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ABSTRACT

In this study, an evaluation system that can be used to evaluate the feasibility of developing and supplying hydrothermal
energy for the operation of large-scale complex facilities was developed. To this end, this study derived factors to be
considered when selecting a location for the use of hydrothermal energy using raw water from multi-purpose dams
and regional water supply systems through literature survey and expert interviews. The evaluation indicators derived
from this study are divided into four sectors: hydrothermal energy utilization factors, location factors, planning factors,
and disaster safety factors, and are composed of 10 mid-level indicators and 34 detailed planning indicators. The relative
importance of all factors was derived using the Analytic Hierarchy Process (AHP) technique, and the developed evaluation
indicators and relative importance were applied to four multi-purpose dam regions in the country. As a result, it was
found that in the development and use of hydrothermal energy utilizing regional raw water supply line the urban planning
conditions of the supply site can have a greater impact on the location selection results than the hydrothermal energy
development itself. Due to the characteristics of the evaluation indicators developed in this study and their nature as
comprehensive indicators, it is believed that the results should be applied to determine the overall adequacy of site
selection in the early stages of hydrothermal energy development. In the future, it is believed that it will be necessary
to analyze the problems in supplying and operating hydrothermal energy using raw water from multi-purpose dams
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and regional water resources. Based on the analysis the evaluation system developed in this study is expected to be

improved and supplemented.

Key words: Hydrothermal energy, Analytic hierarchy process, Evaluation indicator, Site selection, Large-scale complex

facilities, Regional water supply systems
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Level
e1ve Factors to consider when selecting a location for using hydrothermal energy
Level Hydroth |
eve e .e.rma.x S Location Planning Safety
2 utilization
Local
E: f t
Level Supply Economic Natural Public Infra- Man- Adequacy ase _O gov-ern men Disaster
- - . . securing will and .
3 stability i feasibility | condition regulation structure power of plan i stability
land resident
acceptance
- Water intake method - Availability of Power supply margin
- Hydrothermal utilization capacity - Distance to metropolitan transportation
facilit
- Annual average water temperature at actiity
discharge point - Distance to developed site
- Number of days below the standard water - Population
temperature
. . . - Presence of universities
- Environmental impact due to changes in
discharge water temperature - Planned management area
- Need for new water intake facility - Lamg) seheild for urbEREE R
- Distance from water intake point - .
- Possibility of expansion
Level - Raw water rate ) ) )
4 - Compliance with the higher-level plan
- Electricity rate
- Underground obstacle
- Elevation difference
- Proportion of national and public land
- Slope
. ) - Consultation with related organizations
- National Land Environmental Assessment Grade g
- Ecological natural lands not to be developed * Hearing of local residents” opinions
- Forest grade - Existence of area wulnerable to natural disaster
- Public regulation inclusion ratio - Earthquake vulnerability
- Distance to communication facility - Landslide vulnerability
- Distance to power supply facility - Flood vulnerability

Fig. 1. Hierarchy of the factors to consider when selecting a location for using hydrothermal energy.
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Table 1. Characteristics of the survey respondents

~.

[EE A& 23 Level 194 A= ‘=4
U x| &-8(Hydrothermal energy utilization) 2 4~(0.358),
249] <0]x| F(Location) £4°(0.288), 32:9] ‘oFA
(Safety) £2:7(0.235), 42=9] A 2](Planning) £4(0.119)
o Lo EEHO, 8aF It 8% AT A
o= gl= AHAo=R /\PEE]C’*E} Level 29] @4 =9
e YA FEaadie EFa A
(Stability of hydrothermal energy supply)©| +<E3+ 7
A A (Economic feasibility of hydrothermal energy supply)
Hop 8=7F =4 vetgten], 4AA a0 =
Q13 2(Infrastructure), 524 TfA|AJ(Public regulation),
A} A o A(Natural condition), <212 (Professional
manpower) =C2 FQE7F =A YEETh A A
faoA= ARA oA @ =9l =84 (Local
government will and resident acceptance), EX|&H &
o] Al(Ease of securing land), A& 2] Z&}+A](Suitability
of plan) £0 & =2 ZQ & e}t AHP 7]
Wol wet £2E E Levelo] o BAAESE F
8== Ae|shd Table 29} Zt} Table 204 Z&

Cateco No. of Percentage
gory respondents (%)
Male 28 76
Gender
Female 9 24
College graduate 28 76
Education
Graduate school or higher 9 24
Under 31 years old 3 8
31-40 years old 13 35
Age
41-50 years old 18 49
Over 51 years 3 8
Urban planning/design/construction 24 65
Field Environment/Energy/Facility 11 30
Management/Economy/Systems 2 5
Less than 5 years 6 16
5 to 9 years 4 11
Experience 10-14 years 14 38
15-19 years 5 14
More than 20 years 8 22

Hol=Sl] A38 # A 2= 20244 48
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Table 2. Relative importance of the factors

pp. 069-081

Level 2 Level 3 Level 4
Environmental impact due to changes in discharge water
temperature (0.306)
Stability of hydrothermal  Hydrothermal utilization capacity (0.301)
energy suppl
[%yazsfp v Water intake method (0.136)
Hydroth.ermal Number of days below the standard water temperature (0.133)
energy utilization
(0.358) Annual average water temperature at discharge point (0.124)
Electricity rate (0.356)
Economic feasibility of - - -
Distance from water intake point (0.280)
hydrothermal energy supply
(0.372) Raw water rate (0.254)
Need for new water intake facility (0.110)
Natural condition Slope (0.505)
(0.210) Elevation difference (0.495)
Ecological natural lands not to be developed (0.334)
Public regulation National Land Environmental Assessment Grade (0.285)
(0.255) Public regulation inclusion ratio (0.242)
Forest grade (0.139)
Location Distance to developed site (0.247
(0.288) istance to developed site (0.247)
Distance to metropolitan transportation facility (0.238)
Infrastructure ; -
(0.339) Distance to power supply facility (0.220)
Availability of Power supply margin (0.196)
Distance to communication facility (0.099)
Professional manpower ~ Population (0.517)
(0.196) Presence of universities (0.483)
Compliance with the higher-level plan (0.398)
Suitability of plan Planned management area (0.208)
(0.277) Land scheduled for urbanization (0.200)
Planning Possibility of expansion (0.194)
(0.119) Ease of securing land Proportion of national and public land (0.509)
(0.335) Underground obstacle (0.491)
Local government will and Consultation with related organizations (0.535)
resident acceptance (0.388)  Hearing of local residents’ opinions (0.465)
Existence of area vulnerable to natural disaster (0.336)
Safety Risk of natural disaster ~ Flood vulnerability (0.271)
(0.235) (1.000) Landslide vulnerability (0.216)

Earthquake vulnerability (0.177)
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Table 3. Results of the estimation of the factors for hydrothermal energy utilization
Relative Evaluation . So- Dae- An- -
Factor . V vauat Weight Score Ju
importance criteria yang cheong dong am
Water intake Pipeline branch 1.00 3.058 o o o
3.058 e
method River intake 0.50 1.529 o
> 271,000 1.00 6.767 o
Hydrothermal 170,000~ 271,000 0.80 5.414 o o
energy capacity 6.767 47,000~170,000 0.60 4.060 o
(ton/day) 20,000~ 47,000 0.40 2.707
< 20,000 0.20 1.353
Annual average < 135 1.00 2.791 o o °o|°
water temperature %
. . 2.791 13.5~14.9 0.67 1.870 o .
at discharge point g
(C) > 14.9 0.33 0.921 o
Number of days > 209 1.00 2.987 o o
below water
o 2.987 184~ 209 0.67 2.001 o o
temperature 16°C
(days) < 184 0.33 0.986
Environmental Pipeline branch 1.00 6.880 o o o
impact by water 6.880
temperature Discharge to river 0.50 3.440 )
Not needed 1.00 1.465 o o o
Need for new water 1.465 :
intake facility ' Water intake 0.50 0.732 o
facility needed
< 0.25 1.00 3.729 o
Distance from 0.25~0.5 0.80 2.983 o
water intake point  3.729 0.5~0.75 0.60 2.238 o
(k) 0.75~1.0 0.40 1.492 o
> 1.0 0.20 0.746
Raw water rate for Same 1.00 3.388 o o ) o
water intake and 3.388
discharge point Different 0.50 1.694
Dam water level and
existing water intake 1.00 4.736 o
facilities
Electricit
I Y 4.736  Existing water intake
utilization method s 0.67 3.173 o o
facilities
N ter intak
o Wa.l er Htake 0.33 1.563 o
facilities
Total 34.45 32.75 22.92 26.44
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Table 4. Results of the estimation of the factors for urban planning

Relative Evaluation . So- Dae- An- Ju-
Factors . o Weight Score
importance criteria yang cheong dong am
< 50 1.00 2.994 o o
Elevation
. 2.994 50~ 150 0.67 2.006 o o
difference
> 150 0.33 0.988
< 15 1.00 3.054 o o o o
Slope 3.054 15~20 0.67 2.046
> 20 0.33 1.008
National Land
Environmental <10 1.00 2.093 °© °© °© °©
Assessment Grade 2.093
(land not to be > 10 0.50 1.047
developed) (%)
Ecological natural < 10 1.00 2.453 ° ° ° °
lands not to be 2.453 10~25 0.50 1.226
developed (%) > 25 0.00 0.000
1st or 2nd 1.00 1.021 o o o
Forest grade 1.021 3rd or 4th 0.50 0.510 o
> 5th 0.00 0.000
< 10 1.00 1.777 o o
Public regulation
. . . 1.777 10~15 0.50 0.889
inclusion ratio (%)
> 15 0.00 0.000 o o
Distance to <5 1.00 0.967 )
communication 0.967 5~10 0.67 0.648 o o
facility (km) > 10 0.33 0.319 o
< 10km 1.00 2.148 o o
Dist t
\stance fo POWer -, 148 10km ~ 20km 0.67 1.439 o o
supply facility (km)
> 20km 0.33 0.709
Availability of 1914 Available 1.00 1.914 o o o
Power supply margin ' Not available 0.00 0.000 o
Distance to <5 1.00 2.324 o o o
metropolitan 2324 5~10 0.67 1.557 o
transportation facility
(km) > 10 0.33 0.767
< 10km 1.00 2.411 o o
Distance to
. 2.411 5km~ 10km 0.67 1.616 o o
developed site (km)
> 10km 0.33 0.796
| > 300,000 1.00 2.918 o
P ti
opuation 2.918 100,000~300,000  0.67 1.955 o o o
(number)
< 100,000 0.33 0.963
Presence of 2726 Exist 1.00 2.726 o o o ¢}
universities ' Does not exist 0.50 1.363
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Relati E i i T An- _
Factors e ative val.uat'lon Weight Score So ae Ju
importance criteria yang  cheong  dong am
Planned management 0.686 > 50 1.00 0.686 o o
area (%) ' < 50 0.50 0.343 o o
Land scheduled for 0.659 Available 1.00 0.659 o o o o
urbanization ' Not available 0.50 0.330
Possibility of 0.639 Available 1.00 0.639 o o o o
expansion ' Not available 0.50 0.320
Compliance with 1.312 Compatible 1.00 1.312 o
higher-level plan ' Non-compatible 0.00 0.000 o o o
Underground < 500 million 1.00 1.957 o o o
obstacle compenation  1.957 L —
> 500 million 0.50 0.979 o x
fee (won) &
Proportion of > 10 1.00 2.029 o o o o 3
national and public 2.029 g
land (%) < 10 0.50 1.015
Consultation with 2470 Performed 1.00 2.470 o
related organizations ' Not performed 0.00 0.000 o o o
Hearing of local 0 147 Performed 1.00 2.147 o
residents’ opinions ' Not performed 0.00 0.000 o o o
Existence of area Does not exist 1.00 7.896 ) o o o
vulnerable to natural 7.896
disaster Exist 0.00 0.000
Earthquake I 1.00 4.160 o
i1 4.160
vulnerability level I 0.50 2.080 o o o
Landslide 5 076 Negilgible 1.00 5.076 o o o
vulnerability ' Not negilgible 0.50 2.538 o
. Negilgible 1.00 6.368 o o o o
Flood vulnerability 6.368 —
Not negilgible 0.50 3.184
Total 56.32 53.77 51.73 51.75
4. 4 = MR T gHgoo] 7k, =AIAIE T BelEe] o
glsfjof o ARgF 2 Asfiol it = Fo] i
2 AgolAE A U Felarr A 7] FAZ0|n BHHel BAAAS vkIskech
Hlo] ASE Q4B BEI £AHA o g AR B ATlN wEE BEE SdeluA B,
g Al ol & FrHARES =&, o5 A& UAP, AR "l Qb o] A7) TF AEEeIH, IF
& 4 gl WIS AN 120 Sdeld 8 107]9] A9IAESE 3479 AR AT T
Aot HAE A= F2 A A5 Y oy AUtk o3t A#EEQ A4 FaEE AHP7|RS
A sae FACR A sy FAFE B 2 4RSS fI5te] oy A A B ek
T 7PeEE AT ATt RBelgo, B ¥ FAe] g AERAE A
TFoAs it BFAEY 9 AT F=EouA EQF JNEE PR et A F2EE S 4
A 9 o] B B7HA agsfjoR & doy N Aol A-gste] 1 Aas Ak s 4
A s BAE sQux AS W B BAH, A Aol M8 A} 5 AT e Ao
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