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2.4.  Water – Energy Task 
 
2.4.1.  Introduction            
 
This task is to determine the optimum management of the water regime in a river basin taking 
account of energy, separately, for each owner of energy generation assets in the energy system.  
In addition to hydropower stations, the production of energy by each owner is possible by their 
own managed thermal stations and by small stations that operate at almost constant output.  The 
operation of hydropower plants is determined in coordination with the water portion of the 
modeling system. 
 
All energy generation asset owners are united in a uniform network or grid, making possible the 
transfer of energy from one user to another.  Each country is considered to be an energy-user.   
 
The task exists in two modes: 1) an energy system where each owner is a user and receives the 
energy generated on its own assets; and 2) water and energy accounts of each country are split 
and energy can be exported and imported as needed. The second mode is recommended in cases 
where complexities of accounting exist in the first mode. 
 

 
 

Figure 25.  View of “Main” screen when selecting from the “Water - Energy” menu. 
 

In the menu the “Main” module the item "Water - Energy" is accessible to the user (see Figure 
25).  Under this menu are located the various operations necessary to solve the water – energy 
task. 
 
2.4.2.  Objective Weights 
 
The “Objective Weights” module is activated by selecting that menu item from the “Water - 
Energy” menu (see Figure 25).  The “Objective Weights” module window is shown in Figure 26.  
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In this window, the user has access to a button for choosing the owner of energy systems. The 
list of owners is given at the bottom of the panel: 
 

Owner 1 = Kyrgyzstan 
Owner 2 = Uzbekistan 
Owner 3 = Tajikistan 
Owner 4 = Kazakhstan 
Owner 5 = Turkmenistan 

 
This list shows the owners for Central Asia, but it can be modified for other regions. 
 

 
 

Figure 26.  View of “Objective Weights” screen. 
 

The user can load previously defined information on energy demand and energy prices by 
selecting the “Open” command from the “File” menu and opening the file “money.in”. If this file 
has been created before, it can be updated here.  If the file does not exist, or the user does not 
want to use the available information, default values can be used. 
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Once the “money.in” file has been loaded, the user may select an owner and enter or modify that 
user’s demand for energy in million kWh per time interval.  The number of  time intervals is 
taken from the file "steps.in" defined earlier. 
 
Under the area labeled “Objective Weights”, the user can enter information on the cost of 
manufacturing one unit of energy in:  
 

• Non-calculated stations;  
• Thermal stations; 
• Hydroelectric power stations; 
• Transfer of energy from the regional energy system connected to other users; and 
• Damages from deficit of energy for user.  

 
All of the information should be entered for each energy user. Once all the information has been 
entered the user may select “Save” from the “File” menu and save the new “money.in” file.  The 
file “demand.in” is also updated with the information on energy demands.  The command "Exit" 
in the “File” menu allows leaving the module without saving any changes. 
 
File "demand.in" 
 

*           1694.00 user energy demand  in time_step=   1 for owner  1 
*           1412.00 user energy demand  in time_step=   2 for owner  1 
*           1383.00 user energy demand  in time_step=   3 for owner  1 
*            897.00 user energy demand  in time_step=   4 for owner  1 
*            647.00 user energy demand  in time_step=   5 for owner  1 
*            543.00 user energy demand  in time_step=   6 for owner  1 
*            560.00 user energy demand  in time_step=   7 for owner  1 
*            556.00 user energy demand  in time_step=   8 for owner  1 
*            540.00 user energy demand  in time_step=   9 for owner  1 
*            758.00 user energy demand  in time_step=  10 for owner  1 
*           1140.00 user energy demand  in time_step=  11 for owner  1 
*           1576.00 user energy demand  in time_step=  12 for owner  1 
… 
*           7000.00 user energy demand  in time_step=  36 for owner  5 
potr('owner1','A1owner1','m1')=          1694.00 ; 
potr('owner1','A1owner1','m2')=          1412.00 ; 
potr('owner1','A1owner1','m3')=          1383.00 ; 
potr('owner1','A1owner1','m4')=           897.00 ; 
potr('owner1','A1owner1','m5')=           647.00 ; 
potr('owner1','A1owner1','m6')=           543.00 ; 
potr('owner1','A1owner1','m7')=           560.00 ; 
potr('owner1','A1owner1','m8')=           556.00 ; 
potr('owner1','A1owner1','m9')=           540.00 ; 
potr('owner1','A1owner1','m10')=           758.00 ; 
potr('owner1','A1owner1','m11')=          1140.00 ; 
potr('owner1','A1owner1','m12')=          1576.00 ; 
… 
potr('owner5','A1owner5','m12')=           829.90 ; 
*______your system has 5 owners 

 
The file consists of two parts: 
 
1) an internal database of energy demand used in the interface program.  
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2) first part in the GAMS coding. 
 
GAMS ignores the first part and considers it as comments. However, the interface modules 
ignore the second part as it does not reach that part in reading the file.  At the end of the file is a 
comment about number of the owners.       
             
File "money.in". 
 
*  small_heat    big_heat   hydro_staion        UDC          USERS   
*   0.01000000 0.10000000  0.00010000     0.05000000     0.10000000 owner number  1 has prices 
*   0.01000000 0.00100000  0.00100000     0.01000000     0.10000000 owner number  2 has prices 
*   0.01000000 0.10000000  0.00010000     0.01000000     0.10000000 owner number  3 has prices 
*   0.01000000 0.00100000  0.00010000     0.01000000     0.10000000 owner number  4 has prices 
*   0.01000000 0.00100000  1.00000000     0.09000000     0.10000000 owner number  5 has prices 
*______yours system has 5 owners 
price('owner1','O1_all'  )=     0.05000000 ;      
price('owner1','X1owner1')=     0.01000000 ;      
price('owner1','H1owner1')=     0.10000000 ;      
price('owner1','G1owner1')=     0.00010000 ;      
price('owner1','A1owner1')=     0.10000000 ;      
… 
price('owner5','A1owner5')=     0.10000000  ;     

   
The file consists of two parts: 
 
1) an internal database of prices for nergy production used in the interface program.  
 
2) first part in the GAMS coding. 
 
GAMS ignores the first part and considers it as comments. However, the interface modules 
ignore the second part as it does not reach that part in reading the file.  At the end of the file is a 
comment about number of the owners.       
 
2.4.3.  Constraints 
 
The “Constraints” module allows the user to enter constraints for the energy system into the 
internal database, and then to use them in the GAMS model.  In Figure 27 the “Constraints” 
module is shown.  The “Help” mode is available to the user and it provides information to the 
assist the user in defining the constraints.  
 
First, the user must use the “Open” item from the “File” menu to load the file "limitale" which 
contains the internal database of energy constraints.  If the file does not exist it will be created 
automatically and filled with default data.  After loading the "limitale" file, a working panel 
appears with the energy network displayed.  Five energy system owners/users are shown in 
Figure 27.   
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Figure 27.  “Constraints” module with information about the Central Asia energy system. 
 

Blue rectangles with crosses are visible on lines connecting the objects of the energy system. 
These rectangles turn solid yellow when the cursor is over them.  If the rectangle frame is 
yellow, then constraints were defined earlier and saved in the internal database.  When the cursor 
is placed over an item, the information window at the bottom of the screen displays:  external 
and internal names, owner, and type of station or user.  In the right panel of the window, the user 
can enter upper, lower, or fixed limits for energy production, use or transfer in any time interval.  
After entering the constraint, it must be activated by pressing the check window "In use".  
Activating the constraint causes the constraint to be displayed in the graphic stripes at the top of 
the panel.  Simultaneously, a yellow rectangle appears around the station on the energy system 
display, indicating that for at least one time interval there is a constraint for that station that will 
be used in the model.   
 
If a constraint is entered for one item and one time interval, the user can distribute the constraint 
to all time intervals by pressing the "Use in all time steps" button.  This action will instantly 
cause the corresponding red strip at the top of the graphic to turn black.  The user can cancel 
constraints in all time steps by using the "Don’t use in all time steps" button.  The corresponding 
black strips in the graphic menu will become red.   
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The created or updated constraints must be saved in the file "cnstr_e" which is automatically 
created according to the rules of GAMS.  An example of a fragment of the “cnstr_e” file is given 
below. 
 
File “cnstr_e” 
 

* You can see below constrains in energy system  
E.fx ('owner1', 'X1owner1', 'm1') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm2') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm3') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm4') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm5') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm6') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm7') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm8') = 1.00; 
E.fx ('owner1', 'X1owner1', 'm9') = 1.00; 
… 

 
2.4.4.  Build Model 
 
The “Build Model” module generates the mathematical model using the GAMS language. In 
Figure 28 the module window is shown.  The model consists of a group of files one of which is 
the main file "riv_newe.gms".  It is comprised of the following files, which GAMS will include 
as part of the model: "cnstr", "cnstr_e", "digits.in", “demand.in”, and "money.in".  The files 
“cnstr” and “digits.in” are created in the water task.  The files "cnstr_e", “demand.in”, and 
"money.in" are formed in the  water – energy task (see previous sections). 
 

 
 

Figure 28.  View of “Build Model” window. 
 

Three buttons are accessible to the user in the window: “Input”, “Equations” and “All Model”.  
The “Input” button creates the main file "riv_newe.gms", which contains the information on the 
structure of the river network, energy system and the initial data.  The “Equations” button creates 
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the file "equatioe".  The “All Model” button create both files: "riv_newe.gms " and "equatioe" in 
one step.  This division is very useful as it enables the user to carry out numerical experiments 
changing only a part of the model through a text editor.  The “Exit” button on the right allows the 
user to leave the module. 
 
Information is displayed on the number of each type of node in the network and the sufficiency 
or insufficiency of the information for construction of the model.  Two information windows on 
the right show the user the condition of model construction.  Information about the presence of 
gross errors in the files is presented as necessary.   
 
The software was used to create a model of the Amu Darya and Syr Darya Rivers and the Central 
Asia Energy System.   
 
2.4.5.  Solve Model 
 
This model incorporates four interacting and isolated files that contain the text of the model of 
optimal water and energy management.  The model is written according to the rules of the 
GAMS language.  The first part defines all parameters and initial data that determine a specific 
calculation problem (the riv_newe.gms file).  The second part is actually the universal part of the 
model including equations (the equatioe file).  The third part are files with information about 
priorities in the optimization objective (the digits.in and money.in files).  The fourth part consists 
of files of the constraints imposed on variables (the cnstr and cnstr_e files). 
 
After the model has been created, the compiler GAMS can work with it.  If GAMS is installed on 
a C-disk within a directory c:\GAMS then through the main menu it can be called to solve for the 
optimum of the model.  Besides the model can be solved and way, independent of the main 
managing program. When installing GAMS on your computer it is necessary to specify the path 
to the directory containing the GAMS compiler and in this case realization of GAMS 
calculations will be always accessible through the main menu. 
      
Optimization Calculations of the GAMS Model 
 
To start the GAMS compiler you should select the “Solve model” item from the “Water - 
Energy” menu.  The GAMS riv_newe.gms command line is formed and executed.  Messages of 
the GAMS compiler will appear in a DOS window and the user should watch for the appearance 
of the label OPTIMAL SOLUTION FOUND which means that the water and energy balances 
for the river network and energy system are satisfied precisely and an optimal solution has been 
found in full accordance with the system of priorities.   
 
After solution of the model three files are created: 
 
"riv_newe.lst" This is the normal GAMS listing file, and it contains information about the 

work of the GAMS compiler; 
"rivere.new" This file contains the values of all variables in the model in tabular form 

and with necessary comments; and 
"demo.new" This contains the water system variable values for graphic display. 
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"demo_e.new" This contains the energy system variable values for graphic display. 
 
The user has access to first two files through the appropriate items of the main menu.  
 
2.4.6.  Display Results 
 
The “Display Results” module does not create any files, and it does not make any calculation.  
Its purpose is graphic representation of the model solution by simultaneous graphic and tabular 
representation.  In Figure 29 the working window of the module is shown.  On the left side of the 
window is the energy system.  On the right side are a graphical panel and a tabular panel.  By 
selecting any rectangle in the system network the user can see the results in these two panels.  In 
Figure 29, the solution for Kyrgyz export of energy into the Central Asia Energy System during 
the vegetation period is shown.  Figure 30 shows the solution for Uzbek import of energy from 
the Central Asia Energy System during the vegetation period.   
 

 
 

Figure 29.  View of “Display Results” window with solution for energy system displayed 
showing export of energy from Kyrgyzsstan to Central Asia Energy System in vegetation 

period. 
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Figure 30.  View of “Display Results” window with solution for energy system displayed 
showing import of energy to Uzbekistan from the Central Asia Energy System in 

vegetation period. 
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