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ABSTRACT 

The vegetable oil refining generates significant amounts of wastewater, which can be highly acidic, oily, and with 

significant organic matter loads. The objective of this paper is to show the development of a biocatalyst for the stimulation 

of native bacterial population in wastewater grease traps of a physical palm oil refining industry. The results suggest that 

BOD5 is the indicator parameter for evaluating the biostimulation efficiency in the wastewater pretreatment system (grease 

traps). On average, BOD5removal efficiency is 21.4%. For the entire treatment system, BOD5 concentration of the final 

discharge during the biostimulation period is 1.38 times lower compared to the non-biostimulation period. The dynamic 

model developed to simulate the biostimulation system shows the following adjustment statistics: R2 = 92.5%, root-mean-

square error = 164836 CFU and mean-absolute-percentage error = 13.3%. Dynamic simulation suggests that the growth 

and decay phases in the amount of total heterotrophic bacteria end at 15 and 67 days after the biocatalyst has been applied, 

respectively. Namely, the system stabilization phase starts at 68 days. The cost-effectiveness ratio of the biostimulation 

treatment system is 1.27 times lower compared to the non-biostimulation treatment system (physicochemical). The average 

annual economic savings with the biostimulation system is $12.5USD per ppm of BOD5 removed. 
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INTRODUCTION 

The vegetable oil industry has a significant 

economic contribution for countries such as Malaysia, 

Thailand, Indonesia, and Colombia, and for other 

developing tropical regions. High volumes of production 

and export are reported around this industrial activity, and 

then reports that this industrial sector is a significant 

source of water pollution are not surprising [1, 2]. The 

refining vegetable oils (e.g., palm, sunflower, soybean, 

and canola) generate significant amounts of wastewater, 

which can be highly acidic, oily, and with significant 

organic matter loads; this involves a challenge in its 

treatment [3]. It is often reported that wastewater treatment 

plants (WTPs) in this industry do not have sufficient 

pollutant removal capacity and are sometimes overloaded 

according to their design and operation capabilities, which 

implies a loss of efficiency in the system due to 

wastewater reprocessing and system saturation. 

Reprocessing involves re-treating wastewater due to non-

compliance with water quality guidelines, and the 

saturation indicates the operation point where the 

treatment system fails to remove pollutants efficiently, 

thus increasing the hydraulic retention time of the system 

[4, 5]. 

Globally, Malaysia and Indonesia are reported as 

the countries with the highest production and processing 

of vegetable oils. For example, discharges generated by all 

vegetable oil processing plants in Malaysia are reported to 

have the same pollution degree as that generated by a 

population of 32 million people. On average, these 

pollutant discharges show a biological oxygen demand 

(BOD5) of 20000 ppm [6, 7]. South America and Indeed 

Colombia are no strangers to this problem, as there is an 

increase in the supply and demand of vegetable oils. In 

this regard, plant oil production increased between 2009 

and 2018 by 44%, especially in developing countries [8, 

9]. Specifically, in Colombia Soler and León [10] reported 

the appearance of macrophytes in water bodies that 

received discharges from the palm oil industry, as well as 

cases of skin allergy from children who made recreational 

use of these water bodies in Magdalena River. 

The Colombian capital (Bogotá D.C.) 

concentrates 18 companies dedicated to the production of 

vegetable fats and oils, which represents 47.4% of the 

domestic market [11]. Thus, there is a growing interest in 

developing local research to optimize existing WTPs 

through new technologies, which increase the pollutant 

removal efficiency and reduce the associated operating 

costs. In this regard, bioremediation has proved to be an 

alternative for wastewater treatment and for optimized 

conventional systems [12, 13]. Biostimulation, 

bioaugmentation, and phytoremediation are effective 

bioremediation technologies for the pollutant removal in a 

variety of environments (e.g., industrial wastewater, soil, 

and petroleum sludge) [14, 15]. These technologies are of 

lower economic cost and environmental impact due to 

their lower energy consumption and sludge production, for 

example, compared to physicochemical treatment 

technologies [16, 17]. 

The wastewater bioremediation can be divided 

into three main technologies [18, 19]: (i) Natural, where 

contaminants are reduced by the action of native 

microorganisms without any external assistance; (ii) 

biostimulation, in which nutrients are incorporated into the 

system to accelerate biodegradation; and (iii) 

bioaugmentation, where specialized microorganisms are 
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added to the treatment system to increase its efficiency. In 

Addition, Hu et al. [20] and Ni et al. [21] report 

phytoremediation as a potential bioremediation 

technology, in which specialized plants can absorb, store, 

or metabolize wastewater pollutants. It is also reported that 

the main conditioning factors of these bioremediation 

technologies are the organic matter content, dissolved 

oxygen concentration, temperature, pH, and nitrogen and 

phosphorus content [22, 23]. 

The main objective of this paper is to show the 

development of a biocatalystto stimulate the native 

bacterial population in wastewater grease traps of a 

physical refining palm oil industry in Bogota D.C., 

Colombia. The development and implementation of a 

biostimulation plan in grease traps to increase pollutant 

removal efficiency at the final discharge of the industrial 

WTP is studied. A comparative analysis between water 

quality parameters and Colombian and international 

reference guidelines is also carried out. A dynamic model 

to simulate the process of biostimulation under study is 

developed. Finally, a cost-effectiveness analysis in relation 

to the biostimulation plan is performed. 

 

MATERIALS AND METHODS 

 

Research Site 

The palmoil transformation plant under study was 

in the south of Bogota D.C. (Colombia). This plant had 

two physical processing refineries with a joint capacity of 

300 ton/day of palm oil. On average, monthly production 

was 7000 tons. The plant received raw palm oil and was 

subsequently taken to the physical refinery to subject it to 

refining, bleaching, and deodorized. Initially, the raw palm 

oil was degummed with 0.10% phosphoric acid and 

subsequently treated with bleaching earth (1.0% V/V). The 

degummed and bleached palm oil was then refined by a 

vacuum system with a vapor pressure between 110 - 130 

psi and a temperature between 250 - 270 °C. During the 

degummed and bleaching stages, the gums, trace metals, 

oxidation products, and carotenes were removed. Lastly, 

oxidation and decomposition products of pigments were 

removed during the deodorizing stage. These products 

were condensed as the greasy acid in the palm was 

distilled. 

On average, during the study period, monthly 

water consumption was 9875 m3. The monthly volume of 

industrial wastewater discharged was 3896 m3 (39.5%). 

The WTP was physicochemical, initially composed of a 

grease trap network for the retention of thick solids and 

grease (five traps in series). During this pretreatment 

stage, a catalyst was applied for the biostimulation of the 

native bacterial population existing in grease traps. The 

catalyst was applied in the first grease trap. The 

biocatalyst was composed of Urea (CH4N2O, 98.5%) and 

phosphoric acid (H3PO4, 85.0%), and its dosage was by 

drip. The wastewater was then transported to two equalizer 

tanks with an individual capacity of 50 m3.This to store 

and homogenize the wastewater to be treated. In this last 

pretreatment stage, the system biostimulation was 

terminated (Figure-1). 

Subsequently, the wastewater was sent to a fast-

mixing tank. During this stage aluminum sulfate was 

added as coagulant and anionic acrylamide as a flocculant. 

The wastewater was then taken to a slow-mixing tank, 

which incorporated a dissolved air flotation system. 

Clarified wastewater was sent to a mixed filter to remove 

suspended solids. Sodium hypochlorite and caustic soda 

were then dosed in a neutralization tank to regulate pH and 

decrease phenols. Finally, the treated wastewater was 

taken to a cooling tower, and from there it was transported 

and discharged into the public sewer network as a treated 

effluent. 

 

Sampling System 

Two points for the wastewater sample collection 

were established. The first sampling point was in the 

industrial wastewater inlet box at the beginning of the 

grease trap network (point ‘a’, Figure-1). The second point 

was located at the end of pretreatment system, at the exit 

of the two equalizing tanks (point ‘b’, Figure-1). Between 

these two points, the biostimulation plan was executed. In 

this regard, wastewater samples were collected weekly and 

for a period of six months at each sampling point. The 

parameters analyzed were as follows: BOD5, COD, pH, 

temperature, total heterotrophic bacteria, phosphorus, 

nitrogen, phenols, and greases and oils. The materials used 

during each sampling were as follows: Hanna Instruments 

E-316 digital field pH-meter, preservatives, amber bottles, 

microbiological bottles, refrigerator, buffer solutions, 

distilled water washing container, and a bucket. 
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Figure-1. Schematic of the industrial wastewater pretreatment system (biostimulation). 

 

During each sampling, a bucket was initially 

filled with wastewater and vacated to purge it. 

Subsequently, the bucket was re-filled with wastewater to 

obtain the corresponding sample. The pH-meter was 

calibrated with buffer solutions and pH and temperature 

were measured in situ. An aliquot was then packed in a 

1000 ml amber bottle. For COD, greases and oils, and 

phenols the bottles were previously preserved with H2SO4. 

An aliquot was also packed in a 100 ml microbiological 

sampling bottle, ensuring that there was no oxygen left in 

it. Finally, the containers were taken to a refrigerator 

where they were kept at a temperature below 6 °C for later 

transport and laboratory analysis. 

 

Laboratory Analysis 

The laboratory analyses were developed 

according to the guidelines of Standard Methods for Water 

and Wastewater Examination [24]. The methods used for 

each parameter were as follows: BOD5, SM 5210 B, 4500 

O C, Incubation Azide Modification; total phosphorus, SM 

4500-P B, C, Colorimetric, 

VanadomolibdophosphoricAcid; total nitrogen, SM 4500 

Norg., 4500 NH3 B, C Semi-micro-Kjeldahl; dissolved 

oxygen, SM 4500 O-C, AzideModification; total 

heterotrophs, SM 9215 B; pH, SM 4500-H B, 

Electrometric; temperature, SM 2550 B, Electrometric; 

COD, SM 5220 C, Volumetric, Closed Reflux; total 

phenols, SM 5530 B, C, Distillation - Extraction with 

Chloroform; and greases and oils, SM 5520 D, Soxhlet 

Extraction. 

 

Information Analysis 

The biostimulation plan began with a sampling 

where nitrogen and phosphorus concentrations were 

determined in the wastewater to be treated. A mass 

balance was then performed to determine the optimal 

proportions of nitrogen and phosphorus for the 

development of heterotrophic bacteria [25]. This allowed 

the biocatalyst to be formulated (BOD5:N:P = 100:5:1), 

which was applied daily for six months in the first greases 

trap of the wastewater pretreatment system (Figure-1). It 

was ensured that the BOD5:N:P ratio was never below 

from 100:1:0.5 [25]. During the biostimulation period, 

hydraulic retention time was determined in grease traps 

[26, 27]. The removal efficiency of BOD5 and others 

physiochemical and microbiological parameters 

considered were also calculated in wastewater 

pretreatment system following the guidelines of Romero-

Aguilar et al. [28]. This allowed to calculate and compare 

the cost-effectiveness ratios of system with and without 

biostimulation. During this cost-effectiveness analysis, the 

indications of Paz et al. [29] were followed. Lastly, a 

comparative analysis was made with respect to the 

maximum limits allowed by the Colombian and 

international reference guidelines for this type of 

wastewater discarding [30]. This analysis considered the 

entire WTP under study (i.e., pretreatment and 

physicochemical treatment). 

A dynamic model that included mathematical 

equations of microbial growth as a function of time and 

with the limitation of organic matter according to the 

Monod model was developed. The model was also 

established as a complete mixing reactor and the bacterial 

population size was defined as an independent variable 

[31, 32]. This dynamic model was developed using the 

Stella 9.0.2software and following the guidelines proposed 

by Kayombo et al. [32] and Van Loosdrecht and Henze 

[33]. The variables considered by the model were the 

following: Substrate use constant by biomass 

(dimensionless), biomass variation constant 

(dimensionless), BOD5 concentration (mg/l), substrate 

content over time (mg/l), biomass content over time in 

colony forming units (CFU), and time in days. The model 

hypotheses were as follows: i) Biomass variation is 

proportional to the number of microorganisms, ii) biomass 

variation is proportional to the amount of substrate or 

BOD5 consumed, and iii) substrate variation or BOD5 

consumed is proportional to the substrate A sensitivity 
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analysis of the model using the Sobol method was 

performed [34]. Finally, the following statistical tests were 

used during the analysis of the variables: Shapiro-Wilk 

normality test and Spearman correlation coefficient. All 

statistical tests were carried out using the IBM SPSS 

V.18.0 software with 95% confidence. 

 

RESULTS AND DISCUSSIONS 

 

Biostimulation Influence 

The results showed that the hydraulic retention 

time in the wastewater pretreatment system was 18.6 

hours. Namely, between the main inlet box and the 

equalizer tank outlet (see points ‘a’ and ‘b’ in Figure-1). 

Prior to the development of biocatalyst, concentrations of 

BOD5 (1930 ppm), N (14 ppm), and P (< 0.01 ppm) were 

measured in the main inlet box (point ‘a’). This 

wastewater characterization was the starting point for 

developing biocatalyst. Thus, 23.2 and 9.30 kg/day of urea 

and phosphoric acid were continuously dosed during the 

study period, respectively. Salinas-Martínez et al. [19] 

indicated that biostimulation treatment required the 

constant dosing of nutrients to fill their deficits. Ome and 

Zafra [11] also reported that the six key control factors in 

biostimulation processes for wastewater treatment were in 

order of importance pH, temperature, oxygen, nitrogen, 

phosphorus, and BOD5. In this respect, Table-1 shows the 

main operating characteristics of pretreatment system 

during the biostimulation period. 

A correlation analysis with Spearman's 

coefficient showed a direct relationship of considerable to 

very strong between the amount of total heterotrophic 

bacteria and BOD5concentration (rs = 0.855, p-value = 

0.005, df. = 24). Indeed, the results suggested a greater 

amount of total heterotrophic bacteria in the pretreatment 

system as food availability increased. Other researchers 

also reported a direct relationship between these two 

variables in WTPs [35]. The findings also suggested that 

due to the correlation between the number of heterotrophic 

bacteria and BOD5 concentration, this latter parameter 

could be the best indicator for evaluating the 

biostimulation efficiency in the wastewater pretreatment 

system under study. 

Additionally, the findings showed the existence 

of an inverse correlation from medium to considerable 

between the amount of total heterotrophic bacteria and 

temperature (rs = -0.746, p-value = 0.005, df. = 24). Thus, 

the results suggested that there was inhibition of bacterial 

development when the temperature in the pretreatment 

system increased. This trend was also observed by other 

researchers in systems of similar wastewater treatment 

[36]. There were also researchers who reported on average 

an optimal temperature of 24.3 °C in this type of WTPs 

[11]. In this study, the mean temperature at influent and 

effluent of the pretreatment system was 41.6 and 36.9 °C, 

respectively. As noted, these operating temperatures 

tended to be close to the upper limit for optimal growth of 

mesophilic bacteria (40 °C) [37]. Lastly, the results 

showed that there was no significant correlation between 

the amount of total heterotrophic bacteria and pH (p-value 

= 0.057, df. = 24). 

In relation to the pretreatment system efficiency, 

the findings were evidenced by a Wilcoxon test that there 

were significant differences between the influent and 

effluent BOD5 during the biostimulation period (p-value < 

0.001, df. = 24). On average, the effluent BOD5 

concentration was 1.27 times lower compared to the 

influent BOD5 concentration (Table-1). The COD, greases 

and oils, and phenols showed a similar trend. Namely, the 

concentrations of these parameters at the pretreatment 

system effluent were on average 1.16, 1.49, and 1.41 times 

lower compared to their influent concentrations, 

respectively. The average removal percentages of these 

parameters during the biostimulation period were as 

follows: BOD5 = 21.4%, COD = 13.8%, greases and oils = 

32.7% and phenols = 29.3%. As mentioned, BOD5 was 

possibly the indicator parameter. Thus, it could be 

suggested that the biostimulation efficiency in the 

wastewater pretreatment system was 21.4%. 

On average, the results of the comparative 

analysis with reference guidelines showed that the final 

WTP discharge met during the biostimulation period with 

the Colombian limit for BOD5. The BOD5 concentration 

of the final discharge was 1.44 times lower compared to 

the Colombian limit (Table-2). During the period prior to 

biostimulation (50 months), the results showed on average 

that the final discharge tended to meet the Colombian limit 

for BOD5. Though, there were periods during which this 

limit was not met (58% of the time). Thus, the results 

suggested that biostimulation in the pretreatment system 

improved the level of compliance of the entire WTP in 

relation to Colombian guidelines. On average, BOD5 

concentration of the final discharge during the 

biostimulation period was 1.38 times lower compared to 

the non-biostimulation period. Lastly, the results of the 

comparative analysis with the reference guidelines showed 

that the final discharge with biostimulation met the limits 

established by the Valencian Community (Spain) for 

discharges into sewers and public WTPs. 

 

Dynamic Modeling 

Figure-2 shows the conceptual schema of the 

dynamic model developed to simulate the biostimulation 

effect on the number of total heterotrophs bacteria present 

at the effluent of the wastewater pretreatment system 

(grease traps). Indeed, the model considered the following 

three sequential phases: system startup with microbial 

growth, microbial decay, and microbial stabilization. The 

dynamic model considered the following four interaction 

components: Substrate variation (BOD5), substrate or food 

utilization by total heterotrophic bacteria, biomass 

variation of total heterotrophic bacteria, and substrate or 

available food (BOD5). Other studies also developed 

similar dynamic models, in which the growth, decay, and 

stabilization phases were considered to analysis the WTP 

efficiency [12, 37]. 
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Table-1. Pretreatment system characteristics during the biostimulation period. 
 

Parameter Point ‘a’ (influent) Point ‘b’ (effluent) 

pH (units) 7.42 ± 0.97 7.58 ± 0.86 

Temperature(°C) 41.6 ± 3.56 36.9 ± 4.72 

BOD5 (ppm) 1347 ± 199 1059 ± 192 

Total phosphorus (ppm) 15.0 ± 7.64 17.7 ± 7.07 

Total nitrogen (ppm) 46.2 ± 16.7 45.1 ± 23.0 

Total heterotrophic bacteria 

(CFU) 
10763 ± 3010 1162337 ± 302961 

Oxygen (ppm) < 0.01 1.46 ± 0.28 

COD (ppm) 2704 ± 347 2332 ± 298 

Greases and oils (ppm) 542 ± 125 365 ± 137 

Phenols (ppm) 12.3 ± 5.77 8.70 ± 3.25 

 

Table-2. Comparative analysis of the final WTP discharge with reference guidelines. 
 

Parameter 
Discharge with 

biostimulation 

Discharge 

without 

biostimulation 

Res. 631/2015 

(Colombia) a 

Valencian Community 

(Spain) b 

Continental 

waters 

Sewersand

WTPs 

pH (units) 7.64 ± 0.31 - 6.0 - 9.0 - 5.50 - 9.0 

Temperature (°C) 26.7 ± 4.64 - 40.0 - 40.0 

BOD5 (ppm) 312 ± 74.3 430 ± 38.0 450 25.0 500 

COD (ppm) 685 ± 82.4 - 825 125 1000 

Greases and oils (ppm) 53.3 ± 32.2 - 60.0 - 100 

Phenols (ppm) 0.05 ± 0.02 - 0.20 - 2.0 
 

Note. a Colombian Resolution 631/2015 [30]; b Water Sanitation Authority of Valencian Community, Spain [38]. 

 

The results showed that the determination 

coefficient for the dynamic model developed was 92.5%. 

The cumulative sum of simulation errors was 2.29 x 106 

CFU. This parameter was used to evaluate the simulation 

bias and the systematic calculation error. The dispersion of 

the simulation error was evaluated by calculating the root-

mean-square error (164836 CFU). The mean absolute 

deviation to evaluate the error size was also calculated 

(2.45 x 105CFU). Finally, the mean-absolute-percentage 

error of simulation was 13.3%. Some authors reported that 

dynamic models developed with a mean-absolute-

percentage error of less than 25% could be considered as 

suitable during simulation in WTPs [39]. 

In this study, the results suggested an initial 

microbial growth phase of 15 days during system 

biostimulation. Throughout this phase, there was possibly 

an exponential development of heterotrophic bacteria due 

to the BOD5 availability as a carbon source and the lack of 

competition for food (Figure-3). The growth regression 

model of total heterotrophic bacteria (CFU) with respect to 

time (t = days) was as follows: CFU = 513401*e0.062*t (R2 

= 0.873). Some researchers also reported that the 

microbial growth phase corresponded to an exponential 

progression, which depended on the range of 

environmental conditions and the nutrients available [40]. 

Subsequently, the findings in this study suggested at a 52-

day decay phase during system biostimulation (between 

days 15 and 67). Throughout this phase, the microbial 

mortality rate was possibly higher compared to the birth 

rate, which may be due to food depletion and microbial 

population conditioning to the environment. The best 

adjustment model during this phase was the potential 

(CFU = 5000000*t-0.513; R2 = 0.876). On this matter, 

researchers reported that because of nutrient depletion or 

the accumulation of toxic products from metabolism 

decreased the microbial growth rate until it became zero 

[41]. 

Additionally, the results suggested that the 

microbial stabilization phase began 68 days after the start 

of system biostimulation. (Figure-3). The regression 

model that was best adjusted during this phase was the 

logarithmic (CFU = 778631*ln[t]-2000000; R2 = 0.539). It 

was also observed that stabilization in the amount of total 

heterotrophic bacteria at 180 days of biostimulation was 

around 1400000 CFU. Some researchers also reported that 

during this stabilization phase there was no net cell 

division, i.e., the number of microorganisms remained 
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constant due to the balance between birth and mortality 

rates [1]. 

The results of the model sensitivity analysis using 

the Sobol method [34] showed that the variance analysis 

statistics for the BOD5 concentration and time variables 

were 6.61 and 0.62, respectively. The sensitivity index 

(SI) for these two variables was 0.91 and 0.09, 

respectively. Some authors reported the following ranges 

for interpreting sensitivity of variables in dynamic models 

[42]: irrelevant (0.00 ≤ SI < 0.30), little relevant (0.30 < SI 

< 0.50), relevant (0.50 < SI < 0.80), and very relevant 

(0.80 < SI ≤ 0.10). The findings suggested that the BOD5 

concentration and time variables were very relevant and 

irrelevant to the dynamic model developed, respectively. 

In other words, small variations in the available food 

(BOD5) possibly generated very significant changes in the 

amount of total heterotrophic bacteria (CFU) during the 

biostimulation of the wastewater pretreatment system. 

Thus, the results also indicated that the system was 

quickly recoverable in time after a disturbance if food was 

guaranteed for total heterotrophic bacteria. In this regard, 

the findings showed a direct relationship from 

considerable to very strong between the amount of total 

heterotrophic bacteria (CFU) in the biostimulated 

pretreatment system and the BOD5 concentration (ppm) in 

the final WTP discharge (rs = 0.858, p-value < 0.001, df. = 

24). The regression model that showed the best results was 

the logarithmic (CFU = 638412*ln[BOD5]-2000000; R2 = 

0.837). 

 

 
 

Figure-2. Conceptual scheme of the dynamic model developed to simulate biostimulation in the 

wastewater pretreatment system under study. 

 

 
 

Figure-3. Observed and simulated values for total heterotrophic bacteria in the biostimulated pretreatment 

system. Confidence interval (95%): UL = Upper limit and LL = Lower limit. 

 

Cost-Effectiveness Analysis 

On average monthly, the results showed that the 

non-biostimulation physicochemical treatment removed 

917 ppm of BOD5 (BOD5influent = 1347 ppm; BOD5 

effluent = 430 ppm). The BOD5 removal in the 

pretreatment system during biostimulation was 288 ppm 

(BOD5 influent = 1347 ppm; BOD5 effluent = 1059 ppm). 

The costs for a flow rate of 3896 m3/month were 
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$4716USD/month and $1162USD/month for 

physiochemical treatment without biostimulation and 

pretreatment with biostimulation, respectively (reference 

year: 2015). Thus, the results showed a cost-effectiveness 

ratio of $5.14USD/ppm and $4.04USD/ppm, respectively 

(Table-3). The findings suggested that the cost-

effectiveness ratio of the biostimulation pretreatment 

system was 1.27 times lower. Namely, the treatment with 

biostimulation was $1.11USD/ppm more economical. In 

relation to the maximum (6215 m3/month), average (3672 

m3/month) and minimum (1458 m3/month) flows observed 

monthly during the five years prior to the study period, the 

results showed that the treatment with biostimulation was 

$1.77USD/ppm, $1.04USD/ppm, and $0.414 USD/ppm 

more economical, respectively. Saratale et al. [17] 

indicated that bioremediation technology was low-cost 

compared to physicochemical technology. The latter 

technology is usually more expensive due to the 

consumption of energy and chemical inputs. 

Additionally, the results showed that the average 

annual savings with biostimulation would be $12.5 

USD/ppm. Thus, a prospective 10-year economic analysis 

suggested that the total savings would be $125 USD/ppm. 

This economic saving would be $36055 USD, considering 

an average BOD5 removal of 288 ppm. Gupta et al. [43] 

reported that the physicochemical treatment (coagulation) 

was up to 2.50 times more expensive compared to the 

aerobic biological treatment. In this study, 

physicochemical treatment was 1.27 times more expensive 

compared to the treatment by biostimulation. 

 

Table-3. Costs of the industrial wastewater treatments without and with biostimulation (Q = 3896 m3/month). 
 

Physicochemical treatment without biostimulation 

Item Description Quantity Unit value (USD) Total value (USD) 

1 Labor (unit) 3.00 $1960840 $5882520 

2 Aluminum sulfate (Kg) 2321 $1350 $3133350 

3 Flocculant (kg) 4.69 $2462 $11547 

4 Sodium hypochlorite (kg) 2005 $1040 $2085200 

5 Caustic soda (kg) 181 $993 $179733 

6 Electric energy (Kwh) 5091 $326 $1659666 

 Total cost $12952019 

Biostimulation treatment 

Item Description Quantity 
Unit value 

(USD) 

Total value 

(USD) 

1 Labor (unit) 0.25 $1960840 $490210 

2 Urea (kg) 695 $1997 $1388714 

3 Phosphoric acid (kg) 278 $4357 $1212989 

4 Air (m3) 1713 $39.9 $68348 

5 Caustic soda (kg) 32.0 $993 $31776 

 Total cost $3192037 

 

CONCLUSIONS 

The findings of this study show the following 

conclusions. 

 

▪ The results suggest that BOD5 is the indicator parameter 

for evaluating the biostimulation efficiency in the 

wastewater pretreatment system (greases traps) of palm 

oil processing. Indeed, there is a direct relationship of 

considerable to very strong between the 

BOD5concentration and the amount of total 

heterotrophic bacteria (rs = 0.855). Therefore, the 

removal efficiency of BOD5in the wastewater 

pretreatment system is 21.4%. 

▪ In relation to the operation of the entire WTP 

(physicochemical treatment), the results suggest on 

average that the BOD5 concentration of the final 

discharge during the biostimulation period is 1.38 times 

lower compared to the period without biostimulation. 

▪ Dynamic simulation suggests that the growth and decay 

phases in the amount of total heterotrophic bacteria 

during biostimulation end at 15 and 67 days after the 

biocatalyst has been applied, respectively. In other 

words, stabilization phase of the system begins at 68 

days. Lastly, sensitivity analysis of the model suggests 

that the BOD5 concentration is the most relevant 

variable during these phases. 

▪ Economic analysis shows that the cost-effectiveness 

ratio of the bio stimulation pretreatment system (greases 

traps) is 1.27 times lower compared to the non-

biostimulation treatment system (physicochemical). The 

average annual savings are $12.5USDperppm of BOD5 

removed. 
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