm L-1 7 gm L-1 9 gm L-1 

Biomass(gm L-1) 1.31 1.97 2.29 2.46 2.79 2.31 

Chlorophyll (mg L-1) 11.73 12.78 13.36 14.59 15.89 14.38 

Optical density (nm) 1.42 1.96 2.00 2.40 2.62 2.07 

   

 

Table 2 indicates the growth parameters of algae in the varying concentration of the 

digested sludge. Parameters measured are Dry weight, Chlorophyll, Optical density. When 

comparing with the Bold Basal Medium (BBM) the near most value is the concentration of 

1gm/l. The value growth parameters of microalgae grown in 9 gm/l are slightly lower than 

the concentration of 5 gm/l ,and it is considerably lower than the concentration of 7 gm/l. The 

concentration of 7 gm/l possesses higher values against all the concentrations which are 2.79 

in dry weight, 15.89 in chlorophyll, and 2.62 in optical density. From the above results in 

indoor conditions ,algae grown are measured for its growth rate in solid and liquid digestate. 

Based on the results, algae growth is maximum at 7 gm/l solid digestate and 80% 

concentration liquid digestate. Thus, based on these results, outdoor experiments are limited 

to 7 gm/l and 80% concentrations for solids digestate and liquid digestate. 

 

3.2. The Growth rate in outdoor environment for liquid and  solids digestate. 

From the below Table 3 and Figure shown in 10,11 and 12 , it was observed that the 

dry weight, chlorophyll and optical density in the outdoor condition  improved than the 

indoor environmental conditions. It indicates the growth parameters of both supernatant and 

sludge digest with a selective concentration in outdoor condition for 10 liters. The 

comparison of outdoor conditions with indoor conditions shows higher values in outdoor 

conditions. All the values in the outdoor condition respective to the concentration are higher 

than indoor conditions except the dry weight and chlorophyll value in 80% of the liquid 

digestate supernatant. This was the same as the indoor condition. The difference between the 

liquid digestate supernatant was more than digested sludge in dry weight and chlorophyll. 

Conversely, the optical density of solids digestate was higher than liquid digestate  which, 

was 3.313. 
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  Figure 10: Weight of Chlorella vulgaris grown in digestate solid and 
liquid digestate 

Figure 11 :  Weight of Chlorella vulgaris grown in digestate solids and liquid 

digestate 

 

 

Figure 12: Weight of Chlorella vulgaris grown in digestate solid and liquid 

digestate 
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Table 3: Outdoor growth parameters in solids and liquids digestate  

 

Parameters BBM 80% Liquid 

digestate 

7  gm L-1 

Solids digestate 

Biomass(gm L-1) 1.412 2.930 2.910 

Chlorophyll (mg L-1) 13.98 16.85 15.98 

Optical density (nm) 1.856 3.212 3.313 

 

    3.3 Proximate analysis of cultivated biomass  

Table 4 indicates the proximate analysis of biomass of selected concentration of 

liquid digestate supernatant and sludge digest 80% and 7 gm/l respectively. This proximate 

analysis was done to determine the total concentration of lipids in the outdoor condition. Lipid 

content in sludge digest is higher that supernatant digest conversely carbohydrate content in 

sludge digest is lower that supernatant digest. Protein content in the supernatant digest is 

lower than sludge digest with the difference of 2 when protein in sludge digest is 42. In 

supernatant digestate carotenoid, chlorophyll, and other values are higher than sludge digest 

with having a difference of 0.5. The aim of this study is to produce biodiesel ,and it is feasible 

with the lipid percentage in the cultivated microalgae. 

 
Table 4. Proximate analysis of cultivated algae (outdoor condition) 

 

Parameters 

 

 Liquid digestate 

 

 

Solids digestate 

Protein(%) 40 42 

Carbohydrate (%) 25 23 

Lipids(%) 30 31 

Carotenoids & 

Chlorophyll (%) 

3 2.5 

Others(%) 2 1.5 

    

 

3.4. Pollutants analysis of liquid and solids digestate 

The output from the anaerobic digester is the liquid supernatant and solid digestate. 

The pollution associated with waste can be reduced by using it for biodiesel production. 

Hence chemical oxygen demand (COD), Total Nitrogen (TKN), sulphate and phosphate are 

reported for before and after the algae growth in liquid supernatant. 82.54 % of Chemical 

Oxygen Demand (COD), 80.00 % of TKN, 30.77% of sulphate and 76.92% of phosphate 

reduction are observed in liquid digestate sample after cultivation of algae. The nitrogen, 

potassium and phosphorous contents are evaluated for solid digestate.  78.42% of total 

nitrogen, 85.00% of total potassium and 75.00% of total phosphorous reduction observed in 

digested sludge after cultivation of algae. Hence a higher reduction was observed in both 

cases. Thus, this method of growing algae from the anaerobic digester waste looks 

promising for biodiesel production. 

Table 5: Pollutants in liquid digestate before and after algae growth 

Parameters Before inoculam After inoculam % of reduction 
COD (mg/l) 945 165 82.54 

TKN(mg/l) 35 7 80 

Sulphate(mg/l) 52 36 30.77 

Phosphate (mg/l) 65 15 76.92 
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Table 6 :  Pollutants in solids digestate  before and after algae growth 

Parameters Before inoculam After inoculam % of reduction 
Total Nitrogen (%) 4.17 0.90 78.42 

Total Potassium (%) 35 7 85 

Total Phosphorous(%) 52 36 75 

 

3.5.   Extracted Biodiesel   

The biodiesel is extracted based on the transesterification process. The physical 

properties of the extracted biodiesel from both liquid and solids digestate are shown in below 

table 5.  The kinematic viscosity, flash point, density and calorific value are determined and 

compared with the ASTM D-6751 standard. The physical properties are in the specified 

range ,and it is suitable for engine operation.  The calorific values of the biodiesels obtained 

are higher for the one obtained from digestate sludge. 

 

Table 7: Characteristics of biodiesel 

 

 

Samples 

Characteristics 
Kinematic 

viscosity 

(cSt) 

Flashpoint 

(˚C) 

Density 

(gm/cm3) 

Calorific 

Value 

(MJ/Kg) 

ASTM D-6751-

standards 

1.9-6.0 >130 0.85-0.90 - 

Liquid digestate 3.6 152 0.87 34.5 

Solids digestate  3.4 150 0.88 36.5 

 

 

4. Conclusion 
 

Liquid and solids digestate discharged from rice mill anaerobic digester (AD) 

contain many organic and inorganic nutrients which can cause severe impacts on aquatic life 

and human health. The varying concentrations of liquid and solids digestate were used for the 

algal production and the better yield producing composition was scaled up in outdoor 

condition. Protein, carbohydrate, lipids, carotenoids and chlorophyll compositions were 

estimated for the outdoor biomass samples. Treatment of this anaerobic digestate supernatant 

liquid and its sludge by Chlorella vulgaris   algal species can be a suitable method as 

biomass produced from the algae can be used for biodiesel production. A significant 

reduction in pollutants present in the digestate wastes is observed after algae growth ,and 

the reduction was 82.54, 80, 30.77, 76.92 and 78.42, 85, 75 for COD, TKN, SO4, PO4 and 

nitrogen, potassium, phosphorous respectively. Results indicated that 80% concentration of 

digested liquid and 7 gm/l concentration of digested sludge could be used for lipids 

production by Chlorella vulgaris   as alternate sustainability growth medium instead of 

synthetic standard medium. Oil extracted from Chlorella vulgaris   was used for biodiesel 

production ,and the calorific value of the biodiesel extracted is 34.5 and 36.6 MJ/Kg, 

respectively. 
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