
International Journal of  
Sustainable Future for Human Security  

J-SustaiN Vol. 1, No. 1 (2013) 3-7 
http://www.j-sustain.com 

 

ENERGY ENVIRONMENT 

Utilization of Agroindustry 
Wastewater as Growth 
Medium for Microalgae based 
Bioenergy Feedstock in 
Indonesia (an Overview) 
M.M. Azimatun Nur*, H. Hadiyanto 
Center of Biomass and Renewable Energy, Chemical Engineering 
Diponegoro University Jl Prof Soedarto, SH. Tembalang 50275, 
Semarang, Indonesia. 
 
Received: March 14, 2013/ Accepted: April 25, 2013 

Abstract 

Indonesia has been well-known as an agricultural country for a 
long time. Several leading agroindustry products are increasing 
due to demand from world consumption. On other hand, 
wastewater production has increased in parallel with 
agroindustry production. It is predicted that wastewater will 
threaten the environment due to high COD and BOD content. 
A second problem in Indonesia is the energy crisis, due to 
petroleum depletion, and energy demand increase. A feasible 
technology is needed to solve both these problems.  Almost all 
agroindustry wastewater contains nitrogen, phosphorus, and 
several micronutrients. It is seen as a potential medium for 
microalgae growth. Due to the tropical climate, light, and other 
factors, it is predicted that microalgae cultivated in 
agroindustry wastewater could be a potential biomass for 
bioenergy feedstock and a good phytoremediator to lower toxic 
matter in wastewater.   

Keywords: Indonesia wastewater agroindustry, biomass 
microalgae, bioenergy feedstock 

 

1. Introduction  
Currently, Indonesia is one of the leading agroindustry producers 
in the world. The major food crops, ranked by area harvested 
quantity, are rice, corn, cassava, soybeans and peanuts. Indonesia 
is also one of the world’s largest producers and exporters of tree 
crops such as palm oil, rubber, copra, palm kernels, coffee, cocoa 
and spices [1]. This agricultural production has the potential to 
generate wastewater pollutants and greenhouse gases. 

On other hand, Indonesia is in an energy crisis. The demand of 
energy has constantly increased through the years (Figure 1). 
Simultaneously, decreasing discoveries of new fossil fuel sources, 
minimal renewable energy feedstocks, and increasing human 
population are exacerbating the crisis. 

One of most promising technologies to be implemented in 
Indonesia is microalgae-technology-based biofuel. Indonesia is a 
tropical archipelago, having a potential to produce microalgae as a 
blooming biomass source. However, only several microalgae can 
produce biofuels  
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and utilize agroindustry wastewater as growth medium [3]. Finally, 
in this process, the COD, BOD, and other pollutants will be 
removed, and the biomass product from microalgae is used as 
feedstock of bioenergy. 

 

 
Figure 1 Indonesian energy consumption equivalent per capita [2] 

 

2. Microalgae As Biofuel Feedstock  
Researchers are interested to microalgae as biofuel feedstock due 
to the potential for high production all year round regardless of 
the season, rapid production, nutrient and heavy metal removal 
from wastewater, and the utilization of CO2 in large quantities [3]. 

Microalgae appear to represent the only currently renewable 
way to generate biofuels [4]. Compared to other oil sources, it has 
higher lipid productivity than other crops (Figure 2). Microalgae 
biofuels are also likely to have a much lower impact on the 
environment and do not encroach on the world’s food supply as 
compared with conventional biofuel-producing crops. When 
compared to plant biofuels, microalgal biomass has a high caloric 
value, low viscosity and low density - properties that make 
microalgae more suitable for biofuel than lignocellulosic materials 
[5]. 

Chisti [4] reported that production cost per kilogram of 
microalgal biomass is $2.95 and $3.80 for photobioreactors and 
raceways, respectively. These estimates assume that carbon 
dioxide is not included as a cost. However by using wastewater 
nutrient, costs of production could be lowered. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 Comparison of potential source of biodiesel. Microalgae contains 

30% oil [4] 

2.1. Biomass Conversion 
Biomass conversion from microalgae can be applied to biodiesel 
products, but also bioethanol, biohydrogen, methane, or even for 
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electricity production [6]. A schematic of microalgae biomass 
conversion is shown in Figure 2. However, in the international 
market, the most technically feasible and commercialized 
alternative renewable fuel sources are biodiesel and bioethanol [7]. 

Several researchers found that oil from microalgae could be 
converted to biodiesel, by using supercritical and microwave 
methods [8], ultrasound methods [9, 10], and direct 
transesterification (in situ) [11].The last method  is one of the most 
promising technologies due to the simple process and lower 
energy consumption to produce biodiesel from microalgae [8, 12, 
13]. By using In situ transesterification, energy consumption could 
be lowered due to bypassing lipid extraction. Dry biomass is used 
in the transesterification process to produce biodiesel using 
solvents and a catalyst. 

Moreover, researchers are also interested in the feasibility of 
biodiesel conversion of microalgae biofuel cultivated in 
wastewater. Penglin [14] reported that direct transesterification is 
feasible applied in microalgae cultivated in rice straw wastewater. 
Wu [15] investigated the feasibility of biodiesel production by 
microalgae using industrial wastewater and conclude that 
microalgae could remove ammonium and accumulate 18,4% lipid, 
and that the composition of this lipid is suitable to produce 
biodiesel. 

Several factors are also considered to affect lipids in 
microalgae. Widjaja et al. concludes that several factors increase 
lipids in Chlorellavulgaris such CO2 concentration, nitrogen 
depletion, harvesting time, and extraction method [16]. Moreover, 
the specific strain inoculum also plays an important role to 
produce high microalgae-based biofuel. 

In fact, assuming that the biomass contains 30% oil by weight, 
the cost of biomass for providing a liter of oil would be something 
like $1.40 and $1.81 for photobioreactors and raceways, respectively 
[4]. 
 

2.2. Enhancement of Economic Feasibility of Biofuel 
Production from Microalgae 
 

Feasibility and sustainability of production of biomass from 
microalgae have to be placed in the process to push cost value and 
meet a reasonable price. Several factors affecting the economics of 
the process are the biorefinery system integration, advanced 
photobioreactor design, and conversion technology system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biorefineries for microalgae could be likened to a petroleum 
refinery. A biorefinery uses every component of the raw material 
to produce useable products and lower the overall cost production 
[4]. Microalgae not only produce biofuel but can also provide 
bioprotein and several other valuable products. The economic 
feasibility of microalgal biofuel production should be significantly 
enhanced by a high-value co-product [17, 18]. For example, 
microalgae based protein for animal feed is around $10-$20/kg, and 
pigments from microalgae such phycocyanin or chlorophy are 
around $700-$1000/liter in Indonesian market prices. Products 
such glycerol are also potential by-products to cover overall 
biofuel costs. 

The specific bioreactor is important in microalgae cultivation. 
Several methods that meet the cost and production rates also have 
to be considered. A number of authors have discussed the 
difference between open and closed systems [4][19][20].  

Hybrid systems are a new alternative for cultivating microalgae 
[7]. Combinations of both systems are probably the most logical 
choice for cost effective cultivation of high yielding strains for 
biofuels.   

Biomass conversion systems also influence the cost efficiency 
of production. Traditional methods of microalgae technology use a 
sequence of harvesting, extracting, and converting to biofuel. 
However, to push the market in renewable fuel/energy, the 
Indonesian government has lowered or eliminated the taxes for 
fuel grade bioethanol and biodiesel especially.  

3. Indonesian Agroindustry 
Indonesia is an agricultural country which leads in several agro 
product exports. Three major export agroindustry products are 
derivative palm oil, rubber and cacao. 

 
3.1. Crude Palm Oil 

 
Palm is a leading crop product in Indonesia. In the last ten years, 
CPO production increased significantly by 13.4% [21]. Indonesia 
and Malaysia shared almost 80% of total CPO demand in the 
world. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3 Integrated Biorefinery for Microalgae Wastewater Treatment. Modified from Singh and Gu [17] 

 



 Azimatun-Nur, MM;Hadiyanto,H/ J-SustaiN Vol. 1, No. 1 (2013) 3-7  

 5 

Table 1 CPO Market share (In 2010) [21] 

No Country Production (ton) Market share 

1 Indonesia 23.2x 106 43.60% 

2 Malaysia 19.3x 106 36.20% 

3 Other Country 10.7x 106 20.20% 

 
However, along with CPO production, wastes and pollution 

generated from the process has increased. 

3.1.1. POME 

Palm oil mill effluent (POME) is wastewater generated from CPO 
processing. It is rich in nutrients, a dark color, and acidic in its pH. 
Indriyati [22] reported that processing a fruit fresh bunch (FFB) of 
palm produces waste water pollutants up to 66% v/w. 

Releasing un-treated POME directly to the surroundings will 
cause serious pollution problems in the environment due to high 
COD and BOD content and could produce greenhouse gases. 

Instead, POME can be treated efficiently using available 
wastewater treatment technologies in order to meet the standard 
discharge regulations for wastewater. 
  

Table 2 POME Characteristic [23] 
Parameter Raw POME 

pH 4.7 

BOD 62,500-69,215 
COD 95,465-112,023 

Total Solid 68,854-75,327 

Suspended Solid 44,680-47,140 
Total Nitrogen 1,305-1,493 

Note: All in ppm except pH. 

3.1.2. POME as Microalgae Medium 

Several researchers investigated the potential of POME as a 
microlgae medium. Habib et al [24], reported that POME is a 
potential medium for microalgae growth. Meanwhile Putri et 
al.[25] recorded several biofuel microalgae able to be cultivated in 
diluted POME (250ppm COD).  

Among them, Chlorella sorokiniana was the highest in terms of 
specific growth rate and biomass productivity, when compared to 
the other species (Table 3). Hadiyanto and Nur [26] also reported 
preliminary investigation of Chlorella sp in 50% v/v digested 
POME by modifying the carbon, nitrogen, and phosphorus ratio. 
The resulst showed that 50% digested POME and 1gr/l urea 
addition gave biomass of Chlorella sp. up to 58.4mg/l in 16 days 
cultivation.    
 

Table 3 Microalgae in POME Medium [25] 
Microalgae Strain Biomass Productivity 

(mg/l/day) 
Lipid (%) 

Chlorella vulgaris 5.9 21.34 
Chlorella pyrenoidosa 2.9 21.51 
Chlorella sorokiniana 8.0 28.27 
Botryococcus sudeticus 5.3 30.83 
Tetraselmis sp 4.0 25.69 
 

One problem of POME as medium for microalgae is the high 
COD content, dark color of tannic acid, and high impurity. This 
problem could be solved by using an integrated process. Untreated 
POME can be processed by using anaerobic methods to lower 
COD and BOD content and generate methane and CO2; 
meanwhile the effluent containing residual amounts of nutrient 
could be used as a medium for microalgae. Habib et al. also 
reported that Chlorella vulgaris cultivated in 10% digested-POME 
contains 18.3% crude lipid, while the lipid decreases to 16.8% when 

cultivated in 20% digested-POME. However, the COD and related 
content of digested POME has changed after beomg used as 
medium for Chlorella vulgaris. [25] 
 

Table 4 POME digested before and after use as medium [24] 
Parameter* Before After** 

pH 6.8 7.2 
Dis O2 3.6 3.5 
COD 4245.5 220 
TS 1926 115.4 
TSS 959.7 42.5 
T.Nitrogen 228 17.6 
Orthophosphate 34.2 2.8 
Notes: *all parameter in ppm except pH 
**experiment in aerated medium  

 
Microalgae grew slowly in higher concentrations of digested 

POME due to inadequate light. The specific growth rate affecting 
COD and BOD removal is therefore low in POME medium.  

3.2. Rubber 

Rubber is the second largest agroindustry product in Indonesia, 
and also ranked as 2nd largest producer in the world in 2010 with 
market shared up to 28%. In 2009, Indonesia produced 2.4 million 
tons of rubber, Thailand 3.1 million tons, and Malaysia 951 
thousand tons [21]. However, Indonesia has the largest area of 
rubber plantations in the world, with up to 3.40 million hectares, 
followed by Thailand and Malaysia. 

During rubber production, 25% v/w wastewater pollutant was 
generated as rubber mill effluent [27]. The effluent is usually 
treated by traditional aerobic-anaerobic facultative methods. 
However these methods are only effective to remove COD and 
BOD content. 
 
3.2.1. Rubber Mill Effluent 
 
Rubber Mill effluent (RME) consists of latex washings and a serum 
containing proteins, sugars and lipids as well as inorganic and 
organic salts. The high level of ammonium and other plant 
nutrients makes it a good medium for algal growth. 

3.2.2. RME as Microalgae Medium 

There are few reports about microalgae cultivated in RME as 
biofuel feedstock but several researchers have investigated 
microalgae (i.e. Spirulina platensis, Chlorella vulgaris, and several 
cyanobacteria) in RME and it is reported that RME is a potential 
medium for microalgae.  

Tri-panji and Suharyanto [28] investigated growth and 
carotenoid production of Spirulina platensis cultivated in medium 
enriched latex concentrate rubber effluent (LCRE) and concluded 
that the cost of synthetic medium could be lowered by adding the 
LCRE at 5% v/v. 

Senthil et al. [29] reported that rubber mill effluent 
significantly influencing the biochemical constituents of 
cyanobacteria both qualitatively and quantitatively, but that 
reported increases in amino acids and unsaturated fatty acids 
should be investigated for further research. 
 

Table 5 RME Characteristic from Ribbed Smoked Sheet [27] 
Parameter Means Value* 
pH 5±1 
COD 4000±1000 
BOD 2500±200 
Total Nitrogen 300±100 
NH3-N 200±100 
NO3-N 6±2 
PO4-P 30±10 
Note: *All parameter in ppm except pH 
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Habib et al.[30] also recorded an increase of biomass, protein 
and lipids from tropical green algae, Ankistrodesmus convolutus, 
cultivated in diluted latex concentrate rubber effluent (LCRE), and 
in standard rubber mill effluent (RME). Lipid was recorded 
significantly higher than in the control medium - 15.75% and 
15.15%, respectively. 

 
3.3. Cocoa 

Cocoa is the third leading agroindustry product from Indonesia. In 
2009, Indonesia ranked 2nd in the world market, following Ghana. 
Increasing production by up to 7.60% (2000-2010) [21], in 2009, 
Indonesia produced 830,790 tons. 

A fine cocoa product is processed by fermentation methods to 
lower tannic acid. Along with demand for fermented cacao, 
wastewater pollutants generated from the fermentation process 
have also increased. 
 
 
3.3.1.  Fermented Cocoa Bean Mill Effluent 

During the process of cocoa bean sweating, 10% v/w waste water 
was generated [31]. Fermented cocoa bean mill effluent, also called 
cocoa sweating effluent (CSE), contains several sugar residues and 
micro nutrients.  

Table 6 Characteristic of cocoa sweating effluent [34] 

Parameter Value*  
TSS 2,844 

VSS 2,610 

pH 4.41 

BOD 19,100 

COD 109,190.4 

Glucose 17,510 

Note: *All in ppm except pH 
 
 It is found that investigation of the cocoa effluent in Indonesia 
is still low. Research has however been done on utilizing the 
effluent as medium for nata de cocoa [32], and ethanol production 
[33][34].   

 

3.3.2. Potential of CSE as Medium of Microalgae 

Few researchers are interested in utilizing CSE as medium for 
microalgae-based biofuel. However it is predicted to be a potential 
medium for microalgae due to the glucose value and nutrient 
content. CSE characteristics are similar to POME medium, the 
color tends to be dark due to tannins and another chemical 
compound, and it also has acidic pH. 

Heterotrophic microalgae cultivation is one interesting 
method to increase lipid accumulation in biomass production. It 
utilizes organic carbon sources, (i.e. glucose, sucrose) without 
using photosynthetic reactions [35]. Several researchers found that 
heterotrophic conditions could increase lipid content. 

However, in some cases a combination of mixotrophic 
conditions also influences several microalgae to form higher lipids 
than autotrophic or heterotrophic condition. When microalgae 
grow in mixotrophic conditions, they utilize organic carbon 
sources (i.e. glucose) from wastewater and use light in 
photosynthetic reactions to form biomass [36]. 

 
 

4. Integrated Processing of Agroindustry 
Wastewater for Biogas and Biomass 
Production 
 
Almost all agroindustry effluents contain high COD and BOD 
content. This has potential to generate greenhouse gases and harm 
the environment. However microalgae grow at a maximum 
specific growth rate and utilize the agroindustry wastewater by 
removing nitrogen, phosphorus and micronutrient in low COD 
and BOD conditions. 

This COD and BOD content could be lowered by using 
anaerobic digesting methods. This process generates methane gas, 
carbon dioxide and other compounds (Figure 3). 
Wastewater influent will be processed in a digestion reactor to 
produce biogas, then it will be combusted to generate electricity, 
and the flue gas is utilized as CO2 feedstock for microalgae 
cultivation in the second cultivation. 
Liquid effluent from the biodigester is then used as a medium for 
microalgae. This effluent usually contains residual nutrient and 
has lower COD and BOD content.  

There are two cultivation systems in this integrated process. In 
the first cultivation, wild microalgae is used as phytoremediator to 
lower dye color, heavy metals, COD and BOD content. Biomass 
produced from this cultivation could be utilized as fertilizer, while 
residual filtrate is used as growth medium for microalgae based 
bioenergy in the second step cultivation. 
 In the second cultivation, microalgae will be cultivated in 
nitrogen deficient conditions to increase lipid content, and the 
flue gas will be injected into the medium as a source of carbon. A 
filtrate could be released in the river and the biomass could be 
used as feedstock of bioenergy (i.e. biodiesel, bioethanol). 
 

Table 7 Potency of biodiesel dan biomass microalgae from wastewater 

Source Wastewater (m3) 
Microalgae 
Biomass  
(ton/year) 

Biodiesel 
microalgae 
(KL/year) 

POME 1,5312 x 107 22049.28 6806.511 
RME 6 x 105 864 266,71 
CSE 8,3 x 104 119.52 36,89 
Total  23032,8 7110,119 

 Table 7 describes the potential of biomass and biodiesel 
production by using Chlorellasorokiniana according to research 
results in Table 3. It is assumed that microalgae has a harvest cycle 
of 2 days and reaches 95% conversion of biodiesel from lipid, and 
use 100% total volume of wastewater. 
 

Table 8 Production, consumption, and export of biodiesel in Indonesia 
(103KiloLiter) [38] 

Source 2009 2010 2011 2012 2013* 
Production 330 740 1,450.118 1654.2 2,200 
Export 204 563 1,091.306 984.862 1,500 
Consumption 60 220 358.812 669.398 700 
Note: *estimation result 
 
 Table 8 is a summary of production, consumption and export 
of biodiesel in Indonesia. Compared to Table 7, biodiesel from 
microalgae cultivated in wastewater could share only about 0,32% 
of total production in the country or 1% of total consumption of 
biodiesel. 
 However, other contents of biomass from microalgae such 
pigments, carbohydrates and proteins, could be explored even 
further to be converted to other products such bioethanol, fish 
feed, and fine chemicals (Figure 3). 
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5. Future Prospect 
Indonesian agroindustry 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 agroindustry wastewater is an 
interesting technology to be adopted in the country. However a 
future challenge of finding sustainable and feasible methods to 
produce microalgae biofuel in agroindustry wastewater is needed 
to meet rational costs of production. 
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