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Total Energy Generation Investment Cost River Basin Main Features 

1 low(-) high(-) poor(-) unacceptable 

2 low(-) high(-) good(+) unacceptable 

3 low(-) low(+) poor(-) unacceptable 

4 low(-) low(+) good(+) acceptable 

5 high(+) high(-) poor(-) unacceptable 

6 high(+) high(-) good(+) acceptable 

7 high(+) low(+) poor(-) acceptable 

8 high(+) low(+) good(+) acceptable 

Utility function (decision rules) of main features 
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Precipitation Change Ambient Temperature Change Climate Change 

1 very dry (-) very warm (-) sensitive 

2 very dry (-) warm (+) somewhat sensitive 

3 dry(+) very warm (-) somewhat sensitive 

4 dry(+) warm (+) insensitive 

Utility function (decision rules) of climate change 
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Natural Dis./Haz. Community Attitude Protected Areas Regional Conditions 

1 sensitive (-) negative (-) many (-) unsuitable 

2 sensitive (-) negative (-) few (+) unsuitable 

3 sensitive (-) not negative (+) many (-) unsuitable 

4 sensitive (-) not negative (+) few (+) somewhat suitable 

5 insensitive (+) negative (-) many (-) unsuitable 

6 insensitive (+) negative (-) few (+) somewhat suitable 

7 insensitive (+) not negative (+) many (-) somewhat suitable 

8 insensitive (+) not negative (+) few (+) suitable 

Utility function (decision rules) of local regional conditions 

Technological Infrastructure Scientific Infrastructure Supportive Infrastructure 

1 insufficient(-) insufficient(-) unacceptable 

2 insufficient(-) sufficient (+) neither acceptable nor acceptable 

3 sufficient (+) insufficient(-) neither acceptable nor acceptable 

4 sufficient (+) sufficient (+) acceptable 

Utility function (decision rules) of supportive infrastructure 
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Main Features Climate Change Local Regional Conditions Supportive Infrastructure Hydropower Wise 

1 unacceptable(-) sensitive(-) unsuitable(-) unacceptable(-) very poor 

2 unacceptable(-) sensitive(-) unsuitable(-) neither acceptable nor acceptable very poor 

3 unacceptable(-) sensitive(-) unsuitable(-) acceptable(+) very poor 

4 unacceptable(-) sensitive(-) somewhat suitable unacceptable(-) very poor 

5 unacceptable(-) sensitive(-) somewhat suitable neither acceptable nor acceptable very poor 

6 unacceptable(-) sensitive(-) somewhat suitable acceptable(+) very poor 

7 unacceptable(-) sensitive(-) suitable(+) unacceptable(-) very poor 

8 unacceptable(-) sensitive(-) suitable(+) neither acceptable nor acceptable very poor 

9 unacceptable(-) sensitive(-) suitable(+) acceptable(+) very poor 

10 unacceptable(-) somewhat sensitive unsuitable(-) unacceptable(-) very poor 

11 unacceptable(-) somewhat sensitive unsuitable(-) neither acceptable nor acceptable very poor 

12 unacceptable(-) somewhat sensitive unsuitable(-) acceptable(+) very poor 

13 unacceptable(-) somewhat sensitive somewhat suitable unacceptable(-) very poor 

14 unacceptable(-) somewhat sensitive somewhat suitable neither acceptable nor acceptable very poor 

15 unacceptable(-) somewhat sensitive somewhat suitable acceptable(+) very poor 

16 unacceptable(-) somewhat sensitive suitable(+) unacceptable(-) very poor 

17 unacceptable(-) somewhat sensitive suitable(+) neither acceptable nor acceptable very poor 

18 unacceptable(-) somewhat sensitive suitable(+) acceptable(+) very poor 

19 unacceptable(-) insensitive(+) unsuitable(-) unacceptable(-) very poor 

20 unacceptable(-) insensitive(+) unsuitable(-) neither acceptable nor acceptable very poor 

21 unacceptable(-) insensitive(+) unsuitable(-) acceptable(+) very poor 

22 unacceptable(-) insensitive(+) somewhat suitable unacceptable(-) very poor 

23 unacceptable(-) insensitive(+) somewhat suitable neither acceptable nor acceptable very poor 

24 unacceptable(-) insensitive(+) somewhat suitable acceptable(+) very poor 
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Main Features Climate Change Local Regional Conditions Supportive Infrastructure Hydropower Wise 

24 unacceptable(-) insensitive(+) somewhat suitable acceptable(+) very poor 

25 unacceptable(-) insensitive(+) suitable(+) unacceptable(-) very poor 

26 unacceptable(-) insensitive(+) suitable(+) neither acceptable nor acceptable very poor 

27 unacceptable(-) insensitive(+) suitable(+) acceptable(+) very poor 

28 acceptable(+) sensitive(-) unsuitable(-) unacceptable(-) poor 

29 acceptable(+) sensitive(-) unsuitable(-) neither acceptable nor acceptable poor 

30 acceptable(+) sensitive(-) unsuitable(-) acceptable(+) poor 
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Utility function (decision rules) hydropower wise 

31 acceptable(+) sensitive(-) somewhat suitable unacceptable(-) poor 

32 acceptable(+) sensitive(-) somewhat suitable neither acceptable nor acceptable poor 

33 acceptable(+) sensitive(-) somewhat suitable acceptable(+) poor 

34 acceptable(+) sensitive(-) suitable(+) unacceptable(-) poor 

35 acceptable(+) sensitive(-) suitable(+) neither acceptable nor acceptable poor 

36 acceptable(+) sensitive(-) suitable(+) acceptable(+) poor 

37 acceptable(+) somewhat 

sensitive 

unsuitable(-) unacceptable(-) poor 

38 acceptable(+) somewhat 

sensitive 

unsuitable(-) neither acceptable nor acceptable poor 

39 acceptable(+) somewhat 

sensitive 

unsuitable(-) acceptable(+) poor 

40 acceptable(+) somewhat 

sensitive 

somewhat suitable unacceptable(-) poor 

41 acceptable(+) somewhat 

sensitive 

somewhat suitable neither acceptable nor acceptable good 
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Main Features Climate Change Local Regional 

Conditions 

Supportive Infrastructure Hydropower Wise 

41 acceptable(+) somewhat 

sensitive 

somewhat suitable neither acceptable nor 

acceptable 

good 

42 acceptable(+) somewhat 

sensitive 

somewhat suitable acceptable(+) good 

43 acceptable(+) somewhat 

sensitive 

suitable(+) unacceptable(-) poor 

44 acceptable(+) somewhat 

sensitive 

suitable(+) neither acceptable nor 

acceptable 

good 

45 acceptable(+) somewhat 

sensitive 

suitable(+) acceptable(+) good 

46 acceptable(+) insensitive(+) unsuitable(-) unacceptable(-) poor 

47 acceptable(+) insensitive(+) unsuitable(-) neither acceptable nor 

acceptable 

poor 

48 acceptable(+) insensitive(+) unsuitable(-) acceptable(+) poor 

49 acceptable(+) insensitive(+) somewhat suitable unacceptable(-) poor 

50 acceptable(+) insensitive(+) somewhat suitable neither acceptable nor 

acceptable 

good 

51 acceptable(+) insensitive(+) somewhat suitable acceptable(+) good 

52 acceptable(+) insensitive(+) suitable(+) unacceptable(-) good 

53 acceptable(+) insensitive(+) suitable(+) neither acceptable nor 

acceptable 

very good 

54 acceptable(+) insensitive(+) suitable(+) acceptable(+) very good 
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Electricity Demand Status/Situation Electricity Demand Forecast/Prediction Electricity Demand 

1 low(-) low(-) low 

2 low(-) high(+) medium 

3 high(+) low(-) medium 

4 high(+) high(+) high 
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Utility function (decision rules) electricity demand 

Substation 

Status/Condition 

Distribution System 

Status/Condition 

Transmission System 

Status/Condition 

Electricity Grid/System 

Status/Condition 

1 unsuitable(-) unsuitable(-) unsuitable(-) unsuitable 

2 unsuitable(-) unsuitable(-) probably suitable unsuitable 

3 unsuitable(-) unsuitable(-) suitable(+) unsuitable 

4 unsuitable(-) probably suitable unsuitable(-) unsuitable 

5 unsuitable(-) probably suitable probably suitable unsuitable 

6 unsuitable(-) probably suitable suitable(+) unsuitable 

7 unsuitable(-) suitable(+) unsuitable(-) unsuitable 

8 unsuitable(-) suitable(+) probably suitable unsuitable 

9 unsuitable(-) suitable(+) suitable(+) unsuitable 

10 probably suitable unsuitable(-) unsuitable(-) unsuitable 

11 probably suitable unsuitable(-) probably suitable somewhat suitable 

12 probably suitable unsuitable(-) suitable(+) somewhat suitable 

13 probably suitable probably suitable unsuitable(-) somewhat suitable 

14 probably suitable probably suitable probably suitable somewhat suitable 

15 probably suitable probably suitable suitable(+) somewhat suitable 

16 probably suitable suitable(+) unsuitable(-) somewhat suitable 

17 probably suitable suitable(+) probably suitable somewhat suitable 

Utility function (decision rules) of electricity grid/system status/condition 
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Substation 

Status/Condition 

Distribution System 

Status/Condition 

Transmission System 

Status/Condition 

Electricity Grid/System 

Status/Condition 

17 probably suitable suitable(+) probably suitable somewhat suitable 

18 probably suitable suitable(+) suitable(+) somewhat suitable 

19 suitable(+) unsuitable(-) unsuitable(-) unsuitable 

20 suitable(+) unsuitable(-) probably suitable somewhat suitable 

21 suitable(+) unsuitable(-) suitable(+) quite suitable 

22 suitable(+) probably suitable unsuitable(-) somewhat suitable 

23 suitable(+) probably suitable probably suitable quite suitable 

24 suitable(+) probably suitable suitable(+) suitable 

25 suitable(+) suitable(+) unsuitable(-) suitable 

26 suitable(+) suitable(+) probably suitable suitable 

27 suitable(+) suitable(+) suitable(+) suitable 
Utility function (decision rules) of electricity grid/system status/condition 
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Electricity Demand Electricity Grid/System Status/Condition Electricity Wise 

1 low(-) unsuitable(-) very poor 

2 low(-) somewhat suitable poor 

3 low(-) quite suitable poor 

4 low(-) suitable(+) good 

5 medium unsuitable(-) very poor 

6 medium somewhat suitable good 

7 medium quite suitable good 

8 medium suitable(+) very good 

9 high(+) unsuitable(-) very poor 

10 high(+) somewhat suitable good 

11 high(+) quite suitable good 

12 high(+) suitable(+) very good 
Utility function (decision rules) of electricity wise 
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War Situation Terrorism Situation Geopolitical Uncertainty Situation Major Conflicts and Threats 

1 yes(-)  yes(-)  high(-) risky 

2 yes(-) yes(-) low(+) risky 

3 yes(-) no(+) high(-) risky 

4 yes(-) no(+) low(+) risky 

5 no(+) yes(-)  high(-) quite risky 

6 no(+) yes(-) low(+) quite risky 

7 no(+) no(+) high(-) quite risky 

8 no(+) no(+) low(+) not risky 

Utility function (decision rules) of major conflicts and threats 

Security Situation Free Travel Situation Social Chaos Situation Minor Conflicts and Threats 

1 poor(-) poor(-) yes(-) risky 

2 poor(-) poor(-) no(+) quite risky 

3 poor(-) good(+) yes(-) risky 

4 poor(-) good(+) no(+) quite risky 

5 good(+) poor(-) yes(-) risky 

6 good(+) poor(-) no(+) not risky 

7 good(+) good(+) yes(-) risky 

8 good(+) good(+) no(+) not risky 

Utility function (decision rules) of minor conflicts and threats 
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Major Conflicts and Threats Minor Conflicts and Threats Conflicts and Threats 

1 risky(-) risky(-) risky 

2 risky(-) quite risky risky 

3 risky(-) not risky(+) risky 

4 quite risky risky(-) somewhat risky 

5 quite risky quite risky somewhat risky 

6 quite risky not risky(+) quite risky 

7 not risky(+) risky(-) quite risky 

8 not risky(+) quite risky not risky 

9 not risky(+) not risky(+) not risky 

Utility function (decision rules) of conflicts and threats 

Road 

Transportation 

Railroad 

Transportation 

Air Transportation Waterborne 

Transportation 

Transportation 

1 poor(-) poor(-) poor(-) poor(-) poor 

2 poor(-) poor(-) poor(-) good(+) poor 

3 poor(-) poor(-) good(+) poor(-) poor 

4 poor(-) poor(-) good(+) good(+) poor 

5 poor(-) good(+) poor(-) poor(-) poor 

6 poor(-) good(+) poor(-) good(+) fair 

7 poor(-) good(+) good(+) poor(-) poor 

8 poor(-) good(+) good(+) good(+) fair 

9 good(+) poor(-) poor(-) poor(-) fair 

10 good(+) poor(-) poor(-) good(+) fair 

11 good(+) poor(-) good(+) poor(-) good 

Utility function (decision rules) of transportation 
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Road Transportation Railroad Transportation Air Transportation Waterborne Transportation Transportation 

11 good(+) poor(-) good(+) poor(-) good 

12 good(+) poor(-) good(+) good(+) good 

13 good(+) good(+) poor(-) poor(-) good 

14 good(+) good(+) poor(-) good(+) good 

15 good(+) good(+) good(+) poor(-) good 

16 good(+) good(+) good(+) good(+) good 

Utility function (decision rules) of transportation 
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Business Climate Status/Situation Business Climate Prediction Business Conditions 

1 poor(-) poor(-) poor 

2 poor(-) good(+) fair 

3 good(+) poor(-) fair 

4 good(+) good(+) good 

Utility function (decision rules) of business conditions 
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Conflicts and Threats Transportation Business Conditions General Investment Wise 

1 risky(-) poor(-) poor(-) very poor 

2 risky(-) poor(-) fair very poor 

3 risky(-) poor(-) good(+) very poor 

4 risky(-) fair poor(-) very poor 

5 risky(-) fair fair very poor 

6 risky(-) fair good(+) very poor 

Utility function (decision rules) of general investment wise 
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Conflicts and Threats Transportation Business Conditions General Investment Wise 

6 risky(-) fair good(+) very poor 

7 risky(-) good(+) poor(-) very poor 

8 risky(-) good(+) fair very poor 

9 risky(-) good(+) good(+) poor 

10 somewhat risky poor(-) poor(-) poor 

11 somewhat risky poor(-) fair poor 

12 somewhat risky poor(-) good(+) poor 

13 somewhat risky fair poor(-) poor 

14 somewhat risky fair fair poor 

15 somewhat risky fair good(+) poor 

16 somewhat risky good(+) poor(-) poor 

17 somewhat risky good(+) fair poor 

18 somewhat risky good(+) good(+) good 

19 quite risky poor(-) poor(-) poor 

20 quite risky poor(-) fair poor 

21 quite risky poor(-) good(+) poor 

22 quite risky fair poor(-) poor 

23 quite risky fair fair good 

24 quite risky fair good(+) good 

25 quite risky good(+) poor(-) good 

26 quite risky good(+) fair good 

27 quite risky good(+) good(+) very good 

Utility function (decision rules) of general investment wise 
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Conflicts and Threats Transportation Business Conditions General Investment Wise 

27 quite risky good(+) good(+) very good 

28 not risky(+) poor(-) poor(-) poor 

29 not risky(+) poor(-) fair good 

30 not risky(+) poor(-) good(+) good 

31 not risky(+) fair poor(-) good 

32 not risky(+) fair fair good 

33 not risky(+) fair good(+) good 

34 not risky(+) good(+) poor(-) good 

35 not risky(+) good(+) fair very good 

36 not risky(+) good(+) good(+) very good 

Utility function (decision rules) of general investment wise 

SLIDE: 123/ 200  

MODEL DEVELOPMENT, EXECUTION AND RESULTS 



A QUALITATIVE MULTI-ATTRIBUTE MODEL FOR SELECTION OF PRIVATE HYDROPOWER PLANT 
INVESTMENTS IN TURKEY: BY FOUNDATION OF SEARCH RESULTS CLUSTERING ENGINE (Carrot2), 

HYDROPOWER PLANT CLUSTERING, DEXi AND DEXiTree 

Journal of Industrial Engineering and Management  

The options screenview of the DEXi model for the mini private hydropower plant investment options cluster  

SLIDE: 124/200  

MODEL DEVELOPMENT, EXECUTION AND RESULTS 



A QUALITATIVE MULTI-ATTRIBUTE MODEL FOR SELECTION OF PRIVATE HYDROPOWER PLANT 
INVESTMENTS IN TURKEY: BY FOUNDATION OF SEARCH RESULTS CLUSTERING ENGINE (Carrot2), 

HYDROPOWER PLANT CLUSTERING, DEXi AND DEXiTree 

Journal of Industrial Engineering and Management  

The evaluation screenview of the DEXi model for the mini private hydropower plant investment options cluster 
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The report of the evaluation of the DEXi model for the mini private hydropower plant investment options cluster 
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The chart of the evaluation of the DEXi model for the mini private hydropower plant investment options cluster  
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The chart of the evaluation of the DEXi model for the mini private hydropower plant investment options cluster  
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The chart of the evaluation of the DEXi model for the mini private hydropower plant investment options cluster  
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The graphical display of the evaluation of the DEXi model for the mini private hydropower plant investment options cluster 
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