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3 Micro/Mini Hydro Electric Power Plant  
4 Small Hydro Electric Power Plant 
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��E �R/ �� 
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  #;>�e���5/1   .U��#:��  6
(�" -U��#:�� #( #L 5:4*� ��
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1 Gardon and Eng 

  6�$W4���),1�    A, 3K�+7�%   #:�U� 	 �	�� �,5B�-  �W4$� 

) 5+,	 �� 5$91�v  (#(V�1K  #[(,�- )11 :��L !��J4>, (  

# = $. �    (11) 

#P$4/��6    �1>  V�;>�e�  -1'9,#( V�1K  )  #[(,�12 (

�I�A�(�p ���1  :  

� = �. � − (! − $. �)     (12) 
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NPV   V�1K #(  #[(,�- )15( � #;>�e���1 :  

/�# = ∑
 ,

(	-.),
− 1
  (15) 

= PV  �/1:L �A�, 

1
 =  #:�U�#����> - !5  -�,�E 

 �4F	  601�P�  �� NPV ��1�   6
>,  �JK  A,  �4�$(  �R/

#����>�4F	 .�1( 5�,1? !��1> -�,�E NPV  �JK A, �4�L

  .
 ,�  5�,1Q/  -�1>  #����>  6
>, 
>,  �Lw  )��� 

�(��A�,-�� PV 	 NPV C$�Q� �� 
F� ),U$� #(  #L ����

  !�A���1  6  !�T( g�/ �� V,�$$W� 	 5/�,� �'4*(6  ��  5/,1�

3(�F �1Z #(T21�� #P$4/ -	�6 ��,�'( �$"h� . 
  

��@�� 
���� Z�� 

�'��  =	,54�  �	�  n� 6  #����>  �(��A�,  -,�(-�,�E ��6  

#;>�e� A, 
>, V��;���?,� !�A�( g�/ - (IRR)   �	� #L

U:� -5B/ )���2�3  �� !5$��/ N� !5 �1 .  |���	�% IRR 

)8 �� #L 
>, �?�/ NPV #����> n� #( l1(�� 6-�,�E


>, �JK �(,�(.  |u1�I� IRR �� )�$( 5K�� V�1K #(  �1 

  g�/ A, �4�$( �E, 	#����> �� !�A�(-�,�E  #( 65 �( �'�� -��

#����>  C�,  
>,  C<��  #L  
>,  �:I�  C�, �A�,  -�,�E

5 �( #4 ,� ,� )8 �� 
L�  	 7�Q4/,. 

#����>  C$(  ��  �	�  C�, #L  
>,  71;e�  �/,�,�E

��#����>  ���Z  A,  5:�,1? -�,�E  5�8��  g�/  #(  )� 

#;>�e�  n�  .5::L  ,5$�  
>�  �HQ��  )��/  a��>  -

��#����> n� #L 5��!�A�( g�/ #^ 6y�? -�,�E  �Z ,� -,

!�	� n��� )�W��, #( vQ�� �/��A -��	8.  !�A�( g�/ -  

:�1( 5�,1? #;>�e� 3(�F ��A �[? �$b #9��I� 3+ A, ��?,�  

1
 = ∑
 ,

(	-2��),
           (16) 

=1���  �� NPV 6��I�  �A�,  v9�?  )���  ��  /��A �  #L  

NPV=0 65 �(IRR  C�U'��2 r V�1K ���1 .  
  

&�%����  � ��I� +�� ��4(  �)*�
B
����	�� + ���  

3$*/�4� -,�( G�( ]�Z n� �P:>�(8 6    ��I(, �>��( #( A�$/

  A,  �HQ��#�q*�    ��I(,  6�(�  65�  :A,  5:���;�  #L  
>,

  ��I(,  6(!�E	�$/  )��4?�>  678  =�B4/,  �$*�  65>)  �/,���

  6G�(  =�B4/,�	5e��
��  -e�$SA�
*   ��  .78  
$J$L  	

  (�(� 	 5�) =	, ��1� 	� 6�1(U� -����$I�NT����C   �1  3�,

  -,�2, -,�(!.	����  !�E	�$/ �( �:4;� -.�/, 5$91� - G�( (8  �

�� �(: 5  �'�� -����$I�  	6  |��5��    -,�(��H4F,-��   )��L

!.	��6    �,�F  �(��A�,  	  #I9�[�  ��1���E$ 5/� �e;�  #4;9,  .

e�$SA�
*    U$/��5/,1�    3�,1� A,  �<��H�$NE$�  NT� -

��,1�  �?�(  ��  .�1  �B��6  *�$���  678  �1;�  -�� 5/,1�  
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  �1;�  -,�(  -�$*�������     �1?  #L  5 �(@9�^��  -

#/�E,52, ,� -�12	 #(  01/ 7�Q4/, �� C$:Y�� .��	8 5�,1?

 #:$T(-    6�(� 	 5� ����B� 6C$(�1�I�$$C!5::L    .�1( 5:�,1?

|��1��  �,�F ��B" S�,�  �� 78 =�B4/, -���$*� #L �/��A 6

 )5$>� �� 	 )A�Q� #( �	�	 A, 3;F 6�$*� -�T4/, �� 65/�,�

  -���$  #(C< ����,�(  �>�:�,  -,�,�  6  
L�+  #(  -

  )��	8��!�����,1?  C$(�1�  - :  5 �1(    	F�$ |�B    l�B/  C�,

 G�(  !�E	�$/  �,5+,  #$9	,  3$*/�4�  ,�  �(8��5:/,1�   #4 ,�

  .5: �(  
  

 [X� 
 \����  

 ��(�< �9! �� �
 �HI �� �� =� ��>��� T�R  

���Nb�    3$�e� 6\>�:� �<$9	�5$� �+,�Z V��XZ, ),5B�

 �$	��  ��  65L1�,  3���  A,  OAu  V��XZ,  3F,5+  r�>,  �(  6

O�/�,U�,   ; $ #A�>-   U�2��,	1  )U$� -�(A \��% .5  O�P/, 6

  ��  U��$��	O�/�,U�,    =��I�110    .
>,  !5  #4��E  �R/  ��

#21��(  #(    �/,5$�  V�I9�[�  	  ���E��L  ��,�2,  S�,� 

 V�1K#4��E    \��% C�,� �5/,1�    5� 
�, A, �;>�:� ��	8�(

 ��$4?, �� ,� �$*� x�H�!5::L  .5�� �,�F#21��( #(  �+,�Z

  S>14� 5+ -,�( =�B4/, S?#/u�>-  60    )1$�$� \I<��4� 

  S>14� �(� 6�	��JK 5> ��	8 A,2  \I<��4�    #4��E �R/ ��

, !5   6C$:Y�� .
>�(  #21�  #(   -,�( 78 a(�:� 
��	5e�

  �(� �� 78 �1;� 
$�(�F 6)���L �T 3  \I<��4�   #$/�" ��

 U$/5� �R/  .
>, !�1(� �)� �Lw  6
>,�( #21�  #(   V�I9�[�

O�P/,#4��E�(�  C�,  �(  78  �1;�  66  #/���>  A,-  �1(U�6 

)�<�,���� C�,�(�:( 	 �1( 5�,1Q/ 6   �(� )���2  \I<��4�   �(

#$/�"6 !�	� 3L �� 5��(- !�T(�,��( -5�  �R/ .��$E �,�F  

  ��  78  -.�/,  6#�,�,  �� )�<� �� �,5+,  -,�(  \Q4:�  -

  ��	8�(  !�E	�$/5  �(  �<��4<9,  -.�/,  �e( 5:^�� .
>, !

C4��E�R/��  ) d/,�� 6�1�,�/. 6C$(�1� =��I� )��5/,�80%  (

�  !�A C$�Q���1   �9	 6.191:<�-��A	��, --  )��5/,���  -

 �	5+ �� U$/ ,� -��u�(85%   6C$:Y�� .�1( 5:�,1? ,�,� U$/

  6-��H4F, V�I9�[� �e( ���(  #21�  #(   �	�:  	 �/1:L S�,� 

  6�1�L ��H4F,-,�(  8�N4��  	  �(��A�,  6vQ��  -��H4F,  -

  #;>�e�
>, !5  O�P/,.  �4>,� C�, ��6  �(  #21�  #(  #(1H� - 

�;��>  ).�/,  )��A�> -��-   5P� � ��5��  !�T(  	�	-  .�/, - 

 G�(2(  �:$��� 5��? V,	1�$L 6/$!�E	���  01%1� - 6�$Be�

  =��I�18000  =���    �(L$V,	1�
��>   ��5 �(    6C$:Y�� 	

U��#:���,5+,  	  
?�>  -6    r�>,  �(  U$/�e�$ 3��    	

  OAu  V��XZ,  .
>,  !5  #m,�,  (-�u�)  -A�,  -����	8�(

 
��> S�,�  r�>, �( U$/ V,U$TP� �:� -����	8�( 
T2

  	!�T(�,��(.
>, !5  ��	8�( - =	52 ��  -��)4) 	 (5(  #( 6

  )��5$^ 	 �9�� �(��A�, 6N4*$> �<$9	�5$� 3$�e� \$���

  .
>, !5  !��	8 -5$91� -��5+,	 t:�U��> 	  

  
  

  

  

 �
�0 )4 ( 
  
��
 ��� 8]��4( �0
�@� �������  �5�( +

  �� �� ��>��� ��%()�
 �HI (

  

 �
�0)5(  (�
 �HI �� �� ��>��� ��%() +��5;: +���M�
 ��I� 8�
�� _*����� 
 ��(��A EF� &��X:  


 ��!  �M�
  G1 G2  G3 G4  

 ���E	�$/ �,� 3$*/�4� l�B/ 
  ���� 3$�B� )UQ�

5000  \I<��4�  
 !�'4*�,JH�$# #/�?  

 )UQ�60000  
\I<��4� 

 !���  )UQ�6  

 
1 WaterGEMS 2  Renewable Energy and Energy Efficiency 

Organization 

�6- �5;5 :1200  mm  

]�*�_* :8L( ���( �����  

  �+,�Z S�,� 
 (S>14�)  

� 
��� �(���� 5
��� )$(  369601269  

5;:��  � ��� (MWh)  965657  

��;:  5;:��+  Y5�@   )��(���    &<  

80%(  
6617  

B���+ &��- b���� )KW (  8271  

,.� �� )m (  190  

��� K�;�(  )s/3m (  2  

��I�. 5;R� )km(  65  

�� Y5�@�� )m (  612  
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 ��!  �M�
  G1 G2  G3 G4  

 
$��~91�$5   �1�,�/. kw 3410  2881  1117 862  

 �<��4<9, ),1�)#<;  #( ���U� kw ( 2728  2305  894 690  

 !�E	�$/ -��T:�$� )��5$^   5+,	 	�   5+,	 	�   5+,	 n�   5+,	 n�  

 -��T:�$� C$(�1� 01/ 
d$*/,��/)14�� -

 
$��~1.9  V,	�'�  

d$*/,��/)14�� -

 
$��~1.6  V,	�'�  

d$*/,��-   
$��~

1.25  V,	�'� 

C���L/d$*/,��-  

 
$��~1  V,	�'�  

 �+,�Z �(�s)/3(m 2  2  2  2  

�+,�Z 5� m  174  147  57  44  

 ���� z[> A, 0�J��,m 2116    1919    1820  1763    

 S$e� -��� \��%  0�J��, 	  05/1 04/1  03/1  03/1  

 �1�,�/. 
$��~ 3F,5+  1.6  V,	�'�  1.4  V,	�'�  1  V,	�'�  0.8  V,	�'�  

  -�,UE #����> g�//KW$  915  983  16472  16644  

%IRR  39  37  25  22  

 (=�>) #����> 
�E�(  1/3  34/3  5  6/5  

NPV   ) O (=���  167756292  16388825  2996299  926980  

  

 8�
�� 
 �� +���9! �� P�%� �� �� =� ��>��� T�R 

M�*/ 5> A, =�B4/, S? �$*� �>��( A, d� 6 �,�E�)���  -

�$9	�5$<  A,  !��J4>,  �(  �O�/�,U�,    U�2��,	 �,�Q4>,

  	  !5���E��1�  #I9�[� 6    @ 1�  #L  �P/8  A,  .
��E  �,�F

  �*L1�,  01/  A,  ��?,��� 5 �(  6\��%  U��$��	  )U$� 6  

  =��I�120   .5  #4��E  �R/  ��  �(  #21�  #(    V�I9�[�

 V�1K#4��E G�(  5$91�  01%1�  -,�(  ��B"  �$*�  	�  6

  �� �$'(8 :=	, #I[F)JH�$ ##/�?  :O	� #I[F 6JH�$##/�?    ��

5:4*� ,�,� ,� #$9	, 3$*/�4� 6(.���� !�'4*�,.  =	52 ��-

-��  )6(  )  	7 (    6N4*$>  �<$9	�5$�  3$�e�  \$���  #(

 -5$91�  -��5+,	  t:�U��>  	  )��5$^  	  �9��  �(��A�,

  .
>, !5  !��	8  
 

 �
�0)6(  
  
��
 ��� 8]��4( �0
�@� �������  �5�( +

��%() �� ��>���  (P�%� ��  

�6- �5;5 :1200  mm  

]�*�_* :%<;�� �  

��!�K M��R�  

)K�;�( (  

��	8�( ) #$9	, #����>$ (  593651161   
 =�> �� 5$91�(kWh)  6825600  

),1�    3L )��5/,�) v9�? -5$91�80 %(   )kW(  790  

  

�6- �5;5 :1200  mm  

]�*�_* :%<;�� �  

��!�K M��R�  

)K�;�( (  

) r�4>� 3(�F -.�/,KW (  988  

) 5� 
�,m (  55  

) S>14� �(�s/3m (  44/1  

) �91Z #�K��km(  5/36  

) v9�?�/ 5�m (  125  

 

  

 �
�0)7(  (P�%� �� �� ��>��� ��%() +��5;: +���M�
 ��I� 8�
�� _*����� 
 ��(��A EF� &��X:  


 ��!  �M�
  G5 G6  

  �,� 3$*/�4� l�B/
 ���E	�$/ 

  !�'4*�,
JH�$# #/�?  

 .���� !�'4*�,  

 
$��~91�$5 kw 63  892  
  �<��4<9, ),1�

�2	�? kw 
50  713  


 ��!  �M�
  G5 G6  

  -��T:�$� )��5$^
 !�E	�$/  

 5+,	 n�   5+,	 n�  

  C$(�1� 01/
-��T:�$� 

�</�(-  
 
$��~70  

L$ V,	1�  

d$*/,�� -
 
$��~1  
 V,	�'�  

  �+,�Z �(�
/s)3(m 

44/1  44/1  
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 ��!  �M�
  G5 G6  

�+,�Z 5� m  45  65  

  ���� z[> A, 0�J��,
m 

1093 )1 (  1080 )1 (  

 S$e� -��� \��%  
 0�J��, 	  

025/1  025/1  

  
$��~ 3F,5+
 �1�,�/.  

60 L$ V,	1�  9/0  V,	�'�  


 ��!  �M�
  G5 G6  

  -�,UE #����> g�/
/KW$  

26500  51861   

%IRR  14  24  

  #����> 
�E�(
 (=�>)  

45/8  15/5  

NPV   (=��� O)  236743   1596746  

 

�0
�@ ,.�� �� +��  

 �2	�?  �>��(  	  5��A�(  A,  d�-��  V�;>�e�  6
��(  5>  

�<$9	�5$�    A,  !��J4>,  �(O�/U�2��,	  �,U�,  ,.5���E O�P/    A,

  VX� 01/  A,  ��?,�  @ 1�  	  -�u1�  #919  d:2 #L �P/8

  )��$> #>���� 5 �(  6    \��%  U��$��	 )U$�110    �R/ ��

5  #4��E.  #/���> �+,�Z #( #21� �(-  � -,�( �1(U� h 78 C$�

  S>14� 
$��~ �( 7� 300     #( #21� �( #L #$/�" �( �4$9

  ,�	5+) NL ����20    =�B4/, S? -�T4/, �� 78 �4�  S�,�  ��

!�T( 
$�(�F  6
��(  5> ��5� V�e$%1� 	 (��I�  -�,��(  ��

  �2	�? C�,,5/ �12	��  3F,5+ -A�	��L x�H� 	150    	

  �{L,5+2000    
I:K x�H�  	  #$/�"  �(  �4$950   S�,� )

  	 (��I�114    !5:�8 �� ��,�2, A��  #L #$/�" �( �4$9 ��5 �(  6

  ��1�  �>��(.5  !�,� �,�F  �(  #21�  #(    V�I9�[�V�1K#4��E 6

 5$91� 01%1� -,�( 
I:K 	 -A�	��L x�H� ��B" �$*� 	�

  .5:4*�  ,�,�  ,�  #$9	,  3$*/�4�  6G�(=	52)  -��8)  	  (9  (

=	52 	 -A�	��L �2	�? #( l1(�� V�;>�e�) -��10  	 (

)11�� )��/ ,� 
I:K �2	�? #( l1(�� V�;>�e� ( .5:�� 
  

 �
�0 )8(   
��
 ��� 8]��4( �0
�@  
� ������� �5�( +  

 (+� 
��< �0
�@ ,.�� ��)  

�6- �5;5 :1200  mm  

]�*�_* :8L( ���( �����  

��!�K M��R�  

)K�;�( (  

) 5� 
�,m (  7  

��	8�( ) #$9	, #����>$ (  58160  

 =�> �� 5$91�(kWh)  1693440  
  3L )��5/,�) v9�? -5$91� ),1�80 % (  196  

) r�4>� 3(�F -.�/,KW (  245  

 �(�) S>14�s/3m (  1  

) �91Z #�K��km(  18/0  

) v9�?�/ 5�m (  32  
  

 �
�0 )9(   ��I� 8�
�� _*����� 
 ��(��A EF� &��X:

) +��5;: +���M�
 ,.�� �� �0
�@� 
��< (+  


 ��!  �M�
  G1  

 ���E	�$/ �,� 3$*/�4� l�B/  -A�	��L 78 �2	�?  

 
$��~91�$5 kw 245  

�2	�? �<��4<9, ),1� kw 196  

 01/ -��T:�$� C$(�1�  C���L  

 �+,�Z �(�s)/3(m 1  

�+,�Z 5� m  25  

 ���� z[> A, 0�J��,m 1000  

 S$e� -��� \��%  0�J��, 	  1  

 �1�,�/. 
$��~ 3F,5+  200 kw  

/KW$  36862  

%IRR 14  

 (=�>) #����> 
�E�( 04/8  

NPV  (=��� O) 746062  
  

  

 �
�0)10(    
��
 ��� 8]��4( �0
�@ 
� ������� �5�( +  

 (,4*I �0
�@ ,.�� ��)  

�6- �5;5 :1200  mm  

]�*�_* :8L( ���( �����  

��!�K M��R�  

)K�;�( (  

��	8�( ) #$9	, #����>$ (  58750  

 =�> �� 5$91�(kWh)  162432  

),1�    3L )��5/,�) v9�? -5$91�80 % (  8/18  

) r�4>� 3(�F -.�/,KW (  5/23  

) 5� 
�,m (  1/0  

) S>14� �(�s/3m (  08/0  

) �91Z #�K��km(  22/0  

) v9�?�/ 5�m (  30  
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 �
�0)11 (  ��I� 8�
�� _*����� 
 ��(��A EF� &��X:

) +��5;: +���M�
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Abstract 

Due to the importance of energy and water, the management of water flows 

potentials based on the production of electrical energy has received great 

attention in recent years. In this paper, the potential of producing hydropower 

considering technical and economic aspects has been detected for the water 

transmission lines from Safaroud Dam to Kerman, Nisa Dam to Bam, and 

Baft Dam water outlets. Each system has been simulated by WaterGems, 

taking into account the operating conditions of the water system and the 

geographical conditions of the site. During economic investigation, according 

to the latest laws of energy transactions in the country and relevant approvals, 

as well as investment costs, economic studies have been conducted from the 

investor's point of view. Also, according to the economic and technical 

conditions governing the problem, a suitable model has been proposed in 

order to increase the capitalization and implementation of the relevant plan. 

So that, its exploitation can enter not only the economic and energy cycle of 

the country, but also has benefits for the investee (Kerman Regional Water 

Company). These benefits can lead to direct financial benefit from water flow 

rights, and also include indirect benefit from produced electric energy. 

Keywords 

Hydropower energy, Water transmission, WaterGems, Electric power 

degradation, Economic studies. 
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