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ABSTRACT

This study evaluates the efficiency of domestic wastewater treatment via Sponge-Based Moving Bed Biofilm Reactor (S-MBBR). The laboratory-based
treatment plan uses polyurethane sponge with a specific surface area was 260 m%m” as a carrier. The treatment plan operated under four different
organic load rate: OLR1 = 0.4 kg BOD/m>day; OLR2 = 0.6 kg BOD/m’.day; OLR3 = 0.8 kg BOD/m’.day; and OLR4 = 1.0 kg BOD/m>day.
During 80 d of the experiment, the highest treatment efficiency was at the organic load rate of 0.4 kg BOD/m’day, with COD, SS, TN and
TP were found to be 85.0 + 12.9%, 85.7 + 5.3%, 68.9 = 1.7%, and 40.3 + 0.2%, respectively. In which, the influent SS concentration were
from 117.3 to 126.0 mg/L, the effluent concentration were in ranged 18.0 to 34.22 mg/L, respectively. The values of influent and effluent COD
were 298.8 = 12.88 and 44.8 + 3.78 mg/L in turn. The OLRI influent TN, TP concentrations were respectively 47.9 = 2.11 and 3.6 + 0.15 mg/L;
the effluent TN, TP concentration were 14.9 + 0.18 and 2.2 + 0.06 mg/L, respectively. The study suggests that the effluent is within the allowable
limits of National technical regulation on domestic wastewater (Column B1), indicating the applicability of S-MBBR for the domestic wastewater
treatment plant.
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1. Introduction of construction, the potential occurrence of difficult sedimentation
phenomenon and low efficiency of nitrogen removal [2]. Biofilm
processes have shown high efficiency in removing organic pollution
and overcoming the drawbacks of conventional activated sludge
processes [3-4]. Therefore, biofilm technology is increasingly ap-
plied in wastewater treatment, with several technologies developed
recently including Trickling Filter, Submerged Biofilter, Moving
Bed Biofilm Reactor (MBBR), Fluidized Bed Biological Reactor,
etc. [5-8]. Among them, MBBR technology, in which microorganisms
grow up a biofilm on suspended biofilm carriers, has been proved
to be a simple and effective treatment technology, particularly
for wastewater with high organic content, microorganisms can grow
up a biofilm on suspended biofilm carriers [7, 9].

MBBR technology was significantly developed in the period
from 1980s to 1990s in Norway [10]. The technology bases on
the traditional activated sludge process with suspended biofilm
carrier used as a binding site for microorganisms. As suspended
biofilm carrier is the key element of MBBR technology, carrier

Rapid urbanization has imposed high pressure on freshwater re-
sources with increasing water demand (due to increasing pop-
ulation) and decreasing water quality (due to waste water pollution).
To protect water resources, it is compulsory to have appropriate
wastewater treatment technology for each specific contamination
factor. Among factors affecting water quality, organic pollution
is one of the leading causes of several phenomena such as eutrophi-
cation, reduction of dissolved oxygen, accumulation of toxins, etc.
[1]. Removing organic pollution from wastewater, therefore, is nec-
essary to improve the effluent quality to minimize harmful effects
on the freshwater resources.

Biological treatment processes, particularly activated sludge is
considered the primary solution for effective wastewater treatment
containing high organic content. Activated sludge process, however,
has some disadvantages such as a large amount of sludge generated,
long hydraulic retention time (HRT) that leading to a large volume
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selection focus on the material, surface roughness, and surface
area to optimize the growth rate of biological membranes [11-12].
At present, there are many types of materials studied to be applied
in MBBR technology, such as plastic, foam, activated carbon, fiber,
and ceramic, etc. [13-14]. Among these options, sponge-based MBBR
(S-MBBR) is considered the new opportunity for attached growth
biological process, owing to their high mechanical strength, large
specific surface area and very high surface roughness for micro-
organisms to grow [15]. Moreover, many studies have demonstrated
that using foam in S-MBBR tanks is highly effective in wastewater
treatment. Chu and Wang [16] used 20% carrier polyurethane
(surface area 900 m*m?®) in MBBR tanks to treat artificial wastewater
with low C/N ratio. In which, the removal efficiency of organic
matter was 90% and 65% of ammonium at the HRT of 14 h.
Using polyurethane foam substrates (surface area of 1120 m*m®)
with 40% volume of MBBR tanks at 5h HRT had removal efficiency
of COD and ammonium of 80% and 96.3% respectively [17]. Zhang
et al. [18] also showed S-MBBR can remove organic and ammonium
over 90% at 12 h HRT from domestic wastewater. The sponge-mem-
brane bioreactor provides better performance than activated sludge
such as smaller required area and higher quality of treated waste-
water [19]. In addition, the effluent quality parameters can be
met for agricultural or irrigation purposes. Sponge has been consid-
ered as a suitable medium in improved organic and nutrients
removal [20-21]. In the recent years have been successfully used
and studied the sponge membrane bioreactor for the treatment
of many effluents including catfish farm and hospital wastewater
[19, 22-23].

Although sponge based MBBR technology has been studied ex-
tensively in many countries, understanding of this technology is
still limited in developing countries (e.g. Vietnam). In contrast,
the pollution caused by organic substances and the concentration
of nutrients in wastewater have been at an alarmed level. Therefore,
this study aims to evaluate the efficiency in treating domestic waste-
water via S-MBBR technology through the removal of nutrients
and organic pollutants in developing countries.

2. Materials and Methods

2.1. Wastewater Characteristics

Wastewater used in this study was taken from the collection tank
of Co May Dormitory (Nong Lam University, Ho Chi Minh City).
The characteristics of the research wastewater are shown in Table 1.

2.2. Experimental Set-up

The media in this case were used sponge polyurethane with the
membrane surface area of 260 m*m?®, with the density of 0.8 kg/m®
and produced by a commercial company in Singapore (Qian Hu
Co Ltd, Singapore). An optimized sponge cube of 8 cm® (2 cm
X 2 cm X 2 cm) was selected to introduce into the reactor with
the occupation of 20% reactor volume. Model S-MBBR (Fig. 1)
includes Sewage tank, S-MBBR tank, sedimentation tank, final
effluent tank, sludge tank. The model design parameters are shown
in Table 2.

Table 1. Characteristics of the Dormitory Wastewater used in the Experiment

Parameter Unit Range (n=5)
pH - 6.9 * 0.3
DO mg/L 04 * 0.1
BOD; (20°C) mg/L 150 + 20
COD mg/L 300 * 10
TSS mg/L 120 * 10
Ammonia (NH,") mg/L 40.8 = 20
Nitrate (NOs) mg/L 1.5 = 0.7
Total Phosphorus (TP) mg/L 3.8 £ 2

QCVN 14:2008/BTNMT European Communities

(Colum B) (91/271/EEC)

5.0-9.0 -

> 2 )
50 25
150b 125
100 35

10 -

50 -

6b 1

QCVN 14:2008/BTNMT - National technical regulation on domestic wastewater
*QCVN 39:2011/BTNMT - National technical regulation on quality of water for irrigation
bQCVN 40:2011/BTNMT - National technical regulation for industrial wastewater (B)

Table 2. The Detail Information of Design Parameters

Parameters Materials
Sewage tank Plastic
S-MBBR tank Glass
Sedimentation tank Glass
Final effluent tank Plastic
Sludge tank Plastic

Dimension (cm) Volume optimistic (Liter)

25 x 50 (*) 100
26 x 15 x 68 (**) 27
15 x 15 x 68 (**) 15

25 x 30 (*) 60

15 x 15 (*) 10

Note: (*) W x H (W: Width, H: Hight); (**) L x W x H (L: Length, W: Width, H: Hight)
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Fig. 1. Schematic detail of the S-MBBR system. ((a) Seawage tank; (b) Quantitative pumb; (c) Air pumb; (d) Sludge pumb; (e) S-MBBR tank;
(f) Sedimantation tank; (g) Slugde tank; (h) Final effluent tank; (i) Electric cabinet, RAS. Return activated sludge, WW. Wastewater).

2.3. Operational Conditions of S-MBBR System

The wastewater is steadily led into the S-MBBR tank from the
sewage tank by a pump with the flow corresponding to the calculated
load. The research model is operated with four different organic
loading rates corresponding to four phases during 80 d of the
experiment. At present, urban domestic wastewater in Vietnam
was a mixture of grey wastewater and black wastewater. Before
mixing with the grey wastewater and discharged to the treatment
plan process, the black wastewater was pretreated by a septic
tank. The character of wastewater in Co May Dormitory also in-
cludes grey wastewater, black wastewater as typical urban domes-
tic wastewater in Vietnam (Ho Chi Minh City). For this study,
the research model was operated with four organic loading rates
(Table 3) around the popular concentration pollutant to evaluate
the treatment efficiency of S-MBBR. In the start-up phase, the
average DO concentration was kept at 5.3 + 0.5 mg/L. The average
DO concentration and pH for each OLRs ranged from 1.5 to 3.0
mg/L and 6.9 * 0.2, respectively during the operating period.
The calculated BOD:N:P ratio of the wastewater was 100:5:1. In
this study, the calculated BOD:N:P ratio was 100:5:1 of the waste-
water which was prepared with glucose (CgHi20g), ammonium
sulfate ((NH4),SO,), potassium dihydrogen orthophosphate

Table 3. Information of Operational Conditions

(KH,PO,). The detail information of operation conditions is shown
in Table 3.

In the study of Kermani et al. [24], the authors maintained mov-
ing bed biofilm experiment at the HRT equal to 4 and 12 h for
municipal wastewater, respectively. HRT of 6 and 12 h showed
better effluent quality and enhanced nutrient removal in the
S-MBBR [13], while, Zhang et al. [18] conducted HRT of 12 and
24 h, respectively. In this study, in order to evaluate the ability
to nutrient and organic compounds removal at different OLRs,
S-MBBR tested wastewater flows: 3.0, 4.5, 6.0, 7.5 liters/hour corre-
sponde to HRT of 9.0, 6.0, 4.5 and 3.6 h accordingly. Organic
loading rate (OLR) is from 0.4 to 1.0 kgBOD/m’.day. A start-up
period of about 2 weeks for biofilm growth on the sponge carrier
was followed by 15 d of the testing period at the organic loading
rate 0.2 kgBOD/m®.day (50% of OLR1). The steady state condition
was defined as the period during which the effluent quality was
relatively constant at a constant loading and that will be carried
out comparative with National technical regulation on domestic
wastewater limits (QCVN 14-MT:2015/BTNMT, column B1) with
regard to the parameters of COD, TN, TP and SS. After achieving
the conditions, operate with subsequent organic loading rate to
evaluate the treatment efficiency.

Conditions Unit OIR 1
Organic loading rate (OLR) kgBOD/m?®.d 0.4
Influent pump L/h 3.0
Internal sludge pump mL/min 200
Air flow rate L/min 10-15
HRT h 9.0
Sludge retention time (SRT) d 15
MLSS mg/L 2,800
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OLR 2 OLR 3 OLR 4
0.6 0.8 1.0
4.5 6.0 7.5
200 200 200

10-15 10-15 10-15
6.0 4.5 3.6
15 15 15

2,800 2,800 2,800
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2.4, Statistical and Analytical Methods

The performance of the lab-scale S-MBBR, samples were taken
from the sewage tank, the S-MBBR tank and the final effluent
tank. COD, SS, NH,*-N, NO,-N, NO;-N, TKN, TP, pH were meas-
ured on samples every day. Parameters such as COD, SS, NH,*-N,
NO;-N, NO;-N, TKN, TP were analyzed according to “Standard
Methods for the Examination of Water and Wastewater” (APHA,
2012). BODs; was measured by improved Winkler at 20°C in 5
d. Other parameters such as DO and pH were directly test by
Water Quality Checker WQC-22A (DKK-TOA, Japan).

To determine the sludge concentration include the total of sludge
in sponges and in bulk liquid of the reactor, which the attached
biomass in the sponge was converted into mixed liquor suspended
solids (MLSS) concentration. Dry dish at least 1 h in an oven
at 105°C, cool dish in desiccator to balance temperature, and weight.
After that, ten sponge carriers from MBBR reactor, then that washed
by distilled. Combine distilled water and activated sludge placed
in a cup with the real weight, and that were dried at 105°C for
2 h, followed by weighing again. The biomass on the carriers was
determined based on the weight difference before and after adding
activated sludge. In addition, ANOVA analysis was applied to find
significantly statistical differences between experiments at p <
0.05. All statistical analyses were performed using Origin Version
6.0 with significance was p < 0.05.

3. Results and Discussions

3.1. Performance of the Start-up Phase

As can be seen from Table 4, the efficiencies of the start-up phase
for more than 85.7 + 2.63% COD and 76.2 + 3.45% SS on average
were achieved in S-MBBR. Nutrient removal of S-MBBR found
significant changes in the testing time, as NH,;*-N and TP removal
were 85.5 = 3.26% and 19.6 + 3.61%, respectively.

Table 4. Effective Treatment of Pollutants During the Testing Period.
Parameter Influent (mg/L) Effluent (mg/L) Efficiency (%)

COD 184 = 32.09 25.4 = 1.67 85.7 = 2.63
NH,"-N 38.02 = 5.76 5.36 £ 0.59 85.5 = 3.26
SS 116 = 8.94 28 = 3.61 76.2 = 3.45
TP 3.56 £ 0.10 2.86 = 0.10 19.6 = 3.61

Additionally, attached-biomass growth also achieved a steady
state. In S-MBBR, the MLSS concentration of mixed liquor was
steady at 2,644 = 170.4 mg/L. For the sponge, the biofilm was
mainly developed on the outer surface of the carrier. However,
sponge possesses a large number of pores with the large surface
area that microorganisms can be attached into the pores, and then
developed over surfaces area [5].

3.2. Efficiency of Pollutants Treatment from Domestic
Wastewater

3.2.1. Suspended solids (SS) removal
Fig. S1 show the average influent/effluent SS concentration and
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removal efficiency under different organic loading rate. Influent
SS concentration is relatively stable, ranging from 117.3 to 136.0
mg/L. During the experiment, SS removal efficiency fluctuates
from 71.0 to 86.0% (78.5 = 2.25%), with effluent SS concentration
reaches 18.0-34.22 mg/L (26.0 = 11.52 mg/L). A notable pattern
is the decrease of SS removal efficiency when increasing organic
loading rate. A potential reason is sheared microorganisms from
the carriers, contributing to an increase in effluent SS concen-
tration [25].

Study results in Fig. S1 shows the suspended solids treating
efficiency of S-MBBR technology is more than 70%. In the case
of suspended solids removal efficiency, SS eliminating efficiency
is highest in the 5% day at OLR1 (91.8%). It could be recognized
that the SS did not correspond to among the highest and lowest
values of the influent, effluent or performance. This could be
explained by the change and differences of HRTs from 9.0 to
3.6 h among OLRs. Fig. S1 showed the highest and lowest influent
SS concentration were maintained with 136 mg/L (19th day)
at OLR1 and 100 mg/L (66" day) at OLR4, respectively. While,
the SS removal efficiency demonstrated high value of 91.8%
at OLR1 and this correspond to effluent SS of 10 mg/L. With
the increase in OLR phases, the reactor decline of SS removal
to 68.3% in 64th day at OLR4. The observation of OLRs showed
in the phase 4 could be due to the sudden change by the loading
rate. In addition, removal efficiency of pollutants (suspended
solids) in OLR1 is usually higher than OLR2, OLR3 and OLR4
(p < 0.05).

3.2.2. Organic matter removal

Similar to SS removal efficiency, COD removal efficiency reduced
gradually when the organic loading rate increased from 0.6
kgBOD/m?.day to 1.0 kgBOD/m®.day. As shown in Fig. 2, influent
COD concentration has an average value of 290 = 11.83 mg/L.
Treatment efficiency also decreased from 0.4 to 1.0 kg
BOD/m®.day when the organic loading rate increase. When the
system was operated at 0.4 kgBOD/m’.day organic loading rate
(OLR1), the COD removal efficiency was 85 = 2%, corresponding
to average effluent concentration of 44.8 = 3.78 mg/L. At organic
loading rate of 0.6 kg BOD/m®.day (OLR2), the COD removal
efficiency was also stable at 85 = 2%, corresponding to effluent
concentration of 43.03 * 5.29 mg/L. This result is similar to
that of which found removal efficiency of COD reaching
80.0-86.0% corresponding to COD concentration of 45.0-60.0
mg/L for artificial wastewater with similar quality of domestic
wastewater [11]. However, this result is lower than that of Deng
et al. [13], in which artificial sewage was used to evaluate treat-
ment efficiency of polyester-polyurethane foam material combin-
ing with an outside plastic ring. Specifically, an S-MBBR with
20% tank volume filled with microbial sticking has COD treatment
efficiency reaches over 90% [13].

COD treating efficiency reduces when the organic load rises
from 0.4 (corresponding to 85.0% efficiency) to 1.0 kgBOD/m® day
(corresponding to 70.1% efficiency). Detailed values of COD before
and after treatment in 80 d are shown in Fig. 2. Initial COD concen-
tration is high but become low after treatment (< 50 mg/L in
OLR1 to OLR2 and < 100 mg/L in OLR3 to OLR4). Meanwhile,
according to QCVN 40:2011/BTNMT - National technical regulation
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Fig. 2. COD removal efficiency during the experimental.

for industrial wastewater (Column A, B), upper limit of COD are
75 and 150 mg/L accordingly. In addition, the COD concentration
also met European Communities’ effluent guidelines standards.
This shows the potential of S-MBBR technology in the treatment
of domestic wastewater.

At 0.8 kgBOD/m®.day organic loading rate (OLR3), COD removal
efficiency reduced to 76.0 = 1%, corresponding to average effluent
concentration of 67.92 * 5.66 mg/L. At an organic loading rate
of 1.0 kgBOD/m’.day (OLR4), treatment efficiency decreased further
to 70.1 = 1% (corresponding to effluent concentration of 85.46
+ 13.99 mg/L). When the HRT decreased from 6 h to 3.6 h, it
is not enough time for microorganisms to oxidize organic com-
pounds to synthesize cells. Besides, removing SS also contributes
to reducing effluent COD concentration but the concentration of
SS increases to 28.0 = 3.6 mg/L. (OLR3) and 34.2 * 2.7 mg/L
(OLR4) in this period. On the other hand, the biomass in the S-"MBBR
tank also decreased from 3,056 + 339 mg/L to 2,664 = 315 mg/L.
These may be the reasons for the processing efficiency to no longer
reach over 80% as in the period of OLR1 and OLR2. Thus, for
COD removal efficiency to reach over 80%, an organic loading
rate is chosen suitable in the range of 0.4 - 0.6 kgBOD/m’.day
and the HRT must ensure over 6 h. Furthermore, removal efficiency
of OLRs of 1 and 2 is the highest with higher than 85%, and
the OLR1 was not different the OLR2 (p > 0.05). However, OLRs
of 1 and 2 was higher and statistically significant difference with
OLRs of 3 and 4 (p < 0.05).

3.3. Efficiency of Nutrient Removal from Domestic Wastewater

3.3.1. Nitrogen removal

Fig. 3 and Fig. S2 show the transformation of nitrogen compounds
in the average concentration of NH;*-N, NO;-N, NO,N and TKN
during the experimental. Generally, the effluent nitrogen concen-
tration mainly consisted of NH,*-N, NO;-N, NO, N, TKN and each
one less than 10 mg/L. At the organic loading rate of 0.4-0.6
kgBOD/m®.day (OLR1 and OLR2), the average of effluent NH,*-N
concentration was lower than 5 mg/L, the average of effluent NO,-N
concentration at this stage also maintained at a low level (< 1.5
mg/L) and the average of effluent NO;-N concentration was also
stable at 9.1 mg/L. The average of effluent TKN was measured
ranging from 4.6 to 9.7 mg/L. This result shows that the nitrification
process has taken place well, the average treatment efficiency is
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Fig. 3. The transformation of nitrogen compounds in during the experimental.

over 80%, consistent with treatment efficiency reported in Chu
et al. [11] also published similar results with a processing efficiency
of 77.0 to 91.0% and concentration of effluent NH,*-N below 5
mg/L. However, when operating at an organic loading rate of 0.8
kg BOD/m’.day (OLR3), the average concentration of effluent
NH,*-N increased to 6.4 + 0.15 mg/L. At an organic loading rate
of 1.0 kg BOD/m®.day (OLR4), the average effluent NH,*-N and
NO,-N concentration increased to 7.9 * 0.53 and 3.5 = 0.5 mg/L
respectively, while the average effluent NO3-N concentration re-
mained at 9.1 mg/L. The average treatment effect of OLR3 and
OLR4 reduced to 794 + 1.7% and 74.0 = 2.3% respectively, similar
to a decreasing pattern observed in SS and COD treatment efficiency.
Obviously, when operating in the OLR3 and OLR4 stages, it has
been shown that NH,*-N oxidation to NO,-N has occurred better
than the conversion from NO,-N to NO,-N. The average pH value
at this stage also changed with a decreasing trend from 7.0 +
0.1 to 6.4 = 0.1. That reason for the average of effluent NOs-N
concentration does not variation much, when compared to the
organic loading rates (OLR1 and OLR2). Thus, the group of
Nitrobacter (Nitrite oxidation bacteria - NOB) is less effective than
the group of Nitrosomonas (Ammonium oxidation bacteria - AOB),
when increasing the organic loading rate. Previous studies suggested
a higher COD/TN ratio in influent wastewater is necessary to provide
sufficient carbon source for denitrification processes [16], and thus
OLR3 and OLR4, which have lower COD/TN ratio than that of
OLR1 and OLR2, had relatively low TN removal efficiency. In
the case of TN concentration, the efficiency tends to reduce slightly
from 62.7% (1st period) to 60.5% (3rd period) and then reduce
in 4th period (55.9%). Comparison on TN treatment efficiency
among OLR1, OLR2, OLR3 and OLR4 (LSD, p < 0.05) showed
that OLRs 1 and 2 were statistically significant difference with
OLRs of 3 and 4.

3.3.2. Phosphorus removal

Fig. 4 illustrates TP removal efficiency across four ORLs (influent
TP concentration ranged from 3.4 to 3.8 mg/L). At (OLR1 and OLR2),
the average of TP removal efficiency was 40.3 = 1.8% and 44.9
+ 2.8% respectively. This result, the efficiency TP removal is higher
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Fig. 4. Effluent phosphorus removal efficiencies in during the experimental.

than the study of Feng et al. [17]., which only achieved 24.2 +
3.3% efficiency. However, the removal efficiency decreased sig-
nificantly from 30™ day to the end of OLR2. At organic loading
rate of 0.8 kgBOD/m®.day (OLR3) and 1.0 kgBOD/m®.day (OLR4),
the average efficiencies of TP removal on continued to decrease
at 20.5 + 0.8% and 12.4 + 1.0%, respectively. At OLR1 and OLR2,
the decreased effluent TP concentrations may be due to micro-
organisms using the orthophosphate or poly-phosphate form in
wastewater to synthesize new cells [26], being absorbed into the
biomass and discarded from the system [27]. Study results in Fig.
4 shows the TP treating efficiency of S-MBBR technology is more
than 40.0% in the 1st and 2nd periods. TP eliminating efficiency
is highest in the 5th week (47.2%). The total phosphorus removal
efficiency for the four phases was 40.3, 44.9; 20.5 and 12.4%,
respectively. In addition, OLRs of 1 and 2 were statistically sig-
nificant difference with OLRs of 3 and 4 (p < 0.05). However,
there is no significant difference between the two loads (OLR1
and OLR2).

The phosphorous in the influent wastewater is incorporated
into cell biomass and is removed from the S-MBBR reactor as
a result of sludge wasting. The phosphorus removal capacity corre-
sponds to the amount of waste sludge in the S-MBBR. Fig. S3
showed the ratio of the mass of TSS contained in the extracted
sludge from a settler. Result indicates a total sludge production
of about 0.34-0.50 g TSS/g COD removed for an OLR from 0.4
to 1.0 kg BOD/m®.day. The biomass yield illustrated that the process
of treated excess sludge as the phosphorus release.

4. Conclusions

This study has determined the treatment efficiency of S-MBBR
system for domestic wastewater through different organic loading
rates (from 0.4 to 1.0 kg BOD/m®.day). The highest processing effi-
ciency for COD, SS, TN and TP were 85.0 = 12.9%, 85.7 * 5.3%,
68.9 = 1.7%, and 40.3 = 0.2%. Generally, the effluent COD, SS,
TN and TP concentrations are within National technical regulation
on domestic wastewater limits (QCVN 14-MT:2015/BTNMT, col-

umn B1). The results indicate the experimental model have rela-
tively good metabolism of nitrogen compounds and S-MBBR is
a potential technology for organic pollution treatment for domestic
wastewater in Vietnam. To further investigate the efficiency of
S-MBBR technology, different/combined materials can be used as
carrier media. Additionally, a range of wastewater such as hospital
wastewater, restaurant wastewater should also be assessed, using
different operating settings to assess the efficiency of this technology
in the developing countries especial in the future.
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