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INTRODUCTION
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MATERIALS AND METHODS
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Economic and energy policy of Eastern European countries

1F – 

2F
3F

struggle; 4F
5F

6F – Strengthening the 

RESULTS AND DISCUSSION

Item 
No. Sector 

Country 

US
A 

Ch
in

a 

Gr
ea

t 
Br

ita
in

 

Po
la

nd
 

Bu
lg

ar
ia

 

1. Information and communication + + + + + 
2. Emergency services + - + - - 
3. Energy + + + + + 
4. Financial and banking + + + + + 
5. Food (and agriculture) + (+) + + - + 
6. State administration + + + + + 
7. Health care + + + + + 
8. Transport + + + - + 
9. Water supply (and treatment) + (+) + + + + 

10. Defense + - + - - 
11. Nuclear + - + - - 
12. Space - - + - - 
13. Chemical + - + - - 
14. Security - + - - + 
15. Industrial + - - - + 
16. Air - - - + - 
17. Railway - - - + - 
18. Electricity - - - + - 
19. Fuel - - - + - 
20. Logistics - - - + - 
21. Waste disposal and water treatment - + - - - 
22. Commercial + - - - - 
23. Communications + - - - - 
24. Hydrotechnical + - - - - 
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its investment component (since capital investments 

 the suggested 

 

Countries Risk level of energy security of the country Ranks of the countries, which are the largest energy consumers 

Norway 774 1 
Mexico 802 2 

Denmark 819 3 
New Zealand 866 4 
Great Britain 885 5 

USA 893 6 
Canada 912 7 
France 942 8 

Germany 944 9 
Australia 962 10 
Poland 987 11 
Spain 1037 12 
Italy 1043 13 

Turkey 1087 14 
Japan 1088 15 

Netherlands 1106 16 
Russia 1115 17 
India 1164 18 

Indonesia 1164 18 
China 1172 20 

South Africa 1175 21 
South Korea 1306 22 

Brazil 1307 23 
Thailand 1616 24 
Ukraine 2009 25 
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Market and price indicators Energy consumption intensity levels 

No 
Level of energy 
expenditures from the 
country's budget 

No GNP per capita No Energy consumption per 
capita No Energy consumption 

intensity level 

1. Norway 1. Norway 1. India 1. India 

2. Germany 2. Denmark 2. Indonesia 2. Indonesia 

3. Great Britain 3. USA 3. Brazil 3. Brazil 

4. Mexico 4. Netherlands 4. Mexico 4. Mexico 

5. USA 5. Germany 5. Turkey 5. Turkey 

6. Denmark 6. Great Britain 6. Thailand 6. Thailand 

7. New Zealand 7. Canada 7. China 7. China 

8. France 8. Australia 8. Poland 8. Poland 

9. Netherlands 9. Japan 9. South Africa 9. South Africa 

10. Turkey 10. France 10. Ukraine 10. Ukraine 

11. Italy 11. New Zealand 11. Italy 11. Italy 

12. South Korea 12. Italy 12. Spain 12. Spain 

13. Spain 13. Spain 13. Great Britain 13. Great Britain 

14. Canada 14. South Korea 14. Denmark 14. Denmark 

15. Australia 15. Poland 15. Japan 15. Japan 

16. Japan 16. Turkey 16. France 16. France 

17. Poland 17. Mexico 17. Germany 17. Germany 

18. India 18. Russia 18. New Zealand 18. New Zealand 

19. Russia 19. South Africa 19. Russia 19. Russia 

20. China 20. Brazil 20. South Korea 20. South Korea 

21. South Africa 21. China 21. Netherlands 21. Netherlands 

22. Indonesia 22. Thailand 22. Australia 22. Australia 

23. Thailand 23. Ukraine 23. USA 23. USA 

24. Brazil 24. Indonesia 24. Canada 24. Canada 

25. Ukraine 25. India 25. Norway 25. Norway 
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technologies is a sign of the level of development 

leads to a high level of dependence of a person 
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Current energy system Energy system based on the concept “Smart Grid” 

One-way communication between elements or its complete absense Two-way communication 
Centralized generation - distributed generation with a complex 
integration process Distributed generation 

Radial topology prevails Grid topology prevails 

Responding to the consequences of an accident Responding to predicting and preventing (avoidance) an 
accident  

Operation of the equipment until complete failure (breakdown) 
 

Continuous monitoring, self-diagnosis, which help to extend 
the life of the equipment 

Manual recovery in the case of errors, crashes, etc. Automatic grid recovery (“self-healing grids”) 

High level of system crashes Forecasting of the development of system crashes, 
predicting their occurrence 

Manual, fixed grid allocation Adaptive grid allocation 
Checking the equipment on site Remote monitoring of equipment 
Limited power flow control General power flow control 

End-user price level information is not available or too late End-user price level is displayed in real time 
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Groups of 
stakeholders Stakeholders Requirements/expected effects 

Energy companies 

Wholesale sellers of electrical 
energy Operational improvements. 

Transparent metering and billing system. 
Outage management in real time. Improving energy management 
processes. Decrease in the level of electricity losses. 
Optimization of asset management. 
System planning. 
Maintenance, real-time monitoring. 

Retail sellers of energy services 

Electricity transmission 
companies 

Distribution grid companies 

Regulatory 
authorities 
 

State regulation bodies of the 
country Improvement of the reliability of electrical supply 

Transparent system of supply and metering of electric energy. 
Improvement of the energy management processes. Decrease in the level 
of electricity losses. 
Lower electricity tariffs. 

Wholesale electricity market 
operator 

Reliability regulators 

End users 

Industrial 
 

Improvement of the reliability of electrical supply; increase in the overall 
level of service. Access to real-time electrical supply information. 
Ability to control power consumption levels. The opportunity to participate 
in the demand management process. Commercial 

Population 
 

Optimized distributed generation relationship. The possibility of selling 
electricity to the market. 
The potential for a significant reduction in the cost of electrical supply. 

State and society as a whole 

Reducing the level of electricity prices due to increased levels of operating, 
market efficiency, attracting new consumers. 
Reducing the level of consumer costs by increasing the level of reliability. 
Improving the grid security level by increasing its level of stability. 
Reducing emissions through the integration of renewable energy sources, 
reducing costs. New jobs and GDP growth. 
The possibility of innovative development of the transmission and 
distribution of electrical energy. 
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taking into account their chronological order is a 

sector 

 

 

Indicators 
Values of indicators by years Deviation of 2035 until 

2015 

2015 2020 2025  2030  2035 Absolute Relative 

Energy intensity of GDP, total primary energy supply 
calculated as the sum of production (extraction), 
import, export, international bunkering of vessels 
and changes in energy reserves of the country, 
toe/thousand dollars GDP  

0.28 0.20 0.18 0.15 0.13 – 0.15 –53.57 

Fuel costs for the amount of electricity sent to the 
energy market, generated at TPS, kg oe/kWh 396 384 367 353 334 –62 –15.66 

Specific costs in the production of heat by boiler 
stations, kg oe/Gcal 165 160 155 150 145 –20 –12.12 

Share of losses in electrical grids, % > 12 10 9 8 < 7.5 - - 
Share of losses in heat networks, % > 20 < 17 < 13 < 11 < 10 - - 
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Abdullah et al. (2019) conducted another study 

10

 
presents several PM10

10
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MATERIALS AND METHODS

Chang et al.

 ( et al.
2011

Author (Year) Study area Best development method RMSE (μg/m3) 
Ul Saufie et al. (2011) Seberang Perai, Pulau Pinang FFBP 8.369 
Ul-Saufie et al. (2013) Nilai, Negeri Sembilan PCA-ANN and PCA-MLR 18.269 
Ul-Saufie et al. (2015) Seberang Perai, Pulau Pinang FFBP 18.823 

Abdullah et al. (2018) Pasir Gudang, Johor RBF with spread number of 0.3 and 
12 hidden neurons 41.067 

Abdullah et al. (2019) Kuantan, Pahang MLP 5.580 

10



10

here (Noor et al.

10 measured 

2

2) and PM10

 
10 data 

 
Descriptive statistics Values 

3) 35.90 
3) 19.10 

Skewness 2.32 
Kurtosis 16.59 

3) 5 
3) 495 

1st 3) 24 
3) 33 

3rd 3) 42 

10



et al. ):

1 sin   WDI WD           (1)

90maxWD                  (2)

10 ö

10

10 

Shahraiyni 
10 

1 1

1 1atan2 sin , cosn n
daily i ii i

WD WD WD
n n

PM10
et 

al.

th 

th represents integer month 
st

dth th Arhami et al.  

2cos thdDOY
T

2cos
12

thmMOY         (5)

10 Cabaneros et 
al.

(EM) algorithm ( et al.

2009

Principal component analysis (PCA)

as principal components (PCs) ( et al.

10
et al.

( et al. et al. et 
al. et al.

l  in 

( et al.
l et al.

1

n

i ji i
j

PC l X          (6)
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2
PM10 is not included in PCA as only input variables 

et al. l

PM10

( et al.

( et al.

PCs ( et al.

( et al.

( et al.

( et al.

Development of ANN model

into input level ( et al.

10

10

research and its topology is illustrated in 
10 

10
Potdar and 

( )



to develop open-loop NAR and NARX models using 

has been used in several previous studies (Cabaneros 
et al. et al.

et al.

et al.

( et al.

and guarantees convergence (
2016

10

model uses only PM10

10 

2
O 2
PM10

uses only certain original variables selected by Scree 

 together 

s
variables) is used in  because it depends on 

Model Number of external 
inputs Inclusion of temporal variables Network type Number of hidden 

neurons 
U0 0 No NAR 1 
U1 2 Yes NARX 5 
M0 4 No NARX 9 
M1 6 Yes NARX 13 
G0 8 No NARX 17 
G1 10 Yes NARX 21 
P0 8 No NARX 17 
P1 10 Yes NARX 21 
S0 Ns No NARX 2Ns + 1 
S1 Ns + 2 Yes NARX 2Ns + 5 

Model Input variables 
U0 PM10  
U1 PM10, MOY, DOY 
M0 PM10, WS, WDI, RH, Temp 
M1 PM10, WS, WDI, RH, Temp, MOY, DOY 
G0 PM10, WS, WDI, RH, Temp, CO, NO2, O3, SO2  
G1 PM10, WS, WDI, RH, Temp, CO, NO2, O3, SO2, MOY, DOY 
P0 PM10, PC1, PC2, PC3, PC4, …, PC8  
P1 PM10, PC1, PC2, PC3, PC4, …, PC8, MOY, DOY 
S0 Significant variables from PCA 
S1 Significant variables from PCA, MOY, DOY 



10

Cabaneros et al. (2017) because it does not require 

studies ( et al. et 
al. et al.

et al. et al.

2005

both datasets as the name suggests ( et al.

et al.

P  and O

2

1

1 n

i i
i

RMSE O P
n

      (7)

1

1 n

i i
i

MAE O P
n

 (8)

2

1
2

1

1
n

i ii
n

i ii

O P
IA

O O P O
 (9)

2 P O
FB

P O
 (10)

RESULTS AND DISCUSSION
Principal component analysis (PCA)

on 

( et al.

 



2 and O

10

1

10
 that O

10

10
vapour and becomes too heavy to stay suspended 
at high humidity level (Munir et al.

10

2 2 ( et al.
 (Xie et al.

2015  and PM10 occur 

2 

10
In this PC2 2

PM10 2
Xie et al.

 
Variables PC1 PC2 PC3 
WS 0.281 -0.695 -0.006 
WDI -0.014 -0.023 0.987 
RH -0.870 0.040 0.011 
Temp 0.830 0.190 -0.038 
CO 0.143 0.648 0.083 
NO2 0.040 0.832 0.022 
O3 0.767 -0.103 0.026 
SO2 0.025 0.566 -0.143 
Variance explained (%) 26.70 24.57 12.52 

10
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(a) 

 
(b) 

 
(c) 



2015 2

suggests that PM10

the map in  is indicated 

10 

10

10

10

(d) 

 
(c) 
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Model Number of days exceeding allowable PM10 concentration 
U0 550 
U1 0 
M0 0 
M1 8 
G0 19 
G1 22 
P0 26 
P1 31 
S0 22 
S1 28 

Actual 36 

10

Model RMSE (μg/m3) MAE (μg/m3) IA FB 
U0 9.292±0.072 7.343±0.113 0.145±0.046 -0.00002 
U1 8.740±0.295 6.876±0.268 0.458±0.092 -0.0071 
M0 7.596±0.741 5.833±0.590 0.701±0.130 0.0084 
M1 7.062±0.668 5.445±0.507 0.772±0.068 -0.0015 
G0 6.264±0.552 4.822±0.454 0.846±0.034 0.0056 
G1 6.567±0.392 5.116±0.319 0.830±0.031 -0.0059 
P0 6.236±0.526 4.850±0.421 0.844±0.034 -0.0039 
P1 5.964±0.648 4.630±0.540 0.860±0.048 -0.0054 
S0 7.109±0.450 5.500±0.365 0.779±0.041 0.0017 
S1 7.086±0.873 5.350±0.523 0.812±0.034 -0.0156 

10

PM10

10

10

10

According to the Malaysian Ambient Air Quality 

PM10
 to (c)

PM10

10
in 

(  
10

10

models is tabulated in 

6
PM10

Dotse et al.

10

10

 that 



 
(a) 

 
(b) 

 
(c) 

10 concentra-
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(a) (b) 

 
(c) 

many input variables are used (
2018

because PCs are orthogonal and uncorrelated to 
each other ( et al.

10 

7(b)
8 

10
 

10

7



10

7(b)

CONCLUSION

2 
and O

1 suggests that meteorological 

contributes to PM10 2 

PC  is related to PM10

10

m

10

10 
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ABBREVIATIONS

0 S models)

1 models)
ANN

CO
dth Integer day in a year
DOE

FB
FF
FFBP

and gaseous input variables)

IA
l

m
m2

Metre
Metre Square

mth Integer month in a year

meteorological input variables only)
Malaysian Ambient Air Quality Guidelines
Mean absolute error

max

N
NAR Nonlinear autoregressive

input
Nearest neighbour method

NO2 

O Observed value

O  Average observed value

O3

P Predicted value

P variables)

P  Average predicted value

PC Principal component
PCA Principal component analysis
PCR Principal component regression

10 

RBF
RC-NN
RH

Root mean square error

S

SO2

T
Temp Ambient temperature

U meteorological or air quality input variables)
VF

WD

WDmax
10 

WDI
WS
W/m2 

Input variable
3 Microgram per cubic metre
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outdated 

2020; Wang 

(García 
al
Werth 
technologies and materials under the pandemic 

Xing (2019) presented 

Hansen 

 (2020) suggest that 

(2021) 

authors (Liu agree 
that methods to reduce heat loss in the context of 

Chen the use of 

the increase of the heat emission of the radiators and 

 2021)

2020; Kaplun (Edomah 
2020; Khan 2021) consider thermal 



(Jiang 

imaging to determine the thermal transmission 

to 15% of the transmission heat loss during the 

(Mastropietro 
al

(Papageorgiou 

reasons (Jiang 

(Huang 

in an economic sense can result in a large-scale 

(Kanda 

pandemic (Edomah 
Ruan 



al

Kaplun 

( ) ,heat cal act hP P P  (1)

Pcal
J; 

P J; 
h

J

int( )act sP P P  (2)

P
J; Ps

J; 

J

/ 1 1 2 20,0864 ( ) ,build env d t e t eP D K A K A       (3)

; K K

; A A – surface 

int/ 1 2

max

( )
( )[( ) / ( )]

env

rad outs ind outs ind

P F K K
t t t t t t

F - 



; radt
0 ;  - 

0 ; 
0 ; maxt  - standard outdoor air temperature of the 

0 ;  - heat 

int 2 1( ) ( ),autoreg s hP P P   (5)

30 ,solar m
m

WP P
W

    (6)

W
kWh; P  is 

J; W  is 

,
1000

m
m

kP EW   (7)

E
; k is a factor taking into account 

6
int / int/ ,heat act build env envt autoreg solarP P P P P P P    (8)

method 
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the three j

( ) ( , )i
j jAgs U Ag c o  

(11)

pandemic 

I 
j

2018) 

1 2Cos Cos ,
Coseff

equip

t tK
t

     (12)

1 2,Cost Cost

; equipCost  - cost of 

1 2

Cos
,

Cos Cos
equipt

ROI
t t

 
(13)

are presented in 
The data in 

p11 p12 p1N P21 P22 P2N Pi1 Pi2 PiN 

Vres11 Vres13 Vres1N Vres21 Vres22 Vres2N Vresi1 Vresi2 VresiN 

AgsA AgsB AgsC 
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Indicators Identification 
costs for the entire life history of the building 1 
use of renewable energy sources for heat and electricity 2 
indoor climate 3 
use of environmentally friendly materials 4 
use of heat energy 5 
building design principles relating to energy efficiency 6 
quality control of energy use 7 
roof insulation 8 
wall insulation 9 
floor insulation 10 
heat transfer coefficient of windows 11 
air permeability of the building 12 
ventilation 13 
heating and cooling 14 

Designation Building name Area Building volume Year built 
Rated 
energy 

consumption 

Specific 
energy 

consumption 

Average 
workload 

(%) 
 Academic Building No. 1 32066,8 132132,3 1970 0,025 228,7 28,13 
 Academic Building No. 2 5366,9 20570,7 1965 0,023 242,7 38,88 
 Academic Building No.3 5239,9 17815,3 1968 0,029 238,9 29,99 
 Academic Building No.4 18029,1 78311,8 1976 0,025 213,7 31,78 
 Academic Building No.5 1785,1 6243,7 1966 0,034 247,5 56,05 
 Academic Building No. 8 878,5 2749,6 1914 0,039 263,8 21,78 
 Build. No.6 745,3 3320,5 1976 0,039 233,1 32,44 
 Build. No.7 559,2 3010,2 1960 0,039 267,8 41,17 
 Dormitory No. 2 4981,14 14098,1 1970 0,032 245,3 68,6 
 Dormitory No. 3 4884,6 13879,8 1962 0,032 231,9 44,8 
 Dormitory No. 4 6225,4 20763,4 1996 0,024 153,5 87,0 
 Dormitory No. 5 4920,2 13926,5 1975 0,032 200,1 67,3 
 Dormitory No. 6 4862,1 14325,7 1977 0,032 197,8 55,8 
 Dormitory No. 7 10514,1 44286,9 1984 0,026 178,3 59,7 
 Dormitory No. 8 5524,3 15873,8 1996 0,030 219,8 41,9 
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53

(

cluster center. Cluster contains 26 cases 
Case 
No. C_1 C_4 C_8 C_13 C_15 C_17 C_21 C_22 C_23 C_27 C_36 C_38 C_40 

Distance 2,62 3,51 3,82 2,30 1,54 5,79 3,15 3,54 1,83 2,54 1,60 2,12 5,35 
Case 
No. C_45 C_47 C_49 C_51 C_53 C_55 C_57 C_58 C_59 C_74 C_95 C_99 C_103 

Distance 1,91 2,217 3,536 3,047 2,404 3,763 3,303 3,130 5,461 3,313 3,682 9,445 5,307 

Cluster contains 40 cases 
Case No. C_5 C_6 C_7 C_9 C_11 C_12 C_20 C_28 C_29 C_30 
Distance 2,187 2,3160 2,5555 2,3113 2,0193 3,0281 3,5198 1,5902 1,6714 2,3149 
Case No. C_32 C_34 C_35 C_37 C_43 C_44 C_46 C_48 C_50 C_52 
Distance 1,520 1,9872 2,8181 2,3457 4,1016 5,1931 4,5922 2,7539 1,2416 4,0800 
Case No. C_54 C_56 C_61 C_65 C_66 C_67 C_79 C_81 C_82 C_84 
Distance 2,893 3,4271 4,5223 2,7658 2,0742 6,5260 1,4172 3,4108 3,1505 3,3346 
Case No. C_92 C_96 C_101 C_102 C_104 C_105 C_107 C_111 C_112 C_113 
Distance 3,245 1,2659 3,6594 3,1049 2,7800 2,7238 3,4511 1,9286 2,0129 3,0617 

 
Cluster contains 47 cases 

Case No. C_2 C_3 C_10 C_14 C_16 C_18 C_19 C_24 C_25 C_26 
Distance 1,9616 1,6096 1,5591 2,40379 1,47362 2,2345 2,7229 2,8112 1,6891 2,4268 
Case No. C_31 C_33 C_39 C_41 C_42 C_60 C_62 C_63 C_64 C_68 
Distance 1,3078 2,5628 1,1275 1,13783 2,08440 1,7166 3,4863 6,5185 3,6726 3,7203 
Case No. C_69 C_70 C_71 C_72 C_73 C_75 C_76 C_77 C_78 C_80 
Distance 3,6603 1,5009 3,6647 3,74253 3,52055 3,7136 3,2354 3,3711 1,8664 5,0750 
Case No. C_83 C_85 C_86 C_87 C_88 C_89 C_90 C_91 C_93 C_94 
Distance 2,8804 0,7783 3,0476 3,17184 3,30961 3,5671 2,9974 3,3115 3,5823 2,9531 
Case No. C_97 C_98 C_100 C_106 C_108 C_109 C_110    
Distance 1,7752 3,0426 2,4980 2,305041 3,251413 3,2113 2,4021    
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 (
8) 

K = (3317257 

B4 KNUTD offices codes Category / 
number of offices 

Integral energy efficiency potential value / 
Annual specific energy consumption level 

C_1; C_4; 
C_8;C_13;C_15;C_17;C_21;C_22;C_23;C_27;C_36;C_38;C_4
0; C_45; C_47; C_49; C_51; C_53; C_55; C_57; C_58; C_59; 
C_74; C_95; C_99; C_103 

 

High level of integral energy efficiency potential 
/ Low level of annual specific energy 
consumption 

C_5; C_6; C_7; C_9; C_11; C_12; C_20; C_28; C_29; C_30; 
C_32; C_34; C_35; C_37; C_43; C_44; C_46; C_48; C_50; 
C_52; C_54; C_56; C_61; C_65; C_66; C_67; C_79; C_81; 
C_82; C_84; C_92; C_96; C_101; C_102; C_104; C_105; 
C_107; C_111; C_112; C_113 

 

Average level of integral energy efficiency 
potential / Average level of annual specific 
energy consumption 

C_2; C_3; C_10; C_14; C_16; C_18; C_19; C_24; C_25; C_26; 
C_31; C_33; C_39; C_41; C_42; C_60; C_62; C_63; C_64; 
C_68; C_69; C_70; C_71; C_72; C_73; C_75; C_76; C_77; 
C_78; C_80; C_83; C_85; C_86; C_87; C_88; C_89; C_90; 
C_91; C_93; C_94; C_97; C_98; C_100; C_106; C_108; 
C_109; C_110 

 

Low level of integral energy efficiency potential 
/ High level of annual specific energy 
consumption 
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(Xing  2019)

 2021; Kanda  2021; 

Category of 
KNUTD 
offices 

Integral energy efficiency potential value / 
Annual specific energy consumption level 

Energy management strategy 

Pessimistic Optimistic Weighted 
(probabilistic) 

 
High level of integral energy efficiency 
potential / Low level of annual specific 
energy consumption 

100% use of administrative, technical, office space; laboratories with 
unique 24-hour service equipment 

 
Average level of integral energy efficiency 
potential / Average level of annual specific 
energy consumption 

It is possible to use 
category B offices under 
the condition 
that:  

100% utilization of 
category B offices 

It is possible to 
use category B 
offices under the 
condition that: =  

C 
Low level of integral energy efficiency 
potential / High level of annual specific 
energy consumption 

Category C offices will 
not be used 

Category C offices can 
be used provided 
that: 

 

Category C 
offices can be 
used provided 
that: =

 

Strategy Category of KNUTD offices 
   

Pessimistic 

f = - 1 2 3 
– 4– 5+ x6 +0,03x7 +0,02x8 

+ 0,15x9-0,13x10 -0,03x11 +0,52x12 + 
0,13x13 + 0,04x14 

f  = -17,6+ 0,03x1+x2+0,96x3- 
0,3x4+0,29x5+ 0,03x6 +x7+0,96x8- 
0,3x9+0,29x10-0,09x11 - 0,09x12 

+0,13x13 -0,18x14 

f  = -12,8+ 0,02x1+0,06x2+0,7x3- 
0,03x4+0,03x5+0,02x6 +0,06x7 +0,7x8 - 
0,03x9+0,03x10-0,19x11 ++ 0,53x12 -
0,17x13 -0,1x14 

Optimistic 

f  = -19,1+ 0,8x1+0,32x2-0,28x3- 
0,18x4+0,13x5+0,8x6+0,32x7 -0,28x8- 
0,18x9+0,13x10+ 0,01x11 - 0,44x12 + 
0,72x13-0,01x14 

f  = 37,1-0,28x1+0,29x2+x3+ 0,04x4-
0,01x5- 0,28x6+0,29x7+x8+ 0,04x9 -
0,01x10-0,05x11 +0,4x12 + 0,05x13 + x14 

f  = -21,2+ -0,28x1+0,29x2+x3+ 
0,04x4-0,01x5+0,22x6 + 0,96x7 +0,33x8 

- 0,33x9 +0,33x10 -0,1x11 ++ 0,19x12 -
0,5x13 +0,13x14 

Weighted 
(probabilistic) 

fW  = -17,5+ 0,32x1+0,3x2+0,4x3- 
0,53x4+0,43x5- 0,28x6 + 0,29x7 + x8 + 
0,04x9 -0,01x10 - 0,05x11 +0,22x12+ x13 

+0,4x14 

fW  = - 1 2 3 
– 4– 5+0,3x6 + 0,29x7 + x8 

+ 0,04x9 +0,24x10 - 0,29x11 - 0,23x12 + 
0,23x13 - 0,11x14 

fW  = - 1 2 3 
– 4– 5+0,32x6 + 0,3x7 + 
0,4x8 - 0,53x9 + 0,43x10 - 0,17x11  + 
0,15x12-0,03x13 -0,1x14 

Kanda  2021; Edomah  
 2020) 

 (Huang  2021) 
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The prospect of further research is the economic and 
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INTRODUCTION

Paerl 

Cao 

Dumago 

(Kissman 
) due to its usage as an organic nutrient 

(

Ramanan 

processes
DOM components (Liu 
2016  

aeruginosa (Ziegmann 

Altman and 

Jiao 

(Zhang 
Chari 

Liu 
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MATERIALS AND METHODS

 and 

254

 
No. Sampling station Coordinate     Climate      Environmental condition 

1 Rolag Telu dam 7o26’40” S 
112o27’25” E 

- Tropical 
- Sunny weather 
- Temperature 29OC 

- Downstream of the Brantas river 
- Stagnant water 
- No residential 

2 Wringin Anom district 7o24’21” S 
112o30’27” E 

- Tropical 
- Sunny weather 
- Temperature 29OC 

- Agricultural land 
- There are residential 
- There are domestic activities (bathing, 

washing, latrine) 
 

3 Cangkir district 7o22’04” S 
112o37’47” E 

- Tropical 
- Sunny weather 
- Temperature 29OC 

 

- Industrial  area 
- Densely populated 
- Temporary dump site 

 

4 Karang Pilang drinking water 
company inlet 

7o20’54” S 
112o40’51” E 

- Tropical 
- Sunny weather 
- Temperature 29OC 

- Industrial area 
- There are residential 
- There are domestic activities (bathing, 

washing, latrine) 
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254

Standard Methods procedures (APHA 
 

254

254

Chen 
2003

254

RESULTS AND DISCUSSION

254

254

254

254 
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254
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accounted for (

254

 (
254 
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sample (Her 
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According to 

254

terrestrial signature (

254
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Chen 

Her 

2020
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Chari 
Zhang 

254

(
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to 7d 

to others (Chen 
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(a)                (b) 

  (c)                (d) 

Chen 
Liu 

254
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currents (
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in 
254

254 

254 

254

indicated that proteins and humic supramolecules 

254

autochthonous DOM (

 

Parameters TOC UV254 SUVA AP-
like FA-like SMPs-

like 
HA-
like 

Navicula 
sp. 

Plectonem
a sp. 

Pinnularia 
sp. 

UV254 0.085 
0.502 

         

SUVA -0.044 
0.729 

0.887 
0.000 

        

AP-like -0.287 
0.022 

-0.440 
0.000 

-0.373 
0.002 

       

FA-like 0.254 
0.042 

0.105 
0.411 

0.047 
0.710 

-0.249 
0.048 

      

SMPs-like -0.038 
0.764 

-0.198 
0.116 

-0.228 
0.070 

0.638 
0.000 

-0.085 
0.505 

     

HA-like -0.035 
0.786 

0.344 
0.005 

0.344 
0.005 

-0.674 
0.000 

-0.022 
0.862 

-0.348 
0.005 

    

Navicula sp. -0.109 
0.392 

-0.331 
0.007 

-0.289 
0.021 

0.193 
0.126 

-0.102 
0.422 

0.090 
0.480 

-0.082 
0.521 

   

Plectonema sp. 0.271 
0.030 

0.137 
0.281 

0.131 
0.303 

-0.346 
0.005 

0.293 
0.019 

-0.057 
0.652 

0.110 
0.386 

0.166 
0.189 

  

Pinnularia sp. -0.097 
0.448 

-0.239 
0.058 

-0.292 
0.470 

-0.245 
0.051 

0.142 
0.263 

-0.268 
0.032 

0.220 
0.080 

0.137 
0.279 

0.320 
0.010 

 

Nitzchia sp. -0.243 
0.053 

-0.283 
0.023 

-0.203 
0.108 

0.160 
0.205 

-0.203 
0.107 

0.176 
0.164 

0.070 
0.585 

0.168 
0.184 

0.035 
0.785 

0.174 
0.170 

*Cell Contents description; Pearson correlation (the first row of the number of correlation between parameters);   P-value (the second row of the number 
of correlation between parameters) 
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ABBREVIATIONS
% Percent

 
per liter

Liter per miligrams per meter 
Miligrams per liter

mm Milimeter
μm Micrometer

nm Nanometer

sp. Pinnularia species
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INTRODUCTION

Betancourt Aguilar et al
2017

et al

(
Gómez et al

it is appropriate for use in the soils ( et al
2021

et al
et al

Bauder et al

et al et 
al

Medina Valdovinos et 
al  and Zaman et al. (2018)

Valles-Aragón et al
et al.

calcium (Ca) and magnesium (Mg) (Gómez et al
et al et al

et 
al

for agriculture (Bortolini et al

 (  As a tool to 

methodologies ( et al
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standards (Guerrero Guio et al

Afed Ullah et al., 
2018

need arises to set clear and precise parameters to 

Miranda et al
et al

Guerrero Guio et al assessed the 

for the development of agricultural policies and the 

small farmers in the department of Sucre (northern 

MATERIALS AND METHODS

The department of Sucre is one of the 32 

 
2

949252 (Bustamante et al

producers in the department of Sucre is carried out 

 
(  

region (

 (

 ( et al
2018  
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 (

in-situ
performed using standard methods (

in-
situ

Subregion/Area Municipality 
Average 

Temperature 
(°C) 

Annual 
Precipitation 

(mm) 
Location Vegetation 

Montes de María 
(6466 km2) 

Morroa 
 26.8 1000 – 1200 9° 20’ N, 

75° 18’ W 
Tropical dry forest area, 
mountain landscape 

Sabana  
(2101 km2) Corozal 27 990 – 1275 9° 9’ N, 

75° 18’W 
Tropical dry forest area, hills 
landscapes  

Golfo de 
Morrosquillo (1886 
km2) 

San Onofre 27.4 900 – 1200 9° 8’ N, 
75° 31’ W Tropical dry forest area 

San Jorge  
(2934 km2) San Marcos 28 1300 –2300 8° 40’ N, 

75° 8’ W 

Zone of tropical humid forest, 
tropical dry forest, tropical very 
dry forest, and natural savanna 

Mojana  
(2337 km2) Majagual 28 2800 8° 32’ N 

74° 37’ W Tropical humid forest area 

:
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method SM 4500-H
+

Water quality laboratory analysis 

4500-SO4
2—

the method SM 4500-NO3 

3

Shahid and 

RESULTS AND DISCUSSION

2016

Jahin et al
2020
authors for the largest dam in Algeria (Bini Haroun 

et al

Guerrero Guio 
et al
indicate that even though pH is not one of the main 

Medina 
Valdovinos et al

Bauder et al

range (

Zaman et al

Shah et al
2019

2018
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Ahmed et al
Valles-Aragón 

et al

et 
al

Dumago et al
2018 -

4 and N-NO3

3

 
( et al

Ca2+ 2+

Arhad and 
et al

Zaman et al

crops and soils (Shahid et al

Parameter Maximum Minimum Mean ± SD 
T (°C) 38.20 23.90 31.07 ± 2.32 
pH 9.32 4.40 6.87 ± 0.72 
EC (μS/cm) 669 19.80 171.40 ± 134.45 
TDS (mg/L) 478 11.80 115.36 ± 86.92 
TSS (mg/L) 287 3.80 34.29 ± 35.07 
TS (mg /L)   574 25 152.40 ± 96.31 
Cl (mg/L) 54.80 2.40 10.78 ± 9.06 
SO4 (mg/L) 625 4.30 106.86 ± 58.25 
N-NO3 (mg/L) 1.01 0.50 0.69 ± 0.16 
N-NH3 (mg/L) 6.35 3.05 4.70 ± 0.59 
P (mg/L) 1.42 0.02 0.20 ± 0.26 
Al (mg/L) 11.3 0.16 1.85 ± 1.84 
Si (mg/L) 33.2 0.71 5.35 ± 4.96 
Fe (mg/L) 8.56 0.23 2.70 ± 1.85 
Mn (mg/L) 1.62 0.002 0.13 ± 0.20 
B (mg/L) 0.29 0.01 0.05 ± 0.03 
Pb (mg/L) 0.05 0.01 0.02 ± 0.008 
Cr+6 (mg/L) 0.07 0.05 0.07 ± 0.01 
Cd (mg/L) 0.005 0.001 0.002 ± 0.001 
Ca2+ (mg/L) 210 3.06 18.52 ± 22.01 
Mg2+ (mg/L) 59.30 3.95 12.91 ± 7.73 
Na (mg/L) 51.30 0.30 3.22 ± 7.12 
SAR (mEq/L) 1.72 0.01 0.14 ± 0.21 

:
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et al

model 1 (Guerrero Guio et al

(p-value

(p-value
temperature (p-value

Mg – Ca2+
3 (r= 

Ca+2 +2

4
2+ 2+

(p-value
p-value

carried out at the largest dam in Algeria (Beni Haroun 

3

HCO3 3 ( et al

3 4

3 (Shah et al
2+ 2+

2+ 2+

Jahin et al

2B

 (Zaman et al

C2S2 ( et al

et al
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INTRODUCTION

electronic product replacement (Baldé et al.

Król 
et al. Hsu et al. (2019)

expected to reach 50 million tons in 2021 and 100 
million t in 2030 ( et al.

et al

(

Honda et 
al.

Xu et al.

Indonesia in 2028 (Santoso et al.

units in 2017 (

(
Li (2017) 

indicated that cell phones are the most dominant 

Zeng et al  stated that 

(He 
et al Liu et al. (2020) reported that the 

Ghodrat et al

using copper smelter and determined that the 

et al

Mishima et al

to Yin et al

(Sarath et al

(Wilson et al et al
2015)  suggested 

et al  stated 

Song et al  studied that 

channels (Tan et al Liang and Sharp (2016) 
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referred to age and gender as the deciding factors 
Yin et al  

(Wang et al Liang 
and Sharp (2017)

(Rochman et al et al  

et al. (2019) studied 

MATERIALS AND METHODS

Islam et al. et 
al

et al.
et al.

et al.

Yin et al.
Tan et al. et al.



90

Used cell phones

2) test for independence 

This research used chain referral sampling for 

studied an 

et al. (2017) and 

Tiep et al. (2015)

2

nd th
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Honda et 
al.

2

Indonesia’s GDP ( et al.

et al

disposal of their out-of-use cell phones and their 

RESULTS AND DISCUSSION

According to the respondents’ sociodemographic 

Characteristics N (number) % 
Sex   
  Male 167 42.93 
  Female 222 57.07 
Age   
  18 - 24 118 30.33 
  25 - 29 54 13.88 
  30 - 39 64 16.46 
   > 40 153 39.33 
Occupation   
   Business &  Services 72 18.51 
   Government Employee 79 20.31 
   Corporate employee 138 35.48 
   Student 100 25.71 
Education Level   
   High School and associate degree 143 36.76 
   Bachelor Degree 181 46.53 
   Master and above 65 16.71 
Monthly Income (Rp)   
   2 - 3.5 million 116 29.82 
   3.5 - 5 million 35 9.0 
   5 - 7 million 50 12.85 
   7 - 10 million 57 14.65 
   >10 million 131 33.68 
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Life span and reasons for cell phone replacement

Yin 
et al.

Bai 
et al. (2018)

Tan et al. 

0.51% 2.06% 4.11%

14.40%

30.33%

48.59%

< 6 month 6-12 month 12-18 month 18-24 month 24-36 month >36 month

66.84%

24.94%

2.06% 3.86%
1.54% 0.77%

Completely
Malfunction

Brand New Model
and Feature

New Product Less
Price

Unit Lost Device Under
Performance

Others
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(2018)

3 et al. (2015)

Resident’s used cell phones treatment methods

Islam et al
2016

13.37%
16.97%

59.90%

3.60% 5.14% 1.03%

Give to the
others

Sold/Trade in
with new

Kept at Home Recycle
Programs

Trash bin Others

Know 
Well, 
9.25%

Know, 33.68%

Slightly Know, 
34.19%

Don't Know, 
22.37%

Don't care, 0.51%



Used cell phones

et al. (2015) in 

et al. (2017) in 

Yin et al.  and Bai et al. (2018) 

of used cell phones collected is required (Tan et 
al., 2018

 

et al

et al

(Islam et al.

2) test to 

Variable A Variable B   Result 
Gender EHA 0.009 0.926 Independent 
 UCU 0.457 0.796 Independent 
 WTR 2.44 0.785 Independent 
Age EHA 7.119 0.068 Independent 
 UCU 1.412 0.703 Independent 
 WTR 24.855 0.003 Dependent 
Occupation EHA 9.102 0.028 Dependent 
 UCU 2.976 0.395 Independent 
 WTR 22.297 0.034 Dependent 
Educational Level EHA 2.512 0.285 Independent 
 UCU 1.143 0.565 Independent 
 WTR 13.207 0.105 Independent 
Income Level EHA 9.708 0.046 Dependent 
 UCU 7.452 0.024 Dependent 
 WTR 16.129 0.185 Independent 
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2) test is 

2

Islam et al

et al. (2017) founded 

Tan et al. (2018) 

et al. 

 

Retailers

Producers Recycling

Collection 
center

Raw Material

Users

Input

2nd Hand 
Market

Give to Friends 
or Family

Refurbishing/
Service Point

Keep at 
home

Throw into 
trash bin

Other

Output

 

Local 
Government

Landfills
(Disposal 
selection)

Disposal Selection
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(2019)

 

Miner et al

(Andarani 

et al

(Arora et al Reducing the amount of 

et al Indonesia needs to reformulate 

success (Rochman et al. According to Song 
et al

Wang et al formulated 
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INTRODUCTION
Water is the fundamental requirement for all 

Konapala et al
et al. and increasing 

(Wu et al  

 (Ullah et al

(O’Malley et al et 
al et al
exchange et al
(Guo et al (Gogate 

 are some of the chemical methods 

(Huang et al
2018) (Hu et al
processes (Neoh et al
(Wu et al

(Ang 

 (Staicu et 
al

(de Paula et al

(Choy et al

and less toxic than chemical coagulants et al
2014)

the common ones include  (Roselle 
seeds) (Mohd-Esa et al  

et al Moringa oliefera 
et al

et al et al
2020) and cactus species 

(Choy et al

the processing cost and the performance consistency 

(Muruganandam et al et al

coagulants for large-scale commercial usages and 

Need for natural coagulants 

 (Freitas et al
et al
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Al2(SO4)3 2(SO4)3 and FeCl3 are the most 
commonly used coagulant salts (Freitas et al

et al et al Despite 

 (Freitas et al et al
According to Freitas et al

et al

(Freitas et al et al  

 et al
 Improper disposal of toxic sludge pollutes the 

species et al Hence there is a need 

et al.
of natural coagulants (Ang et al stands on 

of mixing process (Ang et al et al.
2017)

 (Ang et al
2020)

(Ang et al

(Ang 
et al et al et al
2017)

 (Ang et al
2020)

(Ang et al

 et al

(Kumar et al. of the end 
Kumar et 

Natural coagulants are composed of 

(Ang et al et al
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charge density of the polyelectrolyte (Amran et al

(Hassan et al
Saranya et al.

treatment 

(Roussy et al et al

(Strychnos potatorum

et al
and –COOH and free –OH surface groups increase the 

mixtures of galactanii and galactomannani extracted 
from Strychnos potatorum
up to 80% et al

et al Moringa 

et al et al

 
Natural coagulant  Source of extraction Mechanism proposed Functional groups  Reference  

Moringa oleifera 
leaves, flowers, seeds, 
roots, 
bark 

Adsorption and charge 
neutralization  

Starch, cationic protein, 
fatty acids,  phenolic 
compounds Amines, 
glucose,   alcoholic 
compounds, and 
carboxylate groups  

Kumar et al., 2017; 
Kurniawan et al., 2020; 
Yin, 2010 

Nirmali (Strychnos 
potatorum) seeds Inter-particle bridging galactan and 

galactomannan  
Vijayaraghavan et al., 
2011 

Cactus Musilage Cactus pads 
adsorption and 
bridging coagulation 
method 

D-xylose, galacturonic acid, 
l-arabinose, l-rhamnose, 
and d-galactose. 

Vijayaraghavan et al., 
2011; Yin, 2010 

Chitosan fungi, marine 
invertebrates, yeasts 

Charge neutralization 
and bridging 

N-acetyl-D-glucosamine 
(acetylated unit), -(1-4)-
linked D-glucosamine 
(deacetylated unit) 

Saranya et al., 2014 

Tannins Castanea, Acacia, or 
Schinopsis 

Adsorption and charge 
neutralization polyphenol compounds Vijayaraghavan et al., 

2011; Yin, 2010 



et al

as an eco-friendly coagulant depends on the chemical 
structure of the extracted tannins and their degree of 

increase 

internal and external parts of the cactus et 
al. et al Miller 
et al

(Miller et 
al  Polygalacturonic acid structure consisted of 

et al

 
2019)  (Atchudan et al

et al

 

Chitosan (CS) is a linear copolymer produced 
 et al

et al

 ( et al
Huang et al

et al
2013
and Strychnos potatorum

 
et al

in nature et al et al
et al In the colloid-free aqueous state 

(Hameed et al

 (Al-Hamadani et al

 
et al

 et al  

Plant-based Animal-based Microorganism-based
Moringa Oleifera Chitosan Xanthan gum
Cactus Alginate Aspergillus sp. 
Nirmali seeds Chitin Enterobacter 
Tannin Streptomonas 
Potato starch 
Banana peel 
Common beans 
Tamarind seeds 
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and seeds et al

coagulants is Moringa oleifera
Moringaceae et al., et al
2017)

 
(Saharudin et al et al
et al  

(Rocha et al

(Othmani et al   

at pH 4 Moringa 
oleifera

et al , Moringa oleifera 

(Al-Gheethi et al In Municipal 

(Kumar Kaushal and 
) peels are 

et 
al Cactus

Nirmali seeds are another crucial 

is the latest 

(Sathish et al

 
Parameters Characteristics
Carbon footprint Environmentally friendly 
Toxicity Less toxic

Heavy Metals Settling will occur along with the 
coagulation process 

Sludge  
Sludge volume/amount reduction, Low 
sludge handling cost, and treatment 
cost with good biodegradability 
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Natural coagulant Wastewater source 
Optimal Conditions Performance 

References 
Dosage pH Parameters Removal 

Efficiencies 
Industrial wastewater 

Hibiscus sabdariffa  
(Roselle seed extract) 

Glove manufacturing 
wastewater 60 mg/L 10  Turbidity 87% Saharudin and 

Nithyanandam, 2014 
Moringa oleifera 
(Drumstick Tree) Laundry wastewater  120 mg/L 5.7 

COD 43%
Al-Gheethi et al., 2017 Turbidity 84% 

Opuntia ficus indica 
(Cactus species) Textile wastewater  40 mg/L 7.25 

Turbidity 92%
Bouatay and Mhenni, 
2014 

COD 89% 
Color 99% 

Citrullus lanatus  
(Seeds of Water Melon) Tannery wastewater 2000 mg/L - 

Turbidity 87%

Sathish et al., 2018 BOD 55% 
COD 50% 
TSS 69%

Strychnos potatorum  
(Nirmali seeds) Laundry wastewater 8000 mg/L - 

Turbidity 96%
Mohan, 2014 TSS 76% 

Ocimum basilicum 
(Basil) Textile wastewater 1600 mg/L 8.5 COD 62% Shamsnejati et al., 

2015 Color 69% 

Corchorus Olitorius L. 
(Jute mallow) Agricultural wastewater 3 mg/ L - 

Turbidity 95%

Altaher et al., 2016 TOC 
(Total organic 

carbon) 
100% 

Bamboo (Bambusa 
vulgaris) 

Electroplating industry 
wastewater 1500 mg/L 5.5 

BOD 95 %

Sivakumar et al., 2018 

COD 88 %
Cl- 90 % 

Sulphate 93 % 
TDS 97 %
Ni 99 %

Cassia obtusifolia  
(Sickle pod seed gum) 

Raw pulp and paper 
mill effluent 750 mg/L 5 

TSS 87% Subramonian et al., 
2014 COD 36% 

Pectin of orange peel pith Surfactant 8000 mg/L - 
Turbidity 90%

Mohan, 2014 TSS 82% 

Dragon fruit foliage Concentrated latex 
effluent 800 mg/L 10 

Turbidity 99%
Idris et al., 2012 COD 95% 

TSS 89%
Papaya Seed Textile wastewater 570 mg/L 2 Color 85% Kristianto et al., 2018 

Chitosan 

Olive mill 
wastewater 400 mg/L - TSS 81 % Rizzo et al., 2008 Turbidity 84 % 

Paper and 
pulp 
wastewater 

1800 mg/L 
- BOD 90% Thirugnanasambandh

am et al., 2014 
- COD 93 %
- Turbidity 95 %

Brewery wastewater 120 mg/L - COD 50% 
73% 

Gautam and Saini, 
2020 

Textile wastewater 30 mg/L - Turbidity 95% Hassan et al., 2009 - COD 65% 

Aspergillus niger Tannery industry 
wastewater 4.0 g 3 

Cr(VI) 96 %

Sivakumar, 2016 

TDS 92 %
TS 98 % 

COD 85 % 
BOD 90 %

Sulphates 94 %
Municipal wastewater 

Moringa oleifera 
(Drumstick Tree) 

sewage, gray water 
(water 
from sinks and showers) 

- - 

Turbidity 61%

Kumar Kaushal and 
Goyal, 2019 

COD 65%
BOD 55% 
TSS 69% 
TDS 68%

Hardness 25%
Citrullus lanatus  
(Seeds of Water Melon) Sewage wastewater  

72.3 mg/L 5 
BOD 92%

Joaquin et al., 2021 TSS 93% 
Cucumis melo 
(Cantaloupe seeds) 76.7 mg/L 7 BOD 80%

TSS 88%
Okra seeds (ladies’ fingers) 
coagulant  

sewage, gray water 
(water - - Turbidity 65% Kumar Kaushal and 

Goyal, 2019 BOD 56% 
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from sinks and showers) COD 67% 
TDS 69%
TSS 72%

Hardness 30%
Synthetic water 

Moringa oleifera 
(Drumstick Tree) Raw water synthetic 100 mg/L 10  

Turbidity 94 %
Choubey et al., 2012 

Total coliforms 96% 

Dolichos lablab 
(Hyacinth bean) 

Turbid water (synthetic) 400 mg/L - 
Turbidity 89 % 

Choubey et al., 2012 
Total coliforms 89% 

River water (Synthetic) 20 mg/L - Turbidity 99% Bs and Papegowda, 

Cicer arietinum 
(Chickpea) Turbid water (synthetic) 400 mg/L - 

Turbidity 96 %
Choubey et al., 2012 Total coliforms 90% 

Opuntia ficus indica 
(Cactus species) River water (Synthetic) 20 mg/L - Turbidity 99% Bs and Papegowda, 

2012 
Mango pith Turbid water (Synthetic) 500 mg/L 13 Turbidity 98% Qureshi et al., 2011 

Trigonella 
foenum-graecum 
(Fenugreek seeds) 

 Turbid water (synthetic) 300 mg/L 8.0 Turbidity 98% ELsayed et al., 2020 

Citrullus lanatus  
(Seeds of Water Melon) Turbid water (Synthetic)  2000 mg/L - Turbidity 98% Sathish et al., 2018 

Jatropha curcas  
seed Turbid water (Synthetic) 120 mg/L 3 Turbidity 96% Abidin et al., 2011 

Lens culinaris 
(Red lentil)  Turbid water (Synthetic) 26.3 mg/L 4 Turbidity 99% Chua et al., 2019 

Cassia fistula 
(Golden shower) 

Synthetic paint industry 
wastewater 160 mg/L 8.4 Color 96% 

Vishali et al., 2020 
Turbidity 98%

Alginate Turbid water  
synthetic 10 mg/L - Turbidity 98% Devrimci et al., 2012 

Surface water 

Moringa oleifera 
(Drumstick Tree) 

Raw surface water 150 mg/L 7 Algal removal 65% Ali et al., 2008 

Surface water 150 mg/L 7.5 Turbidity 97% Pritchard et al., 2010 
Cassia alata 
(Christmas candles) Raw surface water 1000 mg/L - Turbidity 93% Rak and Ismail, 2012 

Suspended 
solids 56% 

Opuntia dillenii  
(Cactus species) Highly turbid lake water 1000 mg/L - 

Turbidity 93%

Nougbodé et al., 2013 Color 15% 
Suspended 

solids 89% 

Prunus armeniaca 
 (Apricot) Raw surface water 30 mg/L 7 Algal Removal 55% Ali et al., 2008 

Mangifera indica, 
 (Mango) Raw surface water 30 mg/L 7 Algal Removal 68% Ali et al., 2008 

Tannin Surface water 30 mg/L 9 Turbidity 80% Sánchez-Martín et al., 
2010 

Banana pith Polluted river water 100 mg/L 4 

Turbidity 99%

Kakoi et al., 2016; 
Karbassi and Pazoki, 
2015 

COD 54%
Suspended 

Solids 96% 

Sulphates 99% 
Nitrates 89% 

Cu 100% 
Cr 100%
Fe 92%
Zn 81%
Pb 100%
Mn 60% 
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A  Amran et al
on the need to conduct more detailed studies on 

(Choy et al
 has highlighted the 

 
et al  As 

Environmental and Technical Constraints Economic and Social Constraints

 Complex extraction process  Lack of money and time to invest in research and 
development. 

 Absence of mass plantation for bulk processing  Lack of maintaining a steady supply of raw materials. 
 Lack of meeting the minimum quality requirement. 

 Due to the organic properties of natural coagulants, COD levels 
might increase.  Lack of regulatory approvals on plant-based coagulants. 

 Lack of toxicological studies for purified coagulants.  Lack of awareness and market interest. 
 Seasonal variations in some plant resources.  (Cactus grow in hot 

seasons)  Well established, competitive market. 

 Lack of research regarding the practical usage and  issues 
occurring during the operations within the plant  High initial establishment cost. 

 Lack of proper arrangements for storage of the natural 
coagulants in stock.  Industrial acceptance 

 Improper estimation of the quality characteristics of the treated 
water  Lack of knowledge on health improvements 
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et al

 

 et al  

should encourage the industry to use natural coagulants 

(Freitas et al
et al  and reducing tax payments et 
al

(Freitas et al

color and emission of unpleasant odors 
et al  

 et al

Mohd-Salleh et al  
indicated natural materials as aids for future coagulant 

99% of 

(Ma et al

et al
et al

2 groups and –OH 

rapid mixing et al

et al
According to Ma et al. dual coagulant 

aeruginosa found in 

aeruginosa. Zhang et al  
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(Zhang et al

(Zhang et al Dharani and 

et 
al., 2020 Moringa 
oleifera

 et al discussed 

CONCLUSION 

Moringa oleifera

Natural 
coagulants Modifying agent Wastewater 

source Parameter 

Optimal 
conditions Removal 

efficiency 
(%) 

References 
Dosage 
(mg/L) pH 

Chitosan 
(CTS) 

Aluminum chloride 
(AC) 

Drinking 
water 
treatment 

(Microcystis 
aeruginosa) 
cyanobacteria 
removal 

2.6  CS + 
7.5 AC - 98 Ma et al., 2016 

Acrylic acid  Livestock 
wastewater 

Copper (II) 
removal 50 8 98 Zhang et al., 2014 

Mercaptoacetic acid Turbid water 
(Synthetic) 

Turbidity 50 5 100
Zhang et al., 2015 Copper ((II) 

removal 50 7.3 90 

N-methyl piperazinium 
chloride 

Tannery 
effluent 

BOD 5 6.7 86 Dharani and 
Balasubramanian, 
2015 COD 5 6.7 96 

Moringa oleifera Turbid water 
(Synthetic) Turbidity 200 8 84 Vigneshwaran et 

al., 2020 

Starch 
(2-hydroxypropyl) 
trimethylammonium 
chloride 

Synthetic 
wastewater 

Kaolin 
suspension 
removal 

1000 4 93 % Li et al., 2015 
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AUTHOR CONTRIBUTIONS

ACKNOWLEDGMENTS

CONFLICT OF INTEREST
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ABBREVIATIONS
AC Aluminum chloride

ACCM Moringa oleifera
AD
BOD
CEC

Chitosan-g-N 
MPC

(2 hydroxypropyls) 
trimethylammonium chloride 

COD Chemical oxygen demand

Cr Chromium
CS Chitosan

Chitosan -aluminum chloride
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Cu Copper
Fe Iron
g Grams
MAC Mercapto - acetyl chitosan

Miligrams per liter 
Mn Manganese

2 Amine group
Ni

Hydroxyl group

Zn Zinc
% Percentage sign

REFERENCES

1-8 

(27 

  

 

 

 

1-13 

873–880 

26: 2178–2189 
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1091 

219–227 

(6 
  

27(2): 1202–1213 

(8 
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INTRODUCTION
Environmental guidelines and principles of 

(

Fennell (1999) 

et al
(1999)

Cheia (2013)

Lee et al  
(2016)
the natural environment and cultural heritage of an 

Tang et al. (2017) 

 et al

 

(  et al. (2020

Tsung et al  have 

Povodör et al. (2013)
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 et al
the development of the processes of regional 

development regarding ecotourism and determine 

et al

approach to the development of environmental 

et al  listed 

 Orîndaru et al

reconsider purchasing such services as to provide a 

et al

ecotourism is one of the main areas of economic 

development of green tourism on the example of 

assessment in terms of environmental and tourism 

MATERIALS AND METHODS
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the regions (

the minimum value of a comprehensive assessment 

  ;NInt Ind x y

   ; ,NF Int Ind x y min              (1)
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are standardized indicators of the i
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i
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                         (3)                              

i
– an actual value of the 

indicator i; Cmax – a maximum value of the indicator 
min – a minimum 

natural persons-entrepreneurs; 2) the amount of 
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Ukraine

of the challenges that green leaders face is closer 
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the green tourism development level are presented 
in 

(
According to The Travel and Tourism 
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Component 
Value Rank Europe average Global average

2019 2017 Trend 2019 
(out of 140) 

2017 
(out of 136) 2019 2019

Travel and Tourism Competitiveness Index 3.7 3.5  78 88 4.3 3.8 
1. Enabling environment sub-index 5.0 4.6  65 78 5.4 4.8 
Business environment 4.1 3.7  103 124 4.7 4.5 
Safety and security 4.8 3.5  107 127 5.8 5.3 
Health and hygiene 6.5 6.6  11 8 6.2 5.1 
Human resources and labor market 4.8 4.9  48 41 5.0 4.5 

ICT readiness 4.5 4.2  78 81 5.4 4.6 

2. T and T policy and enabling conditions 
sub-index 4.5 4.1  70 85 4.6 4.4 

Prioritization of Travel and Tourism 4.3 4.3 = 92 90 4.9 4.6 
International Openness 3.7 2.9  55 78 3.7 3.3 
Price competitiveness 5.9 5.2  19 45 5.1 5.3 
Environmental sustainability 3.9 3.9 = 114 97 4.7 4.3 
3. Infrastructure sub-index 3.4 3.1  73 79 4.2 3.5 
Air transport infrastructure 2.7 2.4  71 79 3.6 3.1 
Ground and port infrastructure 3.1 3.0  77 81 4.1 3.5 
Tourist service infrastructure 4.3 4.0  65 71 4.9 4.0 
4. Natural and cultural resources sub-index 2.1 2.2  89 88 2.9 2.7 
Natural resources 2.2 2.3  116 115 3.1 3.1 
Cultural resources and business travel 1.9 2.1  55 51 2.6 2.2 

)

Region 
An integral indicator of the tourism competitiveness An integral indicator of the ecological competitiveness 

2019 Rank 
2019 2020 Rank 

2020 
Trend 

2020/2019 2019 Rank 
2019 2020 Rank 

2020 
Trend 

2020/2019 
Vinnytsia 0.8496 16 0.9074 18 Negative 0.8356 15 0.8868 16 Negative 
Volyn 0.8462 14 0.7806 11 Positive 0.8331 14 0.9176 19 Negative 
Dnipropetrovsk 0.7876 10 0.6857 9 Positive 0.7084 7 0.7083 8 Positive 
Donetsk 0.9877 24 0.9734 24 Positive 0.9942 24 0.9467 24 Positive 
Zhytomyr 0.8389 13 0.6589 6 Positive 0.7192 9 0.7526 9 Negative
Zakarpattya 0.4650 1 0.6845 8 Negative 0.6415 5 0.5398 3 Positive
Zaporizhzhya 0.8467 15 0.8466 14 Positive 0.5561 4 0.5496 4 Positive
Ivano-Frankivsk 0.5466 2 0.5565 2 Negative 0.5445 3 0.5257 2 Positive 
Kyiv 0.7151 6 0.9181 20 Negative 0.8287 13 0.8245 15 Positive 
Kirovohrad 0.7213 7 0.7214 10 Negative 0.8594 17 0.9190 20 Negative 
Luhansk  0.9211 19 0.9699 23 Negative 0.6869 6 0.6868 7 Positive 
Lviv 0.5783 4 0.5774 3 Positive 0.3114 1 0.2897 1 Positive
Mykolaiv 0.9791 23 0.8769 16 Positive 0.7174 8 0.6485 6 Positive
Odesa 0.7864 9 0.5190 1 Positive 0.4974 2 0.5794 5 Negative
Poltava 0.9548 22 0.8400 13 Positive 0.8724 18 0.8876 17 Negative 
Rivne 0.8868 18 0.9512 22 Negative 0.9620 23 0.9203 22 Positive 
Sumy 0.8315 11 0.8313 12 Negative 0.9206 22 0.9205 23 Positive 
Ternopil 0.7284 8 0.9108 19 Negative 0.8145 12 0.8094 13 Positive 
Kharkiv 0.9385 21 0.9383 21 Positive 0.7778 10 0.7618 10 Positive 
Kherson 0.6785 5 0.6734 7 Positive 0.7845 11 0.7844 11 Positive 
Khmelnytsk 0.8715 17 0.8758 15 Negative 0.9027 21 0.9190 21 Negative 
Cherkasy 0.9275 20 0.6039 5 Positive 0.8899 20 0.9166 19 Negative 
Zaporizhzhya  0.5664 3 0.5832 4 Negative 0.8877 19 0.8155 14 Positive 
Chernihiv 0.8342 12 0.8840 17 Negative 0.8384 16 0.8026 12 Positive 
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tourism in Ukraine’s regions 

region case in 2020 is provided in  The others 

region case in 2020 is provided in The others 

As it comes from 

the outsiders (

 the ecological 

 provide the 

Ukraine’s regions

advantage of the tourism product and enshrines in 
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Component Value Weight 
Target value Sub 

indicator 
value 

Integral 
indicator Trend to Best case 

The subjects of 
tourist activity - 
legal entities 

Income from tourism (excluding 
VAT, excise tax and similar 
mandatory payments) 

23567.5 0.052631 max 380990.5 0.061858 0.049375 

The subjects of 
tourist activity - 
individual 
entrepreneurs 

Income from tourism (excluding 
VAT, excise tax and similar 
mandatory payments) 

42703.5 0.052631 max 167153.7 0.255474 0.039185 

The cost of tourist activity in the service of other 
organizations that are used in the production of the 
tourist product 

5942.3 0.052631 min 126.4 0.021271 0.051511 

The cost of travel 
packages sold to 
customers 

By tour operators 56308.5 0.052631 max 561549.0 0.100274 0.047354 

By travel agents inside Ukraine 14364.3 0.052631 max 119113.9 0.120593 0.046284 

Number of tourists served by tour operators and travel 
agents 29440 0.052631 max 122485.0 0.240356 0.039981 

Number of collective accommodation facilities by types of 
facilities (Legal entities) 159 0.052631 max 228 0.697368 0.015928 

Among them 

Hotels and similar 
accommodation facilities 63 0.052631 max 135 0.466667 0.02807 

Among 
them 

Tourist bases, 
mountain shelters, 
student summer 
camps, other places 
for temporary 
accommodation 

8 0.052631 max 25 0.32 0.035789 

Specialized accommodation 
facilities 96 0.052631 max 148 0.648649 0.018492 

Among 
them 

Recreation centers, 
other recreation 
facilities (except camp 
sites) 

66 0.052631 max 111 0.594595 0.021337 

Number of collective accommodation facilities by types of 
facilities (Individual entrepreneurs) 69 0.052631 max 301 0.229236 0.040566 

Among them Hotels 42 0.052631 max 109 0.385321 0.032351 

Capacity of hotels and similar accommodation points by 
type of accommodation (Legal entities) 6218 0.052631 max 13933 0.446279 0.029143 

Among them 

Hotels 4685 0.052631 max 11321 0.413833 0.030851
Tourist bases, 
mountain shelters, 
student summer 
camps, other places 
for temporary 
accommodation 

788 0.052631 max 2138 0.368569 0.033233 

Capacity of hotels and similar accommodation points by 
type of accommodation (Individual entrepreneurs) 1540 0.052631 max 6538 0.235546 0.040234 

Among them 

Hotels 1263 0.052631 max 4007 0.315198 0.036042 

Tourist bases, 
mountain shelters, 
student summer 
camps, other places 
for temporary 
accommodation 

101 0.052631 max 2065 0.04891 0.050057 

In total 0.685782 
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According to 

tourism is to achieve the maximum level of existence 

area should increase the level of environmental 

Component Value Weight 
Target value Sub 

indicator 
value 

Integral 
indicator Trend to Best case 

Atmospheric emissions from 
stationary sources of pollution 

Volumes of pollutant 
emissions 48.3 0.055555 min 3.2 0.06625

3 
0.051874 

 
Ammonia emissions 5.5 0.055555 min 0.01 0.001818 0.055454 
Emissions of non-
methane volatile 
organic compounds 

1.5 0.055555 min 0.2 0.133333 
 0.048148 

Carbon monoxide 
emissions 2.9 0.055555 min 0.9 0.310345 0.038314 

Methane emissions 13.8 0.055555 min 0.3 0.021739 0.054347 
Suspended solids 
emissions 8.8 0.055555 min 0.4 0.045454 

 0.053029 

Sulfur dioxide 
emissions 5.0 0.055555 min 0.01 0.002 0.055444 

Nitrogen dioxide 
emissions 10.0 0.055555 min 0.3 0.03 

 0.053888 

Carbon dioxide 
emissions 2422.1 0.055555 min 147.4 0.060856 0.052174 

Waste generation and 
management 

Formed 1295.1 0.055555 min 173.4 0.133889 0.048117 
Disposed of 766.9 0.055555 max 83802.1 0.009151 0.055046 
Incinerated 11.7 0.055555 min 3.3 0.282051 0.039886 
Deleted in specially 
designated 
places or objects 

267.9 0.055555 min 29.2 0.108996 
 0.049499 

The total amount of waste accumulated during operation 
in specially designated places or facilities (waste disposal 
sites) 

6257.8 0.055555 min 522.9 0.08356 
 0.050913 

Land area of reserves and national nature parks 19862.1 0.055555 max 290602.3 0.068348 0.051758 
Capacity of treatment facilities 83 0.055555 max 897 0.092531 0.050414 
Capital investments in environmental protection 22.5 0.055555 max 4088.5 0,005503 0.055249 
Current costs of environmental protection 254.1 0.055555 max 5533.5 0.04592 0.0530034 
In total      0.916560 
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development of green tourism on the example 

to its assessment in terms of environmental and 
model (Boshota et al et al

et al
et al.

et al
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one discipline is most developed (
et al

et al  Sofronov 
(2019) studied the
s

 Eshtaev (2017)

the level of green tourism development in the 
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CONCLUSION

Level of ecological and 
tourism competitiveness Regions Type of ecological strategy Type of regional 

marketing strategy 

Sufficient [0-0.37] - 

Proactive sufficiency strategies 
(voluntary restriction of 
consumption and, accordingly, 
lifestyle changes), balanced nature 
management  

Image marketing  

Satisfactory (0.37-0.63] Lviv, Odesa, Ivano-Frankivsk 

Compensation strategies, 
strategies aimed at improving 
resource efficiency (eco-efficiency 
strategies), effective 
environmental management 

Attractiveness marketing 

Unsatisfactory (0.63-1.0] 

Cherkasy, Chernivtsi, 
Zakarpattya, Zaporizhzhya, 
Mykolaiv, Vinnytsia, Volyn, 
Dnipropetrovsk, Donetsk, 
Luhansk, Zhytomyr, Kyiv, 
Kirovohrad, Luhansk, Poltava, 
Rivne, Sumy, Ternopil, Kharkiv, 
Kherson, Khmelnytsk, Chernihiv 

Protective strategies, strategies 
aimed at comprehensive solutions 
to environmental problems 
(strategy of environmental 
modernization), regulatory 
environmental management 

Marketing of the 
population and 
infrastructure 
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INTRODUCTION

(Ng et al.,

 et al., 2006)

et al.,

(Novotny and 
et al.,

(Marinello et al.,

(Smith and 
McDaniel 2011)

et al., 2018)

such as energy supply from the huge volume of 

acetate (Novotny et al., 2009)

Hameed 2017)
acetate is C76H O  and its average molecular 

et al.,

(Lam et al., 2017)

(Long et al., 
2017)

(Zhang et al., et al.,



considered as a highly environmentally friendly fuel 
2 in 

the atmosphere (Sharuddin et al., 2018)  Although 

the municipal discharges (González Alonso et al., 
2012) 

2 2

2

 (Green et al.,  In another 

2 2 for the highest 

(Marah and Novotny 2011)

d c
and Costa 2019)  

 (Green et 
al., Marah and Novotny (2011) reported that 

Montesinos et al.

et al., 2019)  In 

(Green et al., 

et al., 2007)

in summer than in fall (Simeonova et al., 2017)

2 in 
(Oigman-
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Pszczol and Creed 2007) et al. (2013) found  

Patel et al., 2013)

 a 

(Ariza 
et al., et al.,  and remains 
undegraded in the environment for 18 months in 

(Novotny and Zhao 1999)

(Dieng et al., 2013)

(Slaughter et al., 2011)

(Ariza and Leatherman 2012

et al., 2011)

and approved (Slaughter et al., 2011)

 (Novotny 
et al., 2011)

(Dieng et al., 2013)

the environmental hazards and introduces toxins 
into the ecosystem 

 et 
al., 2006)
(Dieng et al., 2013)

the marine ecosystem et al., 2017)

hazard to marine life and environment (Patel et al., 
2013)

marine species 

ecosystems et al., 2017)

(Chevalier et 
al., 2018)

et al., 2009)   illustrates 

can cause cancer in the living organisms in the 
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(Green et al.,

(Green et 
al.,

(Green et al.,

et al., 2009)

et al., 2019)

r (Dieng et al., 
2013)

 (Dieng et al., 
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(Dieng et al., 2013)
et al. 

as the main hazard corresponding to HP 6 (acute 
toxicity) et al., 2018)

thermal conversion methods for producing energy 

Recycling method Process References 

Vector control 

Doping CB for 24 h in 100 mL of deionized water and using the 
substances discharged from it (Dieng et al., 2013) 

Dope the CB in tap water within 1, 2, 3, 4 , 5 , 6, 7 , 8, 9 and 10 days (Dieng et al., 2011) 
Doping CB for 24 h in 100 mL of deionized water and using the 
compounds leaked from it (Dieng et al., 2014) 

Doping 5 g CB in 250 mL of distilled water for 24 hours, then 
centrifuging the solution and using the supernatant (Mondal et al., 2015) 

Using the CB extract for constructing nano silver structures in the 
presence of AgNO3 solution (Murugan et al., 2018) 

Asphalt production Encapsulated in paraffin and bitumen (Mohajerani et al., 2017) 

Production of clay brick  

Without process (Kadir and Mohajerani 2011) 
Without process (Mohajerani 2012) 

Without process (Kadir et al., 2015) 
Without process (Mohajerani et al., 2016) 
Without process (Sarani 2013) 

Activated carbon 

Heating in vacuum at 230 °C for 3 h and pouring out the carbon to 
 

Simple pyrolysis with 900 °C for 3 h and with a continuous nitrogen 
gas equivalent to 100 cm3/min and 5 °C/min heating rate 

(Masoudi Soltani et al., 2015) 

Single-stage carbonisation with pyrolysis fuel equivalent to 900 °C 
for 1 h at 5 °C/min heating (Yazdi et al., 2012) 

Impregnated with NaOH, then pyrolysis (Koochaki et al., 2019) 

Biofilm barrier application The filter rod extracting  (Sabzali et al., 2012) 
The filter rod extracting  (Sabzali et al., 2011) 

Production of super 
hydrophobic fibers  

Doping the cigarette filters in NaOH solution and then in 
Hexadecyltrimethoxysilane-ethanol solution (Ou et al., 2016) 

Doping in about 4% hexane solution at room temperature (Liu et al., 2015) 

Porous sound absorber  Cellulose acetate extracted manually from cigarette filter (Murugan et al., 2018) 
Without process (Maderuelo-Sanz et al., 2018) 

Paper pulp Pulping the cigarette at boiling point for 3 h and with 1% NaOH (Teixeira et al., 2017) 
Corrosion inhibitors for 
metal surface Water extracts of CBs (Lucatero et al., 2016) 

Application in lithium-ion 
batteries 

Packaging and any remaining tobacco and chars were removed, and 
the cellulose acetate filters were soaked in purified water before 
being sonicated with ethanol using an ultrasonic UP400S 

(Huang et al., 2015) 

Ester-rich bio-oil 
production Microwave assisted pyrolysis (Wang et al., 2020) 

 

  



their products are presented in 

data provided in and 3 indicate that it is 

corrosion in metals and vectors needs some serious 
(Mondal et al., 

Cellulose acetate is chemically converted into 
(Yazdi et al., 2012)

(Teixeira et al., 2017)

 (Murugan et al., 2018)

mixing period et al., 2020)

metals release in the manufacturing process of 

(Teixeira 
et al., 2017)

corrosion (Lucatero et al., 2016)

(Dieng et al.,

2

 

(Dieng et al.

Anopheles stephensi (Murugan et al. 2018)



recovery of captured compounds for manufacturing 

(Lee et al.,
et al., 2016)

nanocrystalline cellulose (Ogundare et al., 2017) 
and cellulose- (Huang et al., 

(Wang et al., 2018)

(Mascal 2019)

method to replace the regular pyrolysis (Zhao et al., 
2019)
studies to produce the phenol-rich fuel (Wenliang 
et al., et al.,  
(Nieva et al.,

et al., 
2021)

Pyrolysis

 1997)
1) Transfer of heat from a source of heat to raise the 

fuel temperature;

charcoal elements;

colder unpyrolyzed fuel;

et al., 
2001)

Types of pyrolysis

in many studies et al.,
et al., 2017)

(Roy and Dias 
2017)
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 the reactors for rapid 
pyrolysis (Marshall and Eng 2013)

Fast pyrolysis process

for 1 to 10 s (Tripathi et al., 2016

pyrolysis (

forming (Mohan Jr et al., 2006)

 Slow pyrolysis process

high periods of residency (Tripathi et al., 2016)
Approximately

2002)

footprint (Jo et al., 2017)

e et al., 2009)

especially 

such as SOX and NOX (Tripathi et al., 2016)

materials into energy sources is presented in 

Some experiments are focused on the pyrolysis 

 
et al., 2017)  

 

Conversion 
Process 

Temperature 
(ºC) 

Pressure 
(MPa) 

Liquid Gas content 
(% dry wt.) 

Solid content 
(% dry wt.) Content 

(wt.% dry) 
HHV 

(MJ/ Kg) 
Gasification  - 13.74 15.18 28.08 58.18 
Gasification 500 35 15 - 69 7 
Liquefaction 350 36 43 39 - - 
Liquefaction 350  39.9 39.9 23.2 - 
Pyrolysis 450 0.101 57.9 41 32 10.1 
Pyrolysis 502 0.101 55.3 39.7 36.3 8.4 

 Comparison of thermochemical conversion processes  et al., 2019)



Objective of study Product(s) Highlights Reference 

Manufacture of ester-rich 
bio-oil by pyrolysis of used 
cigarette filters 

Ester-rich 
bio-oil 

 Due to the high heating frequency under MAP conditions, the pyrolysis 
output was greatly improved with the the help of microwave absorber 
silicon carbide in the reactor as well as the application of methanol to N2 
carrier gas; 

 MAP heating method led to 29.17% bio-oil from CBs compared to to the 
conventional tubular muffle furnace heating method which yields 0% of 
bio-oil. The bio-oil yield from CBs increased from 29.17% to 46.71% due 
to the introduction of methanol. 

 Gas chromatography/mass spectrometry findings showed that esters, 
particularly methyl acetate (over 12%). were the major components of 
bio-oils (over 40%) 

 The UCF bio-char showed mesoporous properties (e.g., over 500 m2/g of 
specific surface area). 

Wang et al., 
2020 

Treatment of the recycled 
CBs to produce electrically 
conducted materials 

Conducting 
material 

 In a simple process, the conductive substances were produced through 
heat treatment of the recycled cigarette filters. 

 Since no pretreatment of the used cigarette filters was needed prior to 
the carbonization phase, it was cost-effective. 

 The current-voltage curve of the product showed a marked 
improvement in conductivity, supporting the application of the 
substance in electronic conduction. 

Ghosh et al., 
2017 

The effect of 
carbonization 
temperature of waste CBs 
on Na storage capacity of 
N-doped hard carbon 
anode 

N-doped 
hard carbon 

anode 

 Waste CBs for the sodium ion battery anode was reused through the 
pyrolysis carbonization process at 700 °C and 800 °C. 

 The morphology and electrochemical efficiency of N-doped waste CBs 
hard carbon (NWHC) were influenced by the temperature of the 
carbonization process. 

 The reversible discharge power of NWHC-700 anode was 300 mAh/g at 
25 mAh/g for 200 cycles and 135 mAh/g even at 1500 mAh/g for 2000 
cycles, higher than 241 mAh/g and 105 mAh/g of NWHC-800 anode, 
respectively. 

Hou et al., 
2019 

Lead removal by charred 
carbon from the pyrolysis 
of used cigarette filters 

Nitric acid 
modified 
charred 
carbon 

 Charred carbon was produced by the  simple pyrolysis of the CBs. 
 The effects of the pH of the lead solution, the adsorbent dosage, the 

initial lead concentration and the contact time of the two carbons were 
studied. 

 The adsorbent dosage impact was virtually equivalent for both modified 
and unmodified carbons with an average value of 0.1 g 

 The adsorption results were fitted with the Freundlich and Langmuir 
isothermic models. 

 The removal performances for non-modified and HNO3-modified 
carbons were calculated at an initial lead concentration of 600 mg/L at 
66 and 74.5 mg/g, respectively. 

Masoudi 
Soltani et al., 
2015 

Effects of pyrolysis 
conditions on the porous 
structure construction of 
mesoporous charred 
carbon from used 
cigarette filters 

Mesoporous 
charred 
carbon 

 One-step pyrolysis was used to synthesize mesoporous charred carbon 
from the used cigarettes filters.  

 Complete factorial configuration of experiments, including heating 
intensity, soaking period and pyrolysis temperature, was used at three 
rates for each factor. 

 The temperature and heating volume of the synthesized coal had the 
most important impact on the overall surface area. 

 At a pyrolysis temperature of 900 °C, the maximum surface area (597 
m2/g) was achieved when the substrate was heated at 5 °C/min and kept 
at this level for 3 h. 

 The N2 adsorption – desorption isotherm generated showed some 
degree of mesoporosity in charred carbon at an average pore size of 3.32 
nm. 

Soltani et al., 
2014 

The effect of pre-swelling 
on activated carbon from 
CBs 

Activated 
carbon 

 CBs were impregnated with various proportions of NaOH solutions and 
then pyrolyzed. 

 Phenol and carboxyl were evaluated using FTIR. 
 The activated carbon specific surface area was about < 900 m2/g. 
 The iodine number verified the maximum activated carbon capacities 

(1143.34). 
 Tests revealed that filter fiber pre-swelling can raise the average 

activated carbon surface by 47%. 

Koochaki et 
al., 2019 

Dry physical mixing of 
cigarette filters with KOH 
prior to porous carbon 
synthesis  

Porous 
carbon 

 This analysis measured the impact of physical mixing of cigarette filters 
with KOH powder on the final characteristics of carbonated porous 
carbon 

 Dry KOH functional mixing of cigarette filters has been observed to 
minimize the specific surface area of Brunauer, Emmet and Teller by 
about 79%. 

 This indicated that dry KOH impregnation to CBs as a carbon precursor 
for porous carbon synthesis would not be an acceptable method for 
achieving a higher surface area. 

Soltani and 
Yazdi 2012 
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fuel oils; and d) using models and experiments to 

the manufacturing structures and processes (such 

 and thermodynamic 

 The results 
of this study can mitigate the hazards of spreading 

the pyrolysis process
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ABBREVIATIONS
% Percentage
°C Degrees Celsius
°C /min Degrees celsius per minute
°C /s Degrees celsius per second
μg/g Microgram per gram
AgNO3 Silver nitrate

month month
CBs
CBs/m2

Cl Chlorine
Cm3/min
et al., And others

FTIR spectroscopy
g/g Gram per gram
g/mole Gram per mole
h Hour
HHV High heat value
HNO3 Nitric acid
HP
J/g Joule per gram

Potassium hydroxide
L Litre
m meter
m2/g
mAh/g Milliamper hours per gram
MAP
mg/g Miligram per gram

month
mg/L Miligram per litre
min Minute
mL Mililitre
mL/mm Mililitre prt millimeter
mm Milimeter
N2 Nitrogen
NaOH Sodium hydroxide
NOX Nitrogen oxides
nm Nanometer

NWHC

PACs
PAHs
pH
S Second
SOX Sulfur oxides
UCF
UV
W
WHO
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