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Performance Evaluation and Economic Analysis on the Integrated
Small Hydro Power Generation Device Using a Discharged Water of
Sewage Treatment Plant

Yoo-Sin Park’, Ki-Jung Kim
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2 o SFALPS MRS S ol§5hs 71E WAl PAomE Areud] Bid Aol glof M Ba
A5 o1A] ghek. S veiee] SR B 2m vlwe] Ak B4 Qi el A%Heln] Wie] 27
Tk A2 ned u, A 2GR g Ael A8 AN EEE KA F Qi A5 AP o] A
ATHG B R AR f5 TS 2E HEAUY BRFE 48 bd QAP 25 wagAe) AS ¢
ool W] e A B2k W AE AT 3 A4 A8 AT AAE B AT £
A3k, A7) BEE 02%0lv] A 10kWhEA AAHS] B BCE 10 o1 08 5 i 2oz $Aun. 53,
VAP AN $G5ES AAE) 80% o102 FAT A AN Husk /F5sto] 23U o) Follz FApuF
g53t0] ofojo] Wayak Ao Slekgith YAP £eE BAGAE A G PRFE ohle} olsh fALE §
S EAS e A S 488 49 2442 Bt JdEd

Abstract The water discharged from sewage treatment plants has been considered to be useless, due to itslack of
economic utility for small hydro power generation. Considering that most sewage treatment facilities have a water
head of less than 2 meters and their flow rate is constant, it is necessary to develop a small hydro power generation
device capable of maintaining stable power generation and efficiency. This paper presents the development of
anintegrated small hydro power generation system and presents its performance evaluation and results. Then, the
economics and use of the system for practical applications are suggested. As a result, it is foundthat the generator
efficiency is 92%, the electric energy produced is 10kWh and the economic efficiency, as described by the B/C
ratio,is 1.0 or more. Particularly, if the operating level of the generation device is maintained at 80% or more of
the rated power, it is possible to secure its economic efficiency and, after 23 years, the investment cost will
bereturned. The integrated hydro power generation device is expected to have a positive effect not only in terms of
the water discharged from the sewage treatment plant, but also in terms of facilities capable of securing similar flow
characteristics.
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Fig. 1. Overview of integrated power generation system
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Fig. 2. Prototype of integrated power generation device
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Fig. 3. Drag force type vertical axis hydro turbine
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Table 1. Generator efficiency test result(certification
of Korea Testing Certification)

rotation torque power efficiency
[rpm] [Nm] W) (%)
150 78.1 1.226 94.2
150 147.4 2.315 95.7
150 274.5 4311 96.5
150 451.7 7.094 95.3
150 698.1 10.965 92.2
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Table 2. Electric energy test result(certification of
Korea Institute of Industrial Technoloay)

no. energy(kWh) voltage(V) current(A)

1 10411 353.270 18.182

2 10.376 352.700 18.150

3 10.409 353.270 18.177

4 10.360 352.400 18.137

5 10.374 352.620 18.150

6 10.380 352.710 18.156

7 10.382 352.720 18.159

8 10.374 352.370 18.152

9 10.376 352.700 18.150

10 10.370 352.600 18.144

HAFA o A 8| EH7] FeAR S Sl AR A
ME 71FEoR BV 58 02%E 45 5 AN
) al 7 AR Al Aol s wgAel A4 &
del s A4S Swaln AE BF 2D
10kWholl tigh A|94d4 Aas ekl



o
=

Fed
24

9

2
T

].
t}, 20149 7]

9

1

£<]
8

pid
O
i

o

L

go] 7}
3}

oz

A Z R =)
Ha

847N R ZAME R oH,

=

[

o)

p

2%

=13
=

A

Q)
=

23

=

Pl
o= Aol A7

L
L

el

el A

27} ok WA

p

6 1

=

ol
=
=

) 1)
=

A

A HE

A

0]
AR

A7) &eteli= ] A8 A9E, 2017
17}

41 ZHE 8ot
A

7}

83 G2t gREXA

gl

k]

]
|

CHETTTTE BEEETRET MR R kol W
TErERLEL SEETLEME Fyelsl EEE
H oF AF oo N < T R g Kook X A o o
Toe o W T %%%4%@@ Trrows Sy
com e W o m olo T T o o N ™ o e HL Jo oSy S
THET R SET Ry lwad A T ST )
T PEdre, T TEBLAnIg o Xwg® L™
oo o K Mo o K Xl o ™ o N AR R - joi
TR L e PF BV g S I g
T FT o m N am R g REX NI~ ST
Qe w® Ex _aw TH G g0 X T A i
SPES T P e DK o S B g
fil w5 oF WA w O mo X X i o ® ([l ﬂmﬁﬂ B b =
o Jo {- Y B Lo e B
AN Ed ey M yEl el S S o X w2
G54 wRE AT cw 0 Rolp P %o
oF ol 5 ok b EES TR NWFE P = F
pEgTeuse F¥CadZes TENER S ke
of = M RO S %0 mp MR T L %D s T ==
LI T < 55 o " A s PrTop ¥ =EZ
B W gy w E X go ® WO or e Woge ©° oo o B T
Tt = ®E W T g Ao w o ;#gﬂﬂ.ﬁmi
N M.T oF o] N = &= o \_M_All H@! [=SEN w T ZW s HM @M T Wﬁ m_m @!E _W/ o
g g AW oo PR Y e oEm e o o R e AN
WO HHERNTRE AT DN bW TR OE R OR
W ©ET m F AT G (| K ¥R T
%mﬂmmﬂtm WA T " Aﬂdomﬁxoﬂua
TN Oom o BT g A _ E rr KW T 2 g
cEEEE Sy Peom S| |Ezlalslsls| 2Re2F P x b
mLmome_Audu.m QO ) T o > El=] =] === ﬂuuﬁmﬁrowlﬁoﬂ_.
: 2R 2 RN
Fawhod s g SE .02 i R R Nt
F oo & E m%ﬂﬁﬁo@n 2 |2 n_rmm_mLmV.aadl%
& 8 A z |5 =T BT
sPFTage E ZTETDTOF | TUE P
T Eagws RV E S |8) T T oy o
BWox X R TR g Ty M
© oo T o5 o o M o= X £ & ™ of m T
%WB%Mﬁ%m mf ol g g Zlzlszels Mn%u%bcﬂgﬂ
SRR T = o g A R b o S
“wﬁomo/mﬂ% %%%ﬂi_ 8 g Nmﬁﬂ%oszf.
> ' 0 o ! 0
w T EI ey PIT erw 5|7 'R
w S s N T uam_w%ua = ﬂuwrgm,xﬂﬂ%ﬂ
e lhope ool 2qk Z R
7O T 0C61ﬁ%d14ﬂ1o% o & ] ESERy HE%AT
=W S o V2R ST ER i . Tz B m TN
g = Qo A "o~ o Mo a ™ g 12181888 S I T i i e T
TR EO pER P 2T L 0| FFEFFE TN F P O
—_ | ~o T
R T OO - S - B - mﬁmomﬂ%ﬂ%&
T oD oo ) oy o WO oo = i e -

B/C7} 1.0 o]Ae

490

-
o

I =749 AAA SRt 7f

A2 A Fre Felvt gl Aoz AbRE,



sheA el

YRS ol8T YAY WAHAY HsB7t °

3)

4)

(1]

(2]

(3]

(4]

(5]

= Aol ZA14 Bl gl Ao BA
glon AAY WA $Y5rES AAZY
80% oo FA A% AA st bl
v 235 ol Foli FAHIE 855l o)efo] W
Bare Aoz s

AT 10902 24T 49 BagAe @
e 85% ol fAstelok Aol o)
= Aom Basglon wgAe] HEs o
8 279l ZA Susk A5 Aoz dud

2

=

}% ﬁg do
U

2m °]3} Yt D A 49
o] sk el el &
Aol ofe] F7H4 <l
w7} 7psetal A e

[e]
o\t AR F BHS 2E

£
o =
mot ol
o to

T, o ol

-
2
N

e M
o 2

1=

>
-
9]

> ol
w3
9 o J
or T

Ho A

%
ofo
o

o
o
e,
ol
i
2
°
A
I o o
ooy oo
rio,
O
o
o2
L=
>
2
o
2

ox
)
)
FO{I
A=)
N
L
N

References

K. J. Chae, Micro-Hydropower System with a
Semi-Kaplan Turbine for Sewage Treatment Plant
Application: Kiheung Respia Case Study, Journal of
Korean Society of Environmental Engineers, Vol. 35,
No. 5, 2013.

DOI: https://doi.org/10.4491/KSEE.2013.35.5.363

K. B. Lee, Domestic and overseas small hydro power
generation market trend, p.15, The Korea Water
Resources Development Corporation, 2012.

General Guidelines for Performing a Preliminary
Feasibility Study, Korea Development Institute, 2009.

Enforcement Decree of the Act on the Construction of
Dams and Support for Surrounding Areas, etc. Article 27
[Attached Table 2], Ministry of Land, Infrastructure, and
Transport, 2013.

Electric Power Statistics Information System(EPSIS),
https://epsis.kpx.or.kr

HF 2 Al(Yoo-Sin Park)

[H3| 3]

02002\ 29 : F=jstul
A BEEFety (A

©1997\d 1Y ~ 19999 94¥ : Fo}
AR ZHEAGH

2002 1€ ~ 2004 129¥ :
AN A

20101 9€ ~ @Al . (A)AY==
Ho)A oA}

Qlu EHE‘]—

2=

et

o
e

\‘
<oy pop

221z dUA

491

©1993d 19 ~ 19984 69 : T
A4F) 71€dTta
©2003 8¢ 2004 9¥

University of California 291791
©2005d 69 ~ dA : (MY =R
Heo] A o]}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


