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Abstract

The systematic analysis and evaluation of required energy in the processes of drinking water production
and supply have attracted considerable interest considering the need to overcome electricity shortage and
control greenhouse gas emissions. On the basis of a review of existing research results, a practical method
is developed in this study for evaluating energy in water supply networks. The proposed method can be
applied to real water supply systems. A model based on the proposed method is developed by combining
the hydraulic analysis results that are obtained using the EPANET2 software with a mathematical energy
model on the MATLAB platform. It is suggested that performance indicators can evaluate the inherent
efficiency of water supply facilities as well as their operational efficiency depending on the pipeline layout,
pipe condition, and leakage level. The developed model is validated by applying it to virtual and real water
supply systems. It is expected that the management of electric power demand on the peak time of water
supply and the planning of an energy-—efficient water supply system can be effectively achieved by the optimal
management of energy by the proposed method in this study.
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Table 1. Performance Indicator to Evaluate Energy in Water Supply Networks

Indicator Equation Remarks
Gravitational energy indicator (B,)| E,/E ot The ratio of total input energy to gravitational
energy
Pumping energy indicator (5B,) EyE,,. | The ratio of input energy to pumping energy
Basic Frictional energy indicator (B;) Eyf input The ratio of input energy to frictional energy
indicator | [ egqkage energy indicator ( B)) E;/E,,, | The ratio of input energy to leakage energy
Demand energy indicator (B;) EJ/E, input The ratio of input energy to demand energy
Storage energy indicator (B,) AE,E, /B o The ratio of 1.nput energy to tank.energ.y that
is only effective for short-term simulation
An indicator to represent the difficulty level of
Infrastructure indicator (4,) E il Erin i | €nergy management according to geographic
elevation that is one in ideal case.
Applied An indicator to represent compound operational
indicator | Operational quality indicator (4,) | £,,,/E,;, | quality including horizontal spreading, frictional
loss, and leakage.
Total leakage management E. B An indicator to represent the total energy loss
indicator (A4;) totl! Einput induced by leakage that is zero in ideal case.
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Flowchart to Calculate Energy Indices of Water Supply Networks
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Table 2. Discharge Coefficient of Emitter for Test Pipe Network

Node no.

10

11

12

13

21 22 23 31 32

Coefficient

5.0

45

3.8

4.7 7.0 5.2 4.6 4.0

Table 3. Energy Balance of Test Pipe Network

Ideal network Real network
Energy Short term Long term Short term Long term
(kWh/day) (MWh/year) (kWh/day) (MWh/year)
£y, 522.3 200.6 755.7 275.0
Hinp Ep 1,000.8 373.7 1415.1 502.4
Ep 157.2 62.8 244.2 93.7
- E; - - 562.9 189.9
ot E, 1,430.7 509.6 1,368.4 494.9
AL, -64.9 1.8 -4.7 -1.2
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Table 4. Energy Indicator of Test Pipe Network

Indicator B, B, By B, B, B A, A, A,
0.003
Ideal network 0.349 0.651 0.109 - 0.888 1.194 5.381 -
(-0.043)
-0.002
Real network 0.354 0.646 0.121 0.244 0.637 (~0.002) - 7.283 0.284

Sacheon WTP

Sangri Tank

Deokcheon Pump

Fig. 3. Schematic Diagram of SC Water Supply Network

Table 5. Demand Pattern of SC Water Supply Network

Time (hr) 1 2 3 4 5 6 7 8 9 10 11 12
Coefficient 067 | 056 | 050 | 048 | 047 | 055 | 062 | 095 | 137 | 1.39 | 1.24 | 1.27
Time (hr) 13 14 15 16 17 18 19 20 21 22 23 24
Coefficient 127 | 112 | 118 | 1.01 | 098 | 1.07 | 113 | 143 | 140 | 135 | 111 | 0.88
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Table 6. Energy Balance

of SC Water Supply Network

Ideal network Real network
Energy Short term Long term Short term Long term
(kWh/day) (MWh/year) (kWh/day) (MWh/year)
= Ey 17,026.0 7,405.4 21,406.1 7,810.0
e Ep 46,790.5 20,814.4 59,390.0 21,661.0
Er 13,397.1 7112.2 18,540.2 7,636.8.
B £y - - 6,201.7 2,550.5
E; 48,1194 21,108.6 46,347.2 19,284.9
AEy 2,300.0 -0.49 9,205.1 -1.38

Table 7. Energy Indicator of SC Water Supply Network

Indicator By B, By B, B; B; A A, A,
Ideal network 0.262 0.738 0.252 0.748 0.000 3.689 3.133 -
(0.036)
Real network 0.265 0.735 0.259 0.087 0.654 (8(1)(1)2) - 3.272 0.104
T AS AoR JoEch & Aol A 2 Bae] B UE=F SFATh g Ay AR A& A 24,
HES EAATHAEE 0] 6hr, 12hr, 24hr F)°ll @t vz e H e Akl wel AldE deEs
dobd 5= 9low, o] 7he s Hu EHES EA AR I LPEES ZYste] HHE ¢ e WHES
gk ej7h daste) 717 A FE (4, 368924 A A AT T
Ae] aAAkR 1 Hef o] ol eyt At Ao w ot 2) oy &4 5l 7ol PhiaE 71 ddaid e
AT s AT 9FmE A3E(4,)= 3133011, AE F531] $18k, oA 8A3E Abdol F
55 ¥t $9ED AH(A4,)E 321R22A 2] T 23 215 HEA A1 Z2 190 MATLAB
(%F 0= Qleto] T4 A7t AA dsdtdes & S Fgste] i, wEls Iz
e ATk F ] AH(4y)E 014EA el EPANET29}e] AAMRES AAISFSAT
YA A3E(B,) 00871 Hlste] 0.017¢] o} s F7F 3) Abel =] &4 2 H771W ¢] EPANET29] <]
TH FOoEA IR LA oluA o] FrhEA o] AN A s SCA Y] SR AlEel o
A Fee AT < AU sto] 284 "Wrke Arlsiith Aldade] - 3
o] &Jgk o] FHEC] B46~601%% E ol
54 & ], ®=10)] 9§k @74 o|A] EEEo] 43%0]8t=
AHEgevEs flstel B9 t2s S7HYI=
B AgolMe 2eete] Ay v 289Ut Aol npgzd A o® vt ] SCH 9 S
off thek A7} el SHel AFEol 2 Avk= 2, ge] A-F ol o5k o] EHEo] 735~738%
Al 4 9 PSS =Ute R G849 2 e SN A A ofdo] dot
Wil AE g gl At WHES AAsa i g Aew yeiston, ®=e] o3 dr]4 oy
ol A-g-sto] At 7ol gk A84S HESH WHES 114%0] o2& Ao s YEyT F A
o} & o] A9E goketd vt 2tk of gk HE&ARA FFTA R AEAT] Aol
D g siel olyA] @Al S 24 2 7h Fol TS U e e HAE = Be
B =YE Fote] & aAlage A d PEEAS A Blow HrHE
24 duA e a5 B AR 7]oeS AT 4) 2 AgolA T 7S e FEAENA &

4645 ZBT9E 20134F 7))
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2 ool i AAHLL BAL Faje] oy
A Arge) Hass BRE 5 e Ao du
e, 922k vle] A e el Y, A7
8 71ES ol &3 oulA Ay AGEA 2w A3
2 89 Soll 287 & glof ool vt F7HHe
T2} Zeect

aAel 2

AEFANE 1 GT-11-G-02-001 -6)"2] A= ¢dol| 25
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