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Micro-Hydropower System with a Semi-Kaplan Turbine for Sewage
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Abstract : Small scale hydropower is one of most attractive and cost-effective energy technologies for installation within sewage
treatment plants. This study was conducted to evaluate the potential of a semi-kaplan micro-hydropower (MHP) system for appli-
cation to sewage treatment plants with high flow fluctuations and a low head. The semi-kaplan MHP is equipped with an adjustable
runner blade, and is without a guide vane, so as to reduce the incidence of mechanical problems. A MHP rating 13.4 kWp with
a semi-kaplan turbine has been considered for Kiheung Respia sewage treatment plant, and this installation is estimated to generate
86.8 MWh of electricity annually, which is enough to supply electricity to over 25 households, and equivalent to an annual reduction
of 49 ton CO,. The semi-kaplan turbine showed a 90.2% energy conversion efficiency at the design flow rate of 0.35 m’/s and
net head of 4.7 m, and was adaptable to a wide range of flow fluctuations. Through the MHP operation, approximately 2.1% of
total electricity demand of Kiheung Respia sewage treatment plant will be achievable. Based on financial analysis, an exploiting MHP
is considered economically acceptable with an internal rate of return of 6.1%, net present value of 15,539,000 Korean Won, benefit-
cost ratio of 1.08, and payback year of 15.5, respectively, if initial investment cost is 200,000,000 Korean Won.
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Table 1, Current status of small and micro-hydropower ins-
tallation in domestic sewage treatment plants (as of

2013)
Sewage Installed Turbine Head

treatment plants  capacity (kW) type (m) Start up

Asan 36 Kaplan 69 Dec, 2000
Cheonan 40 Kaplan 25 Jan, 2000
Jinhae 10 Kaplan 16  Oct, 2004
Daegu Shincheon 139 Kaplan 3.7  Jun, 2005
Daegu Seobu 74 Propeller 20  Oct, 2010
Chungju 135 Propeller 65 Nov, 2011
Kiheung Respia 14 Semi-kaplan 47  May, 2013
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Fig. 1. Flow diagram for small hydropower plant design,
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plant for the micro-hydropower installation,
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Table 2, Characteristics of the various turbines considered for
Kiheung Respia application

Parameter Semi-kaplan  Propeller  Francis
Applicable head (m) 2~30 2~20 15~200
Available flow adjustment (%) 45~120 85~100  40~100
Flow range (m®/s) 01~25 0.1~20 0.1~10
Turbine efficiency (%) 85~90 85~90 85~90
Manufacturing cost High Medium High
Installation cost Low Medium  Medium
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Table 3, Summary of the design conditions and technical per-
formance characteristics of the selected micro-hydro-
power system with a semi-kaplan turbine

Parameters Values
Design flow 0.35m’s
Net head 47m
Electrical power output 13.4 kKW
Turbine output 14,6 KW
Turbine efficiency at design flow (7,) 90.23%
Generator efficiency (14) 92%
Overall efficiency (17: < ng) 83.01%
Operational rate (load factor, Lr) 74%
Annual electricity production 86.8 MWh
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Table 4, Financial analysis conditions for Kiheung Respia

Values
20,000,000 KRW*
180,000,000 KRW*

Parameters

Feasibility study and design
Micro-hydropower equipment and installation

Electricity selling price (SMP) 136,58 Won
Life span 30 years
Operational rate (load factor) 74%
Power capacity 13.4 kKW
Annual electricity production 86.8 MWh
Discount rate 55%
Increasing rate of standard electricity price 3.0%

1% of total

Maintenance cost .
investment cost

* South Korean Won

Table 5, Summary of financial analysis of the micro-hydropower
application for Kiheung Respia calculated by RETScr-
een program

'”'gzls'gv(e;;vv‘?m B/C NPV(KRW)  IRR (%) P?yy:aar‘)’k
240,000,000 090  -24,461 47 178
220,000,000 098  -4,461 53 16.7
200,000,000 108 15539 6.1 155
180,000,000 120 35539 6.9 143
160,000,000 135 55539 79 13.0
400,000

300,000
200,000

100,000

-100,000

-200,000

Cumulative cash flow (x 10° KRW)

-300,000

Fig. 8, Cumulative cash flow estimated by RETScreen program
over the life span of the plant,

7Fsstal o5 F3f 86.8 MWh/A Q] A3 A4l - Hufjgho
2R AZF 11,642,000 =S d& = Y& ASE o4
Hrot AR AEES AH R, IRR 6.1%, NPV 15,539,000
¢, B/C ratio 1.08, 2}4] 3477k 1550 & 7] &8 A
ofo g ALHIE A - SIS Al B0l 8l
= ZoZ yElgti(Table 5).
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