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A Study on Energy-Saving Measures
and Economic Analysis of a Water Treatment Plant

- Focused on High Efficiency Pumps

Sun Young Ha

Department of Electrical Engineering, Graduate School of Industry,

Pukyong National University

Abstract

Since the Industrial Revolution, greenhouse gas emissions have steadily
increased, leading to a global climate crisis. Efforts to reduce greenhouse gas
emissions are being made worldwide, with a focus on strengthening
environmental regulations and promoting investment in renewable energy and
high-efficiency equipment. In this context, water treatment facilities, as
energy-intensive entities, need to examine their energy performance and
actively explore energy-saving measures. So far, these facilities have mainly
focused on expanding their infrastructure and adopting new  technologies to
improve treatment  efficiency, resulting in inadequate consideration of energy
efficiency. Therefore, there is a need for energy-saving measures such as the
introduction of high-efficiency equipment to contribute to low-carbon, green

growth.

Water treatment facilities consume approximately 70-80% of the total
electricity in the water sector, with pumps being a crucial component. Proper
maintenance of pumps is important, and efficient pump management is
particularly critical. However, due to the extended lifespan of mechanical
equipment for operational efficiency, the current pump replacement cycle
exceeds 15 years, which is the intended service life, and pumps are being used
beyond this period through partial repairs and replacements. Consequently, in
this study, I selected five water treatment facilities in O O City to analyze

pump efficiency improvement, replacement cycles, and their economic feasibility.
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First, I calculated pump efficiency based on actual measurement data such as
flow rate and power consumption to assess the efficiency of each facility. I
then examined the energy savings resulting from efficiency improvements
using return on investment (ROI) and net present value (NPV) as economic
evaluation criteria. The results showed that within an NPV project feasibility
period of 8 years, 9 pumps (50%) had an average efficiency of 66%, and their
average operating time was more than 4,400 hours. Within a feasibility period
of 9-10 years, 5 pumps (28%) had an average efficiency of 69%, and their
average operating time was more than 4,200 hours. Furthermore, even with a
pump installation period of 14-16 years, replacing low—efficiency pumps with
high—efficiency ones resulted in a feasibility period of 5-7 years, indicating
excellent economic viability. Thus, it was confirmed that replacing pumps after
15 years, which is shorter than the 20-year replacement cycle, is more

effective.

I conducted sensitivity analysis on the initial input variables to determine
their impact on the final amount. Through comparative analysis, considering
factors such as government support covering 402 of the total investment and
a 20% increase in the operating time of high-efficiency pumps, I found that
with a 40% reduction in total investment, 13 pumps (72%) had an NPV project
feasibility period of less than 5 years, and 4 pumps (22%) had a feasibility
period of 6-7 years, significantly reducing the payback period for most pumps
to within 7 years. Additionally, when the operating time of high-efficiency
pumps was increased by 20%, 7 pumps (39%) had an NPV project feasibility
period of less than 5 years, and 8 pumps (44%) had a feasibility period of less
than 10 years, indicating a significant reduction in the payback period for most
pumps to within 10 years. Therefore, to enhance the economic viability of
pump replacements, it is essential to focus on reducing initial investment
through government support policies and increasing the operating time of

high-efficiency pumps.

- Vil -



Al1d A £

SRR E:

L11 71%97] W&9 984

S AALS = 20156 Al21Ak 7] S sk ARG S| ol A Post-2020 21715 Al A
T3to]l Hi e EA Auoes AAIE olye BE w7F Foste 7)F
Het AAZE vhEHA R, ARl sAw 7 Z7bEe Z7PE 7]oler
(INDCs)& 71 FWstgd ok ALESto] A&t 247t 35S 99 =89S
st dnh MATAHeR VFHE =0l a7HA U AFFolA ¢

ek 2015l 247k A S 9l 2030 7bA A& A A (BAU) iH] 37%

(FW 27.3%, F9] 1L300)9] BHBEES A& om ol whek 2030874 £
e g% JRRERS s 1 F £48 4t 345 Regdat
4F FA L gyel BEWAL T PFES T FHEOR ARG

325060)8HEA] AR WEE obu e HlARREA A o] FAhHel a7k ol
s A BT Seluazt 203087 FUAA REdcl ® 1% Zud
2766 THECOeq F A, B, oA Fel 169,

8
o7 Auk o]} HF(614%)S AA st dom HAHFES] 99

IPCC(7]5-Rstel A 4730 FolA) 62 Bl w=m 2010678 2019744
A Aol Patv)eo] Akgisl o] A(1850~1900K) W) 1.07=7F sk
alg el o] 20159 ThE]7| el ok A A stely] 2 8 155 Epuc B}
039% e Zloluk. olol mek A AV BAUES Ao wHsL Yu WA
otk SEuEtE 2030W7tA F7b A7~ 75

Bge 00189 tu] 40% Zo|Atta EAANSe] Aelg. MEE NDC Aakere] A
20181 L2712~ HlEe] 935%2 A A|sH= oulx] Hok(Ad by, AE

A o
=9 % B FY BEE A4S

ey



il

A o] =olx 1

i

ba

A, oA 520

[e]
o a7t~ 935%7F

3

A

Jout o

ol
N

L
R

A A

o=

=¥t AollA

Fell A uj

1 2o

3

o)
AR

R

]

A
A

,_lryl

N

7]

Fot AA =

ARz

o

=

K

3L . ol = <l

S

=
=
o)
AA
7t

=

o

Far

o]

o= ol

]

S

7}

o A o] Arqlstel mAlEt R Q) oA ot F4

oA st o #

o

&

[e)

A AA

]

3 ol a7t

S

R4

o]

7 =2

=

[e)
H TS AHAets 352

Atk 20509 A

<
=S dvrha glk

-

=7
T

=
=

i

ks
BA A AT

£ ARl
7hel A 7

)

_1,_
_?4
1.1.2 oA HE& A

o

<

B
ol
olo
!
el

o 2919 8/Eo 2 AddiH] 280% &3kt

3

bz

7bA L 20224 49

s &

Hq718%

R

Aol Al Axwf

12
=

Ko

4

7F =7 g X

A
AA AA Aol A

—

(e}

. 2274

e

KO

-

=

o}
%0

)

=] 50% o]

st

x
B
o)
N
&

—_—

0

hul

Atk weh oA A

AaA g A e AALLS A3



113 A% A4 & A
gk gt 712 Ay A A 84 BeE 99 AlE dststa o
pLa

wou, Al & e s

o

TS FFA7E A7 dasit

1131 S 247l= B8 59 € 82 MEd AHA

2 WS EA(BAU)HH] 247k~ wj&3-S 371% 45
olg & Gty & AP FE-S 20109FEH oUA-2ATAwE BEEAA
(15,000[tCO%/D7F A& E 1 dow 201595 E 24712 wj=d AdA
(AF 7 25,000[tCO2%/ ], A A 125,000[tCO2%/AD7F A& = 3 T} 53] =7}
HEF & 389 28 AAse A HE vl Sl B 39l dE ek A
A SAS A TARA A% V1R, A6z wep TeAvks wiE
AdA, & =472 st AdA 2 ARGA 5 gAsdR 39 FolE
AA 20129 59 T2AVF wiEAe] @ 9 Ael] #3 HE, & AAEA
o]F 2014 99 =7} W& FIALLS FAa 20149 129 FA O 227k~
d3sto] 20159 149 1478 247k= wjiEsdAgAE Aldsta 3l

tlo
o[v

=l

MEAADAE A A A WET + Qe 2N HEFS ol
i, Z1PES S8 Wl WlA A BE} LA FHS 5, 4 /140

25 wol A s8] U A9 Te A e sene w4
=

MEAAHA =9 A o= 2472\ A] SxdadAE AHEds

AH 2012d %8 AR gov FRet weldA AL FIAY 2 gel 2

Irt
H
n
o
il
ol
:O.l_f,
Sl
=3
i m
oX,
i
Ho
=
ol
=
%0,
o
u[
=5
r-l
Au)
2
=8
rr
ol
$
lo
o
iy



71 2l A 71

o)

A

ta gow w

S

12xH(201572017) 2 22H(201872020%)+= 39 @9 = Al

= A

wK

T

o
o

7AO

A A ]

Al

=4

R

W

Hr

Z}FA]
) A} A

=
=

o] 38.6%

)

o

oF
el

22

R
R

3|
L

g ofoF ot =W

3]

O~
T

ofp

o] 72%7} w2k

1
=

A ZFA

Al oo mganrt an AYgRERT)

§ e

3

P07}

B2
T <uiE

AZI%d
seE > WEY

a9 1 wiEaAAHA JHe



1132 12 & EH A 2 JAL0EE7]F(MEPS)

A AAA A7 D g A2 9 F2 oA av AFED 2E 2

;
A,
(=

=efolB Fofke nFESE FAZE AAAL Uk olvA] BES Eo
ANYA Abg o] FolEo] 24Vt WES =9 F Us Ertoly gt AREALY
AU A AR H&S Hste &% AE F A7) wWEolth TulolA A& AL

A71RE)= A o] 54%E AAsta 3ol 28 2avt &
oAFE AY Azt gaayrt F AR dEa vk kA A S d AT
ANME= HE7]el gk A GFoiel AA HA AP EE7]F(MEPS: Minimum
Energy Performance Standard)S 2018 10¥€H¥ IE3(Zgn|d)eo =z sk =4
L 202630l = [BAFrH ZEjv] ) o2 gtk A geltt o] 7]Eo] AlgH
uel gl A Az = AES Edete] FdHe AerE A3 VIEs 488l
7l PlEEE Ax FY, 5 AW S48 At MEPS+ = A &&(IE:
International Efficiency) 7]l uwgl IE1(YwWH), IE2(a1&8), IE3(Zn|d),
[EA(frH ZE v ¢d), [ES(FEZHZEu )2 FEsta Jdvh. Fuolxs of2 IE3
7)ol F-3ete AFEC] gl oly dlejedA = [E3E Bl Rate] IE4, IES +F2
1gE A7) 7ls 2 R AFe] FAEL Y. HE o8 w75l MEPS
T Foz Qs AP FokellA oA EEAHQ EYH Favl 5oyl

o, 1713 BE, 49 AFske] A%sh So| Fa acle] Ha g,



i

9

4 2 EAA

E

=

Hj

o«
i

EL)

eTA

[}

12 A7 "o 2 23
1.2.1 AFAFAA
o7}, AFS A FEIbIA ARE

7HA]

H
BR

o]

1

9
pul

o

o=

9]

o] ¥

i

37
=

-

e

A1
7171 o1t

[

o] oluf AFAoA A el 93
o] BL AR} ARAC} wEkA]

oA A

3 X
2l

=

NG RERNPAR: SRR

70~380%

ok
o]

& o|uA thay] Z]HoE BRRe] gl

439
27t T2

J

=

%

24
Tl

Q
—

k.

W =
ool 3
QA4
of2]

A
=~

=]
RN

i

o
o

;01_

il

1

o

o
o

71w ol A Al Sl w

—_
1o

ol
ol
Br

—

0
"

I AH= AUAALS Za3

o]

o] Al
v

i

71

9

Bl
7t 7t

3}

=

o el w27 wE
Holw 24 5ol

o~
o

2l

ASA=e =

o

A 341 7ol

o
A

Itk LS PO Aol wel drjawel 2

ol 13 %] 7] 2} 7)
ol A

al
ol 7] flal whHE QASAEEA 20189 ALFER]

RS R

ar
[}



X

K
o

o
o

<

A grew AfAgel Aol A

=
3

el

o~
T

g

x

] A

&
T

71

u}
=

s Fe st 2018

T

i

T Hel itk 0 0FHA

HEE3} ol g & ol

s}
=

™
o
N
fr—m| © || N0
%%57591
| © | © | O | B | —
0
=y
P | = |||
Moot | ¥ |9 | w0 | x| 2
=~ ® | & |o |
N
< |lo|w|o|x
S S 7o B B S N
B | |9 | x|
]%4543
< | o
mmmam.53ﬂ
S =
e
® e |8 2
E || e -
n.moﬂﬂaunol 99)
I | S| —
B ke <
—
o WO g o
o — | S S| S S
dodl | 2| 2| & <
0/754. (oe]
e | x| 2| T
~ —
o Ko | o
= L8
.%O K¥ | K
< | m

g3tk

A
e}

wuge Uephy, AR7ERS 5%

g MEge tepha gt

FAEEHS
Pl et A28

k)
hid

A3l o




17w o] A4

=]
T

EH]:I

A&7
(A7)

W&

el

?.

O|AE

,_O._
H
\o

WAF7]1(203)7F Aok nlA

K

et
'

v A 7] 2L

9 A=
o] AA|ut LEE 7|7

3

A A

B

Az 9l
1-g0] san] o)

-

AR

[e]
2o

=

H
ol

B
1

R

o
%

5

;OE

_ZT
ol
oy

o

]

7

a3

& oA

R Ao



Fach Lo

S

HA = w5

o

of o

122 479 &3
A7t BEAE A

R o oM R OR WO T oo B
TR g, T 4e X T T4 oronom
LTI INCS N g T A = BROG o
T w R T ow o BT B ow K B A
%0 X of + T 9 0=m NN R
BT Ly o = Moo= W o N g0 o
Jo ™ BT w3 b WooR el H
N iy ™ S A
T A o i) SR A WL L AN M
el -~ ;OL ﬂL W ﬂ ™ [ G~ AT 9] -
o UM o T T Ak 09 o ) o g ™
I B X e S RO
ROE ow oA g GRS T - S e oy
io = "R ,X eﬁa ,‘m _40 ﬂAlL e E__; _ z,rl q ng
N iy ol X fo, 8 & o) %ua e AT
VN E e Ew S [l R Ty
o o L, B — BT e R kg TG
" = R 0 - il
g e ® ¥ E LIS RE
SEw o 7 ®op g Pd R Eleed g
N ' X = )
I I R S R
o o © O 7 A N | X
T o o o |\ o9 = o o T ofn ok
T oM oe X o~ & LD em R oo
oW T oM T Bow R 0 . 7o S A =
o om T ox % Wig B iR g g TR
o o= X M Aﬂﬂ%ﬂmmfﬁm&ﬂ
Y - Ko
F3EZ: zEsAcLEandy
o O We oA B e A H od =
= Moo= - S N . TS
W T o Txwowor T oo oy od oA
% W WOoE T x = =0 TR w @ - T " M
D N S I o T I N oy
WO AR T oo T ok e oer m ok T op R
T O W H T M AT HA N T B R

Al

ol

T

2

-1 3H(15d) o]

P S R=N=A

ol A% 7}



SR

4

1=3]
=1

1.3 479

7K

}

pul

o

g e Al
A 5223

b U
217 7ol

1

.

L

o

&3

-
L

ok Al 3%l A

il

ok Al 47l A

Al 57l A

pul

Al
i

k]
gl

as

7}¢l

[¢]

pobe 4174
S

o
=0 s =) |

H
A 4:H]
A
- Ao w7
] @:rLQJ g QA W &
- ATt il

%O
A
o
od

B0 B A R0
o a7
R TO o T
M o %0
o H H T
% R B R

2

ER R
5.

- ROIL, NPV A A (HAA #-8)

- ROI, NPV A4 4 437

[e]

3=

A8 @t

- al

=

oA Azt

of

=

L.

‘l‘

R

tg-o

Lol uf

= Azt

it
.mo

=K

_‘IO_



X
B

o]%

A2

| s

==
=
a

5445GWhe. = o]

o ® FARE Y, (2020, AHASAAR) =l

[
Al B FEANIAE oluA] v E

R

H] &
Ak, B2l ol oA

ol
=

3wl

3

SRE
o AAH el H]

2019 7]
ol 1 4]

21 ¥

80%°]d°l

A
B

T
X/

X
)

X4
N
el

olo

K

Ho

e

o
G
%o
o>

—~
o)

o

A+

9]

71 T-4E &l A

M
o
o)

)|
sl

e

o
RS

H =2

)2)]—

s

S

&ol A

o 28

L

s 27] o

[€)

[e]

[e)
St

A} T}

o] &

A2 ol

L

=

B

Fu)7F A

S

o | A

s Ay
A

Nfo
H

A
o
3l
of

o

450l

2 <]

AlFtol datehel whet

oz v
i et

2}

_‘I‘I_

A

<]

%4

5y



% ik mebA

=

fL]t‘sl—

=

=

o

[}

=

A

o~
T

FA R

2 3A A =E

=

p—.

]_
rulo
7}ol u}

[}
u

tls

1

&

211 g=9 oA A

H)
BR

o

|
H]
B

w

)

—_—
o

jol-
M

14 v 5

9]

o ¢

Tor

shE

FARST 2 AR

A 35k

A A
1)

12 olelzith mkA
2wy

hO

b=

°©

A

=

=

o

=
2l

=N

/51—

9
Xl

3 3L
T
(e}

94 i

L

2.2 Hxzo A

o]

Jo

221 =9

F(Q)o]

)
BR

o

o
ojJ

Hr

ze]
wr
o

A
,Eu

Hu, o] ez Pz A7)

1

kel
=1

13
=

=7}

=

Jo

A
BR

N

il oF

0

(RS R

AR NS

& Ao HE

k<]

1

1

el

+
oV

oo

—_—
o

N

_12_



W MM X g on T
SEEEEES
auz,ar.i%ﬂ1_@
Amuu_%ﬁfrmiv
W uﬂm SR w m% % B -
] ot |
il mp H ? e - it
w W g wf =T SEERE
@ﬂ_omﬂvm -
I w A LY _E u PN |
> % WE - “ b W = A
B oq o 05 i 2 n
X & o3 ed 5
e G o)/ = = n |
v ow Yo s . ﬁ % : : 1
SN— ..\. | ﬂ.
_ Ao w _ﬂﬂ = M : 0
= 4 T Lo < i)
%aﬁ.zng&_ﬂw 1. r
A < o =) T BT 5° F.. :
AT o W - mﬁ » 25 & sy
o} ﬂ” :L H;, 1l 17_A| = T KA : | m., Z
T o : r o
\% ﬂwo E nnme ‘O|T &M X Qﬁ ﬂﬁ _.._..H.. |m I
ﬁ%%igAMA% E E
z - g % o ... |
w X 4 ol o p M © E
> T T s o T g W i .
STpioL B : P
Hr = el T 7o o au
— o x = A A 5 m |
= " I ¥ <z 3 E
<] Ho = Y E
Ao N = : I
< T oF R Wu i = |
qlﬁo_ﬁ,ﬁ_ﬂwwgz i
=1 et o9 _ o
el < 41 4 N or N |
| @ AR = * | |
< Ak o X X o X
B EE N
T o8 ol -
SN |
Head

_13_



222 A¥d &4

ALt HEZ =2 (A7 FoF 7Hgsle] anE AYTFS e 2o 4
o7 Ui S Ty o= mdstd oS 2o
L kWh
P.=— (2.1)
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Q. : Hxo A7 5 m'/hr]
Q : Hxo =7 Y [m'/sec]
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3420239 g dHErt

AYF 83" AWh)
T % 23 E.7}183 22
Az SR= | =] ALd
(6~82Q) (3~5, 9~10¥) (11~2%)
7453} 84.8 84.8 91.8
Ae)
1 3-S5t 137.7 107.3 137.9
o F-st 219.8 138.0 195.4
7453} 79.3 79.3 86.3
e
%A ; 3-S5t 1322 101.8 1324
o) 535t 214.3 1325 189.9
7453} 78.4 784 85.7
e
I -3 131.6 100.5 131.8
o) &3t 201.9 124.2 178.7
7453t 87.9 87.9 94.9
A ed
1 ZZHE-s) 1402 110.2 140.2
Hrjrat 214 140.5 196.4
7453} 84.1 84.1 91.1
S
I34B 3 Z 5] 136.4 106.4 136.4
o) 535t 217.6 136.7 192.6
7455t 824 824 89,5
A el
I A8} 134.7 104.8 134.7
S 216.0 135.1 190.9
22:00 ~ 08:00 | 22:00 ~ 08:00 | 22:00 ~ 08:00
08:00 ~ 11:00 | 08:00 ~ 11:00 | 08:00 ~ 09:00
o 12:00 ~ 13:00 | 12:00 ~ 13:00 | 12:00 ~ 16:00
== 18:00 ~ 22:00 | 18:00 ~ 22:00 | 19:00 ~ 22:00
11:00 ~ 12:00 | 11:00 ~ 12:00 | 09:00 ~ 12:00
13:00 ~ 18:00 | 13:00 ~ 18:00 | 16:00 ~ 19:00
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A3 QA QYA As A4

3.1 A=A e
3.1.1 A2 £47tx W& 3
O 0FA AFAZAAELE 25000tCO-eq oS AHYAS dy ol B

AAZA 47t~ & FRUdAAR AFHh o= Avkh S 7)Y

A46zel wh 227t~ wiESE JAVE AREZRE wEES Foluta 1§

ol Al Ak Z% 2 27t 5SS shE wiEde] ¢S A oE dAl

Feje 4= ok W E mjEde] A5 A4S e dARREH 53 MEAs
% 20

Fohshor @k obel Eg gol e BFF R 1A A

T 6 AFY A ST Fol

T [ = 2016 | 2017 | 2018 | 2019 | 2020 | 2021
LA~ HEF
[tCO.-eq] 35312 | 36,009 | 36,600 | 37058 | 34,241 | 39,577

Addel $24&(%) | 514 | 197 1.64 125| -760| 1558

AeAgad Adade] 2021d 247k wiE 2 395771tC02-eq= A HAME

Z712 20208 tiH] A b~ wjE o] 1558% =715

7+ & 2016 | 2017 | 2018 | 2019 | 2020 | 2021
LANA HEF
[tCOx-eq] 21,850 | 26,796 | 24430 | 23285 | 21,945 | 23,001

Addin] 2728(%) | 863 264| 88| 46| -575| 481

Ay B 20219 247k wjE 2 23,001tCO2-eq = & HALE-Fo]

20201 Wi¥] 6.39% S 7tsto]l A7t~ wlEwFo]l 4.81% S 7FakSit.

_24_



T ® 2016 2017 2018 | 2019 | 2020 2021

PP
[tCO2-eq]

Adoiu] Z28(%) | 10811 89| 1475 | 338| -047| -268

9,063 | 8255 9473 9793 | 9747 | 9486

AFAgAIA CHFE 2021F =47k viE =S 9486tCO2-eq =, 2021 94
AE N7 AAE dYabgaFo]l 8882%% 7Aastion, o2 s &A7b~

v E ko] 2.68% FHAskaitt.

Z 9 DAY A 2472 WEF Fol

+ B 2016 | 2017 | 2018 | 2019 | 2020 | 2021
LA W&
[tCOx-eq] 44026 | 45942 | 45430 | 44405 | 45,070 | 45558

Adoiy] S72&(%) | 464 435| 11| 22 1.50 1.08

ArAYAAd DA A 20219 A7k HiERFS 45558tC02-eq= 7t
WMo A Abg o] Frhate] £AzkA HlZ ol 20208 tiv] 108% 7}
a9t

etk ole] 22w SAZk: MEW AALS BTl RER LUt MEAS

W

Fah BAgAAe duA Az drles A olud 247k~

MEATE dgsel gonz o o4 v & g B5H Aotk 5w
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QL
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e
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=
fol
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r >
o
N
N
Y

28 AEe) oF 10780%E HZoA AL
FapHel gigte] € Aolth wald W& HIES B§3 3749 AEH L 279

MDA A DS ez 188 HE wA AFS HES
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¥ 10 2021 A7~ wjEE RER
(el =)
2 n Mg ¥ | A uiEsE | AREE | D AR | FHF5 HER
A (B) (B-A) © (B-AtQ
AR A 32,692 39,577 6,885 2525 4,360
BA T 22,329 23,001 672 617 55
CA+% 8,247 9,486 1,239 647 592
DAFY A& 40,691 45558 4,867 2,004 2863
s A 103,959 117,622 13,663 5,793 7870
3.2 QA Fo4du] AE
T8 uA g d&F g2 AXAdert fFdas 1598 43 20109
oldeo g MAsY *A H FH &S =AY 4 HeAE H=E d3e

obel sk At

321 A A%

D A3 oA A
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i 11 AHFE H= d8
nA A
T 2

ESH | R | MY | B & | /BARE | AR
137] | 108mi/min | 72m | 1,750kW | 85.3% | 4,489 | 2017
257] | 104mi/min | 72m | 1,750kW | 845% | 3504 | 2018
A=y | 327] | 108mi/min | 72m | 1750kW | 865% | 3394 | 2018
PEZE | 437) | 108mi/min | 72m | 1,750kW | 87.0% | 2,150 | 2017
557) | 52mi/min | 72m | 896kW | 85.6% | 3,120 | 2017
637] | 52mi/min | 72m | 896kW | 86.2% | 2560 | 2015
137] | 116m/min | 68m | 1,710kW | 754% | 4,020 | 2004
2%7] | 113m/min | 68m | 1,725kW | 72.8% | 5014 | 2007
AZ | 3371 | 107mi/min | 7Im | 1,725kW | 72.0% | 4,245 | 2007
2828 | 437) | 126mi/min | 67m | 1,825kW | 75.6% | 4450 | 2008
557] | 27mi/min | 72m | 520kW | 85.8% | 1,210 | 2017
637] | 52mi/min | 72m | 896kW | 832% | 15520 | 2014
137] | 104mi/min | 72m | 1,750kW | 85.6% | 3430 | 2017
2%7] | 52m/min | 72m | 850kW | 85.2% | 2,504 | 2017
337] | 52mi/min | 72m | 896kW | 87.5% | 2,830 | 2018

AFTE [ .
g | 41 | 104nt/min | 72m | 1614V | 870% | 3050 | 2016
557) | 24.3mi/min | 76m | 448kW | 85.6% - 1993
637] | 104 /min | 72m | 1,614kW | 832% | 2,560 | 2015
7%7] | 108 /min | 72m | 1,750kW | 86.5% | 3,120 | 2017
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7FeARE
[b]

&0

-
Ao
)
Jo
K
o
iy
*
R
f

KW | (A | [m] | kW] | [l | fm] | [%]
157] | 1,710 | 6960 | 68 | 1,498 | 6988 | 68 | 86 | 4,020

ASKA 257] 11,725|6,780 | 68 | 1,460 | 6,805 | 68 86 5,014

HEH | 357 | 1725 | 64200 71 | 1449 | 6,446 | 71 | 86 | 4,245

4571 | 1,825 | 7560 | 67 |1,635|7597 | 68 86 4,450
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322 BA+H &%

D BASE wA A4 $AEA

o
e

EEE || AHsE | & | VR ARd=
137] | 66m/min | 58m | 9MKW | 634% | 4330 | 2009

2%7] | 6/m/min | 70m | 1,119kW | 71.0% 6,084 2018

3%57] | 67m/min | 70m | 1,119kW | 752% 5,245 2018

1
o
7VEEE | 457) | eami/min | 62m | L02KW | 632% | 4806 | 2008

557] | 23m/min | 77m HM47KW | 64.3% 0.8 2006

757] | 28m/min | 77m 447kW | 64.3% 0 2003

157] | 7lm/min | 70m | 1,119kW | 73.9% 3,676 2017

257] | 73m/min | 70m | 1,119kW | 79.2% 1,025 2018

B
VT 3%7] | 73m/min | 70m | 1,119kW | 81.1% 3,243 2016
aEa—

457] | 73m/min | 70m | 1,119kW | 80.6% 1,680 2018

5%7] | 7lm/min | 70m | 1,119kW | 73.7% 2,392 2018
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323 CHs+% A%

ujste]l A AZHES AFgstn glon AZA &8 dn e g8E A
i ok
% 15 CHE% H= g
A A
T B

ESF |93 |8 | 52 | 7SRt | A=
157] | 25m/min | 75m | 450kW | 825% | 2500 | 2018

G 257] | 25m/min | 75m | 450kW | 67.2% | 2,780 2005

198 | 32

3%57] | 25m/min | 75m | 450kW | 69.5% | 2,650 2005

457] | 25m/min | 75m | 450kW | 67.0% | 2,850 2005

157] | 3.6m/min | 130m | 132kW | 63.0% | 3,540 2004

G
23877 | 257] | 3.6m/min | 130m | 132kW - - 2004

A=Al
AL | 355 22mi/min | 130m | 90kW | 60.7% | 3420 | 2004

1%7] | 358m/min | 80m | 670kW | 65.6% | 3,550 2002

2o [ o
G | 255 | 358mi/min | 80m | 670kW | 61.6% | 3550 | 2002

paibass

HigAlY 3%7] | 408m/min | 78m | 795kW | 65.5% | 4,380 2002

457] | 408m/min | 78m | 770kW | 67.6% | 4,380 2002
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324 E7Itd &%

) EZFd A d SAEA
E7Fb e 7IAdg =g 9 Adgzgos yyojx Qi of % 172
AAAGS Yepdnh 71482 13719 A 1A 60m) o2 AA ] dA|
HEol ofeld Mo UnA Pxe A% FPo] goldtn YrWE &
2o}, AT sl ol AAGSA &9 Folu 1A #A oA H
A TS 1Ed 18§ P wA HdEV B3 Aotk
X 17 EZHE HE |8
wA A
T % N .
ES® | ¥4 AHEE | B & | IR AR
1%7] | 79.2m/min | 25m | 537kW | 60.2% | 4,000 2009
2%7] | 69.3m/min | 27m | 480kW | 63.7% | 3,500 2008
3%7] | 33.3m/min | 35m | 300kW | 80.5% | 2,000 2017
Bl 4%57] | 656.9m/min | 25 497kW | 54.2% | 3,000 2008
A .9m / min m 2% ’
5%7] | 95.0m/min | 32m | 750kW | 82.8% - 2017
637] | 123m/min | 35m | 1,005kW | 66.7% - 2004
7%7] | 333m/min | 35m | 300kW | 60.5% | 2,200 2004
1357] 132m/min | 60m | 1,725kW | 75.0% | 2,000 2001
2%7] | 95.0m/min | 35m 750kW | 68.7% | 2,510 2008
3%7] | 90.0m/min | 35m | 712.5kW | 68.5% | 3,520 2007
i 4%7] |/min | 4 750kW 1% 359 2
S o7] | 80.0m/min | 40m 50 66.1% 5 008
5%57] | 93.2m/min | 35m | 750kW | 77.4% | 4,200 2015
637] | 43.7m/min | 35m | 349kW | 71.6% | 3,000 2004
7%7] | 379m/min | 37m | 339kW | 67.6% | 5,236 2004
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AdFEZ SAYoHE EFa|E 23 800HP 1,243 7)<+ 400HP 3,75 7] 2t
g2 geog HAste] &4 Folth 157]9 A9 AA A H(35m 4,050m'/h)ell

H) ] AA £HH(25m 4,751m/h)o] a5 AFHoz £ Foluw HAHLH

LY

Mo

(30m 4,200m/h) = wAY 49 yuA A& & F vk E=I 257 AA
=77 (35m 3,900m'/h)ell HlE] AA] &d4(26.8m 4,156m'/h)o] AfF AGAHOE

oA Folme AL 30m 4200m/h) o2 wA7} B L

F I8 EZVMHE AT 188 B uA oy
oA A A 3
. = e
T | M| W 5 B W B8
A | [wh] | [ | KW | Ik | fd | [%]
137] | 537 | 4751 | 25 | 418 | 4200 | 30 | 82 | 4,000
1)
ER | 23] | 480 |4156| 27 | 418 4200 | 30 | 82 | 3500
=2

437]) | 497 3956 | 25 | 418 | 4200 | 30 82 3,000
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5) EZFPd 7199 A
slo) edolEE FHARE A LHZ gL vl Az ol BmelA

2m7bA WlEEol glen FAvd = " AAa o ddew ) niE

¥ 19 ENYH 7dEz2d vag s g2 oA gy

A A oA &
7¥s Rt
o O e A T e R B T ]
KW | [mA] | [m] | [KW] | [mh] | [m] | [%]
157] | 1,725 17920 | 60 | 1,135 | 7,920 40 76 2,000

2}
E?]%o 6357] | 349 | 2621 | 35 302 | 2,220 | 40 82 3,000

4
o

757] | 339 |2274| 37 | 302 | 2,220 | 40 82 5,236
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325 F7/t4d @3

AWAE HEZE= 137]|+557]+9357], 4571+65.7]+95 7] Fgo 7 7t F 37
7Hs Folth 28719 357 AE5H FaE S Al vhEEH L i
AdZol= vl7bs AEidon 33571 ddzd 16[h/dIRt 7hs = Aok w3t
SEAE HEE 737|+8%7|+10% 7], 727]+1257]+105 7] X oz b =
Qe s Folth AR 7E7]+1057]+11% 7] 2Fe R JHEHAAIR

A4 1057 nFoz Qs 10579 115 7] vl 7Hs Aejolt},

¥ 20 F7Ibd g 93

4
i

Esy | | AHsE | BEE& | VISR | ARAE
137) | Bomi/min | 77m | 1,270kW | 72.7% | 5577 | 2017

257] | 95.0m/min | 88m | 1,856kW | 73.6% - 2004
3271 | 90.0m/min | 88m | 1,856kW | 69.7% 16 2003
FRA [ N |
457] | 103m/min | 79m | 1,641kW | 81.4% 205 2017
AHAE
557] | 56.8m/min | 78m | 1,120kW | 64.7% | 4,924 2005
627] | 69.8m/min | 78m | 1,154kW | 772% | 2,760 2005
957] | 46.6mi/min | 76m |  960kW | 60.3% | 3,573 2008
7%7] | 350m/min | 8m | 750kW | 67.1% | 5,015 2013
857] | 86.0m/min | 77m | 1,521kW | 71.2% | 4,817 2005
FRM 3
omAE 1057] | 350m/min | 88m | 750kW | 67.1% 2,983 2013
L | hre)

1157] | 65.0m/min | 78m | 1,200kW | 69.0% 317 2016

1257] | 908m/min | 76m | 1,576kW | 67.8% | 3,736 2005
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2) F7rdd AlWAS HX 7)ol
71E AFE FQl &@8o] ¥ 13579 Azt JhEAIZFE 5577h/Ale R T

g SAm 20179 A2 dFARA5D] A gl mANTHE 157]9)

THEAZVE Folal, E&o] £ 437 HZ EANE B AF oduxE
So|=E gt} Folgeo]l B2 oF AW TheATIAL HAAA S B8] T2 4357
A2 sbEAIth Ee 56957 BEES 1E S FEE WA U E M7}
Eig=
# 21 FAHE AUAE B2 S wa
- A A M F
137] 4357 1357] 437)
AR EKW] 1,270.9 1,641 1,270.9 1,641
=45-%{mi/h| 4,418 6,185 4,418 6,185
FA[m] 76.8 79.3 76.8 79.3
T8{%] 72.7 81.3 72.7 81.39
Azt 7FeAIR /] 77 208 200 3,984

=137 54 F#m/h] x At 7FEARMh/] + 45.7] S 57 Hm'/h]

4418 x 5577 + 6,185

= 3,984[h/d]
¥ 2 1 5e 3= uA gy
wA A A =
Z oz o 5 — 7Fs Rt
= TH M ¥ Y| | B ]

KW | [miA] | [m] | [KW] | [wh] | [m] | [%]
BRk | 5371 | 1120 | 3410 | 78 | 95 | 3480 | & | & | 494

A9z | o0 | 26 | 76 | 80 | 30 | 80 | &2 | 35
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A 4% ROI NPV AAA 24

e nEE BE AAd we AALe B AaA ofele] ® 242

g 5 @ 9 4y H] a
AL R Y g | Aulgsf g drlel wet 24
H= 4H m AL | AL A9 wfet A

HFEZ BT | m/mn | HE | AHEE AA9A wet 28

Bz 29 kW g | AR AR 0l wet A8
AL h HE | AR AAA] | w2t A8
WA d 20 | A¥] Ferstol] whE Wader 201
Fr A B0 % 07 | By Investment costs
1M % 03 | By Investment costs
718+ 4/KkW AEcrie] uA AE I, 1B A=
& % 5.0
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A<
(11~24)
86.3
1324
189.9
89.5
1347
190.9

1/kWhelaL, it

S
RS

116.9%
(3~54,
9~10¢)
793
101.8
1325
824
104.8
135.1

3 7ea

&3
(6~8€)

AYF 2F(kWh)

SEISTRS
79.3
1322
214.3
824
216.0
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W26 wSFA AElN e
e N— o

A (?Eg) (3~§%7}9E~1%%) (ﬁi?é_)
22:00 ~ 08:00 79.3 79.3 86.3
08:00 ~ 09:00 132.2 101.8 1324
09:00 ~ 11:00 132.2 101.8 189.9
11:00 ~ 12:00 214.3 132.5 189.9
12:00 ~ 13:00 132.2 101.8 1324
13:00 ~ 16:00 214.3 132.5 1324
16:00 ~ 18:00 214.3 132.5 189.9
18:00 ~ 19:00 132.2 101.8 189.9
19:00 ~ 22:00 132.2 101.8 1324
H 130.7 100.1 127.6

% 27 9B AU Aa D

B — oE

s (?Eg) (3;,%%7};%%) (ﬁfé)
22:00 ~ 08:00 824 824 89.5
08:00 ~ 09:00 134.7 104.8 134.7
09:00 ~ 11:00 134.7 104.8 190.9
11:00 ~ 12:00 216.0 135.1 190.9
12:00 ~ 13:00 134.7 104.8 134.7
13:00 ~ 16:00 216.0 135.1 190.9
16:00 ~ 18:00 216.0 135.1 190.9
18:00 ~ 19:00 134.7 104.8 190.9
19:00 ~ 22:00 134.7 104.8 134.7
H 133.2 103.0 129.9
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HZA)

g 9

6P 7,000mi /h

630,000,000

6P 7,000mi /h

630,000,000

6P 7,000mi /h

630,000,000

6P 7,000mi /h

630,000,000

8P 4,000mi /h

440,000,000

8P 4,000mi /h

440,000,000

6P 2,400mi /h

290,000,000

6P 2,400mi /h

290,000,000

6P 4,200mi/h

260,000,000

6P 4,200mi /h

260,000,000

6P 4,200mi /h

260,000,000

E7FHS
714

6P 7,920mi /h

260,000,000

6P 4,800mi /h

220,000,000

6P 4,800mi /h

220,000,000

FRP
A

6P 4,100mi /h

440,000,000

6P 3,200ri/h

320,000,000

6P 5,200mi /h

480,000,000

6P 5,200mi /h

480,000,000
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g
Foz AAvel 40%2 /M4 n, ABE Ao AL A g 60%2
Agekgch oW AT Hre WAl uhe wAsE Aoz ARG glo]
AA}E Ao Andrh

F 29 FEel wE Hx AN

T ¥ Vol ;ﬁ@m‘m%) W Al
1,001 ~2,000mi/h 6,033,504 2,413,438 8,447,032
2001 ~3,000mi/h 6,900,058 2,760,023 9,660,081
5,001 ~ 4000mi/h 7,592,574 3,037,030 | 10,629,604
4001 ~5,000mi/h 8,188,501 3275400 | 11,463,901
5,001 ~ 6,000mi/h 8,668,853 3467541 | 12,136,394
6,001~ 7,0001i/h 8,990,964 3,596,386 | 12,587,350
7,001 ~ 8000/ 9,381,529 5752612 13,134,141
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¥ 30 AYa mEs BE ARy
7 2 74 | eEAa | L | w oA
137] | 7,000m/h | 630,000,0009 | 12,587,350 | 642,587,350
A= | 2871 | 7,0000/h | 630,0000009) | 12,587,3509) | 6425873509
2828 | 337] | 7,000m/h | 630,000,0009 | 12,587,350%) | 642,587,350
4%7] | 7,000m/h | 630,000,0009 | 12,587,350 | 642,587,350%
B2 | 157] | 4,000mi/h | 440,000,009 | 10,629,6049) | 450,629,604
7V | 437] | 4,000m/h | 440,000,000 | 10,629,6049) | 450,629,604
Cazy | 337] | 2,400mi/h | 290,000,009 | 9,660,081%) | 299,660,081
PHER | 437] | 2,400 /h | 290,000,0009 | 9,660,081 | 299,660,081
137] | 4,200mi/h | 260,000,000 | 11,463,901 | 271463901
E7RFE |
| 227 | 42008 /h | 260,000,008 | 11,463,018 | 271463901
437) | 4,200m /h | 260,000,000 | 11,463,901 | 2714639019
137] | 7,920mi/h | 260,000,0009) | 13,134,141 | 2731341419
Eiﬁff 637 | 4,800mi/h | 220,000,0009 | 11,463,901 | 231463901
7%7] | 4,800mi /h | 220,000,009 | 114639019 | 231463901
Frlekg | 571 | 4,100mi/h | 440,000,009 | 11,4639019) | 4514639019
AE | 957) | 3200 /h | 320,000,0009 | 9,660,081 | 329,660,081
Frjop | 8571 | 5200m/h | 4800000009 | 12,136394%) | 4921363949
SE | 1237] | 5200mi/h | 480,000,0009 | 12,136,394% | 4921363%4%
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4.3 ROI, NPV BAAY 24 (EAAE H8)

EG-TIPS oA &47ks 840 BTN Agets ol 2AY 47 w78

<

ARGt ol| A Akt &2 (FAE e ROIY R <@ 77HA NPVH)E

A% & gol Al BYye Polgor BR + Ak 20179 ARSI

]
kol
o
ol
[
=
20
MY
o
)
jins
ol
ol
s
)
24

sto] Al diwkold nlals Sl A&

L A 2 S4as

3 31 AP BE wAl A

WA AAHZF)
EEF | ¥4 | M58 | HEE8 | FEIESR | 7I5ARE
FZ11 | 1084ni/min | 685m | 1L677KW | 760% | 93% | 2135h
HZ14 | 1206m/min | Om | 1,88kW | 800% | 98B3% | 2135h
HZ32 | 57Im/min | 86m | 8IKW | 761% | %45% | 2760h
HZ37 | 1086mi/min | 6Sm | 1L79KW | 715% | 950% | 4494h

4
i

A28 G4 L Gl DA BZ G ARAS ] GeH 2ol wAT o4
e

¢ wA A3 LI 2300 FAE HAES AR,

=

32 AU 3 uA F
A F(H4)

ESY | ¢4 | I5Y | ¥uEs | BHES | /AR

FZ11 | 183my/min | 72m | 1517KW | 885% | 950% | 213h

214 | 183m/min | 72m | 1517KW | 85% %0% | 213bh

232 | RIm/min | 72m | 733kW | 80% %.0% | 2760h

=37 | 183m/min | 72m | 1517KW | 85% %B0% | 449%h
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E
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3

o2 o] At oot

i
=

at7] <l

AEE AR WA RA oA
[e)

7F & 6709 &

o] AHelrh LNG %

o

]

AL
o

==

2ok, olvAl Axrast, AFAA

S WSS, 2) A S}

o

Ny

o]
olo

<
i)

Jri
o

1,501.22
1,366.70
1,253.45
762.00
764.44
781.54
740.20
667.45
720.86
116.9
119.5

/KWh
/KWh

)

1

)

I
R

[e)
[e)

[e]
1

1/Nimi)

T
-

SIERR=!
/0)
21/Ni)
21 /Nri)
?l/Nri)

/0)

2

7ol .
/0)

A

HI &5 (

A

3

o
il

<1/ N

(

£ LNG(
£ LNG(
H & LNG(

-

1
#(2/0)

B-C-(

H
A8 A

§4

LPG(

LNG

458 LNG(
A

g8 A1

3}, Abed
- 56 -

=N

2,067
2,427
3,013
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