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Abstract  
One of the pillars of any country’s development is access to safe water and sanitation, so it is 
important to execute water and wastewater projects in the shortest possible time. In this regard, 
considering the emergence of various methods of partnership, choosing the right approach has 
become one of the most important issues in this industry. Therefore, a proper investment 
method in this field has always been the concern of decision makers. Using the database of 
partnership projects and data mining algorithms in the water and wastewater sector, we have 
designed a model to predict a proper way for public-private partnership projects. In this 
research, CRISP data mining method was applied to the data from 176 projects. After 
understanding and identifying the data, they were cleaned by deleting outliers and noisy data, 
and missing values were replaced. Then, the process of data classification was performed using 
decision tree and machine learning algorithms, and necessary analysis was performed. Also, the 
indicators of PPP were extracted and prioritized. K-fold cross validation method is used for 
validation and dividing the data. Based on the modeling and considering the data preparations 
and data mining methods, the stacking method is suitable for predicting and determining the 
type of public-private partnership contract in the implementation of each project of water and 
wastewater industry, which has an accuracy of 86.27%. In the pre-processing section, the 
combined COF method for deleting outliers and entropy factors for feature selection was used. 
Using the model, the success rate of each project can be predicted and an appropriate PPP 
contractual template for any water and wastewater project can be proposed. In addition, by 
entering the information of each new project, the impact of the improvement of each indicator 
can be easily examined. 

Keywords: Water and Wastewater Industry, Public-Private Partnership, Data Mining, 
Forecasting, Outsourcing. 
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�A��8���.>-����*�{ 
)Akintoye et al., 2003(.

%*
�� o l��0(�  
��%�� �� h� ��%��	0�  B��5 A���*
 ��/�
�%�� 
��� i$��, 
�����., � % ��� O��� F��� ��� �� ����


�8��0> ��%�����XP���(�� 
��K8x$ A*8��� &-��,CSF 
/��K� �����

�80> ��%���X&5 � %* 
K8x$ ��� �% 
3$����� ��� <%8�K

������ ���� ->��� ���� *81  �*��x3N� <���) ��/��N A�%�f@TA
\�� ��%���� *81  AF�0#� ���*�*%��N *81   W��.� M��% '� 

������ 
	�.	� <%-N ��%�*  V86��� ��%�f@*��� 3�� �s�%�  ������
-�*�� �s�%� AW��.� 
7�� )Zhang, 2005(.

 
7&5 � 
�%�� �� a�� ��%�	0� %* &-�, P��(�� 
3�%��� ���
 O��YQQr ACSF j�: ���1� %* '\� ��� 
�8�0> ��%��� ���X

�% 
��K8x$��� *8��1 ���W8��N  W����.����K8x$ C��4� %*
A

1 Critical Success Factors (CSF) 
2 Build- Operate- Transfer (BOT) 
3 Economic Viability 
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�%����
lN�  �����. a���.X��IA&- ��%���� *81 �7��
A[�3��* %*
�e��'\��  �'% W��.��AM� ��	�� (.�
.	��	
�0) A&5 ���
����
A�I *81 ��-.3��N%
I�6, *81  A<��%�-� %*���I %*��-�. 

�8I  J�-�� *81  A<��%�-��--=�-.L A�-\=� 78����  ��f����
�80> C4�
�K8x$  
A����0	)
%* ��7 * ��%���� AW���.�

�n����F���0��H �����*8��1  A<���Dc�� �G��� *���x3N� *8��1  AP��
 �8����N W����.� �8L%���L
A����,��������
*���x3N�  �A*8��1 

��%�3$���K8x$
�e� AW��.��'���0	)
��F�8�0> C4�
 
K8x$
A3�����D
>��031� 
58�78.	� O��e3�� ��8�.> A� -��*�{ 

)Li et al., 2005(.
P�(�� �� ��%�	0�  +�8�
�� o 
�8�0> ��%��� �.��� %*X

F���� 
������., ���� P�-��N� A�G��H�I  �� �=.��K %* 
��K8x$
i$�, ���07� %8��� %* �� -��*�{ J�-��� 
�����., ��� & ��@ F��� .

 
�8��0> ��%����� XA�=.��K F���� %* 
��K8x$TZ�%i$���,
�� i$�, ��8.> &5 �� ���eI8�  
��%��� �-��/� ���� ����PPP 

PG>�*�{ &5 �� 
��%�� ;���: ��  �� 
�$�� %* &-�, P��(�� ����
��  �� ��%8�� i$�, 
�* -.3$�*� �� )Böhl, 2007(.


��: a���� ��%���	0�  ����
���� o ���K�I 
���%�� ����  ����
M��% <���cn� &5 � � % �� 
���� ��� 
�8�0> ��%���� ���X


��K8x$ �$������� &�8��)  F���L %* ����9U������ �����* %8����
-.3$�*� )Sachs et al., 2007(F�� �� �%���� . &5 � &�8�) %* ���

��  �GH�I  �� ��6x� �$�� &o�  ���$ ��� �G�H�I  �� ���
 
�8�0> ��%����X��cn�� �� 
�: %*  *8�� 
�K8x$Z %83���I
P-> 
���� M��% ��* -��  �%� ��=�� �78\� A�� O*��D� ����

��	7�� W/� P-> A
37 * ���%�x���  ��  ��-�-\� A<�-\=� ��6��
A
���� <G	�� M��% 
���� %8� �� 
,�� 
�8��N  
N8e) ���

M��%  j��: �� & ��@ F��� � % ��� A��7 * �� �cn�3���^ ���� ���
 
�%�� -�, .C� o� F��� %* %* ��%8��� �� M�� ��� ��=�H  AZ


�%�� A&%�,� *%8� &�8)-,�� M�� ��� %* W���.� ����%�	��%  
j�#� �% ��%8��.*�{ 


�%�� ��%�	0�  F07�� AO�� ��0� %* &5 �� %* �% 
��� ����

�80> ��%���X���  
�K8x$ &5 �� &o��  ����BOT &�8�) �

�$����� P�(��-�*�* '\�  i$�, F��� '�0x� %* �cy� ��� ���@
C4� %* �% ��eI8�  �3��*  w��43��� 2/34� ��� �-�.� -��*�{ .

& �@ F��Y9%* �% i$�,T�8> �3�* +��8> A
N8e)  
#��� +�

 -��*�� j��#� �%�(�  
7�� +��8>  
	�.	�  
.I .(Salman et 

al., 2007) .
�%�	0�  ��� 
�8�0> ��%��� O-� ��43�� �X�� �% |8�x$

�V ��/� -�* 
�%�� &5 � ��=6�-�*�{�V .%* 
��%�� *%8�� ���=6�
 F��C� o U 
�80> C4� A
K8x$ C4� A�=��1 
/K� C4�


� +��, �% 
������* �=��1  
37 * F�� .-,C� o 9ri$��,
�� �% 
/K� ��8.> i$�, F��� &5 � F�� %* �*�	/0> ��� j�#� ��
*�{ i$�, F�� ��0��  & ��@ �� M�� �� %* �% �� �V ���� ��� l�6�

 � % �� &*�63��� ��� ����*� %* �  .*�� i4�� M�	6� ����I ����
i$�, ��  �% &%�,� *%8� ��� �� M�� ��� %* �% �\�� ��0��  
�*

& �@ �V ��� l6� i4�� *�{)Yuan et al., 2009(.
%*
�� o  
�%�� �� ���*&5 � ��%���� &�8�) %* ��� 
���

�80>XP�(�� 
K8x$ i$�, A-, d. %* �% ��eI8� �-�/� ���
&�8) C��� �� &*�63��� ��  -�*�� '��e� 
/K� ��� �� ��s�%�  �����
�V &5 �� %* ���@%* ��=6� 
�8�0> ��%���� ����X%* A
�K8x$

 g80(�UR�� �% i$�, &5 �� %* 
��%�� �-�/� +��8> ��8.> ���� 
�� A
����., �� h  *�� 
����., 
3�%��� ���0�� F���=� %8�].�

i$�, �� M� �� C�� �� a�� �� ���� <��	�7 2��: �� 
.3D� ���9

-, &*�63�� )Yuan et al., 2011(.

��G@
�� o ���43�� ��8.> �� �% � % W���.� ��%���� 


K8x$X��� 
37 * %8�].� F��n�� &5 �� 
7��� ���� &�%*��� ������ 
C����  * ���s�%� �� h��  *�* P��(�� &�8��) ����@�D$ ���� ������ *%8���

�� d��3� +�/�� AC� o &*�63�� ��� % &%��� A
�� 9q%���=� '�\� 
%* ���43�� ��%���� W���.� � % 
�8�0>X��8�.> �% 
�K8x$

 -�*�{)Golabchi, 2015(.
����� �8L%��L *�(�� ��8.> �� *8$ �%�a@ %* a�� 
��\1 M���


�8���0> ��%������XO����� %* 
���K8x$YQ9r
/���K� AF������
��* -�� j��: *�D��� %* ��� ��* -��� �% 
3�%���� ���� ����

 W7�N %* �% '\� +��8>  *�� ��8.> 
�8��N9r*%8����� ��� &*��
)Delmon, 2015(.

 " ��� as��I C��� �� &*�63��� ;���: �� a��� &�8�) %* ����� 

�8��0> ��%�����XA
��K8x$UZ%* �% i$���,Zj���#� C��4�

-�*�� )Marzouk and Fayez, 2018(.

1 Likert-Style Rating Questions 
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O�� %* �L�@� ���$� ��� C� o� ���� � % ��� �*���� %�����
��*�*%��N�PPPP�(�� �%�� ��� A-,
���P�(�� F��� � % ��� &-�,
C� o ���� ����%��=� 
����%�  
����., *�* ����y�c��� %8�].�

 &*�63�� *�*%��N g8� ��43�� ���� &-,�n&5 � 
7�� F�� ���=.K �
 ���* %* �GH�I  ���� �&oA������ %* %���N ��18� *%8�� ��30� 

�3I�@.��� 
[��� ��C� o ��� %* �G�H�I  �� �=.K %* &-, P�(��

 ��� �� ;���#�  ��%8�� ���� C� o� ���� ����, %* &-�, P��(��
 %* 
��K8x$ C��4� ��%����� A%8���� �G��H�I  �� 
���-.\�

j�: ����.D� �� �GH�I  �� ��<�����(�  C���* 
�/� J-�
���/0> 
���4��c� A
��	�.	������ A
�� 
��%���� A����3���� ���� 
�8��@

 A�*�x3N�������%�f@ �-��� �8x�  
3���-� <����(�  C��* A�
 
����� <G$�-�� �� 
�� P��(�� -�,.(Böhl, 2007, Company, 

2009) .
���� %8��].� i$���, 
������.,  J�-���� F���� �� &*�63���� �����


�80> ��%���X
� A
K8x$ ��� ;e�� ��a�� C(.� ���� ��8�
i$�, �� �*�-=� AJ�-�� �� M� *�	/0> �-�/� ���9 *�* %��N �%

�(�3� �� �18� �� C� o ��� W7�N %*  ��%8�� ���� %* &-, P�(��
�6� J�-�� �� M� �� K8x$ C4� ��%��� ���@ A
�
��8� ���/�

KPI �������cy���� *����� 
�������., �% *8���18�  .(Alegre and 

Association, 2006).
C� o�� ���.��� %* &-��, P���(�� ����� &*�* �� &*�63���� %* � ����

C� 
.��&*�* &�8) %* � �� F��n�� A
����%���� ��/01�� �*���� ���
 A����3��� ���� % ����-�� A��G�� A-��78� A�%�-	��� A
7�� l��.�

C� A�#$ i�4�� ���*� %* �� -, &*�63�� 
������ ���@*��  
.��
 F�� �� 
$�� �� %�x3$� ��C� o ��&%�,�.��� &-, 

M����� &*�* �� ��%����	0�  &*�� � %* � �����  -���>�8N w��43����
�eD: &*�* �-�.� ��� ��� C�� %8�].� -�.���I *8�D\� ��� M�0�  
�.��

'�0x� &��3��* %* ���@ 
7��> ��8��� <����y�  
�,�8�� ����
-.3$�*� )Beikzadeh et al., 2008(..

&*�* �� ��%�	0�  &-�*�7� M�.	�  � �� �eD: ��� A�-�.� ����� 
&��3��* *��	/0> *8D\� 
7��> ��8��� <����y� %* 
�,�8�� ����

 &*�63��-�*�{ F�� %* . C� o� ��� %�f�@�c� 
/�K� +���8> �-�3�� %*

 
1 Key Performance Indicators (KPI) 

l�01 ��\�� <�>G:�  
����., ���8(���* *�	/0>  
��%�� �% �
%*  -, &*�*  '�0x� �$%* �� &*�63�� �� ���\� ��� ��� z8��� ���

C���� A8(������* �P����(�� 8(������* <�����0�  *����	/0> 
���.�-���, 
(Al-Radaideh and Al Nagi, 2012).

 
0��� ��8� W/#� F���%8�8� 
����%� a��-,F��� %* ���
&*�* �� �%������ C� o�� -��, &* a��I� ���=7�#� ���� a���� 
��6�� ����� 

.(Kirimi and Moturi, 2016) .
'3�%8���7� �� ��%��	0�  "�% � ���eD: ���� |8��x$ %* �-�.�

C� &*�63��� F��xx43� ��� ��%��0�� ��=1��� P a�7 
��%��  
.��
-�*�{ F�� %* . C� o� �3��* A�� ��,�-\� a����� %* ��%��0�� �-�.�

��� ����7 � <��-��$ �� 
��D���� ���� AF���xx43� ���� g8��1% ���� ��G
&*�* '�0��x� ��D�3��� �����*�	� %  � ���������� P a��7 i�4����

 
�%�� A��� ix43� �� %�0�� �=1���-,����  M�� ���\� %*  
W��.� ���%������ '�0�x� 
��D�3��  C���* ����-�� �� M0�

-, �s�%� )Lavrač et al., 2007(.
'3�%8�7� �� ��%�	0�  B.L �eD: ��� * A�-.� '3��� 
)��: %


7���� C����* ����-��Y&*�63����-���*�{ '3�%8���7� W������ ��  �����
�,8$ M�.	�  �-.� ��eD: ���� &*�* �-�.� � ��� ����� ��eD: �-�.�
&*�* &*�63�� '(�.�  
� �@ ��� -�*�{)Cheng et al., 2009(.

 FL *��0� %* a��M�.	� �� O�� &*�* ��� �	D,  � �� ���
�� 
Dx> C�� %8�].� ������ 
�.�� F��� %* .-��*�� &��\� 
7��� ����

 ��� z8���� <��>G:� ��I��%* ��� ��� -�, 
�)��: 
7-�� AC� o
���, �\�� 
7�� ��=H  A�� �% 
�%��-�*�{ ������ � �� O�03)�  

C� �% 
7�� 
.�� -�*�{)Chen and Du, 2009(.
���80� ��%��	0�  
7 ��eD: '3�%8��7� �� �� l��.�K %* �% �-�.�
&*���� ����83�  M��L8� ������-���*�{ �� 
��D���� A� % F���� %* .

&*�* �� C��* ����-�  � �� ��D�3�� '3���� M�� 
�)��: %8].�
 &*�63���� '�0��x�-��, F���� %* .C� o�� ���� ���� C��� %8��].�  
��.��

�.�\� �f^ �-��% ���� ���� �f^ F��n� ���, M� F��n� &��(�� %*
-, P�(��  
�����., �f�^ �-���% ����� � % �� �cy� +��8> �-3�� A

�	D,  '�0x� �$%* �� &*�63�� �� h}� �-���% ���� A
Dx> ���
C� �f^ -, 
.�� )Li et al., 2010(.

	0�   ��D�%�M�.	� �� ��%� ��&*�* �� �� � ��  
�%�� %8].� 

2 Financial Knowledge Management System (FKMS) 
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C� ��6x� %* 
��%�� 
.�� ���$ F�� %* .-�*�� &*�63�� �GH�I ���
M�.	� �� C� o ���SVM9&*�* � % �� -�, &*�63�� *818� ���

%*  ����*%8� ������3�  ��6x� 
��%�� �(�3� C�� ���$ -�, 
�.�� 
)Ribeiro et al., 2013(.

 
��.1O-��, ��� M�.	� F�� �� ����� %8��� ����-�� *8�D\�
-�*�� &*�63�� ����3�� )Jenabi and Mirroshandel, 2014(.

<��N�6��  
�3��	, ��a�� a�� ��%�	0�  ��� &-�, P��(�� %*
�	D, �,8$ ��8� �% �� ��� ���a(� 
��kI �-.�  +��/�� -��*�{  

�,8$ �� h}� &* -�� A
7��L �� 
.3D� �-.� F��n�� �	D�, �� 
����
 -��*�� 
����., �% -.3�� <�N�6�� `�=� %* �� �� .(Sun et al., 

2014) .
8�{ 	0�  ��� 
.3D� '3��� M� A
�� o %* ��%�&*�* �% � ���

&*�����  
���)��: -����*�{ ������� �$�����  
���)��: -���.���I �����
��6x� ���$ ��.�\� F�L %8�� %* �% �GH�I ��� -�.{.(Qiu et al., 

2018) .
� %* ���� �� & G> �� ���� %* A��� &-,C� o ���� �%�����

a�� C� '3�%8�7� �� &*�63�� �� �� ��6�� 
.�� &*�* ��� P��(�� � ��
������ &-���, .(Azhar et al., 2013, Ogwueleka and 

Ogwueleka, 2010, Ali and Qamar, 2013, Wen et al., 
2013).


�%�� ��.D� �� 
�� &-���� A&-, P�(�� ��� *8�, 
�����., ���
i$���, 
�8��0> ��%����� �����X �� �=.��K %* 
��K8x$

�K �GH�I&-, P�(�� +�8� C� o %* ��I %8��� <���k3e� ��� ��
 *%�* �%���� <�IG3$� �����
7  * �� �587-3�i$�, %�.� %���

 C� o� ����� �� &-, w��43�� +���N A���  �� �=.�K %* &*�63���
 ������� �G��H�I��������.��� %* . &*�* �� &*�63���� &�8��) %* � ����

�80> ��%���XO-�  
K8x$ 
\����� *%8� �8.��� A�� ����

 ����� %* <�����(� 
��%�� 
�7  ��� &-�� �I�� ��\1  ����� %*
&�8) 
� �� -��8� -�.� M�0� W���.� '3�%8��7�  � % ���43�� ��� 

(Böhl, 2007).

�4�4?*EZ MZ�T� 
M�.	� �� C� o F�� %* &*�* ���� � ��� C� o� ����� J-��  *


� &*�63�� 
/K� ���  ���eI8� ��8�3� ��� ���� P�� �-3�� %* .*8,

 
1 Support Vector Machines (SVM) 

 C�� i4��� �*�*%���N W7�N %* �% &5 � M� ��eI8� P-> 
�.��
*�{ ��� �% ��eI8� ��a�� �� z8��� *-> ��83� -=� �/)�� %*  ��8�.>

*�� �s�%� 
1 �$ F�� %* .C� o %8��7��'3��� 
�6/34� �&*�63��� 
&-��, -���� �8�����@% A
D��x> �	D��, AB.�3���8� �����*��@ +����, ����

M�3�1�Y;�0> ���@*�� ATB.���  UB.�	3��  r.��� 

�4�4MTs" 	=T� 
�	D, <��>G:� ���*� ���� 
�8�7� 
>8.x� 
Dx> ��� -.3��� 

�� -�/e� �� ���	D, ��+�_� 
	�58�78�� 
Dx> ������� a��� �3$��� 
&-, -��.��x.> ���*�� '3���� -��-1 %�3$��� 8��7� F��� �-��/�
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Fig. 1. The general model of the research 
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Table 1. Distribution of projects in the water and wastewater sector 

Wastewater 
contracts 

Treatment plant & pumping station BOT contract 18 Contracts
Buyback contract 31 Contracts

Network Current finance 73 Contracts
Water

contracts
Treatment plant & transmission line BOT contract 6 Contracts

Desalination projects BOO contract 48 Contracts

��5:�4%��� <�>G:��&*�* �>80(� 
Table 2. Statistical data sets 

Indicator Type Missing 
value Statistical information 

Project success rate Polynomial 
0 Values:

Success & 
Semi success 

& Failure

Values:
Success & 

Semi success 
& Failure

Values:
Success & 

Semi success & 
Failure

Year of project 
implementation Integer 0 Average

2012
Average

2012
Average

2012
Ability to sell the 

product in the 
province

Integer 
0 Average 

4.1 
Average 

4.1 
Average 

4.1 
Wastewater 

treatment (%) Integer 0 Average
33.48

Average
33.48

Average
33.48

Non-revenue water 
(%) Integer 0 Average

24.6
Average

24.6
Average

24.6
The ratio of network 

accidents to the 
network length (%)

Integer 
0 Average 

2.89 
Average 

2.89 
Average 

2.89 
The ratio of 
connections 

accidents to the total 
connections (%)

Integer 
0

Average 
12.37 

Average 
12.37 

Average 
12.37 
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Table 3. Outlier range rate in any method 

Method Setting 
Output data 

variable: true 
numeric value 

LOF 

Small K: 10  
Capital K: 20  
Distance: Euclidean  
Type of measurement: 
Combined 
measurement 

Output data 
range: 1.192-
0.983 
Average: 1.113 
SD: 0056 

COF 

Small K: 10 
Distance: Euclidean  
Type of measurement: 
Combined 
measurement  

Output data 
range: 0.469-
2.765 
Average: 1.110 
SD: 0.432 
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Fig. 2. Weight of Indicator 
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Fig. 3. Results of models accuracy without feature 
selection and deletion of outliers 
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��5:I4�3��d%8�7��'3	3�� W43.��B.[G� %* ���2/34� 
Table 5. The results of Stacking algorithm 

True success True semi-success True failure Class precision
Pred. success 75 5 1 92.59%

Pred. semi-success 4 11 3 61.11%
Pred. failure 0 1 2 66.67%
Class recall 94.94% 64.71% 33.33%

accuracy: 86.27% +/-10.14% (micro average: 86.27%) 
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Table 6. 15 Key performance indicators of success in public-private partnership projects in the  

water and wastewater industry 

Priority Name of indicator 
1 Complaints about service quality 
2 Contract format 
3 Different tariffs (sale price) 
4 Working ratio (cost coverage ratio) 
5 Cost of sewage 
6 Collection period 
7 Fixed assets turnover ratio 
8 Cost of water at break-even point 
9 Population covered by water services 

10 Absence 
11 Operating profit and loss (in percentage) 
12 Low water pressure (in percentage) 
13 Annual investment to sale ratio 
14 Year of project implementation 
15 Water quality (in percentage) 
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Fig. 6. Sample tree 
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