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Abstract In this study, a model is developed based on Life Cycle Energy Analysis (LCEA) method with Genetic
Algorithm (GA) to determine optimal diameter of Water Distribution System (WDS). For hydraulic analysis the
EPANET2.0 program is linked with developed model, pipe-aging equation and pipe-breakage equation are built in to
developed model to simulate pipe change through life cycle. The model is then applied to two sample WDSs for
optimal energy design. After determining optimal diameter for each WDS, the total cost is calculated based on
determined diameter and compared with well-known optimal diameter set of each WDS. Results show that optimal
energy design of WDSs through the developed model can be an alternative option for optimal design of WDSs for
reducing energy with lower in cost.
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Fig. 1. Flow chart of the modified LCEA optimization
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Fig. 2. Scematic fiagram of the modifies LCEA embedded in the optimization model shown in Fig. 1
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Table 1. Optimized energy & cost comparison between two different designs (A network)

Cost  design Energy  design
Total Energy Expenditure (TJ) 8025.72 8796.48
Total Energy Expenditure per year (TJ/yr) 360.34 266.56
Life Cycle (year) 22 33
By 7376.00 8120.13
E., 0.00 8.50
Erepm) 10.80 73.01
E,.p(TJ) 0.00 0.00
Ey 540.75 594.95
E. . 0.00 0.05
Cost ($) 36,660,000 62,903,300
Cost ($/yr) 1,666,364 1,906,161
FEIES S AN A BT B BT RE A AE Table. 20 /1€ wjslo] Qi 9733 30 4ol
e 2P ngor HH AAT AAsgon, 1E stk B0l 002 /18 e W bt &
of ¥l& HA A gow dEF BF el g A FHA = Folgk # 4 vk Existingo ® %7]€ H
of F7] olUA] 48 F7F2 AAste] oux|e} ujg B 7|Fel widE] e A T BAES oulgich
A4 AAE vmskch
Table 2. Parallel pipe sizes comparison of the two
different design solutions (A network)
3.2 Mg Zu
Link ID Diameter(mm)
3.2.1 AA| 2t I—1'g' Axnt ! Existing Cost Design | Energy Design
A Bl vl g A4 A o] A ok | 4572 0 0
) 2 4572 0 0
Agl oz AAgck 2012 78.09 (mUSD)] # 4 3 572 0 5
a5 LPet DPE ol&ate] AL, [3]12 37.13 4 4572 0 0
e = ) ) 5 4572 0 0
(mUSD)Sq HABE A Gagss Tl A 6 4572 0 0
t}h [21] FodAW 7)uk H2 AAR [319 F Al 7 3353 2438 0
} , 8 3353 0 0
o2& Ang ANslon, (711 FeTANe £ ) e 0 0
36.66 (mUSD)®] HAdE AAIBALE 2 AFoAE= 10 5182 0 0
- - - - B} _ 11 5182 0 1829
olF AT F Ak n g9l (79 ARE ALY 2YL 5 e ; o
Fall AoiFr] oA £4L AAsAa, Y Ade 13 5182 0 2134
, - B} _ 14 5182 0 3962
A ol A HH AAE AAE Anst E o ; =
Table. 19 A& aAc) [7]9014 23k v]& & A7 16 1829 2438 2438
ulal w3 o A A B Aol == Hx] B0 2= 17 1829 2438 2743
o} ket B o g AAEE AojF7] o] AL m o i 34
8 AHoA 87 79 2 ¥E e AS AAse 19 1524 1829 2438
Z7ALe 2oy, Hazen-Williams C &2 &8sl Aol bl 1524 0 l
21 1829 1829 1829
A Folh vk, et mg e AhEE melstel &
7] Hazen-Williams C #ko] 130014 A7kl whE 3] H4 HA A9 AofFr] o] BA AT Az o
=55 A (12)0] wet A7y, (719 11 A A YR o] 360.34TIyrol Ao 2210t
Al Aelli= Hazen-Williams C3he BE FollA] 10022 7hzbo] o x| W2 wd, gji-ie] ojux|7} 4% oy
st S AR o el B A R A2 g9 ole ge AR 22d <ol e
o] 242 sl AAska RSt [7191M Al Ajgro] o] FojAA @] wiolth b 2 #H9
S ] 93 oA A1 A A 9ER) B | 524mm we] AALS A (12)9F PHEAA G A
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Table 3. Optimized energy & cost comparison between two different design (B

network)

Cost_design Energy design
Total Energy Expenditure (GJ) 180.24 504.90
Total Energy Expenditure per year (GJ/yr) 10.60 9.35
Life Cycle (year) 17 54
Er@n 168.88 209.72
E., @y 0.00 272.63
E.. () 0.11 60.29
E, @G 0.00 0.00
E @G 11.25 14.02
B, .G 0.00 52.03
Cost (Won) 177,135,800 415,233,268
Cost (Won/yr) 10,419,753 7,689,505
Table 4. Pipe sizes comparison of the two design e v 3133 Aol 2] (12)90 wkek Ccgkel 100 o] st
solutions (B network) B4, il & 18de] E o A 74t 8 4
Link ID Diameter(nm) ol Al 49F 27lo] BT hE3h= A o2 uElyth Fig.
1 Costlls)(;mgn Energ;o(l))emgn 62 B T\i—‘jo]—gl 7_]— =9 @ﬁ 1 _,F%L Hny= L}E]*H—‘EHL
2 150 125 H1- A A B 223l dial v 5 17d Al 11
: = = W, 140 e Aol e 2Ade] 2AE S
5 100 100 EPAS gl & 9o, 3id o d4HE2 189 A
¢ o = of #:9F 2AS WESA @A Ak & B #de A
7 80 80
8 100 80 AE A #EH AR G9t 20E WSS ot
o w0 109 A7 AolF717k A4E A ¢ & Ak 22t o
1 80 80 oA B, A #TH fFARH Az | R7F g
12 & &0 & AATE & 5 Ak Y e 2] 80mm el
13 80 80 _ -
" 80 100 AL A (12)¢F HaEe] A A=l whet vl $- 20
15 50 100 Aol Ag olFolA7] we] AelF] 17de= 4
16 80 80 . =
17 80 80 }\LE Oﬂ L_]X]7]' —AJL—?\S:}- El Z] Q}C‘E]'
18 80 125
19 0 100 e
20 % 100 T = o
21 80 100
22 80 80
23 80 80
24 80 80
25 80 125
26 80 125 £
27 80 80 B
28 80 150 =
29 80 80
30 80 125
B #he] g A4 AA B 23] th3t Yol 5] |
- N L s O B B O B B
01]1:1;(] T"i—}‘\jl 75'?']—9 %_ Oﬂl"]X] iﬂl%—% 18024GJO]U4 }’] 12 3 4567 8 91011121314151617 181920 21 22
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