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Abstract

It is generally known that a wastewater treatment plant (WWTP) consumes immense energy even if it can
produce energy. With an aim to increase the energy independence rate of WWTP from 3.5% in 2010 to
50% in 2030, the Korean government has invested enormous research funds. In this study, cost-effective
operating alternatives were investigated by analyzing the energy efficiency and economic feasibility for
biogas and power generation using new and renewable energy. Based on the US EPA Energy Conservation
Measures and Korea ESCO projects, energy production and independence rate were also analyzed. The main
energy consumption equipment in WWTP is the blower for aeration, discharge pump for effluent, and pump
for influent. Considering the processes of WWTP, the specific energy consumption rate of the process using
media and MBR was the lowest (0.549 kWh/m’) and the highest (1.427 kWh/m’), respectively.
Energy-saving by enhancing anaerobic digester efficiency was turned out to be efficient when in conjunction
with stable wastewater treatment. The result of economic analysis (B/C ratio) was 2.5 for digestive gas
power generation, 0.86 for small hydropower, 0.49 for solar energy, and 0.15 for wind energy, respectively.
Furthermore, it was observed that the energy independence rate could be enhanced by installing energy
production facilities such as solar and small hydropower and reducing energy consumption via the
replacement of high-efficiency operating.
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1. Introduction

steAPAEY 27] 29 Alddl= BODY SS& 22 §71
EA% F/E AA 979 ded A V&2 AFHAL
1, 2000 d ) o] F5E HZ o|2U|7A FFF VIEHe
Zstet 279 84 Q149 FH vF fUEDY TF
&3 22 AN EREY AYE At A=A VEE
o] M- HEH wet B2 AU E LH|ete AIEE ¥
3}5 Y oh(Hong, 2004).
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of WP Ut FAALES

Al BAlY AR E B
Atk HEH AAYAARAR] vlo] 7t AE
A7 astx Aldol F - tE seAT
AX o gloen steAHPAE FAE o &

7Vl WRFE o] &9 &5 W
Aol A - 2FHIA YTk

1092008 ~2017)F 5Ul st-ABA1A T

°F 10% S7HstA AL, & #H & 2P HHT F
A2 A FatES A AIAY oA 2vlg
ARG <F 35. 7%= JErsiTh steAEE Y &Y

°© §% 71F 0.33~042 kWh/m’ 2.2 103 B
038 kWhm'Z ZEA=Hgow, RsF 7]1F 2.23~2.86
kWh/kgBODZ 10 FF 2.51 kWh/kgBODZ YEFRTH
(ME, 2019a).

=59 A9, AA FATY Al AFHAREFS 20029
n= AA APALE 1.6%(5169 kWh)E 2HxFom,
20119 E 2 HF0] 1.8%(6949 kWh)Z Z71st4 . o]
o, vz A e StEATAIEA S D] U] &H9 FA
2 B A AR Aol FH o2 7193 o
YA 8¢ Ald2 Bzt sk Q149 Hgho] o] FojA L g}
t}. olo] Wl EPAE FA SR stFAY DA 48T ¢
Re oSt A A g BAE A VIEES A
St AIE T Aol
T-Q1 Energy Use Assessment Tool
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HellA AFFHeZ FXH Frh EF9Y 29yt o
3 22 UgBs2 steAgAdel e ot v
A 71EES MEste] e HE&S AR dF AYAA
E2 YA AFES 100% ol 435t &9 Aoy
dAUAE 2 AFUES FHatL Aok FH 7
AE Er 93 Zo] SeAAEE uA FH
(energy-neutral) AlAS WX A energy-positivedt AlER
Agetazt st M2 FEAZAIL Py EYE A
=¥o] o]Fojz 1 QITHU. S. EPA., 2010).

g steAA AN Y QA F7te 22 2

o 715ds g4 de=2Za steAAde ddem

g FZANA LSt Tht A A A (vko] 27t H
I, FYLAH, 29 5) TY FHS AUA FAEE =

28S B9 dux APRES FdstaA
st Atgeolth olE e dux] Ag st AMd T EAE sk
AYAEEY AAH MY E&EF S/ A2 L=ESE Qs
o AA Fy Foll A}t A s v id St
a ot skEA Al AgH)= 20061 tH] 1542% S7
(0163 & 71&, A 50002 71%) st HF 2 23
o mE 7 M3 29 59 dF2=E 2007d 7IE
FAYFE F A8 4 29 029 kWh/m®, /1A BOD & A8
A 99+= 2353 kWhikg BODe A, 2016\ @A 22 0.58
kWh/m®9} 3.588 kWh/kg BODE Z7}stth &, oA =
HIE 99 oI A EC] AMHL AJANE EFSIAL
4 A AN AR AH S dEe vz A
o]tk (Korea Environment Corporation, 2017).
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2. Theoretical Review

21 I3 - 2| StEAE|AML] AlLEX] ALSAE] EM

s FHCE §HF Y AXF StFAA|AAA
FRL Qe AUA AAGAES ARSI Bl52 Al
A= 9] A Bgs st A% BF 2 F BF
2H A T ARG x] FHE JAEHE AEE &8
st AJAANYES AVRSHE Atk AAAY AU E=
U 2o g x g T4 A, 8 x|, b5
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2010).
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A A A Y YR A AL HH] ARt
FHAA B d=doz2 F335 S 20188 S 7|Fo =
EUY &= 22,0004 719 st alde] ExstH g A4
S A AR EHE YA E EU AA AR &2H9 1%E 2
A3t

old, EUSl X1+ Horizon 20209 A9 o}zl ENERWATER
ZRAE T& FA5Y seAALY AU TS 9
8] :==¥ata glth. EU ENERWATER Z24EE EU 39
259 35 AHIYAAHY qux 284 AILE HX=,
‘H2020° AGA D oF) 20153 3€FE 33 B¢ FAHE
Z2A Eolt}, ENERWATERE |77, 28 9A, »
93], B #F, AYA 522 TAE 47) EU L= &%
HE 7N1FEY FHE B oA 288 AE M, oy
A ag 39 Hl X w}) , ddx 2849

S AxsH seAAldelA e &
& 28719 Co-digestion &S Fals}

o> 1l

<
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(ME, 2019b).

29 AL F HEH U A Al F 22
Eg| o} Strass AT AIAZA oA A4S S8 A
HEF JIE2 EdYIEHAL(CHP)Y E=QFH BT
(sidestream, EH—‘?—-‘?— ggldog FHE) AHAYE sl
Anammox " ES &8&3% DEMON 33& &
Axh “}015’—7]'i kel g71AQ1 7o E o HHS
E 27 #7148 Astxd 5% £8A 9 5A FY
co-digestion 'FRoltt. ol= S4=& 2879 HAAT o7
met F71Y Astxe] aRFHOoR AHE JtEditte AS Al
Abgtet.

SEYEE 2010958 &E 57 321 FQ AuA Ad
st 712AI g6 wEt Ax AT AILAA oA s
A ohFe Fersol AR =8 FAEE WA o

o Aol HEAT Uk BFHIE FAHL e AUA
A9 B vt el AEHW Yk &2 25E
AR Aol AR NUA B5Ak Fol alth T 33
FeAYAY FRE ARAEY, RUNTY T 4GS
%, 7 29484 A 2EHE AYAGFS AT

AlE TR7L 295 FYsterE 3 AEAERo] AL, £
2HED 1 kg AA G &HlEe B9 AHAEF] d2 A
o2 Yyt #7183 3 TN, T-P AA 7IELe2 AZHAL
£FS 248 BH 500~1,000 m/2 FE4 BOD 1 kg
AA G AFAEZE 19.2 kWh/kgBODZE 500,000 m*/< ©]
A R skeAg A BOD AA & AHALEZol] H]3)
ok 10} FX ¥3, COD, T-N, T-P E3F HA & 5ujolA 10
w zol7b v AL R yERsiTh
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E 12.3%)Z 7519 ti(Daegu Environment Corporation, 2015).
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Table 1. Electricity consumption by the scale of public sewage treatment facilities

Total p?wer Electricity Power Power Power Power
Facility Numfber consumg tlo;n()ft consumption per | consumption per | consumption per | consumption per | consumption per
scale(m’/d) faci(;ities sewagfzcﬂieta; e inflow sewage | BOD removed COD removed TN removed TP removed
(KWhiyr) (kWh/m®) (kWh/kg BOD) | (kWh/kg COD) | (kWh/kg TN) (kWh/kg TP)
500 <x<1,000 4 329,177 2.0 19.2 21.7 82.4 720.7
1,000 <x<5,000 5 512,783 0.9 5.7 9.9 28.0 217.5
5,000 <x<10,000 3 2,034,142 1.0 6.4 9.6 25.1 216.1
10,000 < x<50,000 23 5,005,722 0.9 53 10.6 30.3 257.7
50,000 < x<100,000 6 8,631,585 0.5 3.5 5.8 142 123.6
100,000<x<500,000 17 22,005,572 0.4 3.0 5.3 14.5 110.5
>500,000 8 84,082,405 0.3 2.0 44 12.8 78.9
Total 66 122,601,386 0.7 5.1 8.6 25.4 209.1
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23] AFAH] ARE A|ZANA 4 REsta d4E A9 3, FEZL 5500~6,500 keal/m’ 22 A} FFF 7F
a8Foz i B F3s= %}/}1_ A1 = A tH(Busan 2o 2853 rtHDaejeon Metropolitan City Facilities
Environmental Corporation, 2016). 71 YZFAMF HZ oA Management Corporation, 2016).
FEAF B2 wAS 23 E%O] 35.8% Z7tstgoH, AT ARG LS} B AE S84 A5t Hgd A T
3% AE2HF TAZ AT T&82 134%, % T8 Aste HE7tA2 2d & HI g o] &5ty &8xE T
22.4%2 UEbgth A8 A3F2 A7 1,056 MWE H| &2 shetl AFESEL AT EElA HHAE FAF A Lgx
2 2 d dazk 1183 9w oz Jegth 24712~ & Zbed wiges 9y wHol /M5 FFEoR 29
T A 358% T2 4Y 1841 A& VFeE A% I Stk AIAANG A F2 750 kW, 600 kW AlH 98
492 tCOz-eqi e 53l 20189 71E AZF 2,851 MWh, 2,549 MWhe] 21
F Al skrAPAEE 29 380 BEFE A S ARG e, BEAYGAY AL 260 kW AAS E3
XHXE‘ NAE & A 27 Adol FFHAE, 71E 20179 8€ 71% 660 MWhe] AZrEAZFS Aastgt) o
EPDM A A ¢ 4b7]#o] 22 o2 Auag o2 9 & T AEAR A2 gtrd FEDI AJA I 22y
¥ 58 At GH FaALGE AR $37] F7 s 2 WAL S| U stEAYAI A AR A 2
A JGH| 9 A7 AL lo] AF AZ & sk 3|+E 98] J85 3 ItHDaegu Environment Corporation,
3 WFEe neE AYE AL BB AFRL 29F 9915
Z3(Gwangju Environmental Corporation, 2008) =3 n) 22 EPAS)A] o 1] HoF T2 A E(Energy Conservation
2,000 m/hr(7.14%) 2 71& $F71 059 2F MUEHE  \feasures, ECM)S E3I(U. S. EPA,, 2010) ul% 0 97) 3
eSS A2 MSx 29 DO 2mgl o1 BEEANE Loy gE A LT AT ZAYe 2AHR
o2 Frket $3F3FE 44 A A oiHl °F 7.14% oA

o, stFAAdE oA A gk 9 FAHE, 2

A D S 0e ouA ARF 9 3% 7172 B4 Green Bay
U SeeuA volets AF AR VAN AW o geggaue Bo Arde AHGGon SE Be

SPAHNGLY AATE A el L7hE NEETE 290 gg gu gegz wAdgen o BE AU 208

m/UE FA71&S S5 (Water scrubbing, 2419)S AHE: o] 50%2 UFERT

shel, BA vl 2 Mg N%Ew 2000091 A1g3H3 3]

om 100% wlolo wEoz T Fhe] Algsta 9 _
(NZR 2017)} e ; et i 3. Material and Method
QA SEAYA LA L B 282 H oUR B
doz Fgehm i, 4 ol eAtAS A GuE 2 31 54 oid 43
Az FFs om, ol FFHE DL 0.99 Geallhrol SHEARAIAL A S gk Aol A8 = A A

Table 2. Case of energy savings plan in EPA(U. S. EPA., 2010)

. Average . . Payback
Facility flow (m3 /d) Energy saving plan Cost Energy saving )
Green Bay .
Metropolitan - Aeration system upgrade : 5 $63,758/yr
P . 30,000 positive displacement blowers $850,000 2,143,975 kWh/yr 133
Sewerage District replaced with 6 turbo blowers (50% reduction)
De Pere, WI P ’
- Aeration system upgrade : 4 $25,644/yr
positive displacement blowers $790,000 (Blower replacement 358,000
Sheboygan replaced with 2 Turblex blowers (Blower) kWh/yr, 13% reduction)
Regional WWTP 45,000 (parallelism of DO control and $38,245/yr 14
Sheboygan, MI remote monitoring control $128,000 (Installation of air control
system) (Air control valve) valve 459,000 kWh/yr,
. Installation of air control valve 17% reduction)
City of Bartlett, TN . $9,176/yr
Wastewater 3800 | Sgtgalc(ﬂgolsensor and aerator $13,500 71,905 kWhiyr 15
Treatment Facility (13% reduction)
$26,980/yr
A Pl ’
Oxnard, CA. Plant 85,000 |- SRT and DO control optimization $135,000 306,600 KWhiyr 5
#32 .
(20% reduction)
Bucklin Point - $135,786/yr
Narragansett Bay 90,000 - DO control optimization $200,000 1,247,033 kWh/yr 1.5
Commission (RI) (11.6% reduction)
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N&9 FAY B AAE7) S8k steAgAEaE o [ —-(+n)
U4 583E 98 =98E AAPANIA A9 714 A arol (ngo o 7. BARNSS
25% 04 W 28tz s1x Berld S 2ASATG 1 = (A7NA, - Ir AEERJAE, In : BHEIRIE, F: 758
B 2A, A5y 23, 74 hskx 290 B2 FA . . )
o - #o)/H] & HIE(B/C Ratio)e % W% & ¥ 8o FAH
A BAg AAE] A5t 29 HolH §& dRF 5 Q)
s . F99 v g, &, ol 42 v E&H AAS AANNAZ
€ AL E FHE g AdE *d?é‘a}aiu}. 2 ’
s - atste] Helel AV E v &Y AATIAZ e Ao
F 2 o SEAYgAES 7 24, aA, aT 24,
s s o, dutA oz He/M| L HE > 1.0 °oJA FAFo] ot
QA &, AF AFSFAZ LY £F ASEFT T :}’qa
A A dolE, AR A8 27 ARNE, edulg 59 oo
a7 A (Korea Engineering and  consulting association, N ,
o Bos Bl /i g8 (B/0) = 33
2020, Korea Power Exchange, 2020)2 &-&3l9 £ Ay 4 = S S0 t)
Stk A8 dd FAE B4 g diTF AA, A A7\M, B it AAQ B C, 1 ¢ AA) v,y TAE,
A%k, okt SEAYAIE, Y Y B AR A n s A7
A, 2s7ks BAe £x35AYAA HolHE B &
e APk <Table 2>oA= ZAY £AEH 5 HEHIRH(B/C
4), =AAZHANPY), HFFAEIRR)A W&l & - @4
32 BHM =AM diy & AASGT A/ Hee 5F FES ) 2 4|
B LcC BHS 9% 2dS NIST Bridge LCC Z21% oz A sl wel gho] GElx= wHo] gloy, A
A& £33 2 (Ehlen and Marshall, 1996)°]™, LCC 24 WA o2 BEXANAT|ECZE AMSH AL o @AM E &
T2 R2REA7IY 71 Ak o2 ARg ke dAZHA H(net benefit)?] EF& A MAAES 7HA = F7a
s & ARESHTh AozA 71 ARF oz JdE sols YHoY AYTFER
NIST =2 (Ehlen and Marshall, 1996)< PVLCC = IC + o st FEFSHnormalize)= o] U] L o]FE AFATE
PVOMR + PVD o]7]4, PVLCC = @A7}X 9] &7]Hhu] &, v o= AFetA ke 9] itk e 442 54
IC = %719 &, PVOMR = FARFH & AAZHA, PVD AT FE7}F Fold F AFYY NPVEOZ F A &
= AA 2 HA7¥E9 NS Julsth QA& HlasE AL HEAEA gk REFdES UR
FIELS 719 &9 SFHAA Frig A9 F94 AE
Lol G G, 2A, A RO 9ESA detE ] oy, F
PVLCO= BT+ - ar T T ogo] Fa) UAY B 4% ANEA 2 5 3

A1, PV = A G G, Cn = nid $o

dASHE ¥ &, 1 = Y1, k = Life Cycle L& A] HAAF
oIt 41 StAMElA M AT X] =)ol mE H|SH
LCC #425ke 2U&S) WA 42} 2 F 12 o EMz T}
o @1&2 B8 @ELA&Nominal Discount Rate)s} 2 <Table 3>o14E W8] 4L A7 T5 4271£L
AR EReal Discount Rate)2 TRAT. F=AAEH 2 ajggin. v g FRole A4 27 FA68, 548
ATAE FRAAEL AL oHIS 2 H) Folx, ABH NG 45%F AT AL B
Table 3. Comparison of economic analysis techniques
Analysis method | Judgment Advantage Disadvantage
Benefit/Cost ratio - Easy to understand and apply. - Difficult to compare the business scales.
(BIC ratio) B/C>1 |- It is used when evaluating alternatives of similar |- Difficult to clearly distinguish between costs and
outcomes or sizes. benefits
- Fasy to apply and is used when evaluating similar - The larger the investment business scale, the
Net Present NPV>0 alternatives. lareer the displa ’
Value(NPV) |- If there is a difference in the economic analysis Mflti e IRR: rr?a be derived at the same fime
results of each method, it is used first. P of '
- When selecting an alternative, a clear standard is - The profitability of short businesses is likely to
presented and the expected rate of return can be
Internal Rate of RR>r udoed be exaggerated.
Return(IRR) - ] .g ) . . - Disadvantageous results occur in the case of a
- It is used when the discount rate is unclear when business that ocours slow]
applying NPV or B/C. Y
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Table 4. Criteria for cost-benefit calculation (GIR, 2020)

Division Calculation standard Remark

Facility Conversion of construction cost to present value at the time of facility construction

+ Operation period : 365 days

Maintenance 1% of facility cost
Cost + Not considering battery replacement cost

+ 2020 Engineering technician labor cost[Environmental intermediate engineer] :
199,510 KRW

Depreciation + Endurance : 20 years, Discount rate : 4.5%

+ Land : 83.41 KRW/kWh
Electricity sales + Jeju @ 129.67 KRW/kWh

Labor

Electricity exchange

revenue - Electricity sales revenue = Power generation(kWh/yr) x Power unit S&Aar; cﬁr;:gz(l)n
price(KRW/kWh)
Benefit
- Emission factor per electricity generation : 0.495 kg COykWh
Emissions trading - Allotment emissions : ‘40,050 KRW/CO, . o Emission factor :
- Greenhouse gas reduction effect = Power generation(kWh/yr) x Emission factor(kg 0.495 kgCO,/kWh
CO»/kWh) xAllotment emissions trading price(KRW/CO,)
F EFeR Qs dojAlE AYS #v == AA 28 HEE Al 27 AFGHIgE FABHE(AEH Y 1%)E 4T
T 7] gl AF AYan FJoR e, A4 Bt on, 20199 HEFoR ANE HAZFS o] &to
A4 PRAOE A ARHE CO,Z FPHNEAL BU WYL FE3fe] FF 209 X 2IsRL W ZAYL ]
of #44 a¥ "oz Adsin A - FASIAT £ A AF AF7E B/IC 0.685, 35713
1634302 713 BAY0) £ A0E vehgon BT @
411 BN LXol AN 24 4, A ZE, FF £3l, A seAPAAE 22 ekt
WeFg BA AAY 24 g 3F 24, 0A, oF 2
4, 9 FE, AF MFEsEAGAILY HolHE HEeR 412 278 LMol FHYd 24
BH2 ANSY BAY BAL A2de) 2eHE WE A5Y 2R FAY BA Bge BT AW, A% A,
3 g Astel MTE & 9 BC BAS FEIHAT. ok} SEAYAAY olE S gos 242 A st
BAE BAE A" 295 v&F s AMdst
el MZE F Rl BC #Ag BaAAT 259 2 2]
12 L AbgH o} FAFH| (A AH] 9 3%) = Ag e, 2019
il AFgoE AE BAFE o gl AL a3l F
o | . - %459 B9 GBS o ZAYE v - RHSAT B
06 | 0.538 XA A A A4e] B/C RATIO 1.184, 34=7]3t
oa | 0352 6830z 71 AAHol £55 AoE ettt 1 ¢
ol 0125 A, BT AR, ot w02 FAgol Y Ao A
. , , , , Ak,
Gwangju  Daegu Dalsung  Daejeon Inchaan Waest
Hyocheen Gongchon et 413 2 Wl FHY 2M
Fig. 1. B/C ratio of solar photovoltaic system operation. ARstrEAZAd ARTYE T A4t dolH, ¥

Table 5. Summary of economic analysis of solar photovoltaic system operation (Jo, 2016 and Min et al., 2014)
Operating period : 20 years, Discount rate : 4.5%

Gwangju ) Incheon .
I D Dal D
tem Hyocheon aegu Dalsung aejeon Soron West Jeju
Current price of total cost
(Million KRW) 238 650 1,387 280 99
Current price of total benefit
(Million KRW) 151 430 270 151 68
B/C RATIO 0.352 0.661 0.195 0.539 0.685
Investment recovery period(yr) 34.68 16.91 5731 20.74 16.34
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Table 6. Summary of economic analysis of small hydropower plant operation (Water Journal, 2011)

Operating period : 45 years, Discount rate : 4.5%

Item Daegu Shincheon Seoksu Chunan Asan
C“”e‘th‘i’lrlzzi ‘:Il;&tf;l cost 686 1208 292 193
Current( 1\Ijlrill;eonof Ktl(it\;a\}) benefit 512 1.430 13 %0
B/C RATIO 0.746 1.184 1.105 0413
Investment recovery period(yr) 10.8 6.8 7.3 19.5
HAANAE 7] AAHE, *FH& 5) QAE FHE & 4.2 StREIAE 2s7tA Mo MY M
A% A A AStEAAEAA 209 B T 2 AlA 2 YAAY A9 20208 1€ 23 2(Hbo] &7}
S 2T 9 2085+ T S 351,007 4B e 2)E 850 kW TTEE AAI5H7] g FFS A A5t 6497t
o, F Y2 5259wk doz $AFol 0.1509] B/C 7 &F F LFAYLR F A= 1,800 Hk o= &
Ratio7h A+& = 2l G H&S AFGHIE AF SRt 2 FH &2 G A
2 HgHed & dAFelxe KDI elHlebg 2AHKorea
il Development Institute, 2008) ZAZ A]AH]9] 3%Z HGH
L 1.184 o8 Q) UG R dEATh WFATY A9 20408 o
Rom, A& 45%S F LA
T SxsteAPAEAA 208 B 2t BHH AAES
os 7 £9T W £eHE F WLS 1,0769T 9o Yege
08 0413 o, & #4950 oz EA 0] 25062 B/C Ratio
04 | 7F Az EH A
a2 L
. | | | | 43 TES 717] AdH| mAO| @2 oK Rz
Daequ Shincheon Seoksu Chunan Asan

Fig. 2. B/C ratio of small hydropower plant operation

Table 7. Economic analysis of wind power operation in

Jecheon sewage treatment facility
Item Jecheon
Operating period(yr), Discount rate(%) 20 years, 4.50%

Current price of total cost(KRW) 350,986,471
Current price of total benefit(KRW) 52,487,258
NPV(KRW) -307,588,992

B/C RATIO 0.150

Investment recovery period(yr) 46.3

Table 8. Economic analysis of digestion gas power operation
in Sokcho sewage treatment facility

Item Sokcho
Operating period(yr), Discount rate(%) 20 years, 4.50%
Current price of total cost(KRW) 1,975,537,975
Current price of total benefit(KRW) 4,949,999,731
NPV(KRW) 5,116,022,386
B/C RATIO 2.506
Investment recovery period(yr) 33
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Table 9. Analysis of cost-benefit calculation for replacement of pump facility
Item Contents
.Power after 3116 kW
improvement
Annual power | = Powersaving [k W] x 8,760 [hr/ yr]
savings = 153.5 [kW] x 8,760 [hr/yr] = 1,344,660 [kWh/yr] (283.7 [TOE/yr])
Annual i = Annual power savings [k Wh/yr] X Erclusive powerunitprice [KRW] kWh|
Benefit Hal SAVINES | _ 1 344,660 [kWhiyr] x 70.7 [KRW/KWh] = 95,067 [1,000 KRW/yr]
Annual GHG* = Annual power saving [MWh/yr] X emission, facz‘or(tC'O2 —eq/ MWh,)
reduction = 1,344.660 [MWh/yr] x 0.495 [tCO-eq¢/MWh] = 665.607 [tCO-eq/yr]
GHG emission | = Annual GHGreduction [tC’O_, —eq/yr| X Fmissionprice [KRW]tC 0, — eql
price = 665.607 [tCOx-eq/yr] x 40,050 [KRWACO,-eq] = 26,658 [1,000 KRW/yr]
Item Cost(1,000 KRW) Remark
Cost InVerter(300,000 KRW/kW) 139,500 Control pa_ne] and
Total 139,500 installation fee included
Investment recovery =Investment price[1,000 KRW] =+ Annual reduction price[1,000 KRW/yr]
period(yr) = 139,500 [1,000 KRW] / 95,067 [1,000 KRW/yr] = 1.9 [yr]
. 665.607 tCOx-eq/yr
Hi
Benefit and cost GHG reduction (26,658,000 KRW/yr)
analysis results Energy savings 1,344,660 kWh/yr
Saving electricity bill 95,067,000 kRW/yr
*GHG : Greenhouse Gas
d71% SeUE UA AYEL 16% obd BEA B AAHCE B4 35 /10 1990 Yehgeh A6y
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