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Abstract

Recently, it is expected that small hydropower (SHP) could potentially provide sufficient amounts of
alternative energy in Korea where there is an abundance of potential sites and where social efforts
are being made to reduce the emissions of green house gases. In the past, the resources survey for
SHP development has been carried out using onsite surveys and paper maps, which incurred a great
deal of time and cost. Furthermore, the tools for decision making such as determining development
priorities or evaluating feasibility have been considered only economic aspect and focused on the
performance characteristics of power generation. However, as the concept of sustainable development
has been being advanced in recent years, especially focused on human-social, environmental and
ecological in addition to economical sector; the consideration of these multiple criteria has become
essential for sustainable SHP development. This study aims to propose the spatial multi-criteria
decision making (MCDM) methodology for determining priorities among a number of locations on the
planning stage of SHP development using AHP and GIS. The proposed methodology is applied for
determining development priorities among the SHP locations in Cho River basin and this study
presents the detailed spatial information data and the results of development priorities. As a
fundamental work, this study will be beneficial to the future activation of SHP development and will
help the decision making in evaluating the feasibility of SHP development.
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Fig. 1. Flowchart of AHP
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Table 2. Aggregation of Individual Weights by Geometric Mean Method
Survey 1 Survey 2-1 Survey 2-2 Survey 3-1 Survey 3-2
Respondent 1 1.500 7.000 3.000 5.000 0.250
Respondent 2 1.500 5.000 3.000 0.200 0.143
Respondent 3 0.818 5.000 7.000 7.000 7.000
Respondent 4 1.500 7.000 6.000 0.143 7.000
Geometric mean 1.289 5.916 4.409 1.000 1.150

Survey 1: Technical-economic analysis / Social-environment analysis

Survey 2-1: Economic efficiency / Load accessibility
Survey 2-2: Dispute potential / Sustainability
Survey 3-1: Residential status / Agricultural status

Survey 3-2: Environmental sustainability / Social sustainability
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Table 3. Composite Relative Weights by Criteria

Level 1 Level 2 Level 3 Weights
Technical-economical Economic efficiency - 0.481
analysis Accessibility - 0.082
Residential status 0.178

Dispute potential :
Social-environmental Agricultural status 0.178
analysis Environmental sustainability 0.043
Sustainability

Social sustainability 0.038
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Fig. 3. Converting Zi into Si (bestZ > worstZ)

Table 4. Threshold Value for Standardization

Fig. 4. Converting Zi into Si (worstZ > bestZ)

Threshold value for standardization
Criteria Attribute Case
worstZ, bestZ,
Economic feasibility B/C Case 1 0.20 4.78
Road accessibility Access distance Case 2 1 0
(km)
Residential status Population density Case 2 485 0
(persons/k)
Agricultural status Paddy area ratio Case 2 100 0
(%)
Environmental sustainability ngh*gra?;)area ratio - by Table 5
(o]
. . .. Annual power output
Social sustainability Case 1 0 10,000
(MWh/year)
Table 5. Standard Score of the National Environmental Assessment Map
High-degree area ratio (%) | Less than 20 21-40 41-60 61-80 More than 80
Standard score 100 99-80 79-60 59-40 39-20
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Dam type

TM (Dam site)

Location X Y
A 264291 303632
B 268311 304442
C 272151 303302
D 274041 303752

Run-of-river type

TM (Starting point of water way)

Location X Y

6 0 ‘. 12 Kilometers E 271011 303512

Fig. 5. Proposed Locations in this Study
Table 6. Attribute Value of Each Locations by Criteria

Criteria Attribute Loc. A Loc. B Loc. C Loc. D Loc. E

Economic feasibility B/C 1.11 1.05 1.09 1.08 0.74

Access distance
(km)

Population density
(persons/km)

Road accessibility 0.47 0.03 0.11 0.22 0.51

Residential status 49.91 59.30 59.30 213.20 28.50

Paddy area ratio

Agricultural status (%) 52.47 14.49 8.39 27.22 33.25
(o]
. . .- High-grade area ratio
Environmental sustainability %) 75.63 57.57 43.52 50.37 66.77
(o]
Sacial sustainability Annual power output | ¢ 75| 5557 | 5379 | 5422 | 1749
(MWh/year)
Table 7. Calculation of Total Score by Applying Composite Relative Weights
Criteria Weights Attribute Loc. A | Loc. B | Loc. C | Loc. D | Loc. E
B/C 1.11 1.05 1.09 1.08 0.74
Economic feasibility 0.481
Standard score 0.199 0.186 0.194 0.192 0.118
Access distance 0.47 0.03 0.11 0.22 0.51
Road accessibility 0.082
Standard score 0.530 0.970 0.890 0.780 0.490
Population density 49.91 59.30 59.30 213.20 28.50
Residential status 0.178
Standard score 0.897 0.878 0.878 0.560 0.941
Paddy area ratio 52.47 14.49 8.39 27.22 33.25
Agricultural status 0.178
Standard score 0.475 0.855 0.916 0.728 0.668
Environmental 0.043 High-grade area ratio 75.63 57.57 43.52 50.37 66.77
sustainability ' Standard score 0.44 0.62 0.76 0.70 0.53
) ) . Annual power output 6,073 5,537 5,379 5,422 1,749
Social sustainability 0.038
Standard score 0.61 0.55 0.54 0.54 0.17
Total Score 0.43 0.53 0.54 0.44 0.41
Priority 4 2 1 3 5
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