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RESEARCH ARTICLE 
 
Turbidity and COD removal from leather processing effluents using TiO2–assisted 
photocatalytic-ozonation by response surface methodology 
 
Musa Buyukada*1 
 
1 Abant Izzet Baysal University, Environ. Eng. Dept., Golkoy Campus, 14200, Bolu, TURKEY 

 

 
ABS TRAC T  

 
In the present study, concurrently removal of COD and turbidity from leather processing effluents (LPE) using TiO2–
assisted photocatalytic-ozonation were investigated by utilization of Box-Behnken design (BBD) in planning 
experiments. Effects of ozone dose (OD, mg L-1), catalyst dose (CD, g L-1), and aeration (A, mL min-1) were performed 
as explanatory variables. An increase both in doses of ozone and catalyst and a decrease in aeration leaded increases 
both in removals of COD and turbidity. Values of 96.77% and 95.37% were obtained as the highest COD and turbidity 
removal efficiencies, respectively. This showed that TiO2-assisted photocatalytic-ozonation process was significantly 
effective for the treatment of LPE. By using BBD, 2.95 g L-1 of CD, 19.99 mg L-1 of OD, and 1.63 mL min-1 of A were 
determined as BBD-optimized operating conditions. BBD suggested removals of 96.77% and 94.93% for COD and 
turbidity, respectively at these optimized conditions. Validation experiments at BBD-optimized conditions were 
resulted as 95.52%±1.28 and 94.36%±2.52 for COD removal and turbidity removal, respectively. Good agreement 
between predicted values and experimental results demonstrated the accuracy of BBD in optimization of explanatory 
variables of TiO2-assisted photocatalytic-ozonation process. Finally, multiple non-linear regression (MNLR) studies 
were performed to state the variation in responses and also to predict the responses. The proposed models predicted 
COD and turbidity removals with regression coefficients of 99.99% and 99.97%, respectively. These findings also 
showed that MNLR was an efficient way to model and to predict the response variables of photocatalytic-ozonation 
process. 

 
Keywords: Leather processing effluents, Photocatalytic-ozonation, COD, Turbidity, Empirical modeling 

 

 
1. INTRODUCTION 

 
Increase in human population in recent years has 
triggered the technological developments in all fields 
in industries. Leather as a developing industry, uses a 
lot of chemical compounds to process leather before 
their product is presented to customers’ satisfaction. 
While leather is being processed, tons of effluents 
including toxic and hazardous chemicals are being 
occurred. Discharging these effluents before a 
complete treatment will cause a serious 
environmental problem. Thus, treatment of leather 
effluent before discharging has gained an importance 
to be addressed [1-5]. 

A lot of various methods for treatment of industrial 
effluents have been extensively investigated by 
researcher such as adsorption, coagulation, activated 

carbon, and etc. Although some good results have 
been obtained by these traditional methods, some 
negative situations are generally come together with 
them like desorption and long time to reach 
equilibrium. Unlike, advanced oxidation processes 
(AOPs) such as photocatalytic degradation, 
ultrasound, Fenton, and etc. can remove effluents in a 
short time period. Ozone can be also added into AOPs 
due to its advantages of highly effective and easy 
operating conditions. So, treatment of leather 
processing effluents (LPE) by incorporating 
photocatalytic degradation and ozone may contribute 
to related literature significantly in terms of novelty. 
By this way, a hybrid process is created and its effects 
on removal efficiency may be compared [6-10]. For 
example, ultrasonic degradation was incorporated 
with mineralization and detoxification for removal of 
diclofenac from wastewater [6]. Similarly, dielectric 
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barrier discharge plasma process was utilized in some 
kind of advanced oxidation processes [7]. 
Additionally, sonolysis was used in both 
homogeneous and heterogeneous medium with 
various catalysts [10]. 

Designing experiments, determination of levels of 
operating conditions, and decreasing cost can be 
stated as ones of the most important steps in data-
driven studies. To meet this criteria, design of 
experiments (DOEs) can be utilized. Response surface 
methodology (RSM) as a kind of DOEs provides a cost-
effective way to investigate the related system with 
minimum runs. Box-Behnken design (BBD) as a kind 
of RSM is generally chosen for operating conditions 
without fraction. It is mostly set with three of four 
explanatory variables with three levels, three 
replicates, and one duplicate. By this way, response 
variable(s) can be predicted by regression analyses, 
the effects of explanatory variables can be compared 
by ANOVA, and operating conditions can be optimized 
by numeric techniques. Considering the advantageous 
sides of BBD, incorporating ozone-based 
photocatalytic treatment of LPE with BBD can 
contribute to related literature significantly [11-14].  

The purpose of the present study can be summarized 
considering the literature survey given above as 
follows: (1) investigation of performance of TiO2–
assisted photocatalytic-ozonation process in 
treatment of LPE, (2) quantification of the effects of 
catalyst dose, ozone dose, and aeration, (3) prediction 
of COD and turbidity removals using multiple non-
linear regression models, and (4) optimization and 
validation of explanatory variables. 

 
2. MATERIALS AND METHOD 

 
2.1. Leather processing effluents 

 
Leather processing effluents (LPE) were provided 
from the discharge point of a local leather processing 
plant in Gerede, Bolu, Turkey. Its properties were 
listed in Table 1. Any pretreatment procedure was not 
applied to the effluents and they were directly used in 
the experiments. 

 
2.2. Photocatalytic ozonation process 

 
This process was formed incorporating a cylindrical 
photoreactor made from stainless steel with an ozone 
generator coupled to an oxygen tube. Additionally, a 
UV lamb, an air pump and a magnetic stirrer with 
heater were also utilized. Photoreactor with a certain 
volume of 1.25 L was put onto magnetic stirrer 
vertically and UV-C lamb (235 nm, Philips, 20 cm, 11 
W) was put in it. Air pump that could pump up to 50 
mL min-1 was connected to process using a glass-tube. 
Detailed information on photocatalytic process could 
be reached from the related paper [14]. By this way, 
air was sent to system from below to above. Likewise, 
ozone generator that could produce an ozone amount 
from 8 mg L-1 to 32 mg L-1 by decreasing flow rates 
from 5 mL min-1 to 0.5 mL min-1 was adopted to 
photoreactor. Schematic illustration of the related 
process was given in Fig 1. 

 

 
Fig 1. Schematic presentation of photocatalytic-ozonation 
process. 

 
2.3. Catalyst 

 
Although TiO2 could be synthesized by various simple 
ways, it was purchased from Merck in anatase form 
with a purity of 99% and it was used in the 
experiments without any purification. Because, 
synthesis of a novel catalyst and characterization 
and/or comparison of it with other catalysts were out 
of scopes of the present study. 

 
2.4. Response surface methodology 

 
Box-Behnken design (BBD) as a kind of response 
surface methodology (RSM) was used to decrease 
both error probability and cost, and to predict both 
the COD and turbidity removals. It was set up with 
three explanatory variables of ozone dose (OD, mg L-

1), catalyst dose (CD, g L-1), and aeration (A, mL min-1) 
with three replicates and one duplicate. This approach 
suggested 15 experiments to investigate the 
variations in response variables. Levels of explanatory 
variables and the experimental schedule were 
concurrently given in Table 2. For all statistical 
approaches, Design Expert 9.0.6 (Statease) software 
was utilized. Additionally, Minitab 17 (Minitab, PA) 
was used to correlation calculations.  

 
2.5. Turbidity and COD analyses 

 
A similar procedure for COD analysis was followed 
that Buyukada (2017) performed [14]. COD removal 
was analyzed using COD measuring kits (Hach LCI 
400, 0-1000 mg L-1 O2). 2 mL of effluent was added 
into kit and then it was heated at 150oC for 2 hours in 
a digester (Hach 200). After it, it was left to get cool at 
room temperature. Blank sample was obtained by 
following the same procedure with 2 mL of destile 
water and it was used to calibrate UV-
spectrophotometer. Finally, a UV spectrophotometer 
(Hach 2000) based on a barcode system was utilized 
to determine the COD values of each samples. 
Difference between the COD values of initial and 
treated samples were divided to initial COD values for 
converting the results to percentage. Turbidity (T, 
NTU) was analyzed using a turbidimeters (Micro TPI, 
Scientific Inc.) and the same percentage procedure 
that was used for COD was applied to data. 
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3. RESULTS AND DISCUSSION 

 
3.1. Effects of operating parameters 

 
3.1.1. Effect of catalyst dose (CD, g L-1 TiO2) 

 
A positive correlation between CD and COD removal 
(p = 0.007; r = 0.120; n = 15) and turbidity removal (p 
= 0.005; r = 0.762; n = 15) was determined according 
to results. Thus, increasing CD resulted an increase in 
both COD and T removals. Increasing CD from 1 g L-1 
to 3 g L-1 increased COD and T removal from 52% to 
63% and 40% to 48%, respectively under the 

experimental conditions of 15 mg L-1 of OD and 20 mL 
min-1 of A. These results showed the positive effect of 
CD on both COD and turbidity removals. The effect of 
CD on removal of COD and turbidity was visually 
given in Fig 2. Similarly, oxidation of a drug with 
ozone in aqueous media was studied in related 
literature and removal efficiency of 85% was obtained 
[17]. Furthermore, diclofenac removal was aimed in 
another study using photocatalytic ozonation and 
89% was obtained as COD removal efficacy [15]. 
These findings were in good agreement with related 
literature [15-18].  
 

Table 1. Chemical properties of leather effluents 

COD (mg L-1 O2) TNb (mg L-1) TOC (mg L-1) Abs (IU) pH Conductivity (µS cm-1) Turbidity (NTU) Color (m-1) 

384.3 12.1 216.5 0.968 6.8 1265 9.6 452 

 

Table 2. Levels of explanatory variables and experimental schedule 

 

Levels of variables 

Explanatory variables Response variables 

OD (mg L-1) CD (g L-1) A (mL min-1) 
COD removal  

(%) 

Turbidity removal 
(%) 

Min. (-1) 10 1 0 0 0 

Med. (0) 15 2 5 - - 

Max. (+1) 20 3 10 100 100 

Standard run Randomly run 
OD  

(mg L-1) 

CD  

(g L-1) 

A  

(mL min-1) 

COD removal  

(%) 

Turbidity removal 
(%) 

8 1 20 2 20 58.81 47.27 

3 2 10 3 10 90.85 78.76 

15 3 15 2 10 93.53 76.43 

11 4 15 1 20 52.09 40.01 

5 5 10 2 0 94.45 88.86 

4 6 20 3 10 93.58 81.99 

14 7 15 2 10 93.40 76.41 

12 8 15 3 20 62.63 48.26 

1 9 10 1 10 85.00 73.90 

7 10 10 2 20 55.19 45.69 

9 11 15 1 0 96.03 89.86 

6 12 20 2 0 96.77 95.37 

13 13 15 2 10 93.49 76.39 

2 14 20 1 10 88.61 78.78 

10 15 15 3 0 95.90 89.96 
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Fig 2. The effect of CD on COD and turbidity removal 

 
3.1.2. Effect of ozone dose (OD, mg L-1 O3) 

 
Similar findings of CD were obtained for the effect of 
OD on removal of COD and turbidity. A positive 
correlation between OD and COD removal (p = 0.009; 
r = 0.806; n = 15) and turbidity removal (p = 0.004; r = 
0.765; n = 15) was determined according to results. 
Thus, increasing OD triggered an increase in both COD 
and turbidity removals. Increasing OD from 10 g/L to 
20 g L-1 increased COD and turbidity removal from 
90% to 94% and 78% to 81.8%, respectively under 
operating conditions of 3 g L-1 of CD and 10 mL min-1 
of A. These results showed the positive effect of OD on 
both COD and turbidity removal. This synergistic 
effect was figured out in Fig 3. In a similar study, 
ultrasound assisted ozonation was utilized for 
wastewater treatment and COD removal of 70% was 
obtained [19]. Additionally, UV–assisted hydrogen 
peroxide was used for the treatment of 
pharmaceutical effluents and an approximate COD 
removal of 80% was obtained [20]. Results of related 
literature showed a fairly similarity with the results of 
present study [19, 20]. 
 

 

Fig 3. The effect of OD on COD and turbidity removal 

 
3.1.3. Effect of aeration (A, mL min-1) 

 
A powerful and also negative correlation between A 
and COD removal (p < 0.001; r = -0.872; n = 15), and 
turbidity removal (p < 0.001; r = -0.952; n = 15) were 
obtained according to experimental results. These 
findings pointed out a certain decrease in COD and 
turbidity removals while A was increasing. A decrease 
from 94.5% to 55.2% in COD removal and from 88.9% 
to 45.7% in turbidity removal were obtained by 
increasing A from 0 mL min-1 to 20 mL min-1 under 10 

mg L-1 of OD and 2 g L-1 of CD. These results were also 
illustrated in Fig 4. Fenton process was utilized in 
related literature for diclofenac removal and this 
resulted in terms of COD removal of 70% [21]. A 
similar study of [21], photo–assisted Fenton process 
was utilized for the same aim and 80% of COD 
removal was obtained [22]. Similar results were 
obtained by various studies [21-23].  

 

 
Fig 4. The effect of A on COD and turbidity removal 

 
3.2. Characteristic findings on Box Behnken design 

(BBD) 

 
To determine the optimum model type, sequential 
model sum of squares, lack of fit test, and model 
summary statistics were concurrently incorporated. 
All the obtained results were given in Table 3. Model 
type showed that the quadratic model was the best 
way to predict the response variables considering the 
choosing criteria of p [11]. As much as lower p could 
be stated as a better p. Thus, quadratic model was 
firstly suggested by the results of sequential model 
findings (Table 3) [12]. Lack of fit could be stated as 
an indicator that showed the sustainability and it 
demonstrated the reasonable and significant sides of 
proposed model. To meet this criteria, lack of fit must 
be greater than 0.05, in another terms it must be 
insignificant [13]. It was totally clear that only 
quadratic model had a lower p value than 0.05 (Table 
3). Summary statistics were generally used to take 
general information about predictive power of 
suggested models. The highest regression coefficients 
could guide for selection of the optimum model type. 
Table 3 showed that the highest regression coefficient 
of 99.99% was obtained for quadratic model. Thus, 
quadratic model was selected to identify the variation 
in response variables and also to predict the response 
variables [11-13]. 

 
3.3. Diagnostic findings based on ANOVA results 

 
Some assumption such as there was no 
autocorrelation and data had a normal probability 
were also tested before statistical modeling. To test 
these criteria, externally studentized predicted vs. 
actual graph (Fig 5) and normal probability plot (Fig 
6) were drawn, respectively [13, 14]. As seen from Fig 
5 and 6, there was no autocorrelation and 
experimental data showed a normal distribution. 
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Table 3. Characteristic findings on Box Behnken design 

Sequential model sum of squares for COD removal 

Source Squares df Square Value Prob > F Decision 

Mean vs. Total 104,200,000 1 104,200,000    

Linear vs. Mean 3056.27 3 1018.76 12.94 0.0006  

2FI vs. Linear 29.08 3 9.69 0.093 0.9620  

Quadratic vs. 2FI 836.65 3 278.88 27948.77 < 0.0001 Suggested 

Cubic vs. Quadratic 0.041 3 0.014 3.08 0.2544 Aliased 

Residual 0.008867 2 0.004433    

Total 108,100,000 15 7209.58    

Lack of fit tests for COD removal 

Source Squares df Square Value Prob > F  

Linear 865.77 9 96.20 21698.39 < 0.0001  

2FI 836.69 6 139.45 31454.41 < 0.0001  

Quadratic 0.041 3 0.014 3.08 0.2544 Suggested 

Cubic 0.000 0    Aliased 

Pure Error 0.008867 2 0.004433    

Model summary statistics for COD removal 

Source Std. Dev. R2 R2adj R2pred PRESS  

Linear 8.87 0.7793 0.7191 0.6051 1548.96  

2FI 10.23 0.7867 0.6267 0.1910 3172.75  

Quadratic 0.100 1.0000 0.9999 0.9998 0.68 Suggested 

Cubic 0.067 1.0000 0.9999   Aliased 

Sequential model sum of squares for turbidity removal 

Source Squares df Square Value Prob > F  

Mean vs. Total 78907.56 1 78907.56    

Linear vs. Mean 4244.40 3 1414.80 42.35 < 0.0001  

2FI vs. Linear 23.36 3 7.79 0.18 0.9063  

Quadratic vs. 2FI 344.13 3 114.71 28046.35 < 0.0001 Suggested 

Cubic vs. Quadratic 0.020 3 0.006550 16.38 0.0581 Aliased 

Residual 0.0008 2 0.0004    

Total 83519.48 15 5567.97    

Lack of fit tests for turbidity removal 

Source Squares df Square Value Prob > F  

Linear 367.51 9 40.83 102,100,000 < 0.0001  

2FI 344.15 6 57.36 143,400,000 < 0.0001  

Quadratic 0.020 3 0.0006550 16.38 0.0581 Suggested 

Cubic 0.000 0    Aliased 

Pure Error 0.0008 2 0.0004    

Model summary statistics for turbidity removal 

Source Std. Dev. R2 R2adj R2pred PRESS  

Linear 5.78 0.9203 0.8986 0.8391 742.16  

2FI 6.56 0.9254 0.8694 0.6435 1644.01  

Quadratic 0.064 0.9999 0.9999 0.9999 0.32 Suggested 

Cubic 0.020 0.9999 0.9999   Aliased 
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ANOVA results were given in Table 4. According to 
Table 4, all the linear effects of CD, A, and OD were 
found significantly effective on both COD and 
turbidity removals (p < 0.001). Additionally quadratic 
effects of all explanatory variables were also 
significantly effective on COD removal (p < 0.001) and 
turbidity removal (p < 0.0044).  Furthermore, three 
significant binary interaction between A and OD (p = 
0.0013 for COD and p < 0.001 for turbidity), A and CD 
(p < 0.001 for COD and p < 0.001 for turbidity), and 
OD and CD (p < 0.0070 for COD and p < 0.001 for 

turbidity) were found as significantly effective 
parameters. The visual presentation of these binary 
interactions were given in Fig 7 and Fig 8 for COD and 
turbidity removals, respectively.  

Finally, proposed multiple non-linear regression 
models were given in Table 5. Adjusted and predicted 
regression coefficients of 99.99% for COD and 
turbidity removals demonstrated the powerful side of 
proposed model in statement of variation and in 
prediction. 

 
(a) 

 
 

 
(b) 

Fig 5. Externally studentized graph for (a) COD removal (b) 
turbidity removal 

 
3.4. Optimization and validation 

 
To maximize the COD and turbidity removals, a 
numeric optimization procedure was followed. 
Considering the results obtained for linear effects of 
explanatory variables, “in range” section was selected 
for OD and CD unless “minimize” was selected for A. 
At the same time “maximize” function was also 
selected for both COD and turbidity removal 
considering interpolation (not extrapolation of 
experimental results). 19.99 mg L-1 of OD, 2.95 g L-1 of 
CD, and 1.63 mL min-1 of A were determined as RSM-
optimized operating conditions. RSM suggested COD 
removal of 96.77% and turbidity removal of 94.03% 
at this conditions.  

 

 
(a) 

 

 
(b) 

Fig 6. Normal probability plot of (a) COD removal (b) 
turbidity removal 

 
Validation experiments were performed under RSM-
optimized conditions for three times to prevent 
experimental error and also to calculate standard 
deviation. 95.52%±1.28 for COD removal and 
94.36%±2.52 for turbidity removal were obtained. 
The findings of this part of present study seemed to be 
in good accordance with related literature [11-14]. 
These results demonstrated that RSM was a successful 
method for optimization of operating parameters of 
TiO2-assisted photocatalytic ozonation process. Good 
accordance between predicted values and 
experimental results justified the accuracy of RSM in 
optimization. 
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(a) 

 

(b) 

 

(c) 

 
Fig 7. Binary interactive effects of (a) A and OD, (b) A and CD, 
and (c) OD and CD on COD removal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

 
 

(b) 

 
(c) 

 
 

 
Fig 8. Binary interactive effects of (a) A and OD, (b) A and CD, 
and (c) OD and CD on turbidity removal 
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Table 4. ANOVA results based on Box Behnken design 

COD removal 

 Source Squares df Square Value Prob > F  

 Model 3921.99 9 435.78 43672.31 < 0.0001 significant 

 A-OD 18.85 1 18.85 1889.07 < 0.0001  

 B-CD 56.34 1 56.34 5646.14 < 0.0001  

 C-Air 2981.08 1 2981.08 298,800,000 < 0.0001  

 AB 0.19 1 0.19 19.40 0.0070  

 AC 0.42 1 0.42 42.34 0.0013  

 BC 28.46 1 28.46 2852.40 < 0.0001  

 A2 17.23 1 17.23 1727.09 < 0.0001  

 B2 12.00 1 12.00 1202.79 < 0.0001  

 C2 831.65 1 831.65 83345.22 < 0.0001  

 Residual 0.050 5 0.009978    

 Lack of Fit 0.041 3 0.014 3.08 0.2544 not significant 

 Pure Error 0.008867 2 0.004433    

 Cor Total 3922.04 14     

Turbidity removal 

 Model 4611.89 9 512.43 125,300,000 < 0.0001 significant 

 A-OD 32.80 1 32.80 8020.78 < 0.0001  

 B-CD 33.70 1 33.70 8240.11 < 0.0001  

 C-Air 4177.89 1 4177.89 1,021,000,000 < 0.0001  

 AB 0.68 1 0.68 166.41 < 0.0001  

 AC 6.08 1 6.08 1485.63 < 0.0001  

 BC 16.61 1 16.61 4060.06 < 0.0001  

 A2 16.46 1 16.46 4023.96 < 0.0001  

 B2 0.099 1 0.099 24.21 0.0044  

 C2 314.13 1 314.13 76805.02 < 0.0001  

 Residual 0.020 5 0.00409    

 Lack of Fit 0.020 3 0.00655 16.38 0.0581 not significant 

 Cor Total 4611.91 14     

Table 5. Predictors of proposed MNLR models 

Predictors 
 COD removal  Turbidity removal 

 Coded Actual Coded Actual 

Intercept  93.47 66.19  96.11 76.41 

A-OD  1.53 2.92  2.02 1.72 

B-CD  2.65 7.86  2.05 1.91 

C-Air  -19.30 -0.44  -22.85 -0.48 

AB  -0.22 -0.04  -0.41 -0.083 

AC  -0.33 -0.007  -1.23 -0.025 

BC  2.67 0.267  2.04 0.20 

A2  -2.16 -0.086  -2.11 -0.084 

B2  -1.80 -1.80  -0.16 -0.16 

C2  -15.01 -0.15  -9.22 -0.092 
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4. CONCLUSIONS 

 
TiO2-assisted photocatalytic ozonation process was 
used to remove COD and turbidity from LPE. 
Maximum COD removal of 96.77% and turbidity 
removal of 95.37% were obtained under the 
experimental conditions of 2 g L-1 TiO2, 20 mg L-1 of O3 
and no aeration. These findings showed that this 
process was efficient for treatment of LPE. MNLR 
models predicted COD removal and turbidity removal 
with a regression coefficient of 99.99%. This 
demonstrated the powerful side of proposed models 
in predictions of removal efficiencies. Accuracy of 
RSM–based optimization process was justified by the 
results of validation experiments. RSM was found 
significantly effective in optimization of operating 
variables. 
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ABS TRAC T  

 
A series of experiments were conducted to examine the effect of citric acid on the dissolution of zerovalent zinc. The 
effects of citric acid concentration, the presence of anions and temperature were studied. The results have shown that 
zinc dissolution registered a maximum of 34% with 0.5M citric acid after 270 min and that the nature of anions 
present with citric acid affected differently the dissolution rate. In fact, the presence of 2M nitrates with 0.5M citric 
acid dissolved totally zinc after 30min while 91.85% and 13.15% were dissolved in the presence of 2M chlorides and 
sulfates respectively after 270min. SEM analyses have shown that the morphology of the corroded surface depended 
on the composition of the solution. The kinetic study has shown that zinc dissolution was controlled by the chemical 
reaction in all cases and that the activation energy was 39.3 kJ mol-1. 
 
Keywords: Zinc, citric acid, dissolution, concentrated conditions, nitrates, pollution 

 

 
1. INTRODUCTION 

 
The improper disposal of industrial, agricultural and 
municipal wastes is the major cause for soil 
contamination in developing countries [1]. In fact, 
population growth, the lack of awareness regarding 
the consequences of municipal solid wastes disposal 
and under-founded governments to prevent the 
efficient management of wastes participate in 
increasing the environmental pollution. Landfilling of 
municipal solid wastes is the most used method 
because of its simplicity and its low cost [2]. However, 
when huge amounts of organic wastes are daily placed 
in landfills as it is the case in Algeria “Mediterranean 
diet based essentially on the consumption of 
vegetables”, then the anaerobic fermentation of the 
organic products occurred continuously leading to 
form leachates rich with organic acids such as formic, 
acetic, oxalic, citric and malic acids [3]. On the other 
hand, metals such as Fe, Pb, Cu, Zn, Mn, Cd, Ni and Cr 
are also found in landfills in Algeria [4]. This is 
problematic because various reactions can be 
occurring when these metals come into contact with 
these leachates enough acid to initiate the dissolution 
reactions and contaminate soil and groundwater [5] 
while they can be recovered in order to be reused as 

secondary raw materials [6-8]. In the literature, the 
dissolution of zinc by citric acid was studied in 
framework of its bioavailability in soils for 
agriculture. In fact, in soil plant system citric acid is 
often used because of its high efficiency in binding 
zinc cations (micronutrient) facilitating their 
absorption by the roots [9-11]. For this task only 
diluted citric acid is used (in mM). However, in 
landfills other conditions prevail where huge amounts 
of organic wastes continuously feed the discharge 
leading to increase the amount of the organic acids 
formed by anaerobic-digestion [12,13]. Citric acid is 
one of the most studied organic acids present in 
anaerobically-digested biosolids [14]. However, in the 
literature, the experimental data about the dissolution 
reaction of metallic zinc in concentrated citric acid is 
not available. The aim of this study is to investigate 
the extent of the dissolution process of zinc when 
exposed to highly concentrated citric acid. The effects 
of citric acid concentration, temperature, and the 
presence of anions were studied. The effect of the 
operation conditions on the resultant morphology 
was also investigated by SEM analysis and the kinetic 
parameters and the controlling step of the dissolution 
process were determined by using a heterogeneous 
model. 
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2. MATERIALS AND METHOD 

 
Zn (metal) (99.99% purity) in the form of spheres (3 
mm of diameter) was supplied by Sigma-Aldrich. The 
composition of zinc is given in Table 1. The specimens 
were degreased in acetone and rinsed with deonized 
water, and were used without polishing as shown in 
Fig 1. Citric acid monohydrate (99.5 %, Riedel de 
Haën), NaCl (99.5 %, Biochem), NaNO3 (99 %, Fluka) 
and Na2SO4 (99 %, Sigma-Aldrich) were used as 
received. Deonized water was used to prepare all 
aqueous solutions. Tests of Zn dissolution were 
performed in a Pyrex glass reactor heated in a water 
bath and equipped with a return-flow cooler. The 
experiments were performed by contacting 0.2 g of Zn 
with 200 mL of citric acid solution. After the leaching 
process, the reaction mixture was filtered and the Zn2+ 
specie was analyzed by complexometric titration with 
ethylenediamine tetraacetic acid disodium salt 
(EDTA), using NET as indicator [15]. The data 
presented are an average of three test replicates with 
an error of 5%. The percentage of dissolution was 
calculated from the following equation:  

 
𝑚𝑜𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑛𝑐 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑚𝑜𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑛𝑐 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑒𝑡𝑎𝑙
 𝑋 100                             (1) 

SEM images were taken with the Environmental 
Scanning Microscopy instrument (XL 30, Philips, 
Netherlands). All analyses were performed in 
duplicate with an error of 5%. In this study, the 
results of zinc dissolution were analyzed using the 
shrinking core model. In this model the reactant is 
considered to be nonporous and is initially 
surrounded by a fluid film through which mass 
transfer occurs between the solid and the bulk of the 
fluid. This model used the following expressions to 
describe the dissolution kinetics of the process [16]:    

For liquid film diffusion control:       

  𝑥 = 𝑘𝑡                                                                                    (2)  

For film diffusion control through product layer:  

1 − 3(1 −  x)2/3  +  2(1 −  x)  =  kt                           (3) 

For surface chemical reaction control:  

1 −  (1 −  x)1/3 =  kt                                                        (4) 

where x is the fractional conversion of zinc at time t 
and k is the apparent rate constant (min-1). The 
overall rate of dissolution is controlled by the slowest 
of these sequential steps.  

Table 1. Composition of Zn used in this study 

Element As Cd Cu Fe Pb Sn Zn 

% 0.0005 0.0005 0.001 0.002 0.005 0.001 99.99 

 
3. RESULTS  

 
3.1 Effect of citric acid concentration and 

temperature 

 
The dissolution of zinc by citric acid may be written as 
follows: 

3Zn + 2C6H8O7(aq)  → 3Zn2+ + 3H2(g) + 2C6H5O73-(aq) (5) 

Preliminary test was conducted with citric acid 
solution at 2M, ambient temperature, and without 
agitation. No dissolution of zinc was observed after 
24h. The temperature was thus increased to 80°C and 
the solution was stirred under 350rpm to decrease 
the reaction time. Zinc was contacted with citric acid 
solution at different concentrations (0.2, 0.5, 1 and 
2M) (Fig 2a). The results show that the dissolution of 
Zn passed through a maximum in the acid 
concentration range studied. In fact, 9.5% of zinc was 
dissolved with 0.2M citric acid after 270 min. It 
increased to 34% with 0.5M after the same period of 
time and decreased thereafter at higher citric acid 
concentration (1 and 2M) registering 31 and 16% 
respectively.  

 
 

 
The effect of temperature was studied in range 30-
80°C with 0.5M citric acid at 350rpm (Fig 2b). The 
results show that the dissolution of Zn increased with 
increasing temperature attaining 4.22-11.37-14.67 
and 34% at 30-40-60 and 80°C respectively after 
270min of reaction. The dissolution of Zn in citric acid 
was thus, thermally activated.        
 

 

Fig 1. SEM analysis of Zn metal before dissolution 
experiments by citric acid 
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(a) 

 

(b) 

 

Fig 2. Effect of citric acid concentration (a) and temperature (b) on Zn dissolution 

 
3.2  Effect of the presence of anions 

 
The experiments were carried out in order to 
investigate the effect of nitrates, sulfates and chlorides 
on Zn dissolution by citric acid. Two concentrations of 
citric acid were used (0.5 and 2M) with the presence 
of NaCl, NaNO3 and Na2SO4 at 2M (Fig 3a-c). The 
experiments were carried out at 80°C and 350rpm. 
The results show that zinc dissolution was greatly 
enhanced with both citric acid concentrations in the 
presence of nitrates (Fig 3a). In fact, the dissolution 
attained in both cases 100% after 90 min of contact 
with nitrates while with chlorides the results of 
dissolution depended on citric acid concentration. In 
fact, with 0.5M citric acid (Fig 3b) the dissolution 
attained 91.8% after 270min while with 2M citric acid 
the dissolution registered 16.5% after the same 
period of time. Zinc dissolution in the presence of 
sulfates was slight in both cases registering 13.15% 
with citric acid at 0.5M and 7.56% with citric acid at 
2M after 270 min. Thus, the nature of the ions present 
with the organic acid may drastically affect the 
progress of the dissolution. 

In order to determine the activation energy, Zn 
dissolution by citric acid at different temperatures 
was analyzed by using the shrinking core model. To 
determine the controlling step, the three expressions 

[(x), (1 −  3(1 −  x)2/3  +  2(1 −  x)] and 
[(1 − (1 −  x)1/3)] were reported on the y axis as a 
function of time (t) which is reported on the x axis. 
The fit of the experimental data was tested by 
calculating the regression coefficients (R2) for the 
three expressions. The equation 1 −  (1 −  x)1/3  =
 kt gave good linear fit as confirmed by the values of 
R2 close to the unity (Table 2) indicating that the 
reaction was chemically controlled. The apparent rate 
constant is the slope of each line plotted. To 
determine the activation energy, Arrhenius equation 
k =  A · e − Ea/RT was plotted as lnk vs. 1/T for each 
temperature and the activation energie was calculated 
from the slope −Ea/R. Ea value was determined to be 
39.3kJ mol-1 corroborating the chemical reaction 
control. A chemically controlled reaction is generally a 
temperature dependent process and has an activation 
energy equal or higher than 40 kJ mol-1. 

 

 
 
 
 

(a) 

 
(b) 

 
(c) 

 
Fig 3. Effect of the presence of nitrates (a), chlorides (b) and 
sulfates (c) on Zn dissolution by citric acid 
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3.3 Special case of nitrates 

 
Because of the remarkable effect of nitrates compared 
to those of chlorides and sulfates and in order to 
provide a better understanding of their role during 
zinc dissolution, other experiments were carried out 
in which Zn was contacted with citric acid at 0.5M to 
which nitrates were added at two concentrations (0.5 
and 2M) at 80°C and 350rpm. The results (Fig. 4a) 
show a great effect of nitrates on Zn dissolution. In 
fact, citric acid alone at 0.5M dissolved 34% of Zn after 
270 min while when mixed with nitrates at 0.5M i.e. 
(citric 0.5M + NaNO3 0.5M) it attained 100% after 30 
min. At higher nitrates concentration i.e. (citric 0.5M + 
NaNO3 2M) the time needed to attain 100% was 
longer (90min). To assess the enhancing effect of 
nitrates on zinc dissolution, the temperature was 
lowered to 30°C and the dissolution was carried out 
with the mixtures (citric 0.5M + NaNO3 0.5M) and 
(citric 0.5M + NaNO3 0.2M) as shown in figure 4b. The 
dissolution of zinc at 30°C was still important since 
both mixtures dissolved respectively 95.4% and 
83.4% of Zn after 60 min. Thus, the solubility of 
metallic zinc is increased in the presence of nitrates 
and the impact of temperature in this case was 
lowered.  
 
(a) 

 
 
(b) 

 

Fig 4. Effect of the presence of nitrates on Zn dissolution 

 
3.4 SEM analysis  

 
The surface of zinc was examined by scanning 
electron microscopy (SEM) analysis. The morphology 
of Zn surface obtained after contacting 0.5M citric acid 
at ambient temperature for 8 days and without 

agitation shows closed perpendicular sheets (Fig 5a). 
When Zn was contacted with the same solution heated 
at 80°C and stirred at 350rpm for 270 min, hexagonal 
pits (~5µm of size) were formed (Fig 5b). Thus, when 
the conditions are varied with the same solution the 
morphology of the pitted surface radically changed. 
The morphology of zinc surface was also studied in 
the presence of two nitrate concentrations. Figures 5c 
and d show Zn surfaces after contacting for 5 min the 
solutions (citric 0.5M + NaNO3 0.5M) and (citric 0.5M 
+ NaNO3 2M) at 350rpm and 80°C. The images show 
that with the first solution a start of the corrosion was 
clearly observed while with the second one the 
surface was not pitted. Thus, increasing nitrate 
amount does not necessary increase the corrosion of 
Zn. Zinc surface was also analyzed after contacting the 
solutions (citric 0.5M + NaCl 2M) for 60 min and 
(citric 0.5M + Na2SO4 2M) for 270 min at 80°C and 
350rpm. Figure 5f shows that despite the high 
temperature and the presence of stirring the 
corrosion of zinc in the presence of sulfates was very 
weak. In fact, small pits (~1-2µm of size) not 
uniformly dispersed on the surface were observed 
while with citric acid alone and under the same 
conditions the surface was clearly pitted (Fig 5b). This 
indicates that sulfates were greatly involved in the 
inhibition of Zn dissolution. On the contrary, clear 
corrosion was observed in the presence of chlorides 
(Fig 5e). In this case the crystallographic cubic shaped 
pits which are characteristics of chlorides attack were 
replaced by hexagonal pits (~5-10µm of size) already 
observed with citric acid alone. Thus, the presence of 
anions may have a decisive effect on the kinetic of zinc 
dissolution and the morphology of the pitted surface. 
 

4. DISCUSSION 

 
In this study it was found that among the 3 anions 
tested, nitrates increased remarkably Zn dissolution 
compared to chlorides and sulfates. In fact, the facility 
by which the dissolution of Zn occurred in the 
presence of nitrates regardless of the conditions used 
and the fact that it does not need high temperature to 
be initiated in their presence (as it was the case with 
citric acid alone) indicated that the mechanism 
involving nitrates during Zn release is different from 
those involving chlorides and sulfates.   

In the literature there is a lack in details about the 
reactivity of metallic zinc in the presence of 
concentrated citric acid and nitrates. However, studies 
dealing with its solubility in diluted organic acids 
were found in framework of phytoremediation of 
contaminated soil by metals. These studies were 
conducted on plants species such as Thalspi 
caerulescens and Arabidopsis halleri that have the 
ability to survive and reproduce on soils containing 
high concentration of zinc [17,18]. Mosant et al. for 
example added nitrogen in the form of NO3- and NH4+ 

to EDDS (Ethylenediaminedisuccinic acid) to study 
their effect on Zn phytoextraction by Thalspi 
caerulescens [17]. They observed that Zn 
phytoextraction was enhanced more with NO3- than 
with NH4+. They suggested that this uptake may be the 
consequence of physiology of NO3- assimilation by the 
plant which favors Zn uptake more than NH4+ or the 
variation of rhizosphere pH due to cellular cation-
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anion balance (NO3- uptake causes H+ influx or OH- 
efflux which may increase the pH of rhizosphere) 
leading to a favorable pH for Zn uptake. Other studies 
were also found dealing with the mixture 
nitrates+metal but in framework of water 
denitrification. In fact, it was reported that the 

presence of zerovalent metals with nitrates in an 
acidified medium leads to a reductive denitrification 
as follows [19,20]:    

Zn + NO3- + H+ → Zn2+ + NO2- + OH-                 (6) 

(a) Zn-citric 0.5M-25°C-8days 

 

(b) Zn-citric 0.5M-80°C-4.5 h 

 

(c) Zn-citric 0.5M+NaNO3 0.5M-80°C-5 min 

 

(d) Zn-citric 0.5M+NaNO3 2M-80°C-5 min 

 

(e) Zn-citric 0.5M+NaCl 2M-80°C-60 min 

 

(f) Zn-citric 0.5M+Na2SO4 2M-80°C-4.5h 

 
Fig 5. SEM analyses of zinc metal after contacting citric acid under different conditions 

This denitrification is accompanied by the dissolution 
of the metal and the increase in pH of the medium. 
Alongside with the reaction (5) the dissolution of zinc 
in an acidified medium also occurs according to:   
 
Zn + 2H+ → Zn2+ + H2(g)              (7) 

Thus, in our study the enhanced dissolution rate 
observed in the presence of nitrates was due to the 
occurrence of the reactions (6) and (7) 
simultaneously. This may explain also the finding 
reported by Mosant et al. [17]. In fact, since plants can 
extract Zn from soil only in soluble form, the 
enhancing Zn uptake by plants observed when 
nitrates were added was likely due to the reaction (6) 
leading to solubilize the metal. In this study another 
behavior was also observed when nitrates 
concentration was increased from 0.5M to 2M in the 
presence of citric acid. In fact, the dissolution of 
metallic zinc was lower at 2M NO3- than at 0.5M NO3- 
(Fig 4a). 

In the literature it was reported that nitrates acted as 
oxidant that forms a protective oxide layer leading to 
decrease the corrosion of zinc [21]. Thus, when NO3- 
and H+ are present, a competition between oxide film 
growth and metal dissolution occurred [22]. This was 
observed in our previous study [23]. Thus, at 2M NO3- 
it can be supposed that the oxide film growth on zinc 
surface was more important that at 0.5M NO3- leading 
to decrease Zn dissolution. On the other hand, the high 
dissolution rate observed in the presence of nitrates 
regardless of the conditions used may suggest that 
their involvement in zinc dissolution was mainly 
through the reaction (6) and when their concentration 
increased up to a certain value a part of them 
participates in developing the protective oxide film 
leading to decrease the dissolution rate of Zn.      

The concentrations of citric acid used in this study 
(0.2-0.5-1 and 2M) corresponded to molar ratios 
(nca:nZn) of 13.5-33-66 and 132 respectively. Thus, in 
all cases the acid was in excess relative to zinc. 
However, the dissolution passed through a maximum 
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located at 0.5M beyond which zinc dissolution 
decreased. This behavior is not usually observed; 
generally increasing the concentration of a leaching 
reagent leads to increase the dissolution of metals. In 
the literature, it was reported that citrate and protons 
are expected to react with metal surfaces [24]. Thus, 
the dissolution of zinc may be due to both the 
complexing action of citrate anions and the 
dissolution properties of protons released from citric 
acid.  

Furrer and Stumm [25] explained the dissolution 
process by low molecular weight organic acids as 
follows: the adsorption of chelating anion (citrate in 
our case) will transfer a considerable electron density 
into the coordination sphere of the metal cation 
(citrate  contains several donor atoms that are able of 
forming mononuclear bi- and polydentate surface 
chelates). As a result, the metal-oxygen bonds are 
polarized and weakened lowering consequently the 
energy barrier for the dissolution of the metal atom.    

The explanation given above indicates clearly the 
importance of the anionic specie of organic acid 
(ligand) in the dissolution process. However the 
decrease in dissolution rate observed at 2M citric acid 
is not easy to explain since this organic acid is known 
as an enhanced-dissolution compound. One study was 
found dealing with the inhibiting effect of a 
dissolution-promoting chelating agent when its 
concentration increased. In fact, it was reported that 
increasing the concentration of maleate beyond a 
certain value caused a decrease in the dissolution rate 
of corundum [26]. This behavior was explained by the 
fact that at high concentration the strong adsorption 
of this anion sterically protects corundum surface 
sites against attack by dissolution promoting species 
such as protons at low pH. The results obtained in our 
study may be due to the same phenomenon. Thus, the 
adsorption strength of the ligand -which is dependent 
on the organic acid concentration- occurring prior to 
detachment process of the metal from the surface, 
orients toward a retarding dissolution process in the 
case of concentrated acid. 

Table 2 shows the rate constants (k) calculated with 
the equation (4) for all the operation conditions tested 
in this work.  

The rate constant of Zn dissolved at 30°C by 0.5M 
citric acid was 5.10-5 min-1. The same solution but 
containing nitrates (citric 0.5M + NaNO3 0.5M) at 30°C 
increased the dissolution rate to 0.0107 min-1 which 
represents ~214 times the value obtained with citric 
acid alone while increasing the temperature to 80°C 
with citric acid alone increased the dissolution rate to 
0.0005 min-1 which represents only 10 times the rate 
constant obtained at 30°C. Thus, Zn dissolution was 
more sensitive to the presence of nitrates than to 
temperature.  

It is known that when several anions contacted a solid 
in aqueous solutions they compete for the adsorption 
on surface sites [27]. The initial pH values of acid 
solutions at 2-1-0.5 and 0.2M were 1.09- 1.39- 1.61 
and 1.89. In these cases the metal was positively 
charged attracting electrostatically the anions present 
in the solution. Thus, two kinds of positive species 

(protons and the positively charged surface of zinc) 
and two negative species (citrates and anions (Cl-, 
NO3- and SO42-)) may react together and 
simultaneously in several ways: 1)- H+ attack (protons 
with zinc surface species), 2)- Anions reactions (Cl- , 
NO3-, SO42- with zinc surface species), 3)- Citrate 
complexation with zinc surface species, 4)- H+ 
combination with citrates to form molecular citric 
acid.  This shows the complexity of the system 
studied.    

Chlorides were involved remarkably in the dissolution 
process when used with 0.5M citric acid (Fig 3b) 
while with 2M citric acid they had no effect. It should 
be noted that citric acid alone dissolved 34% of Zn 
when used at 0.5M and 16.05% when its 
concentration increased to 2M after 270 min (Fig 2a). 
In the presence of chlorides Zn dissolution registered 
91.85% with the solution (citric 0.5M+NaCl 2M) and 
16.46% with the solution (citric 2M+ NaCl 2M) after 
270min. The high dissolution rate obtained in the first 
case was probably due to chlorides attack favored by 
the presence of the suitable acid concentration 
[28,29]. This behavior indicated that chlorides 
favored the dissolution when the latter is already 
initiated. The absence of their effect when present 
with 2M citric acid may confirm the fact that pitting 
process of chlorides - which begins generally with 
their adsorption on the solid surface - was absent 
because of the saturation of zinc surface with citrates 
forming strongly bonded complexes and avoiding 
consequently chlorides attack. This is in accordance 
with the explanation given by Johnson et al. [26]. In 
this study sulfates were found to inhibit the 
dissolution of Zn registering 13.15% with the solution 
(citric 0.5M+Na2SO4 2M) and 5.81% with the solution 
(citric 2M+ Na2SO4 2M) after 270min. In both cases 
the dissolution percentages were lower than those 
obtained with citric acid alone at both concentrations. 
This behavior was reported to be due to the strong 
adsorptive affinity of sulfates (doubly charged) on 
solid surfaces that may hinder the progress of the 
dissolution [30].  

On the contrary, Zn release was less parameter 
dependent in the presence of nitrates and a strong 
accelerating effect on the dissolution was observed 
regardless of the conditions used. This indicates their 
involvement in the dissolution of zinc through a 
chemical reaction. However, another reaction may 
also occur in their presence. In fact, Fanning [19] 
reported that nitrates may react with H2 formed 
during zinc dissolution according to:    

NO3- + 4H2 → NH3 + 2H2O + OH-            (8) 

The reactions (7) is related to be the mechanism 
involving direct electron transfer between the metal 
and nitrates, whereas the reaction (8) is considered as 
an indirect electron transfer mechanism via H2. 
Although there are controversies in the literature 
about the dominant process, the high dissolution rate 
of zinc obtained in this study in the presence of 
nitrates indicated that the reaction involving the 
direct exchange of electrons between Zn and NO3- was 
the dominant process.   
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Table 2. Kinetic parameters for Zn dissolution by citric acid 

 
Parameters studied 

 
1-(1-x)1/3=kt±b 

 

 
R2 

Effect  of citric acid concentration 
Operations conditions : 80 °C, 350rpm, Zn=0.2 g, V=200 mL 
Citric acid 0.2M 
Citric acid 0.5M 
Citric acid 1M 
Citric acid 2M 
 
Effect of temperature 
Operation conditions: 0.5 M-350 rpm, Zn=0.2 g, V=200 mL 
30°C 
40°C 
60°C 
80°C 
 
Effect of the presence of anions 
Operation conditions: 80 °C-350 rpm, Zn=0.2 g, V=200 mL 
Citric acid 0.5M+NaNO3 2M 
Citric acid 0.5M+ NaCl 2M 
Citric acid 0.5M+ Na2SO4 2M 
 
 
Citric acid 2M+NaNO3 2M 
Citric acid 2M+ NaCl 2M 
Citric acid 2M+ Na2SO4 2M 
 
Presence of nitrates 
Operation conditions: 80 °C-350 rpm, Zn=0.2 g, V=200 mL 
Citric acid 0.5M+NaNO3 0.5M 
Citric acid 0.5M+NaNO3 2M 
 
Operation conditions: 30 °C-350 rpm, Zn=0.2 g, V=200 mL 
Citric acid 0.5M+NaNO3 0.2M 
Citric acid 0.5M+NaNO3 0.5M 

 
 

0.0001t+0.0013 
0.0005t-0.0015 
0.0004t-0.0012 
0.0002t-0.0010 

 
 
 

0.00005t-0.0003 
0.0001t-0.00008 
0.0002t+0.0017 
0.0005t-0.0015 

 
 
 

0.0101t+0.0543 
0.002t-0.0083 

0.0002t-0.0042 
 

 
0.0095t+0.022 
0.0002t-0.0065 
0.0001t-0.0037 

 
 
 

0.0284t+0.0414 
0.0101t+0.0543 

 
 

0.0073t+0.0085 
0.0107t-0.0046 

 
 

0.9858 
0.9971 
0.9992 
0.9985 

 
 
 

0.9935 
0.9895 
0.9912 
0.9971 

 
 
 

0.9853 
0.9913 
0.9973 

 
 

0.9943 
0.9933 
0.9871 

 
 
 

0.9956 
0.9853 

 
 

0.9993 
0.9985 

 
5. CONCLUSION 

 
The results revealed that the mechanism through 
which zinc metal is dissolved by citric acid is complex. 
In this system several ionic species seem to interfere 
together leading to decrease or increase zinc 
dissolution. It was observed that increasing citric acid 
concentration up to 0.5M increased the dissolution of 
Zn to a maximum of 34% beyond which the 
dissolution decreased at higher citric acid 
concentrations. This can be interpreted in terms of 
sorption capacity of the solid surface where high 
amount of citrate anions may sterically protect the 
solid surface from proton attack and hinder the 
dissolution rate. The moderate conditions in which 
strong dissolution of zinc was observed in the 
presence of nitrates indicated that they were 
chemically involved in the reaction. The dissolution of 
zinc was accelerated when chlorides were present 
with 0.5M citric acid and was not impacted with 2M 
citric acid, while sulfate inhibited the dissolution of 
zinc in all cases. The kinetic study revealed that the 
dissolution process of Zn was chemically controlled 
and this was corroborated with the value of the 
activation energy which was found to be equal to 
39.3kJ/mol.  

Organic acids such as citric acid are prevalent in many 
natural settings and in discharges. Understanding the 
mechanism of metals dissolution in their presence 
alone or with mineral substances at a fundamental  

level is important in order to predict the 
environmental pollution risk.  
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ABS TRAC T  

 
Nanoparticle technology developed rapidly due to the multifunctional utilization of nanoparticles in many disciplines 
such as medicine, drug delivery, environmental chemistry, food chemistry and analytical chemistry. In concept of this 
study, magnetic nanoparticles with a core-shell structure were synthesized and applied to the adsorption of copper 
and cadmium. The synthesis procedure consists of two steps. In the first step a core-shell structure was formed with 
Fe3O4 and humic acid. In the second step, the coating of synthesized core/shell structure with silver occurs. The 
characterization of synthesized nanoparticles was performed with the aid of Scanning Electron Microscope (SEM) 
images combined with an elemental distribution image (EDX mapping), Zeta Potential, and Dynamic Light Scattering 
(DLS) analyses. Adsorption isotherms of copper and cadmium on Fe3O4/HA/Ag multi-component structure were 
studied. The optimum adsorption conditions in aqueous solutions were fixed at pH 9 and at 300 K. As a result, the 
Fe3O4/HA/Ag multi-component structure showed excellent adsorption capacity for both copper and cadmium ions 
with removal percentages of 92% and 97% after the calculations were performed using the absorbance values 
measured by Flame Atomic Absorption Spectrometer (FAAS) respectively. Langmuir isotherm, which describes the 
monolayer adsorption was found to be the most adequate to fit the overall procedure.  
 
Keywords: Nanocomposites, magnetic nanoparticles, humic acid, metal removal, Langmuir isotherm 

 

 
1. INTRODUCTION 

 
There are two different types of pollutants in 
industrial waters as organic and inorganic pollutants. 
Inorganic pollutants mostly consist of heavy metal 
ions that result from industrial metal coating 
processes [1, 2]. Toxic heavy metal pollution is a 
global problem and new environmental regulations 
are required to control the release of heavy metal ion 
concentrations to the environment. Earlier, various 
types of materials and techniques were used for the 
removal of toxic ions, such as ultra-filtration, ion 
exchange chromatography, or precipitation [3 - 5]. 
However, adsorption on a magnetic surface is an easy 
technique to enrich or clean aqueous solutions when 
they have very low ion concentrations [6]. During 
magnetic separation a coated or modified surface first 
adsorbs the analyte and then an external magnetic 
field removes the particle with the analyte from the 
solution.  The removed particles can be re-used after 
cleaning to repeat the adsorption process [7 - 9]. In 
this method, magnetic nano-sized particles form a 

core/shell structure. Magnetic separation with these 
particles is a very fast, and eminently selective 
method. It is also very popular in environmental 
applications, mining, food & steel industries and 
biotechnology due to their practical industrial 
utilization. The magnetic property of nanoparticles 
depends on the surface coating, size and composition 
of the particles. Moreover, coating the synthesized 
nanoparticles with polymers or surfactants prevent 
the oxidation and agglomeration providing long-time 
stability within composites [10, 11].   

In soil, the end product of microbiological 
decomposition of animals and plants are humic acids. 
These are large natural acidic organic polymers that 
are able to interact with cations and herbicides in soil. 
Cation binding mostly occurs because of carboxyl 
(COOH), carbonyl (C=O), hydroxyl (OH) or 
hydrophobic aliphatic and aromatic groups [12]. Some 
studies show the efficiency of calcium humate for the 
removal of some metals from wastewater such as 
iron, mercury, cadmium, and copper [13, 14]. Further 
studies show that humus based filters or humate can 
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remove hydrogen sulfide, mercaptan, and sulfur 
dioxide [15]. Moreover, HA has high affinity for 
magnetic nanoparticles and a Fe3O4/HA, core/shell, 
structure is able to remove heavy metal ions with a 
93% yield [16 - 18]. Although there are many studies 
using core/shell structures in the literature, to our 
knowledge there are few that focus on multiple 
component systems [19]. Humic acid which itself is a 
biodegradable substance can easily be used as an 
ecology friendly material. The aim of this study is to 
coat magnetite nanoparticles with humic acid and 
silver, forming a multicomponent nanostructure for 
the removal of heavy metal and bacterial pollution in 
water. In this part of the study only the synthesis of 
multicomponent nanoparticles and their synthetic 
heavy metal applications is reported. The combination 
of Fe3O4, HA and Ag for the synthesis of magnetic 
nanoparticles occurs for the first time in concept of 
this study bringing novelty in literature. 
 
2. MATERIALS AND METHOD 

 
2.1 Instrumentation 

 
Varian Flame Atomic Absorption Spectrometer 
(FAAS) was used to measure the absorbance values of 
standard metal solutions and synthetic mixture 
solutions to observe the adsorption characteristics of 
synthesized composite particles. For an equal and 
homogeneous sorption process, an Edmund Bühler 
7.400 Tubingen shaker was used. The Shaker period 
was adjusted to 300min-1. A JOEL JSM-7600F Scanning 
Electron Microscope and FEI Quanta 250 FEG was 
used for the SEM analysis. Zeta potential analyses 
were made using ZetaPals Zeta potential Analyzer BIC 
(Brookhaven Inst. Corp.). A Chiltelrn Hotplate 
Magnetic Stirrer was used to achieve homogeneous 
heating during the co-precipitation process of 
nanoparticles. A regular magnet was used to collect 
particles from the sample solution. For successful 
coating at all stages of synthesis BANDELIN RK100H 
ultrasonic bath was used. 

 
2.2 Chemicals and reagents 

 
All reagents and standards were of analytical grade 
and were used without any further purification. All 
dilutions have been carried out with milliQ pure 
deionized water. The chemical reagents used in this 
procedure were Fluka ferrous chloride hexa hydrate 
(98% pure), Merck Ammonium iron(II)sulfate hexa 
hydrate, Aldrich Humic acid sodium salt, Merck 
Ammonia (%25), Merck Tin(II)chloride, Merck 
Hydrochloric acid, Fluka Silver nitrate, Fluka Sodium 
Hydroxide, Merck Copper(II) and Cadmium(II) 
standard solutions. 
 
2.3 Synthesis Procedure of Magnetite 

Nanoparticles 

 
Particles were prepared using co-precipitation 
process. A stochiometric mixture of FeCl3.6H2O and 

NH4FeSO4.6H2O (molar ratio 1.5:1) was heated to 
900C for 45 minutes on Chiltelrn hot plate magnetic 
stirrer. For this purpose, 6.1 g FeCl3.6H2O and 4.2 g 
NH4FeSO4.6H2O were weighed and dissolved in 100 
mL pure water separately. Once the heating is over 
10.0 mL of 1.0 mg L-1 humic acid sodium salt solution 
was mixed along with iron(III) chloride and iron(II) 
chloride solutions and 10.0 mL 25% ammonia 
solution was appended immediately to precipitate HA 
coated magnetite nanoparticles. For a complete 
reduction and coating, heating was carried out in 900C 
for an hour. Particles were washed with milliQ pure 
water twice and sonicated for 30 minutes. A simple 
magnet easily worked for the collection of particles 
from the bottom of the beaker, and a Pasteur pipette 
was used to collect supernatant from the surface.  
Very small particles with a very weak magnetic 
property were observed in supernatant liquid. These 
particles were discarded with the supernatant liquid. 

After several trials, a redox reaction between Sn2+ ions 
and silver ions was found useful to coat the particles 
with silver [20]. Therefore, the coating of Fe3O4/HA 
particles with silver resulted in two steps and 
ultrasonication was used at the end of each. It is 
known that Sn2+ ions can reduce Ag+ to Ag0 and can be 
adsorbed on the HA surface through negatively 
charged groups. A 0.063 M acidic Tin(II) chloride 
solution was mixed with Fe3O4/HA particles and the 
mixture was sonicated for 30 minutes. Hence, Sn2+ 
ions were adsorbed on the surface of core/shell 
structure. After sonication, the mixture was cleaned 
with milliQ water twice. The second part of silver 
coating process consisted of the electrochemical 
plating of silver on the core/shell structure. The 
suspension was mixed with freshly made 0.13 M 
Tollen’s reagent (ammonium silver nitrate), sonicated 
for 30 minutes and washed twice with milliQ water. At 
the end Fe3O4/HA/Ag magnetic particles were 
separated from the suspension by using a magnet and 
then dried at 600C in air. Fig 1 below shows the 
schematic illustration of the formation of 
Fe3O4/HA/Ag multi-component structure. 
 
2.4 Characterization of Synthesized Particles 

 
The characterization of synthesized Fe3O4/HA/Ag 
composite structure was made using SEM and Zeta 
potential analysis. For each selected area on SEM, an 
EDX mapping analyses were made for surface 
elemental analysis. Sample preparation was carried 
out mechanically on dried samples. These samples 
were Fe3O4, Fe3O4/HA as the intermediates, and 
Fe3O4/HA/Ag as the final product. 

The DLS experiments were conducted at a 900 angle 
using 35 mW solid state laser detectors operating at 
658 nm. The change in the particle size in response to 
pH was also determined by DLS measurements, 
adjusting the pH with 0.1M HCl and 0.1M NaOH in 10-2 
M KNO3 aqueous solution. 
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Fig 1. Schematic illustration of the formation of Fe3O4/HA/Ag multi-component structure 

A diluted aqueous solution of particles was prepared 
for the zeta measurements, which were carried out in 
triplicate, as were the DLS measurements. The first 
sample was diluted (portions were 1/50 and 1/100) 
with 10 mL KNO3 in sonicator for 5 minutes. The 
second and third samples diluted in 10 mL KNO3 and 
sonicated for 5 minutes. Only then, zeta potentials 
were measured. 

 
2.5 Procedure of Heavy Metal Adsorption 

 
The adsorption of copper and cadmium was 
investigated by batch adsorption method using FAAS. 
The initial concentrations of copper and cadmium 
were prepared in the concentration range of 1.0-3.0 
mg L-1 for copper and 0.5- 2.0 mg L-1 for cadmium, 
respectively. Particles were collected with a magnet 
after the adsorption process has reached to the 
equilibrium. Adsorption parameters as pH value, 
sorption time, and particle mass on heavy metal 
removal were optimized in separate sets of 
experiments. pH value adjustments were made using 
0.01 M NaOH and 0.001 M HCl solutions and values 
were varied to 3.0, 5.0, 7.0, and 9.0. In order to obtain 
the optimum pH value, the particle mass was set 
constant at 0.01 g with a 10 min. of contact time. On 
these conditions, the optimum metal removal was 
obtained at pH 9.0. All adsorption experiments were 
performed at pH 9.0 except those in which the effects 
of particle mass and contact time was investigated. 
Finally, three different trials were made with these 
optimized values and a mixture of cadmium and 
copper solutions were prepared to understand the 
selectivity of magnetic nanoparticle between two 
metal ions.  

The adsorbed heavy metal amount (qe) per unit 
absorbent mass was calculated as follows; 

qe=(Co−Ce)V/m                                                                    (1)  

where Co is the initial heavy metal concentration, Ce  is 
the concentration of heavy metal at equilibrium  
(mg L-1), m is the magnetite mass (mg) and V is the 
solution volume (L). Calculations were made using 
these data and adsorption curves of copper and 
cadmium on magnetic nanoparticles were obtained. 

 
                                                                                                              

 
3. RESULTS & DISCUSSION 

 
3.1 Characterization of Fe3O4/HA/Ag Particles 

 
A JOEL JSM-7600F and FEI Quanta 250 FEG SEM were 
used for the characterization. EDX mapping was 
performed for the surface elemental analysis. On the 
SEM images, the bright particles represent silver, the 
gray parts represent humic acid coated magnetite 
particles and the black parts represent empty spaces. 
Fig 2 and Fig 3 below show the SEM images of the 
intermediates and final products respectively. The 
most suitable closest image was obtained with 
50.000 magnifications. The dispersion of silver 
particles was not uniform on the surface but EDX 
mapping proved the existence of silver shown in Fig 4. 
On EDX mapping, there was no sign of tin (II) which 
shows the efficiency of ultrasonication and repeated 
particle cleaning after each step. 

The Zeta potential was used to prove negative charge 
of double layer and DLS analysis was used to procure 
the mean diameter size of particles. Since HA has 
negatively charged large groups on the surface, it was 
easy to predict that zeta potential of the particles had 
a negative value. Results showed that this value was -
23.09 mV. According to Zeta potential data, 
synthesized multi-component structure can be 
accepted to have incipient stability. The DLS analysis 
showed that in the given conditions the mean 
diameter of the particles was as 291.0 nm. This results 
from large structure of humic acid and aggregation of 
particles during DLS measurement. 

 
3.2 Optimization of Adsorption Parameters 

 
3.2.1 Effect of pH 

 
In the pH study, adsorption of ions investigated at 
varying pH values of 3.0, 5.0, 7.0 and 9.0. The particle 
mass was fixed 0.01 g with a contact time of 10 
minutes. Adsorption percentages were calculated to 
compare the results and as it is seen on Fig 5-a, the 
maximum adsorption percentage was recorded at pH 
value 9.0 for the removal of copper and cadmium with 
89.92% and 94.26% removal percentages, 
respectively.  
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Fig 2. SEM images of intermediates a) in Fe3O4/HA nanoparticles after the dispersion of Sn+2 solution 500 

 

 
Fig 3. SEM images of the prepared Fe3O4/HA/Ag particles at different magnification ranges a) 2.000 b) 5.000 c) 

15.000 d) 50.000  

 
Fig 4. EDX mapping of the surface labeled as b on Fig 2

According to the studies reported in the literature, 
many different pH values were maintained due to the 
maximum adsorption of copper and cadmium. When 
compared to the other studies where pH value was 
kept at 9.0 removal percentage obtained in our study 
was found to be the highest. 

 
3.2.2 Effect of Contact Time 

 
During the investigation of contact time, adsorption 
process was performed using 0.01 g particles at a pH 
value of 9.0. The absorbance values were measured at 
time intervals of 5, 10, 20, 25, and 30 minutes and 
adsorption percentages were calculated. Adsorption 
of copper and cadmium was found to be 90.25% and 
94.37% respectively. Although there were small 
fluctuations between 20 and 30 minutes contact time 
for copper and cadmium, the highest removal 

percentage was accepted at 20 minutes for both 
metals. Fig 5-c found below, represents the removal 
percentages of cadmium and copper ions in the given 
conditions. This data related with the physical 
character of adsorption also gives clue about the 
favorability of increased surface area of the sorbent. 

 
3.2.3 Adsorption Isotherms 

 
For the design and analysis of adsorption process, 
adsorption isotherms should be well understood. 
Langmuir isotherm stands as the simplest theoretical 
model for the monolayer. By modeling single coating 
layer on adsorption surface it supposes that the 
adsorption takes place at a specific adsorption surface 
and as it gets further from the adsorption surface the 
attraction between molecules decrease [21].  
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Fig 5. Influence of a) pH, b) particle mass and c) 
contact time on the removal of copper and cadmium 
by prepared Fe3O4/HA/Ag particles to aqueous 
solution containing Cd and Cu and 2 mg L-1 
respectively 

The following formulas related to Langmuir isotherm 
are given below; 

qe=VmkCe/(1+kCe)                                                             (2)  

where qe is the amount of adsorbed heavy metal per 
unit magnetite mass (mg g-1), Vm is the monolayer 
capacity, k is the equilibrium constant and Ce is the 
equilibrium concentration of the solution (mg L-1). 

Eq. (2) can be linearized as follows: 

Ce/qe=1/kVm+Ce/Vm                                                       (3)                                                      

The results obtained from the empirical studies were 
applied to Langmuir isotherm. 

 
Fig 6. Adsorption isotherm of Cu and Cd on magnetic 
nanoparticle fits of Langmuir Model 

The dependence of Ce/qe from Ce was obtained by 
using empirical results. The linear form of Langmuir 
equation for copper and cadmium adsorption on 
magnetites are calculated with the aid of adsorption 
graph shown in Fig 7 and found as; 

 
Fig 7. Linearized adsorption isotherm of Cu and Cd 
fits of Langmuir Model at 300 K 

Ce/qe=5.2907Ce+0.1565, R2=0.97 for Cd                     (4)                                                                    

Ce/qe=5.5212Ce+6.4165, R2=0.95 for Cu                     (5)   

As it can be seen from Table 1, the Langmuir model 
can represent the actual adsorption data. Adsorption 
(qe) reaches a plateau region (possibly corresponding 
to monolayer coverage) with respect to equilibrium 
concentration of the aqueous phase (Ce) beyond a 
limiting concentration, which is a characteristic 
property of the Langmuir isotherm.  

    

 
Table 1. Parameters of Langmuir Isotherm 

Name of metal adsorbed Isotherm Equation Slope KL R2 

 

Cu 

 

Cd 

 

 

Ce/qe=5.5212Ce+6.4165 

 

Ce/qe=5.2907Ce+0.1565 

 

5.5212 

 

5.2907 

 

 

92.54 

 

0.87 

 

 

R2= 0.9 

 

R2= 0.97 
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4. CONCLUSIONS 

 
The Fe3O4/HA/Ag multi-component structure was 
synthesized using co-precipitation and electroplating 
methods. In order to build a multi-component system 
with three components, a redox reaction between Tin 
(II) chloride and Tollen’s reagent is required 
otherwise it is not possible to coat the particles with 
silver. Hence, there are two intermediates obtained 
during the process. Ultrasonication and cleaning of 
the suspension after each step is very important 
because it allows a homogeneous core/shell structure 
to form. The SEM images supported with EDX 
mapping showed the existence of silver and humic 
acid in the structure and the mean diameter of 
synthesized particles were found as 291 nm in DLS 
analysis when their zeta potential was -23.09 mV. 
Between 92% and 98%, of the heavy metal ions were 
removed from the solution at optimum conditions. 
The optimum conditions were a pH value of 9.0, a 20 
mg particle mass and 20 minutes of sorption time. The 
adsorption characteristics of magnetic nanoparticles 
were defined by Langmuir isotherm giving an 
adsorption capacity of 33.63 mg g-1 for Cd and 0.87 
mg g-1 for Cu.  

As an addition to this study, the antibacterial property 
of the synthesized particles, which were derived from 
the silver component, were observed but will be 
reported at a later date. 
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ABS TRAC T  

 
Fossil fuels have traditionally powered modern societies since the Industrial Revolution and our present day well-
being have been achieved through such fuels. They are, however, finite in nature and quite harmful to the 
environment since they are the main source of global warming. Japan, Germany as well as many other countries are 
highly dependent on the import of oil, gas or coal and have to pay the world market price. Unsustainable extractions 
have brought fossil fuels under constraint and countries which want to (partly) mitigate this issue, should start 
investing in renewable energies and re-arrange their energy generation sector to a more sustainable system. A 
functional mix of renewable and conventional power plants can reduce the need for fossil fuels in the electricity 
generation sector, thus lessen the carbon dioxide emission while securing supplies and stability. The main aim of this 
study is to investigate Japan’s potential for renewable energies and how to influence its energy generation sector with 
some take-away lessons from Germany. Qualitative and quantitative research designs were adopted to provide 
reasonable arguments to support the hypothesis that a fair share of its total (electric) energy demand could be 
achieved by capitalizing on renewable energy sources, while phasing out some old thermal power plants. A significant 
take-away lesson from Germany turns out to be adoption of more innovative energy policies and their constant 
upgrades. Patience with higher price of renewable energy sources during times that world oil prices significantly 
drops through political manipulation is another consideration. 
 
Keywords: Fossil fuels, renewable energies, sustainability, policies, Japan, Germany 

 

 
1. INTRODUCTION 

 
At the outset, the authors would like to mention that 
this work was initially conducted as a master’s thesis 
by the first author under the guidance and 
supervision of the corresponding author as part of the 
requirements of the German-Japanese dual degree 
program in International Material Flow Management 
(IMAT) [1]. After its initial success, the authors 
decided to collaboratively enhance and improve the 
work and transform it into a reputable journal article 
for its wider access. Considering that the first author 
comes from Germany and raised after the 1970’s oil 
crises; corresponding author comes from a major oil 
producing country, have spent his entire professional 
career in Japan while observing how world politics 
have affected both major oil producing and consuming 
countries, we would like to share our findings in a 
sincere and scientific manner. In our modern world, 

energy is considered our lifeline and after observing 
how superiority complexes have used numerous 
gimmicks and politics to manipulate and control such 
lifeline, we would like to emphasize the importance of 
energy self-sufficiency and propose practical ways for 
its attainment. Japan’s achievement of energy self-
sufficiency using some take-away lessons from 
Germany will encourage other countries to pursue 
similar path, prepare the world for the complete 
depletion of fossil fuel in the near future, help prevent 
global warming and eventually enable each nation to 
control and manage their lifeline independently and 
without forced submission to tricks or dirty politics.  

There are certain similarities between Germany and 
Japan in the sense that both are highly industrialized 
nations, have only scarce fossil fuel deposits 
(excluding Germany’s access to lignite) and are thus 
dependent on fossil fuel imports to meet their energy 
demands. Such dependency on fossil fuel imports got 

mailto:dpishva@apu.ac.jp
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tangible with the oil crises in the 70’s for the first 
time. Since then Germany and Japan have diversified 
the energy sources of their electricity generation 
sectors. In 2011, the Great East Japan Earthquake and 
its follow up tsunami created a nuclear disaster at 
Fukushima Daiichi power plant. This accident led to a 
chain reaction of consequences after which the 
Japanese government decided to shut all of Japan’s 54 
nuclear reactors down for revision and suspend all 
plans related to nuclear power plant set up. The 
German government even passed a slow phase out of 
all nuclear power plants as a direct reaction to 
Fukushima incident [2]. Both countries have used 
different approaches to solve the discontinuation of 
nuclear power. Although Germany had already 
successfully implemented a feed-in-tariff (FIT) system 
and other policies, which have been carefully analyzed 
by governments around the world, prior to the 
nuclear phase-out, the newly decided phase-out puts 
more stress on the electricity generation system. In 
Japan’s electricity generation strategy, compensation 
for electricity share of the shutdown nuclear power 
plants mainly come from obsolete – fossil fuel driven 
power plants, something which has led to increased 
spending on fossil fuel imports and higher CO2 - 
emissions [3]. Despite world market prices for fossil 
fuels being low in recent years [4], the additional 
spending has resulted in a negative trade balance and 
with the prices slowly recovering, such deficits could 
become worse. Given the finiteness of fossil fuels, the 
prices are likely to increase to even higher than prior 
peaks. Therefore, it would be a big mistake to rely on 
fossil fuels for too long, especially for countries that 
have no or limited fossil fuels resources.  

In this paper we have analyzed the potential of 
renewable energies in Japan. The investigated energy 
sources are wind, water, solar, geothermal and 
biomass. With focus on national energy resources, 
Japan could reduce fossil fuel imports and 
simultaneously increase its independence from 
suppliers. Furthermore, CO2 - emissions could be 
reduced as well. The above mentioned similarities 
with Germany are seen as opportunity to look at 
Germany’s measures to restructure its energy 
generation sector. Some measure could be 
implemented in Japan in order to nourish the 
development of Japan’s renewable energy sector and 
mitigate fossil fuel imports. Therefore, the main 
questions that we try to answer are: Where does 
Japan’s renewable energy potentials lie and what 
measures which have been implemented by Germany 
could be applied in Japan in order to support the 
development of renewable energies? 

 
2. HISTORICAL PERSPECTIVES AND 

TRANSFORMATION PROCESSES 

 
Japan and Germany were among the list of countries 
which started to industrialize after the United 
Kingdom (UK) in the second half of the 19th century. 
In 1868, the Tokugawa Shogunate was overthrown, 
and with the emperor back in power, the Meiji 
Restoration put an end to the century long Japanese 
self-imposed isolation. This marks the starting point 
of the Japanese industrialization era [5]. In Germany 

some factories had been in operation since the early 
19th century. However, first movements towards a 
broad industrialization era began to sprout after the 
pre-March revolution in 1848. After the German 
victory over France in 1870/71, the German 
Confederation was united under Prussia’s lead to the 
second German Empire. With the unification and war 
reparations from France, the industrialization process 
was significantly nurtured. Areas of the empire with 
rich coal and iron ore deposits like the Ruhr area, the 
Saarland, Alsace-Lorraine and Silesia saw explosive 
growth rates in population and economic activity [6]. 

With the slowly upcoming electricity generation, 
water power plants were used to meet initial demand. 
However, due to steadily growing demand and the 
need of a water body for water power plants, larger 
power plants driven by coal, generated the main share 
of electricity. The energy and electricity demand 
continued to grow around the world, especially after 
the 2nd World War [7]. 

 
2.1 Expanding energy demand and 

diversification 

 
Population growth and economic recovery in 
Germany and Japan lead to a constantly expanding 
energy demand which could no longer be satisfied by 
national resources as both countries are poor in fossil 
resources. Imported cheap mineral oil supplemented 
coal and slowly started replacing it as the main energy 
source in the second half of the 20th century [8]. Their 
low prices and wide availability led to an increasing 
dependence on the new fossil fuels, making them the 
driving force of global development. Thermal power 
plants generated the electricity needed for 
development by burning fossil fuels. Mineral oil was 
also crucial for transport and the chemical industries. 
This dependence became visible during the oil and 
energy crises of the 1970’s.  

A substantial mineral oil shortage during the first 
crisis in 1973 was caused by an oil embargo of the 
Organization of Arab Petroleum Exporting Countries 
(OAPEC) [9], which lead to a price increase from US$3 
per barrel to nearly $12 per barrel globally by 1974 
[10]. Price increase by four folds had many effects on 
industries and the global economy, one of which was 
greater interest in energy alternatives, namely 
renewable energy sources, nuclear power plants and 
national fossil fuel reserves.  

Both countries diversified their energy generation 
sector and reduced their dependency on Middle 
Eastern mineral oil. Nuclear energy was seen as the 
most economical and useful solution, therefore 
governments prioritized the expansion of nuclear 
energy [11]. Despite the fact that dirty political 
manipulations lowered oil prices and many renewable 
energy projects which had been implemented during 
the height of the oil crisis were discontinued, the oil 
crisis increased awareness about the importance of 
energy self-sufficiency and generated incentives to 
develop energy efficient technologies for households 
and industries. 
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2.2 Impacts of the Fukushima Disaster 

 
The Fukushima disaster refers to the nuclear 
meltdown in Fukushima Daiichi nuclear power plant 
which was caused by the Great East Japan Earthquake 
and its subsequent tsunami. This nuclear meltdown 
had major impact on Japanese and German energy 
policies. As a direct result of the Fukushima disaster, 
the previously cancelled German nuclear phase-out by 
the year 2022 was reconsidered and became a 
German law through strong public support [12]. 

Prior to the Great East Japan Earthquake in 2011, 
nuclear energy had an annual share of around 30% on 
Japan’s electricity generation [13]. This share was 
scheduled to increase to around 40% in order to 
sustain energy supply security and mitigate carbon 
dioxide emissions [14].  

However, most nuclear power stations in Japan were 
shut down after the accident. The share of nuclear 
energy on the annual electricity generation dropped 
to 2% in 2012 and to 0% in 2014 [13]. According to 
the Japanese Ministry of Economy, Trade and Industry 
(METI) only 3 of the 54 reactors are in operation [3]. 
The supply gap is mainly covered by thermal power 
plants which are fueled by mineral oil, coal or 
liquefied natural gas (LNG). But due to Japan’s low 
self-sufficiency ratio of about 6% in 2014, the country 
heavily depends on fossil fuel imports. When 
electricity was also generated by nuclear power 
stations, the self-sufficiency level was at 19.9%. After 
the shut-down of all nuclear power stations, 88% of 
the energy carriers used for electricity generation in 
2014 had to be imported, while only 9% of the 
electricity was generated by hydro power and 3.2% 
by renewable energies [3].  

 
3. JAPAN’S ENERGY SECTOR AND ITS 2-

GRID SYSTEMS 

 
Japan has a rather unique electricity generation sector 
and grid systems. The country is split into 10 areas, 
each of which is managed by one company. Grid 
operation and electricity generation are both under 
the control of those companies. Up until recently, 
households had to purchase their electricity from the 
utility company in their area and were not able to 
choose their suppliers. However, since the 
liberalization of the electricity market in 2016 it has 
become possible for households to select their 
electricity provider [15].  

Apart from its still inflexible electricity market, the 
electricity transmission network is split into two more 
or less independently operating grids. Its North-East 
grid which covers Tokyo metropolitan area operates 
at 50 Hz while its South-West grid runs at 60 Hz. 
Considering that transmission of electricity from one 
grid to another requires frequency conversion and 
there are only three frequency converting stations 
that connect the North-East grid to South-West grid, 
puts a limit on such transfer. Currently the Japanese 
frequency converting capacity is at 1.2 GW [16]. 

 
 

4. JAPAN’S RENEWABLE ENERGY 
POTENTIALS 

 
Renewable energies (excluding large scale hydro 
power projects) were not part of Japan’s energy 
source portfolio until 2011. In 2012, the share of 
renewable energies (excluding hydro) made up only 
3% of its total national energy generation, just 
increasing by 1% compared to 1990 level [17]. A 
considerable large potential in national energy 
generation remains still untapped and Sovacool in 
2011 concluded that a total of 324 GW renewable 
energies are feasible for Japan [18]. Onshore and 
offshore wind turbines account to 222 GW, 
geothermal power plants to 70 GW, additional hydro 
power plants (especially small scale ones) to 26.5 GW, 
solar energy to 4.8 GW and agricultural residue to 1.1 
GW. Wakeyama and Ehara focused on the potentials of 
renewable energies in Northern Japan (Hokkaido, 
Aomori, Akita, Iwate, Niigata) which include wind, 
geothermal, micro-hydro power plants, biomass and 
solar power. Their results show that it is possible to 
generate enough energy in Northern Japan which not 
only can supply the need of the whole area 
sustainably but also have a surplus that can be 
transmitted to other parts of the country, especially to 
the densely populated Tokyo metropolitan area [19]. 

 
4.1 Wind power 

 
Electricity generation is relatively new in the field of 
wind power. Although the first windmill used to 
generate electricity was built in 1887 in Scotland by 
Professor James Blyth, it took almost one century for 
the real potential of wind power to be acknowledged 
[20]. From small wind mills on top of buildings to 
large on- and offshore wind farms that are capable of 
generating hundreds of megawatts – even gigawatts 
in some cases – thus can feed vital electricity into the 
national grids. It is possible to build power stations 
with a power output of several MW (Offshore 
SIEMENS D-7 Platform 6-7 MW rated capacity). 
Although wind power is dependent on whether 
conditions, in the same manner that solar energy is, it 
has the advantage of being easier to predict. Hence, it 
is relatively easier to plan electricity supplementation 
with wind energy. With the Sovacool’s estimated 
potential of Japan’s wind power [18], this renewable 
source could contribute to the energy mix decisively. 

Left side of Fig 1 shows Japan’s onshore wind power 
potential and the right side indicates its offshore wind 
power potential. As can be observed, its onshore 
potential is limited, but the offshore is quite high. 
Although the onshore northern areas of Hokkaido and 
Tohoku can provide high enough wind speeds for 
large wind turbines, the southern part does not. On 
the other hand, the offshore potential is quite high, 
especially in the northern areas around Hokkaido and 
in front of the Izu peninsula (marked in red), where 
wind speeds of around 8.5 m/s or even higher have 
been recorded [21]. Some high yield zones are close to 
the mainland (lower right side, marked in red) and 
could supply electricity without long transmission 
lines. Except for a few cities, Hokkaido and Tohoku 
regions are not densely populated and areas around 
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the Izu peninsula could be used to generate electricity 
for the highly populated areas in and around Tokyo or 
Nagoya. 
 

 
 

 
Fig 1.  Potential Wind Power Map of Japan (Source: United Press International (2013) Japan plans biggest ocean wind farm) 

 
4.2 Geothermal energy 

 
Geothermal energy, defined as the heat from the 
earth, is a statute-recognized renewable source [22]. 
Originating from the earth’s inner structures and 
radioactive decay, heat is generated and stored in the 
earth’s crust. This energy can be used in direct and 
indirect ways. Direct usages are heating and cooling of 
private households or public buildings, greenhouse 
heating, relaxation and healthcare in spas, even 
cooking with the hot water or steam is possible. 
Electricity generation is an indirect use and can only 
be implemented when temperature and heat levels 
are high enough to run an attached steam turbine.  

Japan is located right on top of the Pacific Ring of Fire. 
The tectonic activities not only cause constant 
earthquakes, but also contribute to a high volcanic 
activity. That is why geothermal energy in Japan is 
close to the surface, often even visible in form of hot 
springs, referred to as “Onsen” or steam rising up 
from crevices. Despite this, according to the IEA 
(International Energy Agency), geothermal energy 
with an installed capacity of 353 MW, contributed 
only 0.3% to Japan’s electricity generation in 2013 
[23]. 

Fig 2 shows all major geothermal power plants that 
were operated in 2012 by electric power companies. 
Majority of those plants are located in the northern 
area (Tohoku) and the southern island (Kyushu). 
There are just a few large ones, with the power plant 
Hatchobaru in Oita being the largest one (110 MWe). 
Compared to large conventional power plants, the 
power output is rather low, as most of those power 
plants can generate up to 500 MWe per block. 
However, the potential of geothermal energy is there 
and can be tapped. 

 
 

 
Fig 2. Geothermal Power Plants in Japan (Source: Mitsubishi 
Heavy Industries: Geothermal Power [2012]) 

 
4.3 Hydro power 

 
Water power generates electricity through the 
transformation of kinetic energy of falling- or running 
water. Electricity can be generated by hydro power in 
various ways: conventional dams which store 
(usually) large amounts of water are able to generate 
large amounts of electricity. Run-to-the-river power 
plants, which use the speed of running water, are 
often found next to running waters, their sizes range 
from micro- to medium sized stations, depending on 
the amount of available water and flowing speed. 
Recent developments have led to pumped storage 
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plants which are used to store surplus electricity in 
form of potential energy in water during periods of 
overproduction, and release the water to generate 
electricity during peak demand.   

Water power can generate electricity steadily. Though 
its amount may fluctuate through the year, it is 
possible to feed into the base load or store energy for 
peak demands. This adaptive capacity makes water 
power appealing for a well equilibrated energy mix. 
However, large dams change the ecosystem of the 
affected area and are not usually seen as sustainable 
thus leading to the conclusion that large scale projects 
have to be carefully evaluated in order to prove their 
sustainability. 

Hydropower is currently Japan’s main renewable 
energy source and constituted 9% of its total 
electricity generation in 2014 [3]. Fig 3 shows the 
potential number of station in various sizes and the 
resulting power output. Since most feasible sites for 
large scale power plants have been exploited already, 
the future potential has to be utilized by small-scale or 
even micro hydro power plants, as Japan still has 
many sites suitable for that purpose. As indicated in 
Fig 3, the largest potential in terms of power output is 
in the category 10-30 MW while the largest potential 
in terms of number of stations is in the category 1-3 
MW. 

 
Fig 3. Locations and Power-Output of Hydropower in 
Japan(Source: METI (2012) Japan Renewable Energy) 

 
4.4 Solar energy 

 
Solar energy is radiant light and heat from the sun 
which are utilized by various technologies [24]. Solar 
heating, photovoltaic and solar thermal panels are 
used to generate electricity or heat, either in large-
scale complexes or on the rooftop of private houses. 
The range of applicable solutions for solar technology 
is large.  

Crucial for energy production, however, are optimal 
weather conditions and the intensity of the solar 
irradiation in the area. That means without sunlight, 
photovoltaic panels cannot generate electricity and 
solar thermal panels cannot heat up water. On the 
other hand, with provided sunlight, the panels can 
generate electricity and heat up water. Solar panels’ 
performance, however, varies with changing weather 
conditions. Countries with a fairly large share of PV 
technology in their energy mix are highly vulnerable 
to fluctuations in their national electricity grid. Other 
power plant types are also needed so as to cushion 
sudden changes, keep the grid stable and ensure 
supply security. In general, weather-dependent 
renewable energy sources require other power plant 
types or energy storage systems since even their 
sudden surpluses of electricity may not necessarily 
be used at the time they are generated. 

According to the IEA, Japan was the second largest 
market for solar growth in 2013 and 2014. During 
that time, 6.9 GW and 9.2 GW of nominal capacity 
were added to the already existing capacities, 
cumulating up to a total of 23.3 GW. With that notable 
amount of installed capacities, the country became the 
number three in terms of solar electricity generation 
in the world, behind China (28.2 GW) and Germany 
(38.2 GW). The currently installed capacity is 
estimated to be sufficient to supply up to 2.5% of the 
country’s annual electricity demand [25]. 
The global horizontal irradiation map of Japan in Fig 
4 shows the sun’s average annual sum of irradiation 
between the years 2007 to 2012. As can be observed, 
the potential is high especially in its southern parts. 
The Ryukyu Islands (琉球諸島), Kyushu(九州), 

Shikoku (四国) and southern parts of the Japan’s 

main island Honshu (本州) have high sun irradiation, 
between 1450 kWh/m²and 1600 kWh/m annually 
(by comparison, Germany’s average annual sun 
irradiation is around 1000 kWh/m). While Honshu’s 
(本州) southern coast line is densely populated, 
other areas have vast unpopulated areas. 

 
Fig 4. Horizontal Radiation of Japan(Source: Solar GIS Global 
Horizontal Irradiation Map: Japan) 
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Decline in production price (from over 980 Yen/Wp in 
1993 to 380 Yen/Wp in 2011) and financial incentives 
offered the Japanese government made photovoltaic 
systems attractive for households [24]. Energy 
balance can be improved by placing solar panels on 
the currently unutilized rooftops, especially in urban 
areas. 

 
4.5 Biomass 

 
Biomass can be defined as any organic matter that can 
be renewed over time. In other words, biomass is 
stored energy. Through photosynthesis, sunlight, 
carbon dioxide and water, it can be turned into 
oxygen and simple sugars which are stored. Even 
though they emit carbon dioxide when burned they 
are considered to be carbon neutral. The main reason 
for biomass to be considered as carbon neutral is that 
fossil fuels are hydrocarbon deposits derived from 
organic materials of a previous geological time. They 
are fossilized biomass, and the containing carbon was 
removed from the atmosphere long time ago [26]. In 
other words, when burning new biomass it only emits 
the CO2 that it has recently absorbed from the 
atmosphere while fossil fuels release the stored 
carbon dioxide of previous geological time, implying a 
surplus to greenhouse gas particles of the 
atmosphere.  

Biomass plants are versatile and almost anything can 
be used. Energy crops, food waste or human/animal 
residues contain a higher energy density and have 
been proved to be more efficient than simple 
greenery. Biomass can be utilized in form of gas 
(biogas plant) for heating, generating electricity or 
cooking, biofuel for transportation, chemical 
substitutes for fossil fuel based chemicals or in form 
of wood for heating. Its generation can be 
decentralized and operate completely independent 

from the electric grid. Its gas form can be used for 
either generating electricity or stored in the national 
gas grid or special containers and utilized when 
needed. The transportability and decentralized 
functionality makes it possible for biomass to be 
utilized almost anywhere in the world. 

As shown in Fig 5, the potential for biomass utilization 
in Japan is enormous. In some areas, biomass is being 
utilized already while others require infrastructure 
before they can be utilized. According to the MAFF 
(Ministry of Agriculture, Forestry and Fisheries), 
forestry residue and agricultural residue are unused 
at the moment. 

Possessing high potential for different renewable 
energy sources is a good opportunity for Japan to 
diversify its electricity generation sector and increase 
its independence from energy carrier imports. Wind 
and solar are fluctuating energy sources, dependent 
on the right weather conditions, they cannot be used 
for base load purposes. Geothermal power and hydro 
power are subject to seasonal change as well, but they 
can generate electricity day and night and therefore 
can be utilized for base load purposes. Agricultural 
residue and other biomass could be used for 
electricity generation, heat or gas production which 
can then be used for electricity generation or other 
purposes. 

 
5. ENERGY POLICIES 

 
Underlying renewable energy policies, their necessary 
fine tuning in response to the needs of the time and 
governmental commitments are extremely important 
for a successful renewable energy generation strategy. 
This section briefly examines German and Japanese 
energy policies. 

 

Fig 5. Japan’s Biomass Usage and Potentials (Source: MAFF, basic plan for the promotion of biomass utilisation (2009)) 

 
5.1 German policies 

 
The first pertinent German law which regulates the 
utilization of renewable energy in the German grid 
and adopted in 1990, is known as Electricity Feed-in 
Act and locally called the Stromeinspeisungsgesetz 
(StromEinspG). This law demands power utilities to  

 
connect renewable energy plants to the power grid 
and reimburse their owners for the generated 
electricity fed into the national power grid [27]. This 
regulation is still in place. With the liberalization of 
the electricity market, power utilities are no longer in 
control of the national power grid. Grid operators and 
power generators have to work together instead so as 
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to guarantee grid connection and preferred feed-in for 
renewable energies.  

German Renewable-Energy-Sources Act, locally called 
Erneuerbare-Energien-Gesetz (EEG), is the follow up 
of the StromEinspG and came into effect in early 2000. 
With the EEG, the grid connection was once more 
guaranteed to renewable energy plant operators 
together with a fixed purchase price for all generated 
electricity during the next 20 years. This feed-in tariff 
scheme promoted the development for all major 
renewable energy sources, and led to a fast 
development of wind and solar power in the first 
years. After its initial successes, the EEG has been 
revised regularly (in 2004, 2009, 2012, 2014 and 
2017) and undergone major changes.  

While the EEG successfully promoted the growth of 
renewable energies, the German (or European) power 
grid was not capable of keeping up with the constant 
expansion. Additional electricity being generated in 
the northern parts and demand for extra electricity in 
the southern parts, required increase in power 
transmission capacity of the grid for a successful 
transmission of the generated electricity to the 
consumers. Hence, an auction system was introduced 
for the first time in the EEG 2014 [28]. This auction 
system was even further enhanced in the EEG 2017 
which nominates the lowest bidder to build the 
advertised capacity. First offshore wind park projects 
were already auctioned with zero subsidies [29]. 

The next pertinent German law after the EEG is its 
Energy-Saving-Regulation, locally called 
Energiesparverordnung (EnEV) and adopted in 2002. 
The aim of this regulation is to enhance energy 
efficiency of buildings. The idea is to increase energy 
savings through insulation and efficiency measures. 
According to Chiarello, most of the energy consumed 
in households is for heating (75%) and warm water 
(12%) - share of electricity utilization for other 
purposes is only 13% [30]. The EnEv is therefore 
enforced to reduce energy consumption for heating. 
Steady increase in energy efficiency of newly built 
houses and renovated buildings are planned to ensure 
a consumption reduction. 

 
5.2 Japanese policies 

 
The first subsidy system for residential photovoltaic 
(PV) electricity generation in Japan started as early as 
1992 [31]. The PV promotion program continued until 
2007 but ended thereafter presumably due to the 
price drop of fossil fuel in the world market. In 2012, 
however, a feed-in tariff system based on the German 
system was created in order to promote the 
development of renewable energies in Japan. It is 
important to mention that Japan’s style of annually 
revising tariffs for each type of subsidized technology, 
has generated even faster changes in its electricity 
generation sector than Germany.  

Another policy of Japanese government is to improve 
energy efficiency of household appliances. The Top-
Runners program is used to promote the development 
of more efficient machinery like air conditioners, 
freezers, etc. Japanese government is strongly 

promoting IoT (Internet of Thing) technology for both 
automation as well as energy efficiency purposes. 

 
6. SUMMARY AND CONCLUSION 

 
Several renewable energy sources are available in 
Japan, allowing the country to implement an energy 
mix that can help power utilities and the Japanese 
government to commit to their 3E+S (Energy Security, 
Economic Efficiency, Environment + Safety) policy. 
Renewable energy sources could fill the energy gap 
created by shut down of its nuclear power stations. 
Although energy saving policies and fossil fuel driven 
power plants have filled such gaps for now, the 
additional money spent on fossil fuel imports has in 
return led to a negative trade balance and an increase 
in GHG (Greenhouse gases) emissions [32]. Instead of 
continuing this vicious circle of import dependency, 
out flowing funds and growing GHG emissions, some 
of the money spent on fossil fuels could get invested in 
the development of renewable energies. This can 
subsequently lead to the self-sufficiency of Japan’s 
electricity generation sector, reduce the outflow of 
money outside the country and cut GHG emissions. 
The diminishing nature of fossil fuel, its crucial role 
for the Industrial Revolution, and the panic that it 
generated in the 1970’s oil crises should not be 
forgotten. The proposed approach can eventually 
enable Japan to control and manage its lifeline 
independently and without forced submission to 
international political games. 

 
6.1 Summary analysis 

 
On one side, there are small hydro power plants and 
geothermal power plants which can be used in large 
quantities regardless of weather conditions, but have 
limited available construction sites. On the other side, 
there are solar and wind power which can be installed 
more flexibly in terms of location, but are dependent 
on weather conditions. Biomass – when utilized for 
gas generation – can serve as a buffer technology, 
because gas is storable and transportable. Its 
decentralized and transportable nature makes 
biomass utilization possible at any time and in part of 
the country. In terms of regions, the northern parts 
offer better conditions for wind energy, while the 
southern areas are more attractive for solar panels 
due to the higher radiation of the region. Geothermal 
and hydro energy are spread across the country as 
well as biomass which can be collected / produced in 
both urban and rural areas. 

A FIT scheme has been proved to be a good approach 
to promote renewable energies. It has worked well in 
Germany, leading to a steep increase in renewable 
energies. The FIT approach in Japan which started 
around 5 years ago, has incentivized investments into 
renewable energies. The approach has enabled to 
increase its installed renewable energy capacity from 
25 GW in 2012 to more than 50 GW in 2016 [31]. In 
fact, Japan’s style of annually revising tariffs for each 
type of subsidized technology, has generated even 
faster changes in its electricity generation sector than 
Germany. 
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However, one of the major short comings in Japanese 
energy policy is its unresolved grid connection and 
feed in problem. While in Germany renewable power 
plants have to be connected to the grid and can feed in 
their generated electricity by law (or get compensated 
otherwise), there is no such law in Japan. The local 
power utilities decide whether to allow the 
connection of power plants to the grid or not and as 
well dictate the necessary requirements that have to 
be fulfilled. While German approach enable investors 
to rely on prior estimations and subsequently create 
higher investment reliability, the Japanese approach 
does not and may even discourage / prevent constant 
feed in approach. 

Moreover, its current mid-term strategy favors a 
return to nuclear energy rather than a move towards 
renewable energies in order to increase the self-
sufficiency. The latest Japanese energy plan of 2015 
consists of two main pillars: Energy Conservation 
Promotion and Balanced Energy Supply. The energy 
conservation policies aim to reduce the volume of 
total electricity generation demand. The planned 
strategy for the energy mix of its electricity generation 
sector by 2030 consists of 27% LNG, 26% coal, 22-
24% renewable energy, 20-22% nuclear, and 3% oil. 
The 22-24% share of renewable energies is split into 
7.0% solar, 1.7% wind, 3.7-4.6% biomass, 1.0-1.1% 
geothermal and 8.8-9.2% hydro [33]. This implies that 
the share of its renewable energies is envisioned to 
grow from 15% in 2016 [31] to 20-22% in 2030 [33]. 
Even if we set aside the role of energy efficiency 
measures, this is still a conservative approach 
considering Japan’s potential for renewable energies. 
Currently hydropower already generates 9% of the 
total electricity supplied to the grid [3]. Wind power, 
despite its large on-and offshore potential, planned to 
constitute only 1.7% to the energy mix. Although solar 
power, biomass and geothermal energy are going to 
increase, the planned levels are far below their 
extractable potentials in Japan. 

Supply security and technical concerns, like increased 
control dynamics through the utilization of weather 
dependent renewable energies might have led to this 
decision. Because the German power grid is part of 
the synchronous grid of Continental Europe, the 
control and dynamics in Germany have increased with 
the continuous growth of volatile energy sources like 
wind and solar thus requiring power utilities to keep 
conventional power plants as reserves. Since Japan is 
not connected to an intercontinental power grid, the 
projected share of renewable energies will keep the 
control dynamics low, especially because large hydro 
power stations are already being used for base load 
purposes. Therefore, it seems that the latest energy 
plan favors a return back to the status of prior to 2011 
in combination with a moderate share of renewable 
energies. Activation of overhauled nuclear reactors 
will reduce the amount of fossil fuels which otherwise 
have to be imported. Thus with only minor changes, 
the self-sufficiency rate would increase. Nonetheless, 
a more ambitious strategy could increase Japan’s self-
sufficiency rate further than what the current plan 
aims for and the potentials are there. Aside from its 
widely available renewable energy sources, Japan can 
also utilize its technological capabilities and 

numerous patents in order to boost up its national 
renewable energy usage [21]. 

 
6.2 Conclusion and future research 

 
Considering Japan’s both technological know-how in 
the field and the vast accessible energy potentials, a 
more ambitious energy strategy could work 
significantly better. Its advantages of possessing 
temperate climate in the north with strong wind 
power, tropical climate in the south with high 
radiation, the world third largest geothermal energy, 
and blessed with huge amount of offshore energy 
potential for being an island country, could be better 
utilized. The fact that biomass energy is referred to as 
sleeping giant among renewable energy sources, 
Japan has large population and blessed with greenery, 
rain and tropical climate, should not also be ignored.  
Policies that regulate grid connection and feed in 
sequences are critical for a controlled development. A 
nationwide uniform approach can lead to successful 
changes, without necessarily abandoning nuclear 
energy, but increasing its independence from fossil 
fuel and eventually achieving energy self-sufficiency. 
Some take-away lessons from Germany to Japan could 
be more innovative policies along with their constant 
enhancements and upgrades, and patience with the 
higher price of renewable energy sources during the 
times that world oil prices significantly drops through 
political manipulation. Fossil fuel is going to diminish 
and the independent control and management of 
lifeline is much more important. 

Future work along this research can investigate 
Japan’s potential for tidal energy as Japan has also 
huge potential for tidal energy because of its 
geographical location and being an island country. 
Although tidal energy technology is not yet fully 
developed and still expensive, with vanishing nature 
of fossil fuel, having access to enough energy, and 
being energy self-sufficient is going to be far more 
important. 
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ABS TRAC T  

 
It is known that the amount of solid waste changes depending on the economical and cultural living conditions and 
also seasonal changes. In this study, the variation of recyclable solid waste amounts was investigated for the Istanbul 
Küçükçekmece district which has a high density of population and industrial activity. The recyclable solid wastes 
generated in study area were categorized as packaging wastes, waste batteries, waste vegetable oils and electronic 
waste and the variation of the amounts of these waste groups was investigated based on time between 2010-2015 
years. When the amounts of recyclable and recycled packaging wastes were investigated, it showed a significant 
increase by years. While the amount of recycled packaging wastes was 3,876 tons for the year 2010, it reached to 
77,601 tons in the year 2015 with a 20 fold increase. In the period of the study, it is seen that packaging wastes form a 
large amount of the total wastes by analyzing the percent distribution of examined waste groups. The reason of that 
could be the simplicity of the recycling and reuse opportunities of packaging wastes. Recycling and reuse 
opportunities of the waste vegetable oils and e-wastes are new developing applications for this district. It is thought 
that the recycling ratio of this type of wastes will increase with the developments and improvements on waste 
management and collection systems. 
 
Keywords: Küçükçekmece, Recycle, Reuse, Solid waste management 

 

 
1. INTRODUCTION 

 
The amount of waste generated in cities increase with 
population growth, urbanization and rapid economic 
development [1- 4]. In addition to the continuous 
increase in organic waste production, one of the 
biggest challenges facing the world recently is the 
effective use of organic wastes as well as recyclable 
wastes including plastics, tires and other recyclable 
municipal solid wastes [5]. Although the recycling of 
such waste has the primary priority, it is also a 
requirement to reduce the volume of these wastes 
[6,7]. Recycling is the process of converting wastes to 
secondary raw materials following physical and 
chemical processes. It is also called as the conversion 
of the recyclable materials such as cardboard, plastic, 
paper, glass and metal to a raw material or product 
after passing through multiple processes. Prior to 
conversion process, the separation of wastes is 
needed according to their types [8]. Energy 

production from recyclable wastes is significant in 
terms of economic benefits [9]. 

Packaging is any material used to contain, protect, 
handle, transport and present raw materials or goods. 
Packaging waste includes all the materials including 
the wastes defined in Regulation on the Management 
of Packaging Waste and the other non-recyclable 
materials. Packaging waste includes boxes, pallets, 
crates, bags, sacks, tapes, disposable foodservice 
packaging and also items being used to handle or 
support the products being sold or to be sold [10]. 
Reducing landfilling of plastics is one of the important 
priorities of The European Circular Economy package 
[11]. It was achieved largely by the legislations on 
recycling of postconsumer plastic packaging waste 
[12,13]. However, the rates of recycled plastics are 
still much lower than the production. The amount of 
annually traded waste plastics in the world in 2012 
was about 15 million tons which is lower than 5% of 
globally produced plastics goods [14,15]. Landfilling 
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and incineration processes can take place to reduce 
the environmental effects of such wastes, on the other 
hand unsanitary disposal or uncontrolled burning of 
plastics can lead to serious environmental issues [16].  

Waste battery is called as battery which has 
completed its useful lifetime or unusable as a result of 
damage. Waste batteries should never be mixed with 
household waste. Therefore, waste batteries should 
not be disposed to the household trash [17]. The outer 
cover of waste batteries corrodes by time and the 
chemical materials and metals inside the battery 
spreads to soil and then into water. Heavy metals such 
as mercury and cadmium which is forming 
environmental pollution, damage living creatures 
consuming these contaminated foods. Different types 
of waste batteries should be separated according to 
their chemical structure [18,19, 20]. There are no 
waste battery recycling facility yet in use in Turkey. 
'Regulation on the Management of Waste Batteries 
and Accumulators' was published by the Ministry of 
Environment and Forestry for the collection of waste 
batteries and accumulators on August 31, 2004. The 
responsibilities of battery manufacturers and 
importers and product distributors were defined by 
the Regulation [17]. 

Vegetable oil wastes when they are discharged to 
sewage or water bodies, cover the water surface and 
damage the water system. It accelarates the oxygen 
depletion in water by blocking the oxygen transfer 
from air to water. It leads to cloggings in pipes and 
increase in operational costs in waste water treatment 
plants. Vegetable oil wastes is responsible from the 25 
% of total water pollution. The oil waste reaching to 
water bodies (sea, lake and river), harms fish, birds 
and the other creatures [21]. The used oils must be 
collected separately from other wastes. It also should 
not be discharged to the receiving environment such 
as sewage, soil and sea.  

Electronic waste (e-waste) is the type of waste 
generated from the completing of  the life of electronic 
instruments and finishing the duration of use. E-
wastes are commonly composed from computers, 
printers, phones, fax and photocopy machines, wires 
and medical equipments [22]. The quick consumption 
of electric and electronic equipments to catch the 
technological innovations escalates the trade of these 
goods and it results in increase in the amount of 
electronic waste [23, 24, 25]. The rapid development 
of technology today provides alternative materials 
and low cost recycling methods. The electronic 
instruments renewed by developing technology is 
defined as waste and they are used as secondary raw 
materials with the higher order compliance for 
recycling. Almost all of the E-wastes can be recovered 
with available recycling methods in order to prevent 
to cause major problems because of their toxic 
composition [22, 25].  

In this study, the variation of the amount of 
recoverable waste collected in Küçükçekmece 
province for 5 years period was examined. It is 
requested to collect and recycle the recoverable 
wastes separately from municipal solid wastes within 
the scope of the regulations applied in our country. 
With this study, it was tried to understand whether 

the waste collection policy observed after the 
regulations came into effect is effective. 

 
2. MATERIALS AND METHOD 

 
2.1 Study area  

 
Küçükçekmece district is located on the western side 
of Istanbul province. Küçükçekmece district having 
37.75 km2 area and 47.33 km perimeter, is located on 
major highways as Transit European Motorway (TEM-
E80) and D100 (E5) that provide the Asia-Europe 
connection, as well as is located on the railway 
network which is centered in Sirkeci and extending to 
Europe. Istanbul Küçükçekmece district which has a 
high density of population and industrial activity. 
According to population data of 2015, 761,064 people 
live in the Küçükçekmece district [26]. The location of 
Küçükçekmece district in Istanbul province is shown 
in Fig 1. 
 

Fig 1. Location of Küçükçekmece district in Istanbul 

 
2.2 Collection of the data  

 
The data of this study was formed by the arrangement 
of the data of domestic and industrial waste amounts 
reported regularly by the relevant units of the 
municipality on daily, weekly, monthly and yearly 
basis. In order to interpret the changes, the life styles 
of the population, the indoor and outdoor events held 
in the district, guest population of the district and the 
use of recreational areas are evaluated meticuolusly 
depending on the dates 

 
3. RESULTS & DISCUSSION 

 
The amount of packaging wastes collected by 
municipality shows large increases by the years in 
Küçükçekmece district boundaries (Fig 2). While the 
amount of recycled packaging waste amount is 3876 
tons for the year of 2010, it is reached to 77601 tons 
with a 20 fold increase in the year 2015. The reason 
for this increase in the amount of packaging waste 
collected is thought to be the development of 
packaging waste collection policies for municipalities 
within the scope of the "Packaging Waste Control 
Regulation", which was enacted in 2011. For this 
purpose, district municipalities have placed recycle 
bins in many places of the city. In addition, public 
awareness-raising activities have begun to be 
implemented. When the collected packaging waste 
quantities were evaluated, an average of 35180 tons 
of packaging waste was collected during the 6-year 
period. The amount of packaging waste collected per 
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person, which was 5.56 kg capita-1 yr-1 in 2010, has 
reached 102 kg/capita/yr value in 2015. In Fig 3, the 
composition of collected packaging wastes is 
displayed. It is composed from %12 plastics, %1 
metals and %87 paper and cardboards. In a study held 
in Eskisehir which is one of the metropolitan city of 
Turkey, the percent weight distribution of recyclable 
packaging wastes have been found as 50% paper and 
cardboard, 6.3% metal, 12.45% glass, and 28.1% 

plastics [27]. In another study conducted in Turkey 
basis, it is stated that the amount of recyclable wastes 
(as % weight) consist of 40–65% organics, 11.6-
51.4% paper-cardboard, 8.3-40 % plastics, 1.6-17.1% 
metal and 3.3-17.1% glass [28]. Compared to the 
values in literature, the amount of paper as a 
component of packagıng wastes collected in 
Küçükçekmece appears to be above the average of 
Turkey. 

 

 
Fig 2. Recycled packaging waste amounts 

 

 
Fig 3. Material based distribution of collected packaging wastes 

 

 
Fig 4. Recycled vegetable oil waste amounts 
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The amount of vegetable oil waste collected in 
Küçükçekmece district boundaries is showed 
fluctuations by the years (Fig 4). It has an increasing 
trend between the years 2010 and 2012, and it is 
reached to the highest value of the last six years in the 
2012 year. There has been a decline in the years 
2012-2014, then it is increased to 60,980 tons value in 
2015. The regulation on "Control of Vegetable Waste 
Oils" was published in 2015. Prior to this regulation, it 
is considered that the amount of waste oil collected 
varies from year to year because there is no legal 
obligation to collect vegetable waste oils. As a 
legislative regulation on the collection of vegetable 
waste oils has started to be implemented by the year 
2015, it is conceived that the amount of vegetable 
waste oil collected in 2015 is increased compared to 
the previous year. According to data of the 6 year 
period, the average amount of vegetable waste oil 
collected is 60.27 tons yr-1. It is seen that the amount 
of vegetable waste oil collected in 2010 is 65 kg 

capita-1 yr-1 and it reaches 80 kg capita-1 yr-1 value in 
2015. 

As seen from the Fig 5, the amount of waste batteries 
collected in the Küçükçekmece district boundary was 
followed by a scattered trend by the years. It has the 
lowest value in 2009 with 3660 kg and the highest in 
2013 with 7635 kg. The average annual amount of 
waste batteries collected was determined as 5333 
tons for the 7 years period between 2009-2015. It is 
observed that the amount of waste batteries collected, 
which was 5.4 kg capita-1 yr-1 in 2009, increased to 
6.95 kg capita-1 yr-1 in 2015.  The lack of forceful 
regulations and efficient recycling applications leads 
to lower recycling amounts of wastes, for instance 
only about 2 percent of waste batteries were recycled 
in China [29-31]. Although it is estimated that the 
amount of waste batteries collected in the 
Küçükçekmece district is considerably less than the 
amount of waste batteries used, it is seen that the 
amount of waste batteries recovered in years is 
increasing gradually.   

 

 
Fig 5. Amounts of recycled waste batteries

In Fig 6, the amount of electronic waste collected in 
the Küçükçekmece district, has followed a trend of ups 
and downs by the years. It is observed that an average 
of 1028 tons of electronic waste are collected annually 
over a period of 5 years between 2011 and 2015. 
While it has the lowest value as 600 tons in 2011, and 
it reached the highest value as 1,838 tons in the year 
of 2014. To put it another way the amount of collected 
electronic waste, which was 0.84 kg capita-1 yr-1 in 
2011, increased to 1.44 kg capita-1 yr-1 in 2015.  The 

largest producer of e-waste is the United States of 
America (USA) and the People's Republic of China 
(PRC), however when the per-capita electronic waste 
is calculated, Norway has the highest e-waste 
generation value with 28.3 kg. The waste production 
of Turkey with 503,000 tonnes ranks 17th place 
among other countries [32]. According to these 
values, it can be seen that the amount of e-waste 
recovered in Küçükçekmece is quite low. 

 

 
Fig 6. Amounts of recycled electronic wastes 
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The percent distribution of recycled waste quantities 
collected is shown in Table 1. From Table 1, it can be 
seen that the collected amount of waste vegetable oil 
has the lowest percentage of total recoverable waste. 

The amount of packaging waste collected increases 
over the years. The amount of packaging waste in 
recyclable wastes collected in 2010 was 44.0 % while 
it reached 92.3 % in 2015. 

Table 1. Percent distribution of collected recyclable waste groups between years 2010-2015 

Years Packaging wastes (%) Waste batteries (%) Waste vegetable oils (%) Electronic waste (%) 

2010 44.0 55.5 0.5 0.00 

2011 57.4 37.8 0.4 4.4 

2012 79.8 16.3 0.3 3.6 

2013 82.4 16.2 0.1 1.3 

2014 90.1 7.1 0.1 2.7 

2015 92.3 6.3 0.1 1.3 

 
4. CONCLUSIONS 

 
Examining the results, it can be said that a fairly stable 
and successful waste collection policy has been 
applied to the collection of packaging waste for 
Küçükçekmece-Istanbul. However, for the other types 
of recyclable wastes examined in this study, the 
amount of waste collected was found to be fluctuating 
around years. In the years that Küçükçekmece 
Municipality has organized training programs in order 
to raise public awareness, a significant increase is 
seen in the amount of recycled packaging waste, 
waste batteries, electronic waste and vegetable oil 
waste. It is thought that recycling awareness will be 
enhanced and lead to concrete results with periodical 
training programs in primary and secondary 
education institutions located in the district. In the 
period of this study, it is revealed that the amount of 
packaging wastes constitutes the major part of the 
examined waste groups according the percent 
distribution of total recyclable wastes. The possible 
cause of that could be the separation and collection of 
packaging wastes is easier and the recycling and reuse 
opportunities are more common. Recycling and reuse 
applications for the other examined waste groups like 
vegetable oils and e-wastes are not well known in this 
district. Therefore it is expected that the recycling rate 
of such waste will drastically increase with the 
innovations on waste management and collection. 
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ABS TRAC T  

 
The rise in the construction of hostel buildings to take care of accommodation needs of students in higher institutions 
of learning has been having effects on waste generation and its management practices. The study was carried out to 
assess waste generated and adequacy of facilities used in managing streams of waste in privately owned hostel 
buildings with a view to providing information to enhancing its management practice. This study was carried out in 
privately owned hostel buildings in Ife Central Local Government Area of Ile-Ife, Osun State, Nigeria. A multi-stage 
sampling process involving stratification and systematic random sampling technique of the hostels and occupants was 
used. Preliminary survey was carried out to determine types of hostel facilities, its occupancy pattern and personnel 
involved in its waste management. Eighteen (18%) out of the 858 occupants of the hostel buildings and eleven (11) 
waste management personnel were selected during the study. A total of 154 questionnaire was administered on the 
occupants of the hostel buildings and waste audit exercise was carried out to determine quantities of waste generated 
by using weighing instrument. The data collected were analyzed with descriptive and inferential methods such as 
cross tabulation, frequency distribution and mean score analysis. The study found that there was significant variation 
in the streams of waste generated in the types of hostel buildings sampled. It was found that nylon/polythene bags, 
covered refuse bin and bucket without cover with mean score value of 3.50, 2.89 and 2.78 respectively were used to 
collect waste generated. The study also showed variation in the alertness of occupants of the hostels to the severity of 
environmental conditions of waste generated. It was recommended that waste audit be taken as an integral part of 
waste management practice with the provision of waste collecting, transporting, disposal facilities and protective 
equipment in order to prevent environmental hazards associated with waste management.  
 
Keywords: Adequacy, effect, facilities, hostel buildings, waste audit, waste streams 

 

 
1. INTRODUCTION 

 
Environment is the entity that sustains human life 
through interaction of the processes that make up the 
ecosystem. The population of the world is on the 
increase and it demands the need to construct more 
buildings and other physical infrastructures where 
different activities take place through the provision of 
facilities therein [1, 2, 3]. Urbanization which led to 
the construction of buildings used for different 
purposes has been pivotal to solid waste generation in 
the municipalities based on materials used by its 
occupants [4, 5]. Throughout history, human 
advancement has been intrinsically linked to the 
management of solid waste due to its effect on both 
public and environmental health. Solid waste 

management (SWM) has a long and convoluted 
history [6]. In many regions and countries, national 
and international targets have been set for municipal 
solid waste management practices [7]. To develop and 
implement effective strategies to meet these targets 
require reliable information on the composition of all 
parts of waste stream.  

UNEP [8] defined wastes as substances or objects, 
which are disposed of or are intended to be disposed 
of or are required to be disposed of by the provisions 
of national law. Waste also refers to “an item, material 
or substance an individual considers useless at a given 
time and place” [9]. Waste is a dynamic concept which 
can be defined in different ways [10]. In most cases, 
the definition of waste depends on the type or 
category of waste under consideration. Some of the 
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dominant types of waste include; municipal waste, 
solid waste, hazardous waste and electronic waste 
amongst others.  

Processes of solid waste management (SWM) have 
affected human history in many ways, just as they will 
continue to do so in the future. The modern waste 
management industry in the developed world has 
come far, and with recycling and other advances, it 
will continue to grow and change with the needs of 
the community [11]. However, countries in the 
developing world are yet to see many of these changes 
within the frame of their solid waste management 
systems (SWMS). Traditionally, municipalities have 
been in charge of providing SWM services in 
developing countries [12]. The municipal 
responsibility in this present world is to organize and 
manage public sanitation system, including provision 
of infrastructure for collection, transportation, 
treatment and disposal of wastes. However, with the 
ever-increasing population and economic growth, 
many municipalities in developing countries are 
struggling to keep SWMS working in a sustainable 
manner to address waste generated in different types 
of buildings occupied by people for different 
purposes. The municipals manage solid waste with 
the aim of providing good quality sanitation services 
in order to keep cities clean and to enhance public 
health and safety. Evaluation of resources for 
collection, transportation, processing and disposal of 
waste requires a correct assessment of the quantity of 
waste generated per capita per day from direct 
residential areas and the characteristics of waste 
generated [13].   

A number of studies have been carried out on waste 
generation and management in Nigeria. Kadifa, 
Latifah, Abdullah and Sulaiman [14] carried out a 
study on the current status of municipal solid waste 
management practice in a city, in Nigeria. They were 
able to identify the challenges and areas requiring 
improvement, municipal solid waste generation, 
composition, storage, collection, and disposal systems. 
Ibrahim, Awomuti and Ajibade [15] examined storage 
and treatment system of solid waste as a strategy for 
sustainable environmental development in Ilorin 
metropolis. They considered the types and sources of 
waste generated, legislation on its storage and 
treatment. Afon [16] examined solid waste 
management practice in selected cities of Oyo State, 
Nigeria while [17] assessed waste management 
practices in selected hospital buildings in Ibadan 
Metropolis, Nigeria. By considering array of studies on 
waste management in Nigeria, through rapid 
urbanization, the quest for educational development 
has had influence on the need to increase construction 
of hostel facilities to ensure provision of 
accommodation for students that gain admission into 
higher institutions of learning. This would have 
attendant consequences on waste generation by the 
occupants of the hostel facilities. Most of the past 
studies did not focus on waste generation and its 
associated issues in hostel buildings. Hence, the aim of 
this study is to assess waste generated and adequacy 
of facilities used in managing streams of waste in 
privately owned hostel buildings in Ife Central Local 

Government Area, Nigeria with a view to providing 
information to enhancing its management practice. 

 
2. RESEARCH METHODOLOGY 

 
The study was carried out in Ife Central Local 
Government Area of Osun State, Nigeria. The sample 
frame consisted of the privately owned hostels in Ife 
Central Local Government Area. A preliminary survey 
was carried out to establish the types and numbers of 
hostel facilities that existed in the study area. A multi-
stage sampling approach was employed during the 
course of the study. The first stage involved 
stratification of the hostels into occupancy form, 
either for male, female, mixed type and their typology 
or mode of construction. The second stage involved 
the use of systematic random sampling technique 
whereby the first hostel with respondents was 
randomly selected with further selection of every 
hostel that existed in the residential zones where the 
hostels were located. The survey obtained the total 
occupancy pattern in the selected hostels by selecting 
18% of the occupants in the rooms of the hostels 
(Table 1). This indicated eight hundred and fifty-eight 
(858) occupants, and 18% of the total number of 
occupants was selected as sample size. Eleven (11) 
personnel involved in the management of the waste in 
the selected hostel buildings were randomly selected 
to get information on the current waste management 
practice. Such a limited sample was selected due to 
the available constraints [18]. A set of questionnaire 
was administered on the respondents that occupied 
the hostel buildings in order to depict information on 
the waste generated and effectiveness of the 
management practices on the methods of collection, 
sorting, transportation of waste etc. Waste audit was 
also carried out for five days to determine quantities 
of the sorted stream of waste in the hostels with the 
aid of a weighing scale and the mean weight of each 
stream determined (Fig 1). Data collected were 
analyzed with relevant descriptive and statistical 
methods such as frequency distribution, cross 
tabulation and mean score analysis based on a Likert 
scale of 1 to 5 and the results obtained were 
empirically compared with references in the 
literature. 

 

 
 
Fig 1. Waste generated in the hostel building, sorted and 
weighed during the waste audit 
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Table 1. Selected hostels in the study area 

Name of Existing 
Hostels 

Number of rooms 
Per Block 

Sample Frame Total No of 
Occupants 

Sample Size 

Number of Blocks Number of 
Occupants 

  

Poplat 10 3 2 60 11 

Rectas 20 4 2 160 29 

Fine Touch 40 2 2 160 29 

White House 23 2 2 92 16 

Green House 13 1 2 26 5 

Happy Land 11 2 2 44 8 

Bims 28 1 2 56 10 

Women Villa 12 2 2 48 9 

CTCS 10 5 2 100 17 

Mercy of God 16 1 2 32 6 

Ebenezer 20 2 2 80 14 

Total    858 154 

 
 

3. RESULTS AND DISCUSSION 

 
As shown in Table 2, based on the administration of 
questionnaire on the selected 18% (154) occupants 
out of a total of 858, 112 was returned and found 
useful for analysis. This indicated a return rate of 
72.72% out of the total number of questionnaire 
administered on the occupants of the hostel buildings. 
According to [19], a response rate of 40% was 
adjudged adequate for studies in built environment 
related researches, and this implies, that the 72.72% 
return rate ought to be substantial to adequately 
reinforce findings of the study. 

 
3.1. Profile of the occupants and the selected 

hostel buildings 

 
This section presents background information on 
profile of the occupants and characteristics on 
typology of the selected hostel buildings. The results 
shows that about 55.36% of respondents sampled in 

the selected hostel buildings were female while 
44.64% were male. This ought to have influence on 
the type and quantities of waste generated (Table 3). 
The length of stay is an important factor in 
determining respondents’ knowledge on waste 
management practice. According to Jackson [20], the 
length of residency in an area is a function of 
respondents’ experience of the environment. The 
study shows that a fairly large proportion, 31.25% of 
the respondents, had occupied the selected hostel 
buildings for 3 years and would have understanding 
of management practice of the waste generated. The 
profile of the study which informed the understanding 
of the respondents of the adopted waste management 
practice was also corroborated by the study of [21] 
that profile of respondents sampled on residential 
solid waste management in Sango-Ota, Ogun State, 
Nigeria was also useful in showing the management 
practice used.  
 

 

Table 2. Percentage of questionnaire administered and retrieved 

Number of Questionnaire Administered Number of Questionnaire Retrieved Percentage of Questionnaire Returned 

154 112 72.72 

 
It was also shown in the Table that the type of 
buildings used for hostel facilities in the selected 
buildings were flat apartment (41.96%) and followed 
by face-to-face storey building (37.50)%. Amongst the 
eleven (11) personnel sampled that were involved in 
the management of waste in the selected hostel 
buildings, 63.64% of them belonged to the 31-40 age 
group while 18.18% belonged to 21-30 and above 41 
years age group respectively. This indicated that they  

 

 
were adults and would have reasonable knowledge on 
the job. It was also found that about 81.82% of the 
waste management personnel were on full-time mode 
of employment while 18.18% were on part-time 
mode. 
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3.2. Components and quantities of waste 
generated in the selected hostel uuildings 

 
The study determined components and quantities of 
waste generated and collected in the hostel buildings 
sampled with the use of weighing instrument. Table 4 
shows mean weight of the sorted streams of waste 

with seemingly variation in the quantities of the 
components. It was shown that component rubbish 
stream of waste was significantly most in quantities in 
male, female or mixed hostel buildings with 5.20, 5.71 
and 4.13kg while paper stream had 4.11, 4.23 and 
4.45Kg in male, female and mixed hostel types 
respectively. 

Table 3. Profile of the respondents and the selected hostel buildings 

Class of Gender of the Respondents in the Selected Buildings 

Gender Frequency % 

Female 62 55.36 

Male 50 44.64 

Total 112 100.00 

Length of Stay in the Hostel Buildings 

Period of Stay (Years) Frequency % 

1 25 22.32 

2 32 28.57 

3 35 31.25 

4 16 14.29 

5 4 3.57 

6 0 0.00 

7 0 0.00 

Total 112 100.00 

Occupancy Type of the Hostel Buildings 

Type of Hostel Building (Typology) Frequency % 

Face to Face (Bungalow) 15 49.70 

Face to Face (Storey Building) 42 15.20 

Flat 47 10.60 

Duplex 8 8.60 

Total 112 15.90 

 

Table 4 also shows that gender characteristic of the 
hostel occupied by the respondents influenced the 
quantum of waste generated in female, male or mixed 
hostel building. This is evident in the variation in the 
quantities of stream of waste generated in the hostels 
occupied by the varying gender of the respondents. 
According to Alli and Eyasu [22], waste generation 
rate of domestic waste in Addis Ababa City is 
0.45kg/capacity/day, while around 100,000 m3 waste 
water is also produced per day from domestic 
activities alone, and waste collectors participate in the 
waste management at the approved service charges. 
Hence, the result carried out on the hostel buildings, 
in Ile-Ife also depicted that approved waste collectors 
were commissioned to dispose of quantities of waste 
generated per day by the occupants. 

 
3.3. Perception of the respondents on the 

components of waste generated 

 
The study assessed perception of respondents on the 
components of waste generated through the use of a 
likert scale of 1 to 5 in the mean score analysis 

method. Table 5 shows that garbage was rated as the 
most generated type of waste with a mean score of 
3.89, rubbish (3.03) and ashes (2.24). The Table also 
indicated that dead animals had the lowest mean 
score of 1.75. The result of this Table also consolidates 
findings of the waste audit which showed that rubbish 
and garbage had the comparably highest amount of 
waste generated in the hostel buildings sampled.  

 
3.4. Solid waste management facilities and its 

adequacy 

 
The study established facilities used in the collection 
and management of waste generated in the hostel 
buildings sampled, factors that influenced choice of 
methods used and adequacy of the facilities used. 
Table 6 shows that nylon/polythene bags was mostly 
used by the respondents in collecting waste generated 
with a mean score of 3.50. Covered refuse bin and 
bucket without cover were also used with mean score 
of 2.89 and 2.78 respectively. The study also assessed 
availability of central waste storage facility used in the 
management of waste generated in the hostel 
buildings. Table 7 indicates that 79.50% of the 
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respondents indicated that there was availability of 
central waste management facility to collect waste 
collected in nylons, polythene bags and others in 
order to enhance effective waste management 
practice. Past studies of [23] also indicated that 
growing population in urban centers in Nigeria has 

led to great waste management problem in Nigeria, 
and many efforts at getting rid of them informed the 
provisions of waste collecting and disposal facilities 
by the Lagos and Abuja Environmental Protection 
Board respectively. 
 

 

Table 4. Components and quantities of waste generated in the hostel buildings 

Type of Waste Component of Waste Male Hostel (kg) Female Hostel (kg) Mixed Hostel (kg) 

Garbage 

Food 3.61 4.30 4.33 

Canning 1.34 0.55 0.73 

Freezing materials 1.71 1.95 0.35 

Rubbish 

Nylon 5.20 5.71 4.13 

Wood 0.49 0.89 0.68 

Paper 4.11 4.23 4.45 

Rubber/Plastic 1.54 1.58 1.63 

Leather/Fabrics 1.47 2.07 2.01 

Glass 0.70 1.00 2.00 

Metal 0.65 0.17 2.05 

Ceramics - 0.99 0.54 

Stone/Sand/Soil 0.57 0.13 0.94 

Ashes 
Residue from combustion of - - - 

Solid product after heating - - - 

Large Waste 

Demolition waste 2.06 - - 

Construction waste - - - 

Furniture 1.33 0.58 2.06 

Automobile - - - 

Home appliances 1.62 0.99 2.33 

Trees - - - 

Fire driven waste - 0.80 0.47 

Dead Animals 
Household pets - - - 

Rodents 0.59 - 0.78 

Sewage Waste 
Sludge - - - 

Screening waste - 0.10 0.17 

Industrial Waste 

Chemicals - - - 

Paints - - - 

Explosives - - - 

Agricultural Waste 

Farm animals - - - 

Manure - - - 

Weed - - - 

Crop residues / Food peel 0.82 1.34 1.00 
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Table 8 indicates relative significance of the factors 
that influenced the choice of facilities used in the 
management of facilities used in the hostel buildings 
sampled. It was shown that infectious and hazardous 
nature of waste generated and collected, cultural and 
social basis and number of occupants per room most 
significantly determined facilities used with mean 
score of 3.75 respectively. The Table also shows that  

logistics, financial capability, type and size of the 
hostel buildings, administrative process and waste 
characteristics also influenced choice of the facilities 
used with a mean score of 3.50. Equally, according to 
Wahab [17], different operating factors influenced the 
choice of facilities used in the management of medical 
waste generated in hospital buildings with financial 
capability with RII value of 4.05 in public owned 
hospitals and 3.76 in private owned hospitals 
respectively. The outlook of the results of this study 
on the level of facilities used can also be compared 
with [24] which found in their work that the Dhaka 
City Corporation is primarily responsible for 
collecting and managing waste and a significant 
amount of waste is not collected due to lack of 

infrastructure, funds and collecting vehicle, but 
however sought for future integration of waste 
management strategies in high density residential 
development areas.    

 
3.5. Severity of environmental hazards associated 

with waste management facilities and 
practices used 

 
The study examined respondents’ alertness on the 
environmental conditions/hazards associated with 
the waste management facilities and practices used in 
the hostel buildings through the use of mean response 
analysis. Table 9 shows that respondents were mostly 
affected by the severity of the presence of 
cockroaches breeding with a mean score of 3.34, 
mosquito breeding and attraction to scavenging 
animals with mean score of 3.32 and 2.81 
respectively. Other effects such as odour from 
collected waste and filthy drain are also determined 
by the environmental effects of the facilities and 
practices used in managing waste generated in the 
hostel buildings.  

 

Table 5. Perception of the respondents on the components of waste generated 

Type of Waste 5 4 3 2 1 Mean Score Rating 

Garbage (food, canning and freezing 
materials) 

42 32 28 1 8 3.89 1 

Rubbish (nylon, wood, paper, rubber, 
leather, glass, metal, ceramics, 
stone/sand/soil) 

13 32 29 17 19 3.03 2 

Ashes (Residues of combustion, solid 
products after heating) 

8 10 25 22 43 2.24 3 

Large wastes (Demolition and 
construction wastes, automobiles, 
furniture, and other home appliances, 
trees, fires etc.) 

4 11 20 28 47 2.06 5 

Dead animals: (Household pets, 
rodents) 

4 5 15 22 64 1.75 7 

Sewage waste (screening wastes, 
settled solids and sludge) 

2 10 26 37 35 2.15 4 

Industrial wastes (Chemicals, paints, 
sand and explosives) 

4 8 6 24 68 1.69 8 

Agricultural wastes (Farm animal 
manure, crop residues and others) 

0 12 9 32 57 1.78 6 
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Table 6.  Facilities used in the collection of waste generated in 
the hostel buildings 

Facilities Used Mean Score 

Nylon/Polythene bags 3.50 

Traditional basket 2.08 

Bucket with cover 2.75 

Bucket without cover 2.78 

Covered refuse bin 2.89 

Plastic drums with cover 2.72 

Sack 2.53 

Worn-out jerry can 1.89 

Plastic drums without cover 2.33 

Plastic bags 2.49 

Card board boxes 2.00 

Metal drums with covers 1.87 

Metal drums without covers 2.03 

Paper cartoon 2.00 

Worn-out metal bucket 1.93 

 

Table 7. Availability of central waste storage facility 

Response Frequency % 

Yes 89 79.50 

No 23 20.50 

Total 112 100.00 

 

Table 8. Factors that influenced choice of  facilities used in the 
management of  waste generated in the hostel buildings 

Factors Mean Score 

Infectious and Hazardous nature of 
waste 

3.75 

Cultural and social basis 3.75 

Logistics 3.50 

Financial capability 3.50 

Type and size of hostel 3.50 

Administrative process 3.50 

Waste characteristics 3.50 

Number of occupants per room 3.75 

Organizational framework 3.25 

Maintenance repair 3.25 

Technical know-how of the manpower 3.13 

Waste load time 2.75 

Waste reduce time 2.75 

 

Fig 2 shows sections of streams of waste collected in 
one of the hostel building selected that exposed the 
occupants sampled to associated environmental 
hazards/conditions analysed in Table 9. Comparably, 
past studies in the literature such as [25] showed that 
rapid urbanization, rural-urban migration, little or no 
town planning efforts coupled with attitudinal 

irresponsibility have created environmental challenge 
in Nigeria and the problems posed by the attendant 
waste management practice of the growing 
population has overwhelmed Nigerian government. 

 
Fig 2. Streams of waste collected in one of the hostel 
buildings sampled 
 

Table 9. Level of severity of environmental conditions of 
facilities used in managing waste generated 

Severity of Environmental 
Conditions 

Mean Score 

Odour rom collected waste 2.42 

Odour from filthy drain 2.59 

Mosquito breeding 3.32 

Rat breeding 2.72 

Attraction to flies 2.45 

Attraction to rats 2.57 

Fly breeding 2.63 

Cockroach breeding 3.34 

Attraction to scavenging animals 2.81 

 
4. CONCLUSIONS 

 
The spate of increase in population has been observed 
to correspondingly affect intake of students in higher 
institutions of learning in Ile-Ife, Nigeria, which has 
paved way for the construction of more private hostel 
facilities for students’ needs. This has had attendant 
effect on the generation of waste streams which 
would affect environmental sustainability of the 
hostel buildings based on the level of waste 
management practice adopted. In view of this, the 
study carried out waste audit to determine 
components cum quantities of waste and perception 
of respondents on the stream of waste generated in 
the selected hostel buildings, adequacy of the facilities 
used in the management of streams of waste 
generated, factors that influenced choice of the 
facilities used and the likely environmental conditions 
associated with the management practice.  

The study found preliminarily that larger proportion 
of the respondents, 55.36% were female while 
44.64% were male and a sizeable proportion of them 
have been occupying the hostel buildings for about 3 
years, and this would give them appreciable 
understanding of the waste management practices 
adopted in the buildings occupied. The study 
established that component rubbish stream of waste 
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was significantly most generated in either 
male/female or mixed hostel buildings with 5.20, 5.71 
and 4.13Kg respectively. Respondents also indicated 
with a mean score of 3.89 that garbage was most 
generated while 79.50% of the occupants had access 
to central waste storage facility to manage stream of 
waste generated in the hostel buildings and different 
operating factors influenced the choice of facilities 
used to collect the waste. In view of the effects and 
risks that hostel occupants can be exposed to based 
on the components and quantities of waste generated, 
waste audit should be taken as an integral part of 
waste management practice. Similarly, provision of 
adequate waste collecting, transporting and disposal 
facilities should be adhered to in order to prevent 
environmental hazards associated with waste 
generated in the hostel buildings.   
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ABS TRAC T  

 
In addition to many environmental issues, including climate change, the relationship between natural resource use 
and economic growth, and environmental impact and resource use must be reversed for the sustainable management 
of rapidly depleted natural resources. Cleaner production techniques enable a framework for identification, 
adaptation and harmonization for the best available technical (BAT) options in metal industry that aim at improving 
environmental discharges. Surface finishing, surface processing, surface covering, painting and similar processes are 
performed in the metal finishing industry. Although a wide variety of applications for the metal finishing industry 
covers cleaner production in Europe and in the world, these studies are limited in Turkey. In this study, it is aimed to 
evaluate the cooling liquid used in metal surface treatment and waste metal shavings, and to determine economical 
and ecological efficiency by determining the best available techniques and technologies. For this purpose, pH, 
conductivity NO-2-N, oil-grease analysis were carried out in SAMPA, a local metal processing company. According to 
the results of the analysis, the NO-2-N value increased until the end of the month over 10 mg L-1, and the oil-grease and 
bacteria formation were also found to be quite high. All these analyzes and stages are determinants for the treatment 
and feed line to be established for the extension of the cooling liquid recovery and reuse and cleaner production 
practices will be determined. 
 
Keywords: Best Available Techniques (BAT), cleaner production, metal industry 

 

 
1. INTRODUCTION 

 
Changes in our lifestyles and industrialization have 
led to an increase in the amount of waste in time and 
local environmental problems arising from these 
wastes have reached a global extent. Contrary to 
conventional pollution control approaches, cleaner 
production approaches aim to prevent / reduce 
pollution. Pollution control approaches adopt 
production and design phases as invariant factors and 
take pollution as an inevitable result of these steps 
and try to solve this problem once it emerges.  

Approximately 99% of the enterprises in our country 
constitute Small and Medium Enterprises (SMEs) and 
their inability to complete their financial and technical 
infrastructure in general has always kept 
environmental investments backward. The solution to 
this problem is to enable industries to use more 
environmentally sensitive production techniques 
creating less waste, and at the same time increase 
their economic performance. Although cleaner 

production is based on "productivity" and brings 
permanent solutions to environmental problems, the 
difference between "pipe end treatment technologies" 
and cleaner production technologies is still not fully 
understood in our country. The number of countries 
adopting this approach is increasing day by day and 
cleaner production practices are started to be adopted 
and applied in every kind of production activities with 
the support of many institutions both at national and 
international scale [1]. 

The term "cleaner (sustainable) production" is 
defined by the United Nations Environment Program 
(UNEP) as a "holistic and preventive environmental 
strategy" the reduction of risks to people and the 
environment" [2]. The Integrated Pollution 
Prevention and Control Directive (IPPC-2008/1 / EC) 
issued by the European Union (EU) in 1996, covered 
legal regulations and supervisory authorities should 
allow industrial institutions within this general 
approach and administer environmental performance 
monitoring. In short, the IPPC directive provides an 

mailto:arife.simsek@omu.edu.tr


Environmental Research & Technology, Vol. 1 (3), pp. 51-57, 2018                  Simsek et al. 

52 

integrated approach to environmental air, water and 
soil conservation through the implementation of the 
"Best Available Techniques" (BAT), which is required 
to determine operating conditions and emission limit 
values for institutions to be granted. 

 
1.1 Cleaner production and pollution 
prevention 

 
Cleaner production relies on the principles of 
reducing the use of natural resources for unit 
production and reducing waste production by using 
high-yield production techniques. In other words, 
cleaner production should be understood not only to 
prevent environmental pollution, but also to increase 
productivity in economic terms. This approach 
consists of continuous and regular implementation of 
a preventive and integrated environmental strategy 
applied to production processes, products and 
services (Fig 1). As cleaner production is compatible 
with natural processes and the development of 
environmentally friendly new products, processes, 
systems and services, there is a close relationship 
with the concept of sustainability. 

 

 

Fig 1. Cleaner production notion [3] 

 
1.2 Tools and methods for cleaner 
production 

 
Cleaner production practices are carried out in many 
stages of a product life cycle (raw material discovery, 
production, use and disposal after use). In this 
context, cleaner production practices require 
teamwork of many professions. Cleaner production 
tools include techniques regarding how cleaner 
production is to be implemented in the industry. 
These techniques can be explained in general under 
the following five headings. 

 Waste Control 

 Evaluation of Alternatives 

 Chemical Evaluation 

 Energy Assessment 

 Environmentally Responsible Design 

 
1.3 Benefits provided by cleaner 
production 

 
Cleaner production can be applied to all small and 
large businesses, regardless of their level of material, 
energy and water consumption. Observations suggest 
that this approach offers an average resource 
reduction potential of 10-15% without making high 
cost investments. The possible benefits of integrating 

cleaner production approaches into production and 
management processes and resulting implementation 
are listed below [4]. 

 Integrated management strategy 

 opportunity source 

 harmonized strategy 

 economic gains 

 environmental benefits 

 participation policy 

 industry image and social benefits 

 
1.4 Cleaner production practices in the 
World and Turkey 

 
There are many studies in the literature about cleaner 
production especially in recent years. As can be seen 
from the studies listed below, the cleaner production 
approach is rapidly evolving to be new. Reduction in 
the use of raw materials and resources and in 
environmental impacts makes this approach 
important both for increasing the profitability of the 
companies and for ensuring the competitive 
advantage. 

The studies on cleaner production work in the world 
and Turkey are given below. 

Baral et al. [5] has achieved the result that chromium 
emissions can be reduced from 170 tons year-1 to 2 
tons year-1 when fully compliant with EPA regulations, 
in a cleaner production operation electroplating 
industry in the United States. 

Kupusovic et al. [6] in a cleaner production operation 
in a meat cutting plant in Bosnia, separate collection 
of animal blood, and spraying of the irrigation 
process; 32% reduction in BOD, 32% reduction in 
water use and 40% reduction in salt consumption, 
saving 669 Euros per year. 

Fresner et al. [7] a study was carried out in a 
galvanizing plant in Austria to control the water and 
chemical inputs and outputs in production and to 
operate the factory with emission of "0". In this study, 
50% reduction in water use and 40% reduction in 
acid consumption were achieved in the acid cleaning 
baths. 

Environmental Program Support by Technology 
Development Foundation of Turkey (TDFT) in Turkey 
with environmental technologies (cleaner 
production/sustainable production) and their 
application projects undertaken by industry 
associations in the field of energy efficiency financing 
support is provided. In this context, practices that 
increase the environmental performance of the 
industrialist and reduce the production costs and thus 
increase the competitive power are supported. TDFT 
have done some studies in Turkey; Izmir Eco-
efficiency (Cleaner Production) Program, UNIDO Eco-
efficiency (Cleaner Production) Program, Industrial 
Symbiosis Project in Iskenderun Gulf, Bursa Eskişehir 
Bilecik Industrial Symbiosis Project, Trakya Industrial 
Symbiosis Project. 
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1.5 Best available technical (BAT) and 
documents 

 
The Best Available Techniques (BAT) are defined as 
technologies that can be applied locally and 
economically, and the way they are applied, to provide 
the most effective protection of the environment as a 
whole. Reference documents (BREFs - Best Available 
Techniques Reference Document) have been created 
as part of the exchange of information under 
substance 13 of the Industrial Emissions Directive 
(IED, 2010/75/EU). The Existing Best Technicians 
(BAT) accepted under IPPC (2008/1/EC) and IED 
refer to the setting of permit conditions for facilities 
covered by the IED directives. 

 

Fig 2. The Best Available Techniques (BAT) [8] 

It should be emphasized that BATs do not only refer 
to the technology used within an enterprise, but also 
the way it is designed, installed, operated and 
maintained. (Fig 2). Some BATs are simple 
conclusions from common sense and do not require 
any investment. In practice, in order for a given 
technique to be considered as BAT, the following 
criteria must be considered: 

1. If the technique is referred to as BAT in any BAT 
reference document (BREFs) then it is BAT. 

2. If it is not referred to as a BAT in any BAT 
reference document (BREFs), it must be checked 
whether it is BAT, in accordance with the criteria 
contained in the Annex III list of the technical 
Integrated Environmental Requirements Directive 
(EC, 2006-a). 

These criteria are: 

 The use of technologies that cause low waste 
formation, 

 Use of less hazardous materials, 

 The necessity to prevent accidents and minimize 
the consequences for the environment, 

 The general impact of the emissions on the 
environment and the need to prevent or 
minimize the risks, 

 The time required to put the best available 
techniques into practice, 

 The required period for the newly built or 
existing factory to run, 

 Similar process, factory or business methods 
successfully tested on an industrial scale, 

 The nature, effects and volume of the relevant 
emissions [8]. 

So, in this study, determination of pollution 
prevention and reduction activities in water and 
energy recovery, especially at metal industry, has 
been tried to be explained by determining the best 
methods for reducing and preventing the waste 
before it is generated by a continuous and preventive 
cleaner production approach. 

 
2. MATERIALS AND METHODS 

 
2.1 Study area- SAMPA industry 

 
The company started to produce in Samsun in the 
1950s, and in 1994, it was transformed into Sampa 
Automotive with its new structure. Sampa provides 
spare parts of heavy vehicles, tractors and trailers for 
the world automotive sector in Turkey, with its wide 
line of products ranging from motor for air 
suspension bellows to scissors, cabinet, stabilizer 
balance and bend arms, brakes, shafts, axles, V-arms. 

With the use of precision metering, work is carried 
out by specialist molders in CNC Grinding Machines, 
multi CNC Cutting, CNC Turning, CNC Milling, vertical 
machining CNC Grinding Machines, all mold and 
machining metal parts requirement in 4000 square 
meters closed area mold and machining 
manufacturing unit (Fig 3). 

 

Fig 3. SAMPA industrial machining unit with CNC 
workbenches 

 
2.2 Method of production 

 
In the Sampa industry, the cooling liquid used as input 
in the CNC machines for the metal surface treatment, 
and the waste metal shavings falling into the category 
of hazardous and toxic waste have been evaluated 
within the framework of the cleaner production 
approach and the best techniques and technologies 
that can be applied in this section have been 
determined and the economic and ecological 
efficiency has been studied. 

In order to determine the characterization for 
recycling of the cooling liquid formed in this context, 
four CNC workbenches were applied to reflect the 
whole production. In addition, the technical and 
environmental performance of these chemicals has 
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been examined using the cooling fluid provided by 
two different industries as cooling liquid. Within the 
scope of this data, two different liquids in the industry 
were used to monitor water samples continuously for 
four months using four different benches. In Table 1, 
TRC-17 and TRC-18 lathe machines, in which Ecocool 
cooling oil has been used, were coded as N1 and N2, 
TRC-19 and TRC-20 turning machines with Eurolub 
cooling oil were coded as N3 and N4. 

Table 1. Coding of the cooling fluid used in CNC looms in the 
determination of waste characterization 

Cod  Bench Cooling Fluid 
N1  TRC-17  ECOCOOL SNK-GTG  
N2  TRC-18  ECOCOOL SNK-GTG  
N3  TRC-19  Eurolub TE 290  
N4  TRC-20  Eurolub TE 290  

 
2.3 Waste characterization of CNC 

workbenches 

 
A total of 112 composite samples of two different 
liquids taken from four CNC workbenches in the 
Sampa manufacturing industry were placed in a 500-
ml sample vessel at the end of each shift, resulting in 
approximately 1500 mL of composite samples of each 
day for each workbench. The life of the cooling fluid 

varies between 2 and 6 months and is used 
continuously in the system every day. This process 
lasted for 28 working days and all 112 samples taken 
from the four counters were measured at the specified 
parameters. The waste characterization was 
determined by measuring the concentration of 
refrigerant oil, the pH value, the NO-2-N concentration, 
the conductivity, the oil/grease concentration, the 
waste metal shale oil/grease concentration (Table 2). 

 
2.4 Laboratory works for cleaner 

production options 

 
Phase separation (sedimentation), filtration and 
centrifugation tests were carried out for the 
separation of metal powders, especially suspended 
solids (SS) (mixed in the cooling liquid), from the BAT 
options specified as the cleaner production option. 
The amount of oil / grease was determined for 
removing oil / grease formation and the methods of 
stripping were investigated. Parameters and 
measurement methods to be examined in this context 
are given in the table below (Table 3). 
 
 

 

 

Table 2. Measurement parameters and measurement methods for waste cooling fluid (input and output) 

Parameter Measurement Method Mark/Model 

Coolant oil concentration Refractometer Hanna Instruments/HI 96801 
 pH value pH meter C5XX Series Multi-Parameter 

Analyzer-Resolution NO-
2-N concentration Nitrite analysis T70 UV/VIS Spectrometer - 14776 

Conductivity Conductivity meter C5XX Series Multi-Parameter 
Analyzer-Resolution Oil / Grease Extraction - 

Oil / Grease (Metal Saw) SM-5520 D Soxhlet Extraction Procurement of services 
TUBITAK-MAM  

Table 3. Experimental parameters and measurement methods for re-use of cooling fluid 

Parameter Measurement Method Mark/Model 
Suspended solids and phase separation Sedimentation IMHOFF Cone Separator 
Suspended solid amount Filtration Whatman Filter Paper: CAT No: 1441-125 
Phase separation Centrifugal SED Centrifuge 

 
3. RESULTS AND DISCUSSION 

 
3.1 pH analysis result evaluation 

 
The pH value should be about 9 in the cooling liquid 
(according to the industry values) (Annex C) and the 
Water Industry Pollution Control Regulation must be 
between 6-9 according to the metal industry receiving 
environment discharge standards (Water Pollution 
Control Regulation, 2004). It may be possible for the 
pH value in the cooling fluid to decrease due to 
reasons such as the concentration change, the 
presence of too many bacteria, and the use of cooling 
liquid in the system for a very long time. The 
reduction in the amount of pH indicates that the 
cooling liquid is contaminated and is no longer 
available to the system. As a result of the analysis 
results, the minimum pH value for N1 machine was 
8.53, the maximum was 9.82, the average was 8.94, 
the minimum value for N2 machine was 8.55, the 

maximum was 9.92, the average was 8.96, the 
minimum value for N3 machine was 8.58, maximum 
9.65, For N4 machine it was determined that 
minimum 8.5, maximum 9.73, average 8.94, and the 
results were observed at the limit value range (Fig 4). 

 
3.2 Evaluation of conductivity analysis 

results 

 
Conductivity should be 0-6000 μS cm-1 in the cooling 
fluid. If the conductivity is > 6000 μS cm-1, this is an 
indicator of the presence of harmful substances, such 
as dissolved heavy metals, and if necessary, a coolant 
oil change is required. Following the analysis results 
made, the minimum amount of conductivity for N1 
machine was 1.95, maximum 4.11, average 2.76, 
minimum 2.08 for N2 machine, average 2.73, for N3 
machine, maximum 4.04, average 3.54, minimum 3.14, 
for machine N4, maximum 3.92 , minimum 3.14 with 
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an average of 3.58. Fig 5 shows the change in 
conductivity values with respect to the dates. 

 

Fig 4. pH change for waste characterization 
 

 

Fig 5. Conductivity change for waste characterization 

 
3.3 Assessment of NO -

2-N concentration 
results 

 
The constant increase or increase in nitrite nitrogen 
concentration is indicative of bacterial growth with 
the formation of pollution in the cooling fluid. This 
result also shows that the quality of the cooling liquid 
deteriorates. At the end of the analysis results, the 
minimum NO-2-N concentration for the N1 machine 
was the minimum 3.83, the maximum was 9.33, the 
average was 5.46, the minimum for the N2 machine 
was 3.68, the maximum was 9.04, the average was 
5.67, the minimum for the N3 machine was 3.17, the 
maximum was 10.4, the average was 5.94, the 
minimum for the N4 2.26, maximum 9.84, average 
4.74. In order to be able to reuse the cooling fluid, 
nitrite nitrogen concentration should be within the 
range of 0-5 mg L-1 (Water Pollution Control 
Regulation, 2004), but this value is seen towards the 
end of one month and 10 mg L-1 for  NO-2-N 
concentration (Fig 6). This reduces the service life of 
the cooling liquid. 
 

 

Fig 6. Change of NO-2-N concentration change for 
waste characterization 

 
3.4 Evaluation of oil/grease 

concentration results 

 
Another important parameter is oil/grease. Results of 
the experiments show that cooling liquid is 
contaminated with oil/grease during metal working, 
which seem to be constantly increasing along with 
suspended solids with regard to the usage time of 
cooling liquid. Analysis results of oil/grease 
concentration were as follow; minimum 4.47, 
maximum 12.86, average 8.83 for N1 machine, 
minimum 3.01, maximum 15.34, average 9.43 for N2 
machine, minimum 3.4, maximum 14.4, average 8.52 
for N3 machine, minimum 2.78 , maximum 13.74, 
average 8.93 for N4 machine. 

 
3.5 Evaluation of cooling concentration 

results 

 
In order for the cooling fluid to be efficiently used in 
the system, the desired refrigerant concentration is in 
the range of 5-7%, which is a specific ratio for each 
operation. For the life, performance and more 
economical use of the cooling fluid, it is very 
important to measure the cooling oil concentration by 
certain periods. At the end of the analysis results, the 
minimum amount of refractometer for N1 machine 
was 3.74, maximum 6.46, average 5.38, minimum 4.93 
for N2 machine, maximum 7.48, average 6.05 for N3 
machine, maximum 6.37, average 5.51, for machine 
N4 minimum 4.16 , maximum 6.89 , with an average of 
5.91, and the results were observed at the required 
range of values. As cooling oil and water were added 
to the system at certain intervals, there was no 
significant change in the refrigerant oil concentration. 

Sedimentation, filtration and centrifugation 
experiments were carried out except for waste 
characterization in order to reduce the pollution load 
and reuse of two different cooling liquids (Eurolub 
and Castrol) used in metal surface treatment. For this 
study, the pH, conductivity, refractometer, NO2, oil / 
grease, suspended solids measurements were 
performed primarily to determine the waste 
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characterization before application for two different 
cooling liquids, which were used in different periods 
in the process (Table 4). Since two different cooling 
fluids were taken from the samples that reached the 
dirtiest point, the results were observed over the limit 
values. It was observed that the concentration of  
NO-2-N and the oil/grease concentration (Limit value: 
10 mg L-1) were higher than the limit values. The 
results for SS are quite high for the water pollution 
control regulation 50 mg L-1 which is the limit value in 
discharge standards. 

Sampa industry uses Eurolub and Castrol cooling oils. 
The processing times of the cooling liquids processed 
for different periods of time for the cleaner 
production operation planned for the four milling 
looms (FRC-06, FRC-17, FRC-07, FRC-15) in the 
machining unit are given in Table 5. 

 

Both samples were subjected to sedimentation and 
the amount of suspended solids determined by 
sedimentation was determined. After sedimentation, 
filtration and centrifugation were carried out to 
determine the amount of dissolved SS (Table 6). Solid 
matter yields of 63% (FRC06) and 50% (FRC17) were 
obtained by sedimentation and filtration and 10% 
(FRC06) and 29% (FRC17) after centrifugation and 
filtration. As a result of these processes,  removal of 
suspended solid marked 67% for the first cooling fluid 
(FRC-06) and 64% for the second cooling fluid (FRC-
17). 

As a result of these applications, two different cooling 
fluids (Eurolub, FRC-06-Castrol, FRC-17) were 
evaluated and when the efficiency of suspended solids 
removal was evaluated, they both showed very close 
results. As a result, in practice, precipitation and 
filtration have been determined to be the BAT option 
that yields the highest score of SS removal. 

 

 

Table 4. Initial analysis results for a cleaner production run in the laboratory 

Sample FRC-06 FRC-17 EUROLUB CASTROL 

View Cloudy green Light yellow Green Light yellow 

pH 8.43 8.6 8.87 8.50 

NO-2- N (mg L-1) 12.77 14.50 1.29 0.80 

Conductivity μS cm-1 14.50 14.1 0 4.90 4.10 

Oil/Grease (mg L-1) 9.86 10.72 2.32 3.95 

Suspended solid (mg L-1) 2322 1757 432 174 

 

Table 5. Processing times of cooling liquids evaluated in Cleaner Production operation 

Sample No Explanation 

FRC-06  5 month processed Eurolub refrigerated liquid 

FRC-17  4 months processed Castrol cooling liquid 

FRC-07  1 week processed Eurolub refrigerated liquid 

FRC-15  10 day processed Castrol cooling liquid 

EUROLUB  Unprocessed cooling fluid 

CASTROL  Unprocessed cooling fluid 

 

Table 6. Applied BAT options resultant SS (mg L-1) analysis values 

Sample FRC-06 FRC-17 

Applied  
analysis 

Pre-
operation 

sedimentation 
+ 

filtration 

Centrifuge 
+ 

filtration 

Pre-
operation 

sedimentation 
+ 

filtration 

Centrifuge 
+ 

Filtration 
 

SS (mg L-1) 2322 849 762 1757 870 615 

 

4. CONCLUSION 

 
Preventing environmental pollution is much cheaper 
and more effective than environmental restoration or 
reinstatement efforts. Today's developing 
technologies are solved by the end-of-pipe 
approaches, while solutions such as prevention and 
reduction of the waste are important. Cleaner 
production practice, however, provides sustainable 

benefits to businesses with optimal use of energy, 
natural resources and raw materials. 

The purpose of this study is to determine pollution 
prevention and reduction practices in water and 
energy recovery by determining the best methods to 
reduce and prevent waste before it is generated by a 
continuous and preventive cleaner production 
approach. In this context, cleaner production 
application options of Sampa Company are evaluated, 
a comprehensive laboratory work is done, and with 
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this application, how these techniques can be applied 
to the industry has been determined. 

As a result of the studies carried out and the 
information obtained from the industry, it has been 
determined that both cooling liquids reach a level that 
cannot be used again for a period of about 5 months. 
Within the framework of the cleaner production 
approach, the cooling liquids are fed back to the 
system and the recommended options for lengthening 
the lifespan with the treatment techniques have been 
identified. As a result of the cleaner production 
studies made, the stages determined under the 
cleaner production options to form the necessary 
feedback line for reusing the cooling liquid in the 
system are sedimentation, filtration, oil stripping, and 
membrane filtration. Suggested BAT options are 
based on the work and evaluations done in the Sampa, 
and it is specific to this company. 

Cooling liquids are contaminated in a short time with 
particles worn from metal surfaces during the 
process, which leads to a loss in cooling fluid 
efficiency and metal surface quality. Expensive cutting 
tools are worn off soon and the cooling liquid needs to 
be replaced bringing undesirably high costs. Thus, 
filtration is essential. Due to its consistency, foreign oil 
pile up at the top of the cooling liquid, blocks the 
ventilation of lower parts and causes bacterial growth. 
This bacteria growth deranges the fragile cooling 
liquid balance and results in problems such as rust, 
contamination inside the machine, insufficient oiling 
(short cutting edge life and poor surface quality 
related to this) and foul odour. This leads to important 
economical loss for industries and environmental 
problems. Oil stripping is a simply effective solution to 
these problems. Oil is stripped and can also be used 
within the industry for other oiling processes. As a 
result of this implementation, an extension in the life 
of  the cooling liquid and feedback to the system are 
achieved with the removal of suspended solids in 
cooling liquids, stripping off the oil and a decrease in 
bacteria level. Membrane filtration is also 
recommended as a BAT option to prevent bacteria 
growth. Membrane filtration may not be preferred 
because of flow rate problem. As there is a continuous 
feedback in the system, the amount of bacteria that 
will be in contact with air in the cooling liquid will 
reduce. Also, the reduction in the amount of the oil 
through stripping will help remove bacteria. 

This stands to be a case study for similar industries in 
Turkey with its economic benefits and environmental 
performance indicator provided by good management 
practices and process changes that result in cleaner 
production in the relevant company.  Rational changes 
that can be made on any industrial process increase 
the efficiency of the system, prevent rapid 
deterioration of the environmental quality and give 
the investor financial advantage and prestige. 
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ABS TRAC T  

 
World Health Organization declared noise in large cities as pollution (third after water and air). Most areas in the 
world have this menace. This menace has been on the increase due to population growth, increase in vehicular 
movements, high industrial activities and many others. This attendant problem has resulted in many sicknesses and 
even death. One of the causes of noise pollution is generators. Many developing countries rely on them for different 
activities. Nigeria is inclusive. This study was embarked upon to assess the level of noise from generators using a 
sound level meter. Four locations were identified: two residential, commercial, and industrial areas. A total of one 
hundred generators was monitored. The mean results in dBA (minimum and maximum respectively) are: Oke Eri 
Estate – (88.7 ± 10.3, 90.5 ± 15.2), Housing Estate (81.7 ±   9.2, 85.0 ±   9.5), Stadium Road (84.8 ± 10.0, 113.4 ± 17.5) 
and FUTA Road (81.9 ± 9.3, 90.0 ± 15.2). The study concluded that the areas are noise polluted because the levels 
obtained are above the permissible limits. 
 
Keywords: Generator sets, pollution, permissible limits, loss of hearing, irregular frequency 

 

 
1. INTRODUCTION 

 
Generators (Fig 1) are meant to provide alternative 
sources of generating electricity. In developing 
countries, the use is rampant due to non-availability 
of electric current to perform daily activities. The 
equipment which supposed to be succor have turned 
to be a menace due to irregular frequency (noise) 
produced known as noise pollution. 

Noise has no definite definition, the definition or 
explanation depends on an individual. According to 
American Speech-Language-Hearing Association 
(ASHA) (1), “One person’s music is another person’s 
noise. Sounds that are soothing for some are irritating 
to others” In explaining the sound, noise has waves 
with irregular vibrations and no definite pitch. An 
engineer will define noise as a sound signal that 
interferes with the quality of another sound signal, 
while others simply take it as an unwanted sound. 
Noise levels are measured in decibels (dBA). Table 1 
summarizes sound effects as painful, extremely loud, 
very loud, moderate and faint. According to ASHA (1), 

sound levels up to 70 dBA or above are known to be 
hazardous to hearing over time (8 hours and above).  

 
Fig 1. A Generator 

Stansfeld and Mark (2) pointed out that continuous 
exposure to noise of 85–90 dBA in someone's lifetime 
in an industrial setting, could end up in loss of 
hearing.  

Loss of hearing is a problem that occurs when the 
victim is continuously exposed to noise above 85 – 
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140dBA over time. How harmful the noise is a 
function of the volume and the length of exposure to 
the sound. To sum it, the louder the noise, the less 
time required before hearing loss occurs (3). 

Table 1. The noise chart average decibel levels for everyday 
sounds 

Sound Effect                                 Decibel Levels 

Painful                                -           120 - 150 dB  
Extremely Loud               -           90 - 110 dB  
Very Loud                          -           70 - 90 dB  
Moderate                           -           40 - 60 dB  
Faint                                    -           30dB 

Noise is encountered in our daily activities in the 
homes, offices, churches, mosques, schools, clubs and 
entertainment centers, movie theaters, quarries, 
industries, markets just to name a few. To be candid, 
living things is surrounded by noise. Continuous 
exposure to elevated levels causes high blood 
pressure, ear damage, reduced sleep, high anxiety, 
stress-related problem, annoyance and even difficult 
thinking (4) According to Mercola (5), $3.9 billion was 
projected to be the benefit or reducing noise from the 
environment. It was recommended that noise 
reduction (5 decibels) would reduce high blood 
pressure (by 1.4 %) and coronary heart disease (by 
1.8 %) prevalence. An estimate from the US suggests 
that over 100 million Americans are prone to noise 
pollution (6). Evidence has shown that there are 
correlations between cardiovascular disease with 
noise (7, 8, 9).  

The maximum safe noise level (MSNL) for human 
beings is 70 dB(A) for 24 h exposure without harmful 
effects (10).The U.S. Occupational Safety and Health 
Administration (11), pegged the noise level of an 8 h 
Time Weighted Average (TWA) to 85 dB(A). The U.S. 

Environmental Protection Agency (12) documented 
an 8 h level of 75 dB(A) as the safe level for 
occupational noise while 90 dB(A) is the limit for 
maximum 8-hr exposure. In India, the Bureau of 
Indian Standard has recommended acceptable noise 
levels to be 50dB, 55dB, 65dB and 75dB for silence 
zone, residential, commercial and industrial areas 
respectively (13). 
In a presentation by Shabi (14), he classified the 
causes of noise pollution into industrial, traffic, 
religious, environmental, commercial, community and 
associated noise like street carnivals, socio-cultural 
activities, public events and others. Shabi (14) also 
provided a record of noise pollution in Lagos State for 
the year 2015 as: 

1. No of noise pollution cases              -  1527 
2. Noise from medical concern             -  57 
3. Noise from religious activities             -  51.08% 
4. Noise from domestic generator             -  84.50% 
5. Noise from industrial activities             -  33.33% 
6. Noise from sanctions and closures        -  80% 

To control or reduce noise pollution, a legal 
framework was put in place in Nigeria, to this end 
National Environmental Standards and Regulations 
Enforcement Agency (NESREA) was established and 
enacted a noise standard and control in 2009 (section 
35). The standard is provided in Table 2. 

There is the awareness that Akure and its suburbs are 
faced with the challenges of noise from generators, 
but no efforts have been put in place to quantify the 
menace. The study, therefore, has been undertaken to 
solve this. Therefore the aim of the study was to 
assess the noise levels associated with generators 
from Akure, Ondo State, Nigeria. 

 

Table 2. NESREA Standard of Noise Pollution Control 

Facility Maximum Permissible 
Noise Limits Db A (Leq) 

 
 

Day 
(6:00am -10:00pm) 

Night 
(10:00pm – 

6:00am) 
A. Any building used as a hospital,                                                    

convalescence home, home for the aged, sanatorium and institutes of 
higher learning, conference rooms, public library, environmental or 
recreational sites. 
 

45 
 

35 
 

B. Residential Buildings 
 

50 
 

35 
 

C. Mixed Residential (with some commercial 
and entertainment 
 

55 
 

45 
 

D. Residential + industry or small scale 
Production + commerce 

60 50 

 
2. MATERIALS AND METHOD 

 
The study was carried out on generators using the 
Sound level meter (GB: 2266204) with specification: 
Measurement range 30dBA – 130dBA, accuracy (± 
1.5dB), frequency range (31.5Hz – 8KHz) and power 
supply (3*1.5V AAA battery), made in China. The 
noise levels were taken at four selected locations, 

namely Oke Eri Estate, Housing Estate, Stadium Road 
and Federal University of Technology, Akure (FUTA) 
Road. One hundred generators were earmarked for 
the research with a minimum of twenty-five sets from 
each location. The time of measurements was during 
busy periods (night for Oke-Eri and Housing Estates 
and daytime for FUTA and Stadium Road) of the day. 
Noise sample readings were taken in dB (A) scale by 
pointing the meter close to the generator sets. The 
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generated values were determined using Minitab 16 
Statistical Software. 

 
3. RESULTS & DISCUSSION 

 
Table 3 depicts the mean values of noise levels 
obtained at four different locations in Akure. From the 
results, it was observed that Stadium Road had the 
highest decibel levels followed by Oke Eri Estate. The 
reasons for the differences were: Stadium Road is an 
area where most publishing press companies are 
located. For the business to thrive well, generating 
sets were used as an alternative to the electric power 
supply. During the study, it was noticed that many 
generators used are 6.5 horsepower and above. Many 
of the sets are powered by diesel engines, which 
produce higher sound levels than sets that are 
powered by petrol engines. In addition, many 
generators in this location are old, many of them have 
no bolts and nuts, thereby making the disjointed parts 
to make noise which added to the noise of the engines. 
In fact, many of the generators have no silencer to 
reduce the noise. Housing Estate is a residential area. 
In this place, the number of houses is not many. 
During the daytime, most inhabitants are in the 
schools and offices. The highest results obtained were 
done in the night when most residents are back home. 
Most FUTA Road residents and industries use 
soundproof generators which produced less sound 
compared to other locations in this study. 

The interesting thing noted in this study is that all the 
areas visited have decibel levels above the 
recommended limits set by WHO (10), NESREA, (15) 
and The U.S. Occupational Safety and Health 
Administration (11). The end result is a problem for 
the inhabitants of the selected places. According to a 
review on generators by jdowling (16), it was 
observed that the noise from the machines is mainly 
from engine mechanical, exhaust, cooling fan, 
alternator, induction (windings) and the structure of 
the generator. This observation collaborates what was 
observed in the study. 

Table 3. Noise Levels at the different locations (Average) 

Locations                                              Decibel Levels 
                                                    Minimum                 Maximum  
Oke Eri Estate                     88.7 ± 10.3               90.5± 15.2 
Housing Estate                   81.7 ±   9.2               85.0±   9.5 
Stadium Road                     84.8 ± 10.0             113.4± 17.5 
FUTA Road                          81.9 ±   9.3               90.0± 15.2 

 
4. CONCLUSIONS 

 
It is concluded that residents are chronically exposed 
to generator noise at the level between 81.7 dB(A) 
and 113 dB(A) which can cause negligible risk of 
hearing impairment. All locations evaluated in the 
study showed a noise level above the maximum 
permitted levels. The areas studied should receive 
constant guidance about the importance of acoustic 
adequacy and hearing aids. There is the need to 
measure and monitor noise levels in the environ 
regardless of any mitigation measures that have been 
put in place. Anti-vibrations should be mounted, the 
silencers should be perfect so that it can reduce the 

noise down to 40dB(A). Malik (17) is of the opinion 
that the oil and filter for generators should be 
changed after every 50 hours of use. He also 
recommended that canopies or rooms in the 
generator houses should be much bigger than the 
machine. 
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