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100 ... Data calling unit

210 ... Data compression unit

220 ... Data grouping unit

230 ... Discriminant function derivation unit

300 ... Energy-saving operating condition calling unit
400 ... Energy consumption reduction prediction unit
500 ... Energy-saving operating condition application unit
AA ... Sewage treatment plant database

(57) Abstract: The present invention relates to an energy-saving prediction system and method based on the diagnosis of the state of
energy consumption in a sewage treatment plant. More particularly, the present invention relates to an energy-saving prediction sys -
tem and method based on the diagnosis of the state of energy consumption in a sewage treatment plant which are capable of: per-
forming qualitative state diagnosis on energy consumption caused by operating equipment, such as a pump and blower, essential for
operating the sewage treatment plant; providing a set value for an operating condition which allows energy saving according to the
diagnosis result; contirming in advance a consequent decrease in the amount of energy used; and thereby providing a practical oper-
ational set value for energy use reduction. Provided according to the present invention is an energy-saving prediction system based
on the diagnosis of the state of energy consumption in a sewage treatment plant, the system comprising: a data calling unit for calling
data required for the diagnosis of the state of energy consumption from a database for storing influent/eftluent water quality data and
process operating data on the sewage treatment plant; an energy consumption state diagnosis unit for receiving the data called by the
data calling unit, applying a multivariate statistical analysis technique to the called data, extracting information on the state of energy
consumption inherent in the called data, and deriving a diagnosis result on the state of energy consumption from the extracted in -

formation
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on the state of energy consumption; an energy-saving operating condition calling unit for calling a preset operating condition
which allows energy saving according to the group which indicates the diagnosis result derived by the energy consumption state
diagnosis unit; an energy consumption reduction prediction unit for applying a polynomial regression analysis technique accord-
ing to the operating condition called by the energy-saving operating condition calling unit and for predicting the amount of energy
saved; and an energy-saving operating condition application unit for applying the operating condition predicted by the energy
consumption reduction prediction unit to the actuator, including a pump and blower, of the sewage treatment plant.
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A B AF A o va i 22 A ko] AlRkskA Ik
[47] PCI = 0.848*Qin + 0.512*Temp - 0.697*SRT + 0.069*DO + 0.424*Qras -
0.373*Qfirst - 0.084*Qsecond - 0.1*Qthickener - 0.058*Qdin + 0.086*Elec
[48] PC2 = 0.06*Qin + 0.019*Temp + 0.169*SRT + 0.075*DO + 0.511*Qras +
0.401*Qfirst + 0.747*Qsecond + 0.155*Qthickener + 0.791*Qdin - 0.061*Elec
[49] PC3 =-0.153*Qin - 0.747*Temp + 0.249*SRT + 0.892*DO + 0.173*Qras +
0.352*Qfirst + 0.159*Qsecond + 0.017*Qthickener - 0.212*Qdin + 0.094*Elec
[50] PC4 =-0.038*Qin - 0.2*Temp + 0.314*SRT - 0.121*DO - 0.259*Qras -
0.439*Qfirst + 0.019*Qsecond + 0.893*Qthickener + 0.282*Qdin + 0.141*Elec
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[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

L FAAREES AL SFe] K- R A 28 B A 9] o v #] A
TS FIMNEEEISIU. EEY A a5E B S

31
[Table 1]
g |Qin Elec |Temp |SRT|DO |Qras |Qfirst |Qsecon |Qthicken |Qdin
d er
Group |[Low Hig |Low Mediu [Low |Medium |[Mediu
1 h m m
Mean (286,77 [63,859(19.0 6.0 |1.75]60,112.|1,195. |2,217.9|282.9 926.3
54 5 2 4
Group (Medium High [Medium |High Low High
2
Mean (328,70 [66281.(22.6 |5.2 |1.7673,051.|1,308. |2,989.1|274.7 1,190.
7.2 8 0 1 8
Group [High Mediu |Low [Hig |[Mediu [Low (Mediu |High Low
3 m h |m m
Mean (336,87 [71206.(19.5 4.5 |2.51]69,694.|1,086. |2,290.0|310.9 899.7
5.9 0 1 4
EEE A4 2 WAL 545§ el e et 22
AN AR AR ANA AAE 5= AT
- 1 2135 Q) F-ofoll whel 2-0] ShEoll i DO 5 WA A e
S0t &% AW 7F A A 2 2% M, 1 SRTON| WhE JolE e A FHze
A7FE o5 A An| 7 e
-2 23S ol ] Hetel]l kel WhE S A] frEFo] Sk of HE
7Feol S7hE M, 23 R dos 8 A 75 Sl whE HE AEol whet
N A AH] = F=LFSL
-3 2% Pt a1 ololl Wt DO R E HA A8 Ho FF
A 7F A A, g-e SRTOl W2 JolE el A Ao 71s S5
AHEHE & AR A% A& AR SV R 2 AV AskE w9
TFO R w e 7hs A o] kot o U %] A7) 2
A Zg o] e Aol thslo] o] o} -2 o YA H] T T ot el A%H =
Al Z Adak7] 94l Fishere] A WA o] e}, A S-S T3 2t
1 A o] Y3t gho] EEE A

Group 1 =-2.217*%PC1 - 1.472*PC2 - 0.679*PC3 - 0.018*PC4 - 1.991
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[59]
[60]
[61]

[62]

(63]

[64]

[65]

[66]

[67]

[68]

Group 2 = (.849*PC1 + 2.962*PC2 - 0.881*PC3 - 0.701*PC4 - 3.379

Group 3 = 2.976*PC1 - 0.477*PC2 + 2.077+PC3 + 0.748*PC4 - 3.778

A9 BEFEo] 1A 228 FAA TS NS & 25 # ge
ASHA Ha, 718 2 2hE 1R A Hiz 250l A iR 4u) AEE
Ydsle a&o 2 =}, -

iR vt F E e 25N 2 2§H 3 2ES) A5, R FZdel
e ARAE FEA 2k oA Av] Fejo] FFE FEUFF
273 & 714 23 2 ALHQ &A 21 AFE A5, 2 285 S
A A, 2 YA §2 99 A FF LSRT7I SR ¥R
FE2EY,3 252 DOTE, SRT, 94943 A] 7%, 4452 Qe
YN ARE FQ ST A WFEZ 555/ €e) 529 2 &4 W]
A% BAXNE F9 358 QA 2 AARE =200 F o=, 3
252 DOSES A%, [E 1ol A 2F 13 257 39 § FF Fh= &

7% 21}, DOSEE 45%7F 371519t ol #-9) 315 nisitax 3o
Fx] 2] Z7)olBE, 17%8t 45% Al0] 8] KA £X2M 20%E A gL
Z&egit) olst g oz thew ol 2 2EH 3 258 YR AR
2R 23 4AAE =&

-2 2% $A 238 AR (F A 4v] Bel)E# R4 7% 30% 271
22 AL A #220% 7, S A /% 30% T4, SRT 30% F7}+

-3% ¢4 2A A (ES A 4] AEHRDO 5-E 20% 24, SRT 30%
%7}, QL8 X) F530% T4, VAFTZE QULHF 15% 27}, 714482
9 % 20% Z7+ '

FEFR AR AL &0 £ ARG YPog g oA T
&% AFH o &7 Y L 2P Ms LI ARY 71EE
B85 o 2dg Rt o VX 48] A AGH FY] AEFE
Tg3te T FAEA M 9= Fd F%, #&, SRT, DO E,

SR grE 4%, 23 A& A §F, Y948 A 73 A EA ALF
2 482 $9 £8R) fFFoR Fosfold, THASFE SEAYAL RS
NE3e A2 AH) dYedel

"o} & 30070 2] LE dlolE| Ae BR3H o 3 2] A
Algdtgied, o] 2E & 3¢ VeI ek 7 A3}, S e g A
22593 e AHFY AES ALY 42 2do] 4FH o2 RAIE 5
A2 BNE 5 sl en, B} B Ql F4-2 28] RMSE(Root Mean Square
Error)#t-& 285}, Al4Fel A1-§-5 RMSE 24 4 & 3.3} g,

-l l & 2
RMSE = & $30X,,%,
(710, NE WEE] B 4, Xmi® BT, Xei& A U018 AHEE

WA EA] (= A26x)



12

PCT/KR2013/002580

WO 2014/157751

YER)

==

2] gl A AL

*

N
4

1,603 kWh= 5% ©]

s

2 7)ol A

= 5

ol
AFo] 2] RMSE

[69]

bl v

)

ok
2}

-
.

s glom, ol

et

2 HlolEf Ao

957]1¢]

43}, RMSE

Al 5% ©]

<

3

z¢ 4

W o5 e 4

[70]

ok 1,818 kWh= R.dl 7] ko] A ¢

-
.

=
[}

4ol HERH A A

RMSE#LH .t}

N
Ho

2do] 4

|

==
=

o] @ A=A o

)

& Ao

st

of o

& Bttt 2 1

o]

3}
ol

F20% < 7T, AEHA 7 30%

(o)
IT

24

o

ok

Af =

&= 50 YR AT A 2=

A

Z 2~ 9325 kWholl A & ol 1,059.9 kWh7#] A7k <=

o
T

2=
=

SRT 30% =7}, %) o

o

ok

ol A €]

& =60l YERSIT 3 155

nl

|

Z 2 734 kWholl A Z t] 866.6 kWh7}A] ol L A 40| &ko]

H

A o2,

)

F57e tFes x4

o,

=
~

v Iy
A

o,

[74]

&k 7] = ofoll A

4r

ol A BlejubA] b= W ffoll A o

3

E X
=

[, 1o}

)

o] 2 W o] Abgat )
7191l 9] 3o 3415 o] o

o o5}
ool o] 4

44
g

4D ol &7 A

[75]

oV A axnfel]

f] Ay ] =

ISl

TEoR <



13

WO 2014/157751 PCT/KR2013/002580
AAHA A AR S AT oA st gl def AR 5= 3l



WO 2014/157751

[7d 73 2]

[7d -3} 3]

14

PCT/KR2013/002580

4T
st 2l g FdArE 2 vlolH R T AE
A gz dl o] B M o] 2R A-E] ol U A axn] el kel H 2.3
o8& T&38k= tolHaE
dolgaah 258 o d dolH & daitel 7] 254
Efoll thal] b S LA 7S A&k V] 2Ed
WA= o] = ol | A &0 Bl ol @k
FEd oy Aan] ol w3 JH =R H

AGATE =& o UA L8] E Jd,
Al 2] EEE R

_H
P
é O
s
o
i
=
Y9
A
i)
i
o
N
N
ofr
:
o
r>~1
BN
™
o

A 13l Qhol A,

>
2
~

o,
ReA:)
b" [1
= i

=
°

A=)

2
of o T =

_O‘L
el
&
2 ¥
oo
o2
2
£ =
D)
%
=
0%
fu}
™
ut}
2
=
all
2
)
N
i

T =)

2

>
[>

2
)
0=
=2
30, T
2
T X

f
N
2
B
b

»
—z
ule

f
o 2

° o o
N
fol
e
i,
2"’4
o
o o
Y
o) ol:o 9 o ol
0z
N
fol
i
i,
=
<
a
=
— £
2
L)
oo
xo,
ol

s

RIS

Ak
19 o
T
it
_OL
~
4
:(I>L_14
0%
N

)
2
ol
o
ol
o, T
)

o]

=

f
i

o Mt Ex
=
0
=
=
:‘_1,

~
A

i
i A
=
=
°
i)
il
°

4

o
£
e
)
=
T
)
by
=
o,
=
=
ri
e e

bt
i
_0|L4
N
RS
o
N

AE

N O
H_VE
e
ﬂmmm
o
—z
o,
— q
=
oo
ol
o

x!
N
<Al

o W o
o
N
]
-
2
o
il
o
oo
i
s
i
i
&
mlm
™
z
©

ot
o |

Mz
%
1
o

T

ol
o
£

or Uy ox T N ox &
N

N
rlr
_O|L
uly
i
g
s
&
ki
i
—z
it
e
i U?‘{_“
=)
=

o, M
N
=
0%
&, op
o)
e
T 4



3lo] 7]

S

5
g

=

ol i
A

PCT/KR2013/002580

SREE

1
A1)

[e]
T

7]

15

d

oA H A 2R 7 v ZLsoll W] 8) 32

A 3

WO 2014/157751

[T 4]

wholl wh& o 1A

e

»AO

o U A] 22 1]

ol 91o1A,

d

A| 48

[ 7% 5]

o
RS

—

0
Gt
~N
T

ad
A}

fiie)

| AHgF o 52

SR LpEo] 9

o

djo] B W] o] 22 5] o 1] 4] 2 H]

.

=] -

]_

S

A A

[ 7% 6]

o

off mhe} Abd el 27 H

=

—L3

.

-

]_

S

fiie)

d

A 63



16

PCT/KR2013/002580

WO 2014/157751

Fol @A ol v A 2xm] ol

)

dlolg & o] &

o] A 22

)

S o 2 AlgE 3HH 3= Fisher?]

3l

&7 9

S



1/5

WO 2014/157751 PCT/KR2013/002580

[Fig. 1]

100
EEEEE 210
stazizlz _ WOK 2] [0 40 RS
Qolemol. — [HOE SE= Tz zz2 [ |=zzu=s [ |2mzsd =ss
[Fig. 2]

IO =22 YA ——-5110

WU A A~dlatEf M EE A 5120

HUAl B8 2 8HH 5130

WA 2~HIE2ZE W=YH (5140

HUHA =80 AEHH 5150




PCT/KR2013/002580

2/5

1

r
N

WO 2014/157751

[Fig. 3]

(Aep) sum |
00¢ 0s? 00 0s1 001 o< 0
: 000°0S
.o o 000°09
oLy [ - !
v o. J Y ﬂ,ﬂ b Y-\ N "0‘5 - e ﬁ. f ‘ - .
' " " €1 -,_ d —- LY g l.. » - R '
o cOiML nel ‘% 000°0L
e ° .
000°08
PARIQI[E ) —— PIAINSEIA[\

000°06

(YA ASIUD 211)29)



3/5

PCT/KR2013/002580

WO 2014/157751

[Fig. 4]

001

06 08

Pepes ——

0L

pInseay

09

(Aep)oum [
0s

of

o€

0¢

01

000°0S

000°09

000°0L

000°08

000°06

(A AS20ud 21207



4/5

PCT/KR2013/002580

WO 2014/157751

[Fig. 5]

61 81 LT 91 ST I €1 C1 11 O 6 8 L

anjea pasued m

(Aep) oum

u;

I

INJeA [eWSLIO

¢ dnoas ursuonipuod jeuonesddo Joasuey )

[

I

I -

A -

000°19

000°+9

Q00°L9

000°0L



5/5

PCT/KR2013/002580

WO 2014/157751

[Fig. 6]

61 81 LT 91

aN[eA PISUED g

s1

(Aep)aun |
FT €1 71T 11 01 6 8

anjeA [eUIBLIOD

LI f]

I

¢ dnoas ur suonipuecd jeuonerddo jo pasuey)

I

I

I

I -

000°79

000°+9

000°99

000°89



INTERNATIONAL SEARCH REPORTY

International application No.

PCT/KRZ013/002580

AL

According to

CLASSIFICATION OF SUBJECT MATTER

GOSF I9/00(2018.61)

international Patent Cls

fication (IPC) or to both national class

1fication and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F 19/00; G06Q 50/26

and applications for Utility models: IPC as above

ons for Utility models: IPC as above

Documentation searched other than mintnun documentation to the extent that
Korean Utility models
Japanese Utility models and applicati

such documents are included in the fields scarched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: wastewater, plani, energy, saving, actuator, mmltivariate, sewage disposal, exergy,
multivanate statistical analysis

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2009-0078502 A (PUSAN NATIONAL UNIVERSITY INDUSTRY-UNIVERSITY 17
COOPERATION FOR JA TION) 20 July 2009
See paragraphs 11-17, 29, 32, 60; and fignres 1-3.

A LEE, Byeong Guk, "Study on Expansion Plan of Antomatic Facilities Latgs-scale Sewage Treatmuent 1-7
Plants”,
f: KEL2000 ressarch repott, Korea Environment [nstitute, December 2000, pp. 1-57
See page 1, lines 1-20; and page 48, lines 20-28.

A KIM, Min Jeong et al, "Dresign of a Wastewater Treatment Plant Upprading to Advanced Nutrient 1~7
Removal Treatment Using Modeling Methodology and Multivariate Statistical Analysis for Process
Optimization”, In: Korean Chem. Eng. Res., vol. 48, Getober 2010, pp. 589-397
Sec page 59 ,iucs 20~40.

A KIM. Hyo Soo et al., "Development of Diagnosis Algonthm for Energy Consumption State with Data 1-7
Mining Technologies in Wastewater Treatment Plant”, In: Journal of 2010 Common Conference, Kotea
Society on Water Envirenment, lsan KINTEX, 21 Mearch, 2012, pp. 320-321
See page 320, lipes 1-35.

A OSAMU YAMANAKA ¢t al., "A Knowledge Discovery Assistance Method Using Multivariate 17
Statistics for Efficient Wastewater Treatmeent Plant Operation”, Tw Joumal of Water and Exvitonment
Technology, Japan, vol. 10, 2012, pp. 87-99
See page 87, lines 1-20; and page 88, lings 1- 15.

L]

Further documents are listed in the continuation of Box C.

See patent family annex.

&

Special categories of cited docurnenss:

Korean Intellectual Fropesty Office
Government Complex-Dagjeon, 189 Seonsa-ro, Dacjeon 302-701,
Republic of Korea

mile Mo. 82-42-472-7140

7 fater document published after the internatiogal filing date or priority
“4”  document defining the general state of the art which is not considered Gme and not in contlict with the application but cited to understand
to be of particular relevance principle or theory underlying the invention
“E”  eartier application or patent but published on or after the international <X document of particular refevance: the claimed invention cannot be
filing date considered novel or cannot be considered to tuvolve an inventive
“L7 document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to estzmhsd the publication date of another citation or other .g» L e . o L )
e s Y7 document of p 31 rek ¢; the claimed tnvention cannot be
special reason {as specified) . ; :
. N ) o considered to mvolve an inventive step when the document is
“07  docuraent referring to an orsl disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious 1o a person skilled in the art
“p7 document published prior to the internati ing date but later . .
f c‘locu“_h,A'Lpu'bl.ahed‘pdqr to the international filing date but later than  «g 4o ciment member of the same patent family
the priority date claimed -
Date of the actual completion of the international search Date of mailing of the international search report
o) (6 OTF 3 H 7
26 JULY 2013 (26.07.2013) 29 JULY 2013 (29.07.2013)
Name and matiing address of the [SA/KR Authorized of

Telephone No.

Form: PCT/ISA/210 (second sheet) (July 2009}




INTERNATIONAL SEARCH REPORT

i ) P International application No.
Information on patent farnily members

PCT/KR2813/002586
Patent document Publication Patent famuly Publication
cited in search report date member date

KE 10-2009-0078507 A 20/07/2009 NONE

Forr PCT/ISA/210 (patent family annex) (July 2009)



T zAE DA

THEHUHE
PCT/KR2013/G02580

A, Ll 7]

gl 4

GOSF 19/00(201L01)i

B. ZAbE Bk

2 AL EAGFASAERE 7))

GOBF 18/00; GOAY 50/26

| ZIAH 1
b ZlAE]L T

3 0

Pe
FC

= wastewater, plant, energy, savi

ng, actuator, multivariate, Sha]e]ab

KR 10-2000-0078502 &
=ek 11-17, 29, 32,

A (5

[ Ol
Int KEI/2000 31 1A,
Hel2] 1, 291 1-20; &
AwlH 2 a3, “EhrAE
#HHsg 9
Yol

o] A 583,

rp

Aa% 9 e,
A =] AH]
=z,
#2320, E]r

OSAMU YAMANARA 2] 59,
Plant. -Operation’,

Technology, Japan, Vol .
wHeolA] 87, =kl 1-20;

S, dFR ArE e 40 AFEH Gy

FhohEE B A
48, 2010.10, pp. 589697
2kl 2040 FZ.

=1}
o

4k o
=]
2y

Diicle
15 gz

T 2008.07.20

|y
T

ho} o 7
k=513 A AF b1, 2000.12,
Heja] 48, =91 -20-28 Fa,

_‘E?HE—] upgrading A < &
Int Korean Chem. Eng. Res.

Y
g

=47,

é

Helerteld 71H H-2-5 &%
i, Int 2010 B35 EEL 3
UE 2, 2012.03.21, pp. 320-321

A
il

" & Knowledge Discovery Assistance Method
Using Multivariate Statistics for Efficient Wastewater Treatment
In: Journal of Water and Environment

16, 2012, pp. &7-60
wolal 88, kol 1- 985 s,

pp. 1-F

57

17

71 A4 = ]

=,

0
Jn

DERI-

il

=,

i

sk A8 R4 A

\ _
249 o) %

o FAE2

¥
miod
RN
AL
RuRies
X

e

i 4
o
gl
e
1
[Fipr

[

-

oty
e

i

ria
O

i
a

2%
Q

!
o
5
rir

f

ok

o o™ n

A
ol
jiu

Jn

SCrlp

frl

B 4o

ek
i e

e

52 A1

ol

oL 2

O
bl
i

b
M

1o g

I

i

FAzAbe] AA B2d
20131'3 O?% 26 {26.07.2013)

T
-
2

)
oL
p—t

o
-

H
5
B

+

(L ok

el

ofr

T

ISA/KRS

+82-42-472-7140

He

P
] 2

abe)
.
-

rJ

g2
o

i
ek

ik

S +82-42-481-8262

A4 PCTIISAMRL0(F

A &) (200044 7

)



FAZANE

St g PCT/KR2013/002580
Gzt T o A4 H5562 Y

ded 5sed

ER 10-2009-0078502 A 2009/07/20 ol

A PCTASA210 (W 5-53) =718 (20094, 7€)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

