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SUMMARY

1. Project Title/Subtitle
The Effect of City Conditions, External Influences, and O&M Efficiency on Urban Water

System from the perspective of Nexus

2. Research Period
2020. 5. 1 ~ 2020. 12. 31

3. Objectives of Research

This research aims to develop an energy intensity matrix by investigating existing energy
intensity worldwide in urban water system (UWS), develop a water-energy-environment nexus
model by using system dynamics and suggest UWS guidelines for water and energy use by
quantitative and qualitative analysis with different effecting factors and scenarios. Through this
research, we try to derive an efficient water and energy management strategy and

implementation plan for UWS from the perspective of Nexus.

The specific objectives are as follows:

O Building energy intensity matrix of each process in UWS using the existing literature

O Analyzing water consumption such as total water use (TWU), revenue water (RW), and
total water use (TWU) and energy consumption just like total energy use (TEU), and
energy intensity such as total water use energy intensity (TWUEI), revenue water energy
intensity (RWEI), and actual water use energy intensity (AWUEI)

O Suggesting water and energy management guidelines for UWS to classify cities from the
perspective of TEUEI, RWEI, and AWUEI

© Time series analysis of changes in resource consumption and efficiency according to

external impacts and operating efficiency scenarios in UWS

4. Content, Scope, and Method of Research
A. Building an Energy Intensity Matrix

- Investigation and analyzing energy intensity in the water supply system, sewage system,
and UWS

- Investigation and analyzing energy intensity in abstraction (groundwater, surface water),
surface water conveyance, water treatment (surface water, groundwater, desalination),
transmission and distribution, wastewater collection, wastewater treatment, water reuse,
and discharge processes

- Investigation and analyzing energy intensity in detailed water treatment and wastewater
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treatment processes

- Investigating theoretical energy loss estimation in the pipeline

B. Analysis of Affecting Factors on Water and Energy Use in UWS
- Analysis of water consumption (TWU, RW, AWU), energy consumption (TEU), and each
energy intensity (TWUEI, RWEI, AWUEI) according to effecting factors such as
population, water intake ratio of groundwater and surface water, city energy use status,

and water leakage rate on water and energy use in UWS

C. Suggesting Water and Energy Management Guidelines for UWS
- Based on the energy intensity matrix, modeling the UWS with 1st quartile, median, and
3rd quartile of energy intensity in each process for a population of 50,000, 250,000, and
500,000, groundwater intake ratio of 50% and water loss rate of 0.3

- Cities are classified into four levels: Excellent, Good, Poor, and Bad city

D. Scenario Analysis of External Impact and Operating Efficiency in Different Energy Status
on Water and Energy Use in UWS
- Population (50,000, 250,000, and 500,000) and energy status (vulnerable, moderate, robust)
of the city are considered for city energy status
- Analyzing a total of 54 scenarios considering two scenarios (no change, change) of
external conditions and three scenarios (improvement, maintenance, deterioration) for

operational efficiency management in nine city energy status

5. Research Results
A. Building an Energy Intensity Matrix

- The median energy intensity of the urban water system, water supply system and
wastewater system were calculated as 1.210 kWh/m®, 0519 kWh/m?, and 0.580
kWh/m’, respectively

- The median energy intensity of groundwater intake, conveyance, surface water treatment,
desalination, transmission and distribution, end-use, wastewater collection, wastewater
treatment, water reuse, and discharge processes were 0.505 kWh/ m?, 0.370 kWh/ m?,
0.382 kWh/m’, 0255 kWh/m® 3.211/m° 0403 kWh/m® 0.05 kWh/m® and 0.403
kWh/m?, respectively

- Desalination and water reuse showed the highest value except for end-use in UWS; The
need for desalination and water reuse is gradually increasing due to external impacts
such as climate change and population growth

- Water treatment and wastewater treatment processes need energy for detailed treatment

processes, while groundwater intake, conveyance, and transmission and distribution
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require energy for pumping
The energy required for wastewater collection and discharge can be negligible due it

mainly uses gravity

B. Analysis of Affecting Factors on Water and Energy Use in UWS

With population growth, the initial location of each energy intensity (TWUEI, RWEIL
AWUEI) shifted to a point with a similar slope in water and energy use profile
Depending on the groundwater intake ratio and the city energy intensity status, each
intensity shifted toward the vertical direction in the water and energy use profile

With the increase in the water leakage rate, TWUEI moved to a point with a lower
slope than an initial point, while RWEI shifted nearly vertically, and the AWUEI moved
vertically

TWUEI which is widely used, is an efficient indicator in quantitative estimation for
water and energy use in UWS; however, bias occurs in terms of quality assessment.
AWUEI has been proven to be an efficient indicator in terms of quantitative and quality

resource use assessment in UWS

C. Suggesting Water and Energy Management Guidelines for UWS

Based on the existing literature research, guidelines for dividing cities into four stages
(excellent, good, poor, and bad) from the perspective of TWUEI, RWEI, and AWUEI
were suggested

The proposed classification can be a wuseful benchmarking tool for identifying
benchmarking city’s water and energy use status by comparing the city to others in the

guideline

D. Scenario Analysis of External Impact and Operating Efficiency in Different Energy Status

on Water and Energy Use in UWS

Analyzing changes in water and energy consumption amount and efficiency due to the
external impact and operating efficiency in UWS for ten years

The negative external impacts exacerbate the resource-efficient aspects in UWS, while low
operating efficiency aggravates the resource quantity in UWS

Resource use of the city over time can be traced in the water and energy use profile,
therefore it can be used to formulate strategies and action plans for water and energy
management in UWS

The research of city status, external impacts, and operational efficiency change allow

decision-makers to predict how systems will be changed and establish efficient strategies
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EABE AEAA Fgom, 2hdstel R g4d B obyEt AA A AR i
sto A itE = dAolth EAlglel EAEE AETbestA AR A2 =4 AE
223 B AANA v oH 2 FHAlolH, B2 Aol o3} E=ASE FEAAZ &%

zHt. wetA =N Ao Ms 2dH R g A, 53 =3 ddd A

EA A"l gofk shel ARl 2 A, AFSE, AAlA, AEE, 843 7k A4
°

ds AAE 3 FE gEZH o A H L
A

2 3Ho =R AFstt TA 7|eA, AMS] AAFH PAHA =A] tfAHUrban Metabolism)
of 2HE& g AFdAME=E [28 1A Ze ZA U E9 £33 TA Yo 8 &

| | Water service
; ; k. | ——»
Water » DWS | Source water | | Abstraction % Treatment —» Distribution Use |

I | WW service
EnErg\f "'"‘"""""""'"""'%"""""""'"""""""'"'""""'"""'""""""""'""I':':';"::':':'::':::':':"_"_'1" et
e : - i - 7 | Effluents
Materials| | WWS | Environment |«— Discharge |4—| WW Treatment ‘4— WW Transport ‘ i GHGs
e | R | .
Niskiey T = . ; = . 7| Biosclids
e

— || sws Discharge 4—— SW Collection ¢ Storm water 4— Precipitation

Water hazards

»
»>

Note: DWS: Drinking Water System. WWS: Wastewater System. SWS: Storm Water System

1

Z2]: Shrestha(2017)

a9 1 BA 258 Az"dA F8 J=Y A

zte] EAsI=E E43 HAHL TA] 43 Alx=l(urban water system i urban
water cycle)2 T4l 3tHBagley %, 2005; Chhipi-Shrestha %, 2015). =A] &3+ A| 2~
< [9 219F [29 3lellA et ol A, =5, A, a5, &5, 3T,
stA g, Aolg, WF o FAHS IS olHd EA =8 A=ELS IA AT
Al 2~®’l(drinking water system), &}~ A 2~®l(wastewater system), %<+ Al 2~El(storm water
system) o2 A FEI 4 Joh
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Water Water
Con ioa Treatment
Nyl Water
> W Primary Distribution b
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SUY‘DCE wﬂ“' P“m'l’;':’;osw “'“"pms > e =
pumping e
MSE/MED/MVC \‘"N., .
e
End Use
m Hot water Heater, Dish washer
Recycled waste Recycled water ;4 Clothes washer, Cooling
water treatment Distribution Shower/Faucets, Cooking
[Note: Energy Sources for
Receiving Water A G“:::: r‘:’;";;&:ﬁ)
Body/aquifer ‘\ i ity,
A\
\ 7
\ 7
Waste Water Y
Treatment -
P
te Wate
Mo —" Steondery, e All energy values in
B . y with | Waste Water | - b b
: Nitrification | Collection each stage will be
Pumping Tertiary with stated in equivalent  :
Iricking filters kWhlm3 of eled:rlcitv
Tertiary with :
Activated sludge i

Zx|: Gomes 5(2015)
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—\ Environment
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1
Groundwater | W1 | Treatment 5 1
Surface water Distributions : ¥ Wz
’ i
L S (i tw. | Agriculture i
er Wy . { e _J hdusu'y | _.| Waster water
* * Service industry treatment
i Refining L. < | Houschold use
Coal e | Changing to o l
Crude oil ——! electricity
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A AAAR R 2001d 71 AT oAMHA FTF & %7 =A =5 A2=H ol &dH
Aoz BiuwtiJames K. &, 2002). I7PEE AHHd, njZoxs & #E dUA=
A= Ag BHY oF 4%E AAT A2 F4EE Y (Electric Power Research Institute
(EPRD, 2002). @ RH3s9} 3t Ao]&& XASt= =7F @AIQl The River Networke]
20093 R uAMoA= AHdA AR A H(Energy Information Administration, EIA)2] o]
HE ZASEY, o] Asd(d: @7, dd 7k, 78S &8st 48 2 48
Wik(water heating)oll it wl=r2] oA ARE-S  #A3FH THGriffiths-Sattenspiel
Wilson, 2009). 71 A¥ 3,8009 kWh o]9] AU A7F & diol] AE=HI Jom, o
40%° 77k 14809 kWhrt 7|2 Fg=He AS & F AT Twomey

Webber(201D+= 338 w3 #HE dUA AREZo] = 1A oy A] AH| 9
41%, A= 29 199 6.1%= BEusiith. T2y o] Z4dA= v, 4 2 A
FEQ: 5, €371, FDAAAe £ FHH AR 8FFS AsFATE o] £
Al BEZ AR, &HF AP, e R TRE AR T2 ARGAeE sk AR AR R 7] 4]

F2 5669 kWhz 1z ol A9 11.5%, & AT A& 93 A7) LHlFFe] 21.6%3A
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1d 5 AP Sanders & Webber(2012)o] 2]3F A4S o]Ho] 1HEHIJIW T2 Hors
o 2td# s Roks FrletHA B IS A duA FaoE o FTHA AES
A o] AL 20108 =7} 1AF Ay A AW 12.6%7F AAH & #Hd oy A aH|Eh=
AES Ytk ol AFshe ouAYe 1235 BIUE mF o 409 Be] A7 of
U A Av|EFa ghE =1
[3E 11olA] vreRG mhe} o] ~# <19 2008 F ¥ S99 °%F 58%= & HEZo= &
AEAtHHardy 5, 2012). o] &4 oA &5 AHE BE(d: 7HHE 25, 39 38 & &
F ) TgHA Gt 2H oA AEEE B2 ouA APAEE 0.45 kWh/m’e
2 FAHY, I g2 =HJAdA T F YA o FUHE Role & BoF F
shujolth
E 1L 2¥Qle 2008 d & #HH duA ALE
Water Volume Electricity
Stages 3 .
(Mm®) Consumption (GWh) Percentage (%)
Extraction and water treatment 34,940 10,418 64
Urban 4,343 5,457 33
from desalination 694 2,275 14
Agriculture 20,360 4,141 25
Energy 8,683 521 3
Industry 1,554 299 2
Distribution/water use 25,587 3,374 21
Residential 2,540 440 3
Commercial 833 144 0.9
Municipal and other 359 62 0.4
Industrial 286 49 0.3
Agricultural 20,360 2,469 15
Non-registered water 1,210 210 1.3
Waste water treatment 2,842 2,530 16
Waste water collection 3,788 189 1.2
Waste water treatment 2,842 1,454 9
Recycled wafter (treatment and distribution) 1,510 887 5.4
Total 34,940 16,323
Total Spain electricity use 279,392
Percentage 5.8%

Z2]: Hardy 5(2012)

[3E 2]9} 2ol 2014 F=rolA F 249 TWhe] A7|7F a9 2 Ao A=A oH,
= T7Fe] Az F A7) 4] ‘“*«] 4.5%% ZFASFA HHChy, 2017). o] vl&2 g
b @%@ mTe] 4%EPRL, 2002@)HTh ok o & Aol E vk UNS| FA|%
A9 BHUN Water, 2014 o134 BT A £A EeR Asg delA A5
8ol AYan wFo] 59.9%F 7 wom, B5A e M-FG41%), 3535/
2(6%) S o]tk

:rL
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® 2.2014¢9 T= EAE = RS A7) AR RS9 T

EFWin EFWsourding EFWI&D EF\Wwaste
Province I kwh | 1P kh | % | oxae | Goud | ograeh | 10 kwh | % | 100KW | %
Water (% | water(%)

Beijing 28 17 58 10 47 43 31 3 11
Tianjin 15 9 59 40 25 35 29 2 13
Hebei 95 70 73 13 82 6 19 20 6 7
Shanxi 43 29 68 21 48 30 11 25 3 7
Inner Mongolia 69 55 79 31 66 3 12 17 2 3
Liaoning 75 50 67 30 46 24 19 25 5 7
Julin 54 35 66 47 51 2 16 30 3 5
Heilongjiang 126 105 83 36 64 0 19 15 3 2
Shanghai 61 20 33 100 0 36 59 5 8
Jiangsu 248 119 48 92 5 116 47 12 5
Zhejiang 87 38 44 94 3 40 46 9 10
Anhui 118 63 53 73 19 8 50 42 6 5
Fujian 89 41 46 92 1 43 48 5 6
Jiangxi 92 52 57 90 3 35 38 4 5
Shandong 131 95 73 24 36 40 25 19 11 8
Henan 118 75 64 22 63 14 34 29 9 7
Hubei 115 57 49 93 6 0 52 45 6 5
Hunan 125 67 53 89 11 0 52 41 6 5
Guangdong 192 88 46 91 2 85 44 19 10
Guangxi 104 61 59 91 1 38 37 5 4
Hainan 15 9 63 86 13 1 5 31 1 6
Chongging 41 16 38 96 4 1 22 54 3 7
Sichuan 91 50 54 83 14 3 35 38 7 8
Guizhou 40 20 50 87 8 18 44 2 6
Yunnan 52 31 60 88 5 18 34 3 6
Tibet 8 7 84 77 23 0 1 14 0 1
Shaanxi 40 25 63 42 54 4 12 30 3 8
Gansu 41 31 76 56 36 8 21 1 3
Qinghai 8 6 71 74 24 2 24 0 6
Ningxia 18 15 81 84 15 1 15 1 4
Xinjiang 151 139 92 61 38 1 10 7 2 1
Total 2,490 1,493 60 63 30 7 849 34 148 6

Z=#]: Chu (2017)

EA oA AW EH, Lofman 5(2002) Az Yolel vl AR Ao 9 FF 319
E7 duA e #AE ZABIAL Y A7 Ay AelEYoldlA H, olF B AHEske
o o AHEEE dUA] AFgES Az 15,000 GWhE syl om, ol A x Yo} F9
A AFREE F A 6.5%C sidRith o] Zhdl Mzobx] e FRoA HskAte] AbY
o2 E& o|$3l: State Water Projects ZE]EUolollA ©@d A& o] 71 ol
A A8 HEe 2-3%E AXsta Uk [298 8lolAe} o] C(California Energy
Commission®] 2005, 20063 <723 2 Bennett 5(2010)0] w29 ZAg]xo} o] A
A A B A|2Ho)] AMEEE AEe 42 51%, 4.9%, 1.7%%E A=Atk
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Segment of the Water Use Cycle CEC Study2005 | CECStudy2006 | “opmoiona:
Supply |

Conveyance

Water Treatment

Water Distribution

Wastewater Treatment

Total Water Sector Electricity Use

% of Total Statewide Electricity Requirements

Note: Excludes estimates of electricity consumption for water end uses.

a9 8. 2001d Agxyole] = E&E 7] AMEF [GWh]
Z=2]: CEC (2005); Bennett 5(2010a); Bennett 5(2010b); Water in the West (2013)

Twomey & Webber (201D+ "= = o8 TA =8 AZ2E W oyx] AHES W
o AAD 3,.3000~3,600 KWhZ ZH x| u Feo| s 2700 kWh/2 2k Ao A A~
Sx®lAE Wigk Y o 5000 kWhell o2& AS2 Hystd. T A9 F
= A" oduyA 4ARE FAHCH, A= & A2Ho] HA YA 10%E 4|
st AS BAFIH

_14_



A S YA An|e} WHI AAAAE zta o, A XFe A AHA B©i
ZgFo] Aul o] Duan & Chen, 2016) =+ 70%(EA, 2015)E =[x st1 el =
A S

Eg AlzHoA BYEE BAE EES A2 FAF0 AH
5 3
<)

WA AHE Al 2A7E: HlE Y EBE U g4 MRS AV, HY 98§39 2
AA Yol wet dat. daiEede =3 Ay T Aoz s tEA BEH=
|, AE = FHIHAE FHTHLEYG damfjEFo] A A8 &¥E I g3
WEFE g I7ke] S wel @ebxs Aol olygt A& 54> i gl whet

# 3 A9 AnE Q3 =7PE COp &% kWhd gCOo, vi=)

Lower
. Energy Maxx Liquid .
heating X . K Gas basis Energy
. basis basis basis
Fuel Details Value
(kgCO2e/ (kgCOe/ (kgCO2e/ (kgCO2e/
TJ/G; CO.e/T
(T1/Ge) (keCOze/T)) tonne) litre) m? kWh)
Crude oil 42.3 733300 3101 2.48 0.26
Orimulsion 27.5 77000 2118 0.28
Natural Gas Liquids 44.2 64200 2838 0.23
Motor gasoline 44.3 69300 3070 2.27 0.25
Aviation gasoline 44.3 70000 3101 2.20 0.25
Jet gasoline 443 70000 3101 2.20 0.25
Jet kerosene 441 71500 3153 2.49 0.26
Other Kerosene 43.8 71900 3149 2.52 0.26
Shale oil 38.1 73300 2793 2.79 0.26
Gas/Diesel oil 43 74100 3186 2.68 0.27
Residual fuel oil 40.4 77400 3127 2.94 0.28
Oil Liquified Petroleum
p 47.3 63100 2985 1.61 0.23
roducts Gases
Ethane 46.4 61600 2858 3.72 0.22
Naphtha 44.5 73300 3262 2.51 0.26
Bitumen 40.2 80700 3244 0.29
Lubricants 40.2 73300 2947 2.95 0.26
Petroleum coke 32.5 97500 3169 0.35
Refinery feedstocks 43 73300 3152 0.26
Refinery gas 49.5 57600 2851 0.21
Paraffin waxes 40.2 73300 2947 0.26
White Spirit/SBP 40.2 73300 2947 0.26
Other petroleum
40.2 73300 2947 0.26
products
Coal Anthracite 26.7 98300 2624.61 0.35
oa Coking coal 28.2 94600 2667.72 0.34
products
Other bituminous 25.8 94600 2440.68 0.34

_‘|5_



Lower

. Energy Maxx Liquid .
heating X . i Gas basis Energy
. basis basis basis
Fuel Details Value
(kgCOze/ (kgCOze/ (kgCOze/ (kgCOze/
TJ/G; CO.
(T1/Ge) (keCOz/TI) tonne) litre) m? kWh)
coal
Sub bituminous coal 18.9 96100 1816.29 0.35
Lignite 11.9 101000 1201.9 0.36
Oil shale and tar
8.9 107000 952.3 0.39
sands
Brown coal briquettes 20.7 97500 2018.25 0.35
Patent fuel 20.7 97500 2018.25 0.35
Coke oven coke 28.2 107000 3017.4 0.39
Lignite coke 28.2 107000 3017.4 0.39
Gas coke 28.2 107000 3017.4 0.39
Coal tar 28 80700 2259.6 0.29
Gas works gas 38.7 44400 1718.28 0.16
Coke oven gas 38.7 44400 1718.28 0.16
Blast furnace gas 2.47 260000 642.2 0.94
Oxygen steel furnace
7.06 182000 1284.92 0.66
gas
Wood or Wood waste 15.6 112000 1747.2 0.40
Sulphite lyes (Black
] 11.8 95300 1124.54 0.34
liquor)
Other primary solid
. 11.6 100000 1160 0.36
biomass fuels
Charcoal 29.5 112000 3304 0.40
Bioogasoline 27 70800 1911.6 0.25
Biomass Biodiesels 27 70800 1911.6 0.25
Other liquid biofuels 277.4 79600 2181.04 0.29
Landfill gas 50.4 54600 2751.84 2.47 0.20
Sludge gas 50.4 54600 2751.84 0.20
Other biogas 50.4 54600 2751.84 0.20
Muncipal wastes
. . 11.6 100000 1160 0.36
(Biomass fraction)
Peat 9.76 106000 1034.56 0.38
==]: Gomes S(2015)
olef o] i &2 oUA Y(energy mix)et 2 =7Fe] Aol weEl 2EbAIH,
toouA AU 243 2o 290 weh g duA Ya 54 A9 oA
71E AAFE o gkt A Al A, A7, A SR, Ao Eul
g @tk oluA P o))y a9lom: A9 e EE Y b olR, FE
Fsd v e Welel B4, AAAH, A8A, @4, A4 et D 99 adol ]
58 AAH deBel JF Wk ok [F 4k 2 ANNA A AbsE LAY
of wel Zr=o] W A 2HloA AYakdl kWhe gCO; wlE&#S Uebd Aot wjE <
A dge) wde g9 Hed Anel 3o wel g
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=718 CO2 ¥iZE% (kWh3 gCO; vl &%)

Country 2004 2005 2006 2007 2008 2009 2010
Albania 30 26 26 31 0 1 2
Armenia 114 131 130 157 159 102 92
Austria 224 218 217 204 187 158 188
Azerbaijan 677 650 671 570 534 499 439
Belarus 463 459 461 452 465 466 449
Belgium 285 275 263 254 254 218 220
Bosnia and Herzegovina 772 797 852 1007 830 806 723
Bulgaria 537 502 490 592 565 537 535
Croatia 314 331 337 422 367 291 236
Cyprus 772 788 758 761 759 743 697
Czech Republic 617 614 606 636 621 588 589
Denmark 403 369 459 425 398 398 360
Estonia 1029 1048 965 1048 1084 1078 1014
Finland 258 164 265 238 177 190 229
France 67 79 72 76 72 78 79
FYR of Macedonia 797 791 783 871 905 799 685
Georgia 89 101 147 161 79 123 69
Germany 503 486 483 504 467 467 461
Gibraltar 766 761 751 751 757 757 762
Greece 780 779 731 752 748 725 718
Hungary 448 372 373 338 351 313 317
Iceland 0 0 0 1 1 0 0
Ireland 575 584 537 510 471 452 458
Italy 497 486 509 475 452 411 406
Kazakhstan 584 570 839 658 541 433 403
Kosovo 1297 1121 1127 1089 1088 1286 1287
Kyrgyzstan 68 58 56 61 57 57 59
Latvia 97 89 113 107 114 96 120
Lithuania 68 101 100 88 83 84 337
Luxembourg 393 389 387 381 385 376 410
Malta 913 1034 954 1012 849 850 872
Montenegro 341 386 352 456 274 405
Netherlands 467 454 452 455 442 420 415

_‘|7_



Country 2004 2005 2006 2007 2008 2009 2010
Norway 3 2 3 4 3 11 17
Poland 833 818 821 820 815 799 781
Portugal 465 521 431 396 394 379 255
Republic of Moldova 526 529 506 530 510 526 517
Romania 528 493 521 542 512 472 413
Russian Federation 402 436 445 428 426 402 384
Serbia 883 764 817 750 772 766 718
Slovak Republic 233 221 214 220 207 210 197
Slovenia 345 349 362 375 332 318 325
Spain 382 397 369 387 327 297 238
Sweden 23 19 23 17 18 19 30
Switzerland 28 32 33 30 29 26 27
Tajikistan 22 21 21 20 20 17 14
Turkey 426 438 452 494 511 496 460
Turkmenistan 872 872 872 872 927 865 954
Ukraine 360 397 430 440 447 390 392
United Kingdom 491 491 515 506 499 453 457
Uzbekistan 588 588 583 609 543 566 550
European Union 391 387 391 385 374 357 347

Aol A i

24,000=2] COqeq.
Aol tha) AZk 6,000914 10,000E2] COeq. #<
SIEIAIE] = 1.50014 2.5 CO.eq./m*E A A&+ T

YA 7]
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Z=3]: Gomes =(2015)
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A Bed AsdelAd B3 ouAe AndAr 2zhe Ueksh Aduit ther, o
Az BHAA AAEHS AsAE,

2 Ao £A Bad Az dux AdA
I}

L = |
Hol 982 & 2452

o)

AR ARMAE gl Hol 71Tk ARA 8k, Aejd 5, Axd
del eqnel WHD WAL dor, A% = .
7zt AR 9F 22EW oUA ARAE Y BAE 242804 24580 A3 A
o} gtk

#E 5. EA 258 AzHoA oA|A J'A B WA= IF

Category Factors
Precipitation
Temperature
Climate type

Climatic behavior (e.g. drought)

Topography

Distance from source to consumer

Geographical Characteristics Water source type

The location of source

Elevation change

Distribution main length

Raw water quality

Process & technology
Regulation & standards
Characteristics of Urban Water System condition

System Population served
Service area
Water demand
Income/affluence
Economic composition
Energy efficiency (e.g, Pumping efficiency)
Distribution pressure
System operation rule
Water loss
Energy management system
Energy recovery

O&M

=W A5, =5, AFAE, WEE 85 A}%, S5, AR, Aolg B PR
©A 48 AAA UA7 AgHE 78 FAL [E 619 [ 9l 4E we}
2
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® 6. BN =S A" A

AUAZL AgHE Fa F9

Urban water cycle

Sub-segment

Primary Energy Drivers

Surface water

Abstract - Volume of water pumped
(Intake) Groundwater - Depth of well
- Pump & motor efficiency
- Volume of water being conveyed
Pipelines, - Distance
aqueducts, - Elevation
Conveyance irrigation - Conveyance system efficiency: condition, vintage & efficiency of
canals pumps & motors; type of conduct (pipeline vs. open channel,

lined vs. unlined), rate of water leaks, seepage & evaporation

Water treatment

- Treatment plant configurations
- The number of times water is treated
- The types of water disinfection technologies used

- Water quality standards

Supply/

Flat, moderate,

- Pumping energy determined by volume, system size & pressure,

topography of distribution network

- System age
distribution hilly, variable _ Water loss

- Energy recovery (Mini-hydro generation)

- Plant capacity

) - Level of treatment
Wastewater Primary, - Treatment technologies used
treatment secondary, - Wastewater influent quality
tertiary

- Discharge requirements
- Energy recovery (Biosolids)

Local Surface
Water Diversions

Pre-Treatment

[ Advanced Water
Treatment

a9 9. BA =3 A" 3A T oluA ARS

=3]: Porse 5(2020)
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% 10. 307) Aol A AB o A} ou R JAEIAIE] ] #A
Zx]: Lam 5(2017)

. 7HE (R 713 %)

Lam 5(2017)2 €& H A= oy A= 7Heo=z QA% &7 7|5 =27

geFe W=ty Bsgth Van Dik 52013)2 d4x FEAA TF A9 7hEol
A SlElA g HXE e EAsATh 2001~20099 5F FERA 74 Alg)
g 33 9dUd ZheArldl EF9 Bz, @HE, Ay oy J'AEE
20023 FF=RO ZH7E 96%(2010@ 71, 129%(2011d 7]15), 325%(2008'3 7]15) 718k
oh B zNEYE AZWE Ao FE TFU AL 20089 REH 2012974 B
8 YAt =2 "Hdt FHES Y S8 AZE A" &gl 7 Ao B
GET A ES AELE F93F & o3 A okt FomFE S FUF H ol o
AR U Aol Fhete] oA ARIAIEIZE F7bstdth A=Y A9-olls 2010
FE 20129714 AdE Eestaae] duA QIEFAE F7he] Fa dQog FAeH

=

_2']_



Vieira 5(2014)2 7F=ol t-&3t7] st S5 22 uA FAde gHe = =
Mol oAl QIEIAIE e v A& FEFs EA3AT. dirdos A A5ao] B
SN 7HEY 22 EAC ggstr] 98 v 258 B £o9 dRE SFFAZE 5FHo
2 $5E 48 & Utk ]Fﬂﬂ dZA TFoA= A3 7HE(2001~2009)3} 2] H) o]
E Ao mat Ad 9@ A9 B AgS 93 HME 87t 34 Z7k T 2007~2013
HEHIE AXA% 7479 HE&L B2 184%A 47%=2 EWHEL 11.6%°1A
3L.1%E, A=UE 10.3%04 19%=2 S7Hdt 0|8 s BlE g Alagle] A et
M AY A Zw3 A2=F9 oA AEIA] A 7 2 F Utk ol&d 4
& Ao A o] gk A|2=HE] o= <UH 0.20 kWh/kL 2 1.40 kWh/KL
BlE 5 Alzglo] dF EAA B2 oufx] QIRIAES]
ES = <

=
e Betd 5 9l

Sanjuan-Delmas 5(2015)& =% 2 vl-F4 A

NE el WsE BAST. 1 2% A4 F AL OEd AF =R A 7
MU B AUEQ A7) 28 Fe RAFYT o] AL AY Ao £ B A0

= 49" & Jed, o Fdod] 4
o Aol7} Fob A& oAE BesA B Aot ey
ol

W oF A e
_]

ddHe B HIAEl] S e Hsssits A= & ARNeH,
ol WY 715 A FrF A7) & Aow AdHE (S 715 41, AFAA
7% 4631).

Electricity consumption — Climate

%

=
P
1

4 (0E 2

(-2

}_{

kWhiregistered water-km of network

U

Z*]: Sanjuan-Delmas $(2015)



243 A 83 EA
7). =}

Lam SQOINE $58% Azd(E4s 2 FF Ao E1HAeA £= ws

A a5)ek ol| A JA-AE Atole] #AE AT 1 A3 [13 12]

Mgt 2o] Aep Axde] tE 1T olsh oA UEAE Aol Aol 4 A
2 %J&J&ﬁlﬂ Aee WA ATt oz deaw A=A oduyx <l
HAEI7E W i EAELS AYLE A Frad /\li%g Adst= b 0101/‘1
aE9 ]9“5.2‘# AFL o] g3 Aow FE 5 vk oyA F=7} 0.15 kWhim'el] &
I AETRE 2 5 F Ao HER FF A=HS %E ANAA ARES FH 438t
7 el 2 G4 Az A a4t o)A T4 axE W, 45 FF A4, 45 A
3%, AFADEG W2 30 A s WA ow dA B FEEHACH, ojH gl =A
29 of 80%7F FHolA R FFELh
3 CuUT
<
= CALE
i &
=
=
=1 BLR CALW
15 < <
= ; es
e . SHO
-] COL
= <
,.—2 BERK - Banghkok
= BLR - Bangalores
= CALE - California Aqueduct - East branch
G 1| CALW - Cahlifornia Aqueduct - West branch
5 COL - Colorado River Aqueduct
= CUT - Cutzamala system
ke S AP - Sapporo
13 S HO - Shoalhaven drought tramsfer
: TOK - Tokyo
3 YOK - Yokohama
SAP Toﬂm ‘5'-05; | | | |
-100 BKK 50 300 500 700 900

Elevation difference (m)
I 12, s A A" A oA 9f x| BA
<4 Lam 5(2017)

=2 Fua7F FAste EA A= FYE AUAE Fgetr] A g AlET) o] F
AAI ot I o= AYEUYol F £ ZEAHEAE HF Az YoldA i A
ZTUoHE2MAY 2~ F Ahofo]lae} 22 EA XFHE ES o|Fstal Utk BRE AA
< X33k AA 2= 1100 kmyF Gor, HeExa 4 912 600 mol o]2= Eo] 9
2 Ao} HAcrKCalifornia Department of Water Resources, 2013). oo} z2+-& A 2~Hloj A
© YA JAEIAHE F0]7] At oUAE 3lF3atr] AT & B A2"S A
28k A o

_23_



. B A H](Plain area ratio)

Huang 5(2018)2 =2] o3 Eujol oA AFo] oA &ule rA= IF=
Zow AFstr] fsl HAME AREZ Aldste], 2015E@ ARE 7WoR FIUY =
SolA HAH| ek ol | A JIFAIE O] FAAAS E4stdeh. L A3 [O2" 134 et 2
o A WA Hle}t oHA| JAFMAE = A7 FHAAE THAL UFS EAFAH

c i
s 'm
S 015+ =
E £ .
T M
c g i
8= .
2 2 .1
D' a o104 "
g a1 i x L
c =2 q
Q@ 0 S
208
oo
==
2 < oos . .
EE M2 b *H
e 5
=
£ - -
9 F7
o
)
0.00 - T T T T T T L
20 40 60 a0 10C

The percent of plain area (%)

a9 13. 201549 S TA] BAH|e} ol A] JAEAE S #A
<=4: Huang 5(2018)

o AAWE & 3

Sanjuan-Delmas 5(2015)2 W&} sk Aol mE @9 A= 3 ouA| <ARAE S ¥
52 2Astgh (13 14lelAs 2ol B4 Az WF Ao daz o oA <l
AE el Hargkol sk el Haugru T Zh7ko]l EARE BHEHS FEI AolE
Hnoz Jehgt} ot 9o Aoz i e Ag Rt Ao A(s)ek
4070) st Ao x= UF Aol wlal] 9A e sliel A9

B e o] anlge] thgt
(2 ok Aol =] Fa 3lef,

e

o)A &

4
Mﬂ %%a% Aur g olgshe

_24_



Electricity consumption — Location
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E 1L A AANE A B3 A2E FAHE duA] A ATE
Total Abs. | Con. | AbS: WT Dis. EU | WWC | WWT | WR
Reference Region Abs :
Total TDWS | TWWS | Abs_g Con_s C on‘ WT_all WT_s WT_g WT_d Dis EU WwC WWT WR
The World Bank (2013) San Diego, US 16.6
Mo et al. (2014) Tampa Bay, US 8.1
Hardy et al. (2012) Spain 4.175
Kenway et al. (2008) Adelaide, Australia 2.61
Amores et al. (2013) Tarragona, Spain 1.94
Kenway et al. (2008) Perth, Australia 1.69
Lemos et al. (2013) Aveiro, Portugal 1.63
Kenway et al. (2008) Sydney, Australia 1.56
Zappone et al. (2014) Turin, Italy 1.32
Kenway et al. (2008) Brisbane, Australia 1.25
Kenway et al. (2008) Melbourne, Australia 1.22
Kenway et al. (2008) Glod Coast, Australia 1.21
Miller et al. (2013) India 1.165
Verkatesh and Brattebg (2011) Oslo, Norway 1.155
Racoviceanu et al. (2007) Toronto, Canada 1.155
Maas (2009) Ontarton Camda L1
Kenway et al. (2008) Auckland, New 1.05
A0 Voakioas o 86019 China 0.865
Cheng (2002) Taipei, Taiwan 0.825
Lundie et al. (2004) Sydney, Australia 0.82
Friedrich et al. (2009) Durban, South Africa 0.77
Stillwell et al. (2011) Texas, US 0.77
Lassaux et al. (2007) Wallon region, Belgium 0.7
The World Bank (2013) San Diego, US 11.3
- UAE, Masdar 4.14
P éﬁégagg eatL agz%g)l 1) Brisbane, Austrialia 4.013
Hardy et al. (2012) Spain 3.61
Mo et al. (2014) Tampa Bay, US 3.3
California Energy Us, South_em 2.935
Commission (2006) California
- Bangalore, India 2.31
Cohen et al. (2004) US, San Diego 1.97
Kenway et al. (2008) Adelaide, Australia 1.92
Kenway et al. (2008) Sydney, Australia 1.1
Kenway et al. (2008) Perth, Australia 0.98
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Abs.

. Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region Abs :
Total TDWS | TWWS | Abs_g Con_s C ori WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Kenway et al. (2008) Australia, Sydney 0.95
California Energy US, Northern 0.925
Commission (2006) California
Majid et al. (2020) Kennet Valley, UK 0.92
Tan et al. (2015) Qingdao, China 0.905
Maas (2009) Ontanee O 0.895
Amores et al. (2013) Tarragona, Spain 0.85
Zappone et al. (2014) Turin, Italy 0.85
Lemos et al. (2013) Aveiro, Portugal 0.79
- 0.7715
- US, lowa 0.732
Majid et al. (2020) Henley, UK 0.71
Racoviceanu et al. (2007) Toronto, Canada 0.685
Kenway et al. (2008) brisbane, Australia 0.68
- Toronto, Canada 0.676
Majid et al. (2020) Guildford, UK 0.65
Majid et al. (2020) SWA, UK 0.63
A Veokido % HL6015 China 0.55
- Tokyo, Japan 0.528
Majid et al. (2020) London, UK 0.52
P](;Slsgage :‘tl' a(l.z(ozgil)l) Brisbane, Austrialia 0.518
USGS (2000) 0.511
- US, Wisconsin 0.502
- 0.502
Majid et al. (2020) SWOX, UK 0.47
Olsson (2012) Sweden 0.46
Miller et al. (2013) India 0.44
Stillwell et al. (2011) Texas, US 0.43
Verkatesh and Brattebg (2011) Oslo, Norway 0.415
- US, Massachusetts 0.396
Lassaux et al. (2007) Walé%?gifﬁon’ 0.39
Navigant Consulting (2014) San Francisco, US 0.39
Cheng (2002) Taipei, Taiwan 0.385
Cheng (2002) Taiwan, Taipei 0.38
- 0.37
- Yokohama, Japan 0.353
Venkatesh et al. (2014) Oslo, Norway 0.351
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region Abs :
Total TDWS | TWWS | Abs_g Con_s C on‘ WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Lundie et al. (2004) Sydney, Australia 0.34
Loubet et al. (2014) Sydney, Australia 0.32
Loubet et al. (2014) Copenhagen, Denrrark 0.28
Danish Watelj apd Waste Copenhagen, 0.25
Water Association (2014) Denmark
Shrestha (2015) Bangkok, Thailand 0.217
Kenway et al. (2008) AuclzilezrllgﬁdNew 0.21
Kenway et al. (2008) Glod Coast, Australia 0.21
Friedrich et al. (2009) Durban, South Africa 0.19
a%%gggtieiggggf Denver, US 0.188
- Melbourne, Australia 0.139
- Sapporo, Japan 0.13
Kenway et al. (2008) Australia, Melbourne 0.12
Kenway et al. (2008) Melbourne, Australia 0.09
The World Bank (2013) San Diego, US 5.5
Mo et al. (2014) Tampa Bay, US 4.8
Kenway et al. (2008) Melbourne, Australia 1.13
Amores et al. (2013) Tarragona, Spain 1.09
Kenway et al. (2008) Glod Coast, Australia 1
Kenway et al. (2008) Auckland, New 0.84
Lemos et al. (2013) Aveiro, Portugal 0.84
Venkatesh and Brattebg (2011) Oslo, Norway 0.74
Miller et al. (2013) India 0.725
Kenway et al. (2008) Perth, Australia 0.71
Kenway et al. (2008) Adelaide, Australia 0.69
Friedrich et al. (2009) Durban, South 0.58
Kenway et al. (2008) brisbane, Australia 0.57
Hardy et al. (2012) Spain 0.565
s 200 o e 0%
Lundie et al. (2004) Sydney, Australia 0.48
Zappone et al. (2014) Turin, Italy 0.47
Racoviceanu et al. (2007) Toronto, Canada 0.47
Kenway et al. (2008) Sydney, Australia 0.45
Cheng (2002) Taipei, Taiwan 0.415
Stillwell et al. (2011) Texas, US 0.34
Wang et al. (2016), China 0.315

Lietal. (2016),
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region Abs :
Total TDWS | TWWS | Abs_g Con_s C ori WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Maddocksetal.(2015)
Lassaux et al. (2007) Wa%‘;?giﬁnglonv 0.31
McMahon and Price (2011) | Central Areizona, US 3.3
Anderson (2006) Australia 2.4
Maas (2010) & Maas (2009) Ontario, Cananda 1.635
Wang et al. (2012) 1.4
BT | o
Tan et al. (2015) Qingdao, China 0.78
GEI Consultants & NC (2010) US, Desert 0.637
GEI Consultants & NC (2010) | U Blorthern & 0.612
GEI Consultants & NC (2010) US, Southland 0.524
GEI Consultants & NC (2010) US, Statewide 0.5055
Rocheta and Peirson (2011) Australia 0.505
- 0.48
Plappally & Lienhard (2012) 0.415
Plappally & Lienhard (2012) California, US 0.415
GEI Consultants & NC (2010) US, Central Valley 0.3785
b 2 (2%115)20%(260% « China 0.37
Porse et al. (2020) 0.355
Goldstein and Smith (2002) Us 0.335
- 0.305
EPRI (2002) 0.19
Moz et & (3610 Spain 4.07
Stokes (2009) Australia 3.3
Dale (2004) Califonia, US 2.31
Anderson(2006)
Navigant Consulting (2006) | US, SWP-LA basin 2.199
Stney Gttt Attty
S%dneyCati WdirrentAlﬂmHt{y(ZQ)(l)%?) Sydney, Australia 1.93
V)
Klein et al. (2005), Cohen
et al. (2004), Kneppers
(2009), Maas(2009), 1.849
Kenway et al.(2008),
Navigant
Consulting,inc.(2006)
Plappally( éiélfdz )Llenhard us 1.8125
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Navigant Consulting (2006) US, CRA-LA Basin 1.622
Kenway et al. (2008) Sydney, Australia 0.92
Navigant Consulting (2006) US, SWP-Bay area 0.832
Navigant Consulting (2006) Us, S\(/:\fga—sctentral 0.832
Tan et al. (2015) Qingdao, China 0.43
Navigant Consulting (2006) ]gidj%sli; 0.399
WBCDS (2009) 0.37
Klein et al. (2005) California, US 0.37
Scott (2009), .
AGDSEWPC(2010) Australia 0.21
Wang (2008) Anging, Anhui 0.19
GEI Consultants & NC (2010) | U Blorthern & 0.18
GEI Consultants & NC (2010) US, Statewide 0.18
Liu et al. (2013) China 0.165
Gao (2012) 0.1495
EPRI (2002) 0.08
Scott  (2009) .
AGDSEWPC(2010) Australia 0.055
Navigant Consulting (2006) | Y5 Aok e 0.042
Plappally & Lienhard (2012) 0.035
Navigant Consulting (2006) | | Do o 0.032
Navigant Consulting (2006) |~ US: Hetch-Bay 0
Los Angeles Department
of Water and Power,
(2011), Urban Water Los Angeles, US 2.624
Management Plan (2010)
California Energy US, Southern 2.583
Commission (2006) California :
Klein et al. (2005) Copouthern 2.4
Olsson (2012) Canoathiern 2.3
Los Angeles Department
of Water and Power,
(2011). Urban Water Los Angeles, US 2.092
Management Plan (2010)
Plappally and Lienhard (2012) Australia 1.65
Los Angeles Department Los Angeles, US 1.622

of Water and Power
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR

Reference Region Abs :

Total TDWS | TWWS | Abs_g Con_s C ori WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
(2011), Urban Water
Management Plan (2010)
Corominas (2009)
Cramwinckel (2009) Spain 1.05
Eltawil et al. (2008)

o Mo Global level 0.8701
California Energy US, Northern 0.555
Commission (2006) California

- 0.528

WPRI & WRF (2013) 0.423
WPRI & WRF (2013) 0.396
WPRI & WRF (2013) 0.37
Olsson (2012) Sweden 0.24

WaterRF US Study (2007) 0.221

Hardy et al. (2012) Spain 0.21
Yok%kllliffu'\/\/aggmorks Yokohama, Japan 0.155
Tokyo Metropolitan
Government Bureau of Tokyo, Japan 0.055
Waterworks (2015)
Northern Califomia, US 0.04
Klein et al. (2005) Northem Califomia, US 0.04
1996 EPRI report (1996) 0.033
Sappog%rggg‘ Vggtlegworks Sapporo, Japan 0.032
Shrestha (2015) Bangkok, Thailand 0.006
Los Angeles Department
LA G TV | Lo el Us 0
Management Plan 2010
Corominas (2009),
Cramwinckel (2009), Spain 2.39
Eltawil et al. (2008)

EPA (2008) Us 2.1735
Plappally & Lieinhard (2012) Canada 0.91
Plappally & Lieinhard (2012) Australia 0.6

Hardy et al. (2012) Spain 0.57
Marsh (2008) Australia 0.35
Porse et al. (2020) 0.33

Plappally & Lieinhard (2012) Us 0.325
Klein et al. (2005) California, US 0.215
Miller et al. (2013) Delhi, India 0.204

WaterRF US Study (2007) 0.166
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Olsson (2012) Sweden 0.12
Gleik (2009) 0.1153
Plappally & Lieinhard (2012) Australia 0.105
Kenway et al. (2008) Sydney, Australia 0.1
Porse et al. (2020) 0.095
Buckley et al. (2011) South Africa 0.085
Klein et al. (2005), Cohen
et al. (2004), Kneppers
(2009), Maas (2009), Kenway 0.085
et al. (2008), Navigant
Consulting, inc. (2006)
Plappally and Lienhard (2012) Us 0.07
Burton (1996), Gleik (2009) 0.0553
Shrestha (2015) Bangkok, Thailand 0.042
Sappog%rgggv Vgggg"wor ks Sapporo, Japan 0.04
Klein et al. (2005) Northern, California, 0.03
; Southern
Klein et al. (2005) California, US 0.03
California Energy US, Southern 0.029
Commission (2006) California :
- Yokohama, Japan 0.029
Los Angeles Department of
Water and Power, 2011.
Urban Water Management San Diego, US 0.029
Plan 2010
The City of San Diego (2015)
California Energy US, Northern 0.028
Commission (2006) California :
Los Angeles Department
of Water and Power,
2011. Urban Water Los Angeles, US 0.027
Management Plan 2010
Burton (1996), Gleik (2009) 0.0253
1996 EPRI report (10996) 0.022
Burton (1996)
Gleik (2009) 0.0052
Goldstein and Smith (2002) us 0.3815
- 142.5
IDA (2012) 132
NRC (2008) 72.705
NRC (2008)
Younos and Tulou(2005) 47.555
NRC (2008) 11.875
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Younos and Tulou(2005)
IDA(2012) 9
IDA(2012) 7.4
Plappally( %%)Lienhard Australia 5.9
Liu et al. (2013) China 5.9
WBCDS (2009) 5.54
Plappally and Lienhard (2012)
Sala and Serra (2004) Global level 5.45
Medeazza (2005)
Siddigi & Anadon (2011) 4.75
Younos and Tulou (2005) 4.7
Plappally and Lienhard (2012) us 4.035
Tan et al. (2015) 4
Rocheta and Peirson :
(2011) Australia 4
Xie (2009) 3.5
Sydney Catchment
Authority (2006), Sydney
Catchment Authority .
(2010), Sydney Water Sydney, Australia 3.38
Corporation (2012),
NSW Government (2012)
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
EPRI & WRF (2013) 3.17
Stokes & Horvath (2006) 1.75
EPRI & WRF (2013) 1.585
EPRI & WRF (2013) 1.574
EPRI & WRF (2013) 1.572
EPRI & WRF (2013) 1.572
Tan et al. (2015) 1.4
Porse et al. (2020) 1.225
EPRI & WRF (2013) 1.197
EPRI & WRF (2013) 1.197
NRC (2008) 11
Younos and Tulou (2005) :
NRC (2008) 0.92
Cooley et al. (2006) 0.79
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Total

Abs.

Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
EPRI & WRF (2013) 0.78
GEI Consultants & NC (2010) US, Southland 0.428
GEI Consultants & NC (2010) US, Statewide 0.428
GEI Consultants. (2009) 0.415
GEI Consultants & NC (2010) US, Statewide 0.0665
GEI Consultants & NC (2010) US, Southland 0.0145
Stokes and Horvath (2009) California, US 4.9
Lam et al. (2016) Brisbane, Austrialia 2.11
- Germanny 1.71
Kenway et al. (2008) Australia, Sydney 0.92
Kenway et al. (2008) Australia 0.79
Friedrich (2002) Toronto, Canada 0.68
Klein et al. (2005), Cohen
et al. (2004), Kneppers
(2009), Maas (2009), Kenway 0.5715
et al. (2008), Navigant
Consulting, inc. (2006)
Rothausen and Conway
(2011). Olsson (2015) UK 0.56
Kenway et al. (2008) uUs 0.51
Olsson (2015) Netherlands 0.47
Olsson (2015) Sweden 0.46
Verkatesh and Bratteba (2011) Oslo, Norway 0.4
City of Toronto (2015) Toronto, Canada 0.341
Los Angeles Department of
Water and Power, 2011.
Urban Water Management San Diego, US 0.336
Plan 2010
The City of San Diego (2015)
California Energy US, Northern 0.333
Commission (2006) California :
California Energy US, Southern 0.323
Commission (2006) California :
Klein et al. (2005) Northern, California, 0.32
. Southern
Klein et al. (2005) California, US 0.32
1996 EPRI report (1996) 0.314
Liu et al. (2013) China 0.3
Miller et al. (2013) India 0.3
Smith et al. (2015) China 0.29
Cohen et al. (2004) US, San Diego 0.27
Klein et al. (2005) California, US 0.26
Plappally and Lienhard (2012) Us 0.25
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Abs.

. Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region Abs :
Total TDWS | TWWS | Abs_g Con_s C ori WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Navigant Consulting (2014) San Francisco, US 0.244
Loubet et al. (2014) 0.24
Hardy et al. (2012) Spain 0.21
Paul, R., 2014. Bangalore, India 0.21
Buckley et al. (2011) South Africa 0.2
Cheng (2002) Taiwan, Taipei 0.17
Corominas (2009),
Cramwinckel (2009), Spain 0.17
Eltawil et al. (2008)
YokogggguYVgBiTorks Yokohama, Japan 0.169
Shrestha (2015) Bangkok, Thailand 0.169
Los Angeles Department
o ppiater and, Fower. Los Angeles, US 0.159
Management Plan 2010
- UAE, Masdar 0.14
Venkatesh et al. (2014) Oslo, Norway 0.135
Nastorn oo Derne, US
Kenway et al. (2008) [ustralia, 0.1
lowa Study (2002) US, lowa 0.102
Olsson (2012) Sweden 0.1
Loubet et al. (2014) Copenhagen, 0.1
Buckley et al. (2011) South Africa 0.1
WaterRF US Study (2007) 0.07
Sappog?lr(efgg ggg%r)'wor ks Sapporo, Japan 0.058
City West Water Melbourne, 0.03
Corporation (2014) Australia
Miller et al. (2013) Delhi, India 0.017
Danish Water and Waste Copenhagen, 0.01
Water Association (2014) Denmark
Sattenspiel and Wilson (2009) US 208.38
the end-use intensity
corresponds to the AHA UAE, Masdar 3.26
demand scenario
Cohen et al. (2004) 3.162
Cohen et al. (2004) US, San Diego 3.16
Klein et al. (2005) Northern California, 0.71
Klein et al. (2005) Southern 0.71

California, US
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR
Buckley et al. (2011) South Africa 0.14
Kneppers (2009) New Zealand 0.115
GEI Consultants & NC (2010) US, Southland 0.0605
GEI Consultants & NC (2010) US, Statewide 0.0605
Maas (2009) Canada 0.06
CBEC (2006)
(H & Navigart Consuiltng (2009) Us 0.04
Navigant Consulting (2006) 0.037
US, Northern &
GEI Consultants & NC (2010) Central Coast 0.037
CBC (2006) ; ;
G & Nevi Corsulting (2009) California, US 0.0215
Australia,
Kenway et al. (2008) Melbourne 1.14
US, Northern &
GEI Consultants & NC (2010) Central Coast 1.0105
Marsh (2008) Australia 0.95
Plappally and Lienhard (2012)
Sala and S (2004) Global level 0.751
Klein et al. (2005) California, US 0.75
WBCDS (2009) 0.745
GH Consultants & NC (2010) US, Statewide 0.742
EPRI & WRF (2013) 0.711
EPRI & WRF (2013) 0.549
Hardy et al. (2012) Spain 0.53
Corominas (2009)
Cramwinckel (2009) Spain 0.51
Eltawil et al. (2008)
Kenway et al. (2008) Australia, Sydney 0.5
Goldstein and Smith
(2002) Us 0.4785
Cohen et al. (2004) 0.462
Cohen et al. (2004) US, San Diego 0.46
Buckley et al. (2011) South Africa 0.44
the end-use intensity
corresponds to the AHA UAE, Masdar 0.41
demand scenario
Cheng (2002) Taiwan, Taipei 0.41
US, Northern &
GEI Consultants & NC (2010) Central Coast 0.406
Kenway et al. (2008) Sydney, Australia 0.38
EPRI (2002) 0.375
GEI Consultants & NC
(2010) US, Southland 0.318
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Abs.

Total Abs. Con. Con WT Dis. EU WWC WWT WR D
Reference Region b
Total TDWS | TWWS | Abs_g Con_s C oi WT_all WT_s WT_g WT_d Dis EU WwWC WWT WR D
GEI Consultants & NC
(2010) US. Desert 0.3045
- China 0.3
Yang et al. (2008) 0.29
GEI Consultants & NC (2010) US, Statewide 0.2785
Liu et al. (2013), Gude et .
al. (2010), WRI (2014) China 0.26
Gao (2012) 0.25
GEI Consultants & NC (2010) US, Southland 0.216
i Shenzhen,
Li et al. (2015) Guangadong 0.2
EPRI & WRF (2013) 0.198
Cohen et al. (2004)
Dirnitriadis (2005) 3.162
Plappally and Lienhard (2012)
Sala and Serra (2004) Global level 2.4
Schroeder (2012)
WBCDS (2009) 1.75
Lam et al. (2016) . L
Poussade et al. (2011) Brisbane, Austrialia 1.14
Gao (2012) 0.85
Tan et al. (2015) Qingdao, China 0.82
Liu et al. (2013) China 0.82
GEI Consultants & NC (2010) US, Southland 0.603
- US, Statewide 0.592
Hardy et al. (2012) Spain 0.59
Corominas (2009)
Cramwinckel (2009) Spain 0.585
Eltawil et al. (2008)
Plappally and Lienhard (2012)
Sala and Serra (2004) Global level 0.405
Schroeder (2012)
Klein et al. (2005) California, US 0.215
- 0.106
Klein et al. (2005) California, US 0.055
Corominas (2009)
Cramwinckel (2009) Spain 0.055
Eltawil et al. (2008)
Klein et al. (2005), Cohen et
al. (2004), Kneppers (2009),
Maas (2009 0.053
Kenway et al. (2008),
Navigant Consulting,inc.(2006)
Hardy et al. (2012) Spain 0.05
Navigant Consulting (2006) 0
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7}, 2¥Ql(Hardy &, 2010)

2H1E =A Eg Al2ECA 2 FAE oA AN EE [F 12]o1 48 o] Z
dAEE EAT A AdHAEE 7HAL de5S ¢ F AT & o] EXAAE &
T Abg(end-use) B UM AHEEE dEe AHHA BT

ArAd 342
bR 1ol
Folth =3 23

o]

T
o7 IHEEHIN SH9FHI Yy &
=

Be 4o 345 A5 o e 845 J1E 40 sYstels £99 =g mek,
1% Ael AR 2l Bl SR, o seHY FHAA AUA A
AES] F71E FESTh §48 ABEHE ABOHY U Bol @ B 2L
FE23A %9 29UelA 013 kWhim'2 F45E F7} U wge] S& oz
kst

E 12 B4 = Az SAE | JAdAE e

Energy intensity range (kWh/m®)
Stage .

Min Mean Max
Water extraction and conveyance 0 0.21 2.10
Water treatment 0.11 0.57 4.67
Water distribution 0.12 0.21 0.22
Wastewater treatment 0.41 0.53 0.61
Recycled water treatment and conveyance 0.32 0.59 0.85
Waste water discharge 0 0.05 0.11

Z*]: Hardy 5(2012)
Y. " =5(EPRI & WRF, 2013)

EPRI & WRF+= ©l=oA 4 335 FAoA odUA] JRAEHE ARG oW, 11 23
= [% 1319 [ 1419 2tk
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3E 13 v=elA A aF HANA WA JARAE

Total Energy intensity (kWh/m®)®
Reference Source Year Intensity Raw Water | Treatmen | Distributi Comment
(kWh/m®) Pumping t on
1996 EPRI Report 1996 0.370 0.033 0.022 0.314 Initial report
Massachusetts Dept of Estimate of MA
. . 2008 0.396 N/A
Environmental Protection plants only
. . Survey of WI
Energy Center of Wisconsin 2003 0.502 N/A
plants only
WaterRF US Study 2007 0.502 0221 [ 0166 [ 0.070
U.S. Geological Survey 2000 0.511 N/A
Survey of 1A
lowa Study 2002 0.732 0.221 0.102
plants only
California Energy Commission
. . 2006 0.925 0.555 0.028 0.333 embedded energy
(Northern Calinofrnia)
not metered
California Energy Commission
. . 2006 2.935 2.583 0.029 0.323 ermbedded energy
(Southern Calinofrnia)
not metered
Average (with CEC studies) 0.859 0.344 0.223 0.292
Average (without CEC studies) 0.503 0.090 0.211 0.206

* FEFHAN BEo) WAHA YTt 714

=4 EPRI & WRF (2013)

% 14. vz A A5 33 A N4 Community2l Non Communityol] wE o1 =] QIEIAE]

System Type Source kWh/m?® Estimated Population Served gped kWh/day
Surface 0.423 199,827,000 171 54,672,700
Community Groundwater 0.555 88,370,000 171 31,733,700
Desalination 3.170 9,416,000 171 19,321,500
Non Surface 0.423 5,354,000 171 1,464,850
Community Groundwater 0.555 855,000 171 307,000

Total per day 107,500,000

Total per year Percentage of total U.S. electricity used 39.2 TWh

in 2011 1%

Z=#]: EPRI & WRF (2013)

t}. 571 =A(Siddiqi & Weck, 2013)

[ 15]oll /et o] 578 A9 A &8 Ao & oduA] ARANEHE ARSI OH, 1t
202 Ao B FF 2 Ao BAE qux JAAEE S ZU kWhm)E ek
® 15 EAE BEA E¢3 A2 FAE A JAEIAE
Segment intensity Masd San Di Svd Melb Taipei
(kWhe/m®) asdar an Diego ydney elbourne aipei
Supply and treatment 4 1.70 0.03 0.01 0.21
Distribution 0.14 0.27 0.92 0.11 0.17
Urban indoor end use 3.26 3.16
Wastewater treatment 0.41 0.46 0.5 1.14 0.41

=] Siddiqi & Weck (2013)
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2} "=, A E Yo}l #1 (Navigant Consulting, 2006)

Navigant Consulting(2006)ll A4l ZASH wl= Ae]E Yol Ao TA] E4S Al2E9] 9
U2 JAEAE mEE 2= [F 16]9F 2T
Z 16 A E¢d AxE FAHE U A-IAE [KWh/m’]
Water Wastewater
Supply Conveyance Treatment Distribution Collection Treatment Disposal
Avg 0.037 o ) )
Surface SWP-L.A. EPRI Avg. EPRI Avg. (indl. i Tricling Filter Gravity
incl. in
Water (0) Basin (2.199) (0.026) (0.317) (0.247) Discharge (0)
Treatment)
Groundwater Flat ) Pump
0.001 SWP-Bay T h Activated Disch
. o) al scharge
Area (0.832) POBrapy Sludge (0.349) &
mg/AF) (TBD) (0.106)
Ocean Moderate
Desalinati SWP-Central T b Advanced
ination o) al
Coast (0.832) Pograpiy (0.407)
(3.646) (TBD)
Brackish SWP-San Hilly Advanced w/
Desal Joaquin Topography Nitrification
(0.328-1.379) | Valley (0.399) (TBD) (0.505)
Recycled
Recycled CRA'L.A.
] Water
Water (0) Basin (1.622)
(0.317-0.793)
Hetch Hetchy
- Bay Area
©)
Mokelumne
Aqueduct
(0.042)
Local -
Intrabasin
(0.032)

== NC (2006); GEI Consultants & NC (2010)

ul. w5 B EYo} #2 (GEI Consultants & Navigant Consulting, 2010)

GEI Consultants & Navigant Consulting (2010)2 Zg]EUololA FZH HHF oA <l
HAE S HAE =N &8 A2 9A 2 Agd AQERE goFstgth. o3 MY
© BT AT 718 did AT 431 oduA JRAEE #4351, 4506€~109)3%
AE(11€~44) 713re] Hto] ALtEA e, I A= [F 17]0A4 vebd vhef 2o
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®17. A28 2 FAE U AAAE BEg

=

Primary Energy

Energy Intensity

Range of Energy Intensities Observed in Study 2 (kWh/m?)

i i Northern &
e Fenneitienell Compaiet Drivers it [Halore Central Valley Southland Desert Statewide
Studies Central Coast
Local Surface Water Pumping 0.040-0.320 0.040-0.320
Groundwater Pumping 0.142-0.600 0.452-0.772 0.239-0.518 0.374-0.674 0.573-0.701 0.239-0.772
_"él Brackish Desalination Treatment 0.328-1.379 0.374-0.482 0.374-0.482
o, Incremental
< Recycled Water 0.079-0.317 0.283-0.572 0.305-0.901 0.283-0.901
Treatment
Seawater Desalination | Reverse Osmosis 3.464
Coagulation +
) . . 0.026-0.029 0.035-0.121 0.012-0.017 0.012-0.121
§ flocculation + filtration
‘:'f Removal of
o Microfiltration Suspended 0.058-0.190 0.058-0.190
£ Solids
(BD Removal of Salts, etc. | Reverse Osmosis
=4 .. . Ozone 0.044-0.072 0.044-0.072
Disinfection -
Ultraviolet
n€> Flat Terrain 0.013-0.016 0.013-0.016
o Moderate
A Booster Pumps . 0.317-0.793 0.135-0.253 0.012-0.237 0.012-0.253
) Terrain
% Hilly Terrain 0.100-0.295 0.333-0.416 0.100-0.416
g Pressure System
g 0.470-0.679 0.095-0.099 0.095-0.679
=} Pumps
Wastewater Collection
0.037 0.001-0.073 0.001-0.120 0.001-0.120
5 Pumps
% Primary +Secondary 0.252-0.362 0.384-0.428 0.129-0.303 0.129-0.428
= Primary + Secondary
= . 0.407 0.824-1.197 0.287-0.349 0.298-0.311 0.287-1.197
e + Tertiary
— Microfiltration High Pressure
o] ) . 0.210-0.221 0.210-0.221
] (incremental) Pumping
=} Reverse Osmosis High Pressure
3 ) . 0.417-0.421 0.417-0.421
- (incremental) Pumping
UV (Incremental) 0.081-0.087 0.081-0.087
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v A AAl EAIE #1 (Wang, 2015)

Wang (20158 & HE
AF FAH mE A

T BN =@ /\lé‘%‘[—‘ﬂ 54 B A st A

dAEe] Wele [E 18] Lehd whe ok

k

18. =4 28 A"l 34 8 AeAYet s Aol AR g0 o AU
A=IAE 2] W] [kWh/m’]

Energy intensity

Item (kWh/m3) Reference
Low High
Conveyance 0.000 3.698 Klein et al. 2005: Cohen et al.
Pumping 0.020 0.150 2004; Kneppers 2009: Maas
Treatment 0.026 4.227 2009; Kenway et al. 2008:
Distribution 0.170 0.973 Navigant Consulting, inc. 2006
Water supply (total) 0.093 1.450 NRDC 2004
Alum 0.000 0.000 Klein et al. 2005
Polymer 0.001 0.001 Klein et al. 2005
Rapid mix 0.008 0.008 Klein et al. 2005
Flocculation basins 0.002 0.002 Klein et al. 2005
Sedimentation tanks 0.002 0.002 Klein et al. 2005
Lime 0.000 0.000 Klein et al. 2005
Filters 0.000 0.000 Klein et al. 2005
Chlorine 0.000 0.000 Klein et al. 2005
Clear well storage 0.000 0.000 Klein et al. 2005
Filter backwash pump 0.003 0.003 Klein et al. 2005
Filter surface wash pump 0.002 0.002 Klein et al. 2005
Decanted washwater to rapid mix 0.005 0.005 Klein et al. 2005
Sludge pump 0.001 0.001 Klein et al. 2005
Wastewater collection and treatment 0.100 1.215
Pumping 0.040 0.190
Trickling filter 0.105 0.470 Klein et al. 2005: NRDC 2004:
Activated sludge treatment 0.182 0.608 Kneppers 2009: Maas 2909;
Kenway et al. 2008; Navigant
Advanced treatment 0.227 0.701 Consulting. Inc. 2006; Cheng
Advanced treatment with nitrification 0.324 0.795
Wastewater discharge 0.000 0.106
Wastewater treatment (total) 0.462 0.462 Cohen et al. 2004
Chemicals for wastewater treatment 0.056 0.056 Klein et al. 2005
Chlorine for wastewater treatment 0.010 0.010 Klein et al. 2005
Alum for wastewater 0.060 0.060 Klein et al. 2005
Ferrous & ferric for wastewater 0.030 0.030 Klein et al. 2005
End use 3.162 3.162 Cohen et al. 2004
Residential end use
Toilets and leaks 0 0 Cohen et al. 2004
Dishwashers 22,051.43 22,051.43 Cohen et al. 2004
Clothes washers 9,444.82 9,444.82 Cohen et al. 2004
Showers, faucets, and bathtubs 5,431.79 5,431.79 Cohen et al. 2004
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Energy intensity
[tem (kWh/m3) Reference
Low High
Landscapes irrigation 0 0 Cohen et al. 2004
Commercial, industrial, and institutional Cohen et al. 2004
Kitchen dishwashers 22,051.43 22,051.43 Cohen et al. 2004
Prerinse nozzles 5,431.79 5,431.79 Cohen et al. 2004
Other kitchen use na na Cohen et al. 2004
Lundries 9,444.82 9,444.82 Cohen et al. 2004
On-site wastewater treatment 648.57 648.57 Cohen et al. 2004
Water-cooled chillers 54,885.36 54,885.36 Cohen et al. 2004
Single pass cooling 0 0 Cohen et al. 2004
Landscape irrigation 0 0 Cohen et al. 2004
Other heated water 5,431.79 5,431.79 Cohen et al. 2004
Other unheated water Cohen et al. 2004
Hot water (electirc) 73,000 73,000 Cohen et al. 2004
Hot water (natural gas) 103,000 103,000 Cohen et al. 2004
Total estimated residential end uses 3,161.79 3,161.79 Cohen et al. 2004
Kitchen dishwashers 22,051.43 22,051.43 Cohen et al. 2004
Prerinse nozzles 5,431.79 5,431.79 Cohen et al. 2004
Other kitchen use na na Cohen et al. 2004
Laundries 9,444.82 9,444.82 Cohen et al. 2004
On-site wastewater treatment 648.57 648.57 Cohen et al. 2004
Water-cooled chillers 54,885.36 54,885.36 Cohen et al. 2004
Single pass cooling 0 0 Cohen et al. 2004
Landscape irrigation 0 0 Cohen et al. 2004
Other heated water 5,431.79 5,431.79 Cohen et al. 2004
Other unheated water na na Cohen et al. 2004
Wastewater reclimation and distribution 105.67 1,000 Cohen et al. 22000054; Dimitriadis
Distillation 23,000 5833333 | Ceick (1993) n Gleick (1994).
USDOE 2003
Freezing 16,666.67 30,555.56 Gleick (1993) in Gleick (1994)
. Gleick (1993) in Gleick (1994),
Reverse osmosis (seawater) 3,000 25,000 o
USDOE 2003, Dimitriadis 2005
) ) Gleick (1993) in Gleick (1994),
Reverse osmosis (brackish water) 700 3,888.89 o
USDOE 2003, Dimitriadis 2005
. . Gleick (1993) in Gleick (1994),
Electrodialysis (seawater) 19,444.44 41,666.67
USDOE 2003
. . . Gleick (1993) in Gleick (1994),
Electrodialysis (brackish water) 2,777.78 11,111.11
USDOE 2003

=] Wang (2015)
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AL A AA ZAE #2 (Lee 5, 2017)

Lee Q2017 470= 207} A9 & ok oA AdAE e} 24712 JAEAEE
Hlwstg o, I Ay [ 19]9F (" 28]0 yEbd vk} 2o
%19 =4 4 Axee] oA A E st 2271 2GHG) KA %
. Wastewater treatment
Water risk indicators Water supply system
system
Region/loca e
Energy Energy ef.
tions Baseline water Return flow . ] GHG potential . . GHG potential
stress (BWS) | ratio RFR) | oo | g0, eqmd) | o | (g O, ea/i)
(kWh/mrr’) (kWh/m’)
Africa
urben, South
. High (40-80%) | High (40—-80%) 0.19 481 0.58 353 61
Africa
Autralia
Addlaide, Extremely Extremely
) . . 1.92 1884 0.69 674 18
Antrdia high (> 80%) high (> 80%)
New Low to Low to
medium medium 0.21 54 0.84 219 18
Zealard
(10-20%) (10-20%)
Brisbare, Medium to Medium to
] . ) 0.68 586 0.57 499 18
Audtrelia high (20-40%) | high (20-40%)
Low to
Gdd Ceest, .
. medium Low (< 10%) 0.21 206 1.00 991 18
Augtralia
(10-20%)
Melbourre, Extremely
) . High (40-80%) 0.09 69 1.13 835 18
Adrdia high (> 80%)
. Medium to Medium to
Path, Australia . . 0.98 1030 0.71 748 18
high (20-40%) | high (20-40%)
Sydrey, Ext I Ext I
/ mremey Cremey 1.10 1044 0.45 423 18
Axtralia high (> 80%) high (> 80%)
Sydney, Ext I Extremel
, mremey remey 0.34 406-452 0.48 672-719 1
Axtralia high (> 80%) high (> 80%)
Ada
(hira - - 0.43-0.67 - 0.13-0.50 - 30,63,67
India - - 0.17-0.71 - 0.05-1.40 - 68
Japan - - - 0.30-2.07 69
. Extremely Extremely
Qngdao, China ) ) 0.73-1.08 - - - 53
high (> 80%) high (> 80%)
R Medium to
Taipel, Tawan | High (40-80%) . 0.26-0.51 - 0.39-0.44 - 49
high (20-40%)
Buarope
Aviro, Fortugl | High (d0-g09g) | edium to 0.79 766-898 0.84 659-851 47
\VEiro, - . - . -
" | high (20-40%)
_ Low to
Medium to k
Qdo, Norway . medium 0.39-0.44 70-80 0.67-0.81 55-62 31
high (20-40%)
(10-20%)
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L Wastewater treatment
Water risk indicators Water supply system
system
Region/loca o
Enelgy Enmgy er.
tions Baseline water Return flow . X GHG potential i . GHG potential
sress (BWS) | ratio ®R) | oD | gooeqmd) | Y| (g 00, eq/id)
(kWh/m) (kWh/mt)
Spein High (40-80%) | edumto 1 oo 699 0.41-0.72 Hady et al.
> | high (20-40%) ' ' ’ ’ (2012)
T Medium t A t
ATIE | hon (d0-80%) | omo 0.85 736 1.09 128 rores
Spein high (20-40%) al. (2013)
) Low to
. Medium to ) Zappone et
Tuin, Itdy High (20-40%) medium 0.85 323 0.47 126 L (2014)
7 (1020%) &
. Renzoni &
Walloon region, .
. High (40-80%) | High (40-80%) 0.39 - 0.31 - Germain
Bdgum
(2007)
North Arerica
Tanya By, Medium t Mo et al.
W o oo | MEIUMO T g 00 360 | 1585-1911 | 4.50-5.10 | 2457-2739 o d
Harida, USA high (20-40%) (2014)
Toes (A | eAUmIO o 0-s0%) | 0.38-0.48 0.32-0.36 - Stillwell-et
o high (20-40%) o1 U e al. (2011)
Low to Racovicean
Toranto, .
Low (< 10%) medium 0.64-0.73 111-128 0.47 22 u et al.
(10-20%) (2007)
Province of
_ Low (< 10%) | Low (< 10%) 0.68-1.11 184-300 0.34-0.70 92-189 Maas (2009)
(ntario, Canada
Mo &
San Diegp, Extremely Extremely .
T i ‘ 6.20-16.4 1855-4903 3.50-7.50 1041-2249 | Zimmerman
Cdlifomia, USA | high (> 80%) high (> 80%)
(2014)
=3]: Lee S(2017)
kWh/m?* a.aHuw 0. 304 0.03-0.58 % =500 ~0.182 0.1 ad
Abstraction & Treatment Distribution End-Use Collection Treatment

Conveyance

@ M~ %<+
Source water : .': AR H___J

-surface water
-groundwater

-sea water

-brackish groundwater

a9 28 A = Alzd 3AHE dyA Fx B9

=2]: Lee 5(2017)
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ol. £¢ & #1 (Porse &, 2020)

Porse 5(202000] AE# A AuAEe A A® Anpe [ 2009 et vie 2
=

320 A8 7le @ Fdol BE oA A=A E

Electricity Intensity (kWh/m®)

Technology/Water Source

Low | High
Groundwater
Pumping 0.21 | 0.50
Water and wastewater treatment processes

Conventional water treatment 0.08 0.11

Disinfection (Chlorine or ozone) 0.02 0.04

Membrane-based water treatment 0.26 0.40

Secondary treatment without nutrient removal 0.28 0.36

Tertiary treatment (nutrient removal and filtration) 0.42 0.51

Membrane bioreactor (MBR) 0.60 2.29

Brackish water desalination 0.81 1.64

Advanced water treatment 0.86 1.05

Imported Water

Colorado river aqueduct imported water 1.62 1.94
State water project imported water 2.09 (2.52) 2.62 (3.66)

Los Angeles aqueduct imported water -1.82 -1.82

Distribution (within a retailer system) Ranges from 0-1.13
Ocean desalination 2.51 | 3.89

=3 Porse $(2020)

A}, &2 (Lee & Kim, 2021)

O Avke [E 2003 [ 220 vebdulsh ook =3, 23 #d

ceps acle] e AEsty] s Yo AN B

A A8 ouA A-AES] ghe the FHdA =
[e)

321 20173 =4 g Az FAEE oA ARIAE WAk 2o

The most energy-efficient The least energy-efficient The region with the largest
region (kWh/m?) region (kWh/m?) increase (kWh/m?)
Withdrawal Gwangju 7 Gyeongbuk 1290 Gyeongbuk 1084
Purification Daejoen 40 Gyeongbuk 850 Gyeongbuk 683
Distribution Gwangju 10 Busan 554 Daejeon 228
Waste treatment Gwangju 265 Gangwon 2185 Gangwon 1700

Z=x: Lee & Kim (2021)



¥ 22, AYHEQ0124, 20179) A B =338 2439 oy x A=A E [kWh/m’]

Region Year Withdrawal Purification Distribution Treatment Total
Seoul 2012 125 185 81 251 662
2017 118 224 63 298 716

Busan 2012 232 136 226 258 852
2017 265 47 554 284 1150

Daegu 2012 0 319 64 317 806
2017 0 330 37 334 779

Incheon 2012 127 192 34 347 845
2017 100 139 38 406 797

Gwangju 2012 256 23 5 210 554
2017 7 24 10 265 428

Daejeon 2012 198 33 31 279 541
2017 211 40 259 318 828

Ulsan 2012 0 381 0 332 911
2017 0.1 812 0 400 1460

Sejong 2012 166 229 106 3 437
2017 0 0 118 852 987

Gyeonggi 2012 291 276 58 388 999
2017 365 196 85 454 981

Gangwon 2012 301 178 51 485 1008
2017 525 215 75 2185 2692

Chungbuk 2012 236 195 78 455 929
2017 263 256 91 564 1021

Chungnam 2012 288 228 62 581 1108
2017 333 252 66 1010 1445

Jeonbuk 2012 146 208 26 343 667
2017 210 246 70 397 733

Jeonnam 2012 270 144 42 589 929
2017 291 137 234 632 1271

Gyeongbuk 2012 206 212 117 408 975
2017 1290 850 110 1675 3416

Gyeongnam 2012 198 193 94 457 942
2017 213 195 166 1502 2036

Jeju 2012 894 718 147 393 2152
2017 534 257 150 491 1432

=2 Lee & Kim (2021)

o] AT =A Ewd Az gAY oduyA QUEIAE Bk ofyel F oluA] QUEA]
oAM= [28 29]A et o] A4 zols HAT = Atk FHL 201749 F oy
2 QJEAEIZF 74 E9k31(3.926 MWh/nt), 7+-9(2.726 Wh/ni), 7'2(2.076 MWh/ni) <=°]ATh,
F57F FolUA QI|AEN0.305 MWh/m®)7F 7 wigkar ©134(0.683 MWh/nd)3} o 7+(0.702
MWh/m)7} 22 HE |tk 20173 F oA QIEAIElZ} 1.000 MWh/ni ©]/4%] =&
1770 AS 7hed ARko] dloh

0o

A4

= m2012 =2017

= =25

=

= 2.0 =

=

B 1.5 f

= . f

= 1.0 ] |

2 os I I I : I I I I |

Z oo 1 o (I A W

> . - <~ > S < 3 < =
£ 2P & o e T & &
= = <= =& Co“k‘b G‘b‘a E'Z‘Q(\o‘\@c‘o@‘\eoﬁq
13 29. 2012~2017d X4 | A E] w3}

Z=X]: Lee & Kim (2021)

_60_



) SAE oy A AAAEIE vlws] B[22 30]00M e Zo] 3kA
HAb - &2 - AFE ALt AA oA JA'AE o)A A3k BlFo] 7}
o} 20173 skeAlEl gACA oA AEAEIZE M BUE A9 7 E(3.926MW
h/nh)ol U 74-9(2.726 MWh/ni)o] 1 FE oAt FF& 20174 steA @A ouA <l
Bl A E] 7} 7h w9kar(0.265 MWh/nd) F-4H0.284 MWhMWh/m®)3F A41-€-(0.298)MWh/m®)e] 1
HE oA

L

4.5
?40 u Withdrawal Purification Distribution = Treatment 3.926
E .
£ 35
<
= 3.0 2.726

=
g 0 2.076
g % 1ot 1.431
& 15 1.150 1175 1.295
© 10 0702 @ 0702 0.683  0.828 0.806 . I
1h}
505 W W o0 B |
00 = N = 0 = H N = = -
& & & & &

} S D X S SO S :
F P F G F T O & 9 > & W
5 2 S o SHEEN SHER & o o & & o k)
¥ QT ¢ G&p Q'a-z' o 8 @'§§ .6}{* \,’(9 £ ” @o‘(‘ D\.}c\ Q{\Q:
) @) & &
(€] @‘55

a9 30. 20173 =A B Al2E GAE 177 X 9e oy A A=
=% Lee & Kim (2021)

Aoz 2012dFE 2017d7kA] 370 AGRIA, 5, AFH)E At ZE A GolA
AR AuF oA ARAEIZE F7letAth A5 shAE] ©Al(11.267 MWh/nd)el
A EZoR A 17 AY F FoluA JARAIE F52(2.984 Wh/ni)o] 7HE Zith.
AUEE 2012d99H 20179704 & A ARAE $7H&(1711 MWh/m)o] + HA
2 Zgon, F99 s5Ag dux A& Z7H4(11.700 MWh/m®)-& 2012 ¥-E 201737}
2 4u) ol ZF7HEth WhA e IzE 21 (0.016 MWh/m®), #3(0.189 MWh/m®), A5
(0.720 MWh/mY)ell = ol AeA g a7t #=3ioh

2l =299], &= (Venkatesh & Brattebg, 2011)
Venkatesh & Brattebe 201D< 42 HolHe £ HEE Algo=
of et st AlzEle] Y F fA A tig 10T UA &uE B

7 A% exRdA A5 AzdelA U JAWAEE BE 04 kKWhim'el whd a4
NzEelHE 08 KWhim/h B esite AL o &
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7}. 2% (Chu, 2017)

Chu QUINE 53 AGelM AR, A, B58 & Aol& L F 85 483} 2 £ ol BE oA AANEE [ 23]
3 gol A R AU EF F5 A2HD S5 Az oluiA AWAEE A A

3 23 F Aol 9] | A AEIAE

International Cooperation
Unit: kWh/m? Intensity Source Scope EPRI 2002 WBCDS 2009 .Plappally & Value Used
Lienhard, 2012
0.19 Wang 2008 Anqging,Anhui
0.009-0.023 Gao 2012 Agriculture 0.02-0.05
Surface Water 0.069-0.23 Gao 2012 Urban water 0.08 0.37 (pumping) 0-19
0.43 Tan et al. 2015 Qingdao, Shandong
0.78 Tan et al. 2015 Qingdao, Shandong
0.19-042 Gao 2012
Groundwater Wang et al. Survey, depend on the 0.18-0.20 0.48 0.14-0.69 0.40
Water Sourcing 1.40 2012 local ground water level
3.5 Xie 2009
Desalination 1.4 Tan et al. 2015 Brackish water - 2.58-8.5 - 3.5
4 Tan et al. 2015 Seawater
0.82 Tan et al. 2015 Qingdao, Shandong
Recycled Water 09-15 Gao 2012 - 1-2.5 - 0.82
0.0045/km Gao 2012 0.004-0.005 0.5 in-province
Water Transfer 0.7-1.14 Tan et al. 2015 | Qingdao, Shandong ) } (per km) 1.8 inter-province
0.29 Smith 2015 Urban Water Plants
Water Treatment & Distribution 0.189 Wang 2008 Anqing,Anhui 0.37-0.48 - 0.184-0.47 0.40
0.20, 0.40, 0.47 Gao 2012 Urban Water Plants
Yang et al.
0.29 559 WWTPs
2008
Wastewater Tr‘eatment (& 0.1-04 Gao 2012 Representative 0.25-0.50 0.62-0.87 - 0.30
collection) examples
0.30 Yu et al. 2014 Natioanl average
0.2 Li et al. 2015 Shenzhen,Guangdong

=#}: Chu (2017)
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El. A AA EAE #3 (Lam 5, 2017)

Lam 5QOINE A AA 307} A9 F4 HPlA AUA Ag 8 ANAES P}
sa A2e AT A B-ouA Zeady HEEe g8k 1 wWsks dusd

354l A 1907 oA AE W= 10 kWh/p/a(2015, Melbourne)oll A 372 kWh/p/a
(San Diego, 20159 M 91E Yehigth deln £ 9 ulg5 BN AsHE o
A7} A Fo Azt oA Ase A9

AANE AMze E-duA Z=29dd JIWe (27 31]eA yebd npe} o] F434-4
oA oA ARGl #ZF 2AkE AT Y HIH =AVE ATl wet ofEA
Al A=AE F2 5] %01'& WHolth o] E f8 =A 3 vl 9 Wxn S 4
o2 109 = ASZLp/d), B oA AHEZ(KkWh/p/a) 3 A F=(Wh/KL) =9
oANA Z=AC] A d3E /\lZ.Lzﬂii HojEr 1 23 A JdAEGFEHA R =
= FHES 011 kWh/KkLol A ®Z-7F2] 231 kWh/KL7FA Z4-& WY g<S UE
Hdth =AM =AE T U EAEEF, 22 s, WA ZAE, AYole]a, ¥
2w g Al2=Ele] oA QIFAEZE 1 kKWh/KL o439 w9 =2 s YUeh AT

=

20K

.y W
e 2
2 %0 .
s AL
- .
Z o
B0 '
o
2 = Aapks
£ : »
= ~ 9
3 Parth
2
- L]
£ o0 il
=
=
£ 140 o Tty
=
B
= - i
= g Ra dp lmrmo 'kl
T Ianmiore " - Toreale 0l ke |
-] A Sl - W ks
= Paie Sabvadsy ——
B i : & ks
il 4 - - 1 i Tk o & Do
P 4 o - - 5 =k
= 50 ¥ Rrapad ; B . Fraceh TER g lmubedpu Drourrr e
] LT T .
.||.;|~;_ ,:.:;, 7 Copee Temm ¥ Temgms
Abrveriviind
[ el BN 1 *FE
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19 32. Water-Energy Profile for a Sub-sample of 17 Cities, showing their Trajectories
=*]: Lam 5(2017)

5 AzRe U ARAEE AF 9 S5 A5AE, MEre 3RBOE Lol
SAUE L 205% ol AN SIch 2 A3k el A4S AUAZE A TS A

' A A ALge] F8 FEEs AR As & T OiE‘r A FHg AdA QA"
AEl= 0.006~2.624 kWh/KL(87) =A], B+ 1.086 kWh/kD)elar w59 oyA =+

7
0.010~0.341 kWh/KL(157) =A], H¥ 0.167 kWh/KL)o| Atk A &4 HE D AE4Ae 349
iz QTEAIE] M= 0.048~0.335 kWh/kLolH(f4] 7+ & o]Fo] =LA &k 107] =419
A, Askr AS 2 AFAE F38Y oyA QAdAIE M= 0.240~0.430 KWh/KLEA =
Aol APeldtr AEAE e AEAElE 0.027~0.204 KWh/KL@B/HA, o+ 0.076 kWh/KL)Z
Haxo AHEEE oAlUA JA”IAE ] vl Fod oz e Zhs YeEfith
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City/Region/Country

Energy intensity, kWh/m3

Raw water pumping

Water treatment

Water distribution

Data source

Energy figures from this work

Brisbane, Australia Conventional: 0.307% 0.211
Seawater desalination: 3.82a, %
- Potable water recycling: 1.14a
Melbourne, Australia 0.109 0.030
Sydney, Australia Shoalhaven drought transfer: 1.93 Conventional: -b -b
Other sources: -b
Seawater desalination: 3.38%
Toronto, Canada 0.335% 0.341
Copenhagen, Denmark 0.240% 0.010
Bangalore, India 2.100c, x 0.210
Delhi, India -b 0.204 0.017
Sapporo, Japan 0.032 0.040 0.058
Tokyo, Japan 0.055 0.168 0.305
Yokohama, Japan 0.155 0.029 0.169
Oslo, Norway 0.216% 0.135
Bangkok, Thailand 0.006 0.042 0.169
Denver, U.S.A. 0.074 % 0.114

Refer to Table 6S in
Supplementary Material
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https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fna
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fnb
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fnb
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fnb
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fnc
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#tbl3fnb

Los Angeles, U.S.A. Los Angeles Aqueduct: 0d 0.027 0.159
California Aqueduct - West branch:
2.092
California Aqueduct - East branch: 2.624
Colorado River Aqueduct: 1.622
Local groundwater: 0.430c, x
San Diego, U.S.A. California Aqueduct - East branch: 2.624 0.029 0.336
Colorado River Aqueduct: 1.622
San Francisco, U.S.A. 0.146% 0.244
Energy figures from literature
Australia Surface water/ groundwater: 0.25-3.3 Conventional: 0.2-1 - (Plappally and
Seawater desalination: 3.3-8.5 Lienhard, 2012)
U.S.A. Surface water: 0.035-3.59 Conventional (primary): 0.07 0.18-0.32
Seawater desalination: 2.58-5.49
Northemn California, USA 0.04 - -
Southern California, USA 2.3 - - (Olsson, 2012)
Sweden 0.24 0.12 0.1
Copenhagen, Denmark 0.18x 0.1 (Loubet et al., 2014)
Sydney, Australia 0.08 % 0.24
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https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#bib33
https://www-sciencedirect-com.libproxy.snu.ac.kr/science/article/pii/S0959652616321114#bib25

A ATA AeH AR EAE AY AFS d F B8, /F MES B§I}

B, 3 Azdel uA 5L ANFo=H B R OF duix Ag weld o
3 G Pere ANSAG WA AL AXw oo S AFstch 1g
3 BEAAES YBEDD BAY AUAE o8 AN WS 4 Ao F
AR on 4P oluA Aok AHE, A7 HF B 16 kWhipla, B FF the
B AUA AgF 25%e AUL Y Ao Uehrth

3}, Q929 670 A (Majid 5, 2020)
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19 33. Thames Watere] & &3 TAY +49
=*]: Majid 5(2020)

¥ 25. 201493 A9 =W (Water Resource Zone) S4-A 28 #& QoFEH

Water Resource Population Water Demand Energy Use €
Zone (p) (ML d7}) (GWh Year™!) (kWh m™)
Guildford 150,136 447 10.6 0.65
Henley 49,082 13.1 3.4 0.71
Kennet Valley 389,946 98.4 32.9 0.92
London 6,946,620 2048.1 389.2 0.52
SWA 507,627 135.7 31.4 0.63
SWOX 999,996 261.9 44.7 0.47
Thames Water 9,043,407 2602.0 512.2 0.65

23] Majid 5(2020)
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5. =& g4 #2 (Wakeel 5, 2016)

Wakeel 5(2016)2 [E 26]0 A9} o] AEE=R
2 Apge zASIe] A AS T

34 W oy

F 26. AY9E =X =3 Al2FH GAE oyA] Av|F
. Water supply
Region Water sector process Energy use Reference
sources/stages
Groundwater extraction | Groundwater pumping 0.48-0.53 kW h/m? Rocheta & Peirson (2011)
Water treatment Raw water treatment 0.1-0.6 kW h/m? Marsh (2008)
Australia End use Residential end use 12.77 x 109 kW h/annum? Kenway et al. (2008)
Wastewater treatment Advanced WWT 0.8-1.5 kW h/m?® Marsh (2008)
Desalination Seawater desalination 4 kW h/m?® Rocheta & Peirson (2011)
Surface water Water supply pumping 0.92 KW h/m’ Kenway et al, (2008)
extraction/pumping for 2006/07 ' Y '
Sydney,
. Raw water treatment 3
Australia Water treatment for 2006/07 0.1 kKW h/m Kenway et al. (2008)
Waste water treatment | WWT energy use in 2006/07 0.38 kW h/m?® Kenway et al. (2008)
Griffiths-Sattenspiel &
3
Water supply system 1.02 kW h/m Wilson (2009)
Ground water
extraction Transportation 1.4-5.8 MJ/L Gleick & Cooley (2009)
Groundwater pumping 0.18-0.49 kW h/m® Goldstein & Smith (2002)
Raw water treatment 0.027-4.32 kW h/m?® EPA (2008)
Us Water treatment Surface water treatment | 0.371-0.392 kW h/m® Goldstein & Smith (2002)
Water treatment 0.0001-0.02 MJ/L Gleick & Cooley (2009)
Heating of residential water 0-203,600 kW h M/G Griffiths-Sattenspid & Wilson (2009)
Thermal process
Water cooling process 0.2-0.4 MJ/L Gleick & Cooley (2009)
End uses US residential end use 208.38 kW h/m?® Griffiths-Sattenspid & Wilson (2009)
Waste water treatment Waste water 0.177-0.780 kW h/m? Goldstein & Smith (2002)
Water supply & treatment Supply & treatment 80-4200 kW acre/foot Cohen et al. (2004)
San Diego Residential 0-27,200 KW h acre/foot Cohen et al. (2004)
Country, End use
uUs Commercial 0-67,700 KW h acre/foot Cohen et al. (2004)
Waste water treatment Treatment 130-980 kW acre/foot Cohen et al. (2004)
California, Energy Ground water _ 3 .
us consumption in extraction & pumping 0.14-0.69 kW h/m Plappally & Lienhard (2012)
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Water supply

Region Eo S Water sector process Energy use Reference
Water supply and 3 Kelin et al. (2005), California
conveyance 0.3.7kW h/m Energy Commission (2005)
B 3 Kelin et al. (2005), California
Water treatment 0.03-0.4 kW h/m Energy Commission (2005)
different stages of Water distribution 0.2-0.32 kW h/m® Kelin et al. (20(?5): California
water system Energy Commission (2005)
Waste water collection _ 3 Kelin et al. (2005); California
& treatment 0.3-1.2kW h/m Energy Commission (2005)
. _ 3 Kelin et al. (2005); California
Waste water discharge 0-0.11 kW h/m Energy Cormission (2005)
Recycling and _ 3 Kelin et al. (2005): California
distribution 0.11-0.32 kW h/m Energy Commission (2005)
Water supply and conveyance 0.04 kW h/m?® Cilifamia Frergy Conmmrission (2006)
Energy Water treatment 0.03 kW h/m?® Califamia Fhergy Conmrission (2006)
Northern ¥ .
. . consumption in s 3 . ..
CahE};ma, different stages of Water distribution 0.32 kW h/m Cilifamia Frergy Conmrission (2006)
water system Waste water collection 0.71 kW h/m® Califarmia Fnergy Gommission (2005)
Total 1.04 kW h/m?® CAlifamia Fnergy Conrission (2005)
Water supply & conveyance 2.4 kW h/m® Cilifamia Frergy Conmmrission (2006)
Energy Water treatment 0.03 kW h/m? Califormia Fnergy Conmrssion (2006)
Southern G .
. . consumption in o 3 . .
Cahfl?srma, different stages of Water distribution 0.32 KW h/m Cdlifomia Fnergy Connrission (2006)
water system Waste water collection 0.71 kW h/m?® Califomia Frergy Gonrission (2005)
Total 3.35 kW h/m? Califormia Fnergy Conmrission (2005)
and California Ener;
Southerm Water treatment Raw water treatment 0.027 kW h/m? L gy
. Commission (2005)
Califomia, US
Surface water . 9 2
. X
Ontario, extraction and supply Pumping 5.55 X 10” kW h/annum’ Maas (2010)
Canada
End use Residential heating 24.6 kW h/m?® Maas (2010)
Central Groundwater ers 3 .
Arizona, US extraction Lifting groundwater 3.3 kW h/m McMahon & Price (2011)
Western Surface water Pumping of water over < 109 2
China extraction and pumping 450 km pipeline 7.1 10°kW h/annum Marsh (2008)
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Water supply

Region Eo S Water sector process Energy use Reference
Water extradtion and caveyance 0-2.1 kW h/m?®
Water treatment 0.11-4.67 kW h/m? .
Corominas (2010);
Energy intensity in Water distribution 0.12-0.22 kW h/m® Cramwinckel (2006);
Spain different stages of Eltawil et al. (2008)
water cycle Wastewater treatment 0.41-0.61 kW h/m® Guillamén (2007); Sala
2007
“Water recyding & conveyance 0.32-0.85 kW h/m? ( )
Waste water discharge 0-0.11 kW h/m?®
Surface water extraction 0.13-0.20 kW h/m?
Liu et al. (2013); Hu et
al. (2013); China Urban
Groundwater extraction 0.37 kW h/m? Water Association. (2012);
China Water cycle . 3 Al—Karaghouh &_
Distribution of water 0.30 KW h/m Kazmerski (2013):
— 3 Buonomenna (2013);
Desalination 5.9 kW h/m Gude (2011); Gude et al.
Recycling 0.82 kW h/m?® (2010): WRI (2014)
Wastewater treatment 0.26 kW h/m?®
Purification of water 0.07-0.10 kW h/KL
Energy Distribution of water 0.10 kW h/KL
South tion 1 Buckley et al. (2011)
Africa consumption n Collection of waste water 0.14 kW h/KL uckley et al.
water cycle
Treatment of waste 0.44 KW h/KL
water
Arabian Wastewater Primary treatment 0.1-0.3 kW h/m?® Siddiqi & Anadon (2011)
Gulf treatment Secondary treatment | 0.272-0.59 kW h/m® | Siddigi & Anadon (2011)
_ 5 | Plappally & Lienhard (2012);
Surface water supply 0.0002-1.74 kW h/m Sala and Serra (2004)
. _ 3 Plappally & Lienhard (2012):
Ground water pumping 0.37-1.44 kW h/m Sala and Serra (2004)
Plappally & Lienhard (2012);
Global Desalination (RO) 2.4-8.5 kW h/m® Sala and Serra (2004); Von
lovel Water sector Medeazza (2005)

Waste water treatment

0.38-1.122 kW h/m?®

Plappally & Lienhard (2012);
Sala and Serra (2004)

Recycling

0.18-0.63 kW h/m?

1.0-3.8 kW h/m?® (rever
se 0smosis)

Plappally & Lienhard (2012):
Sala and Serra (2004):
Schroeder et al. (2012)
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% 27. 9 =21 FF F54E A7 HFE FF 342(2002-2009) (m¥/inh*d)
Total Fresh Water Fresh surface water Fresh ground water Fresh surface water Fresh ground water
Abstraction abstraction abstraction abstraction (%) abstraction (%)
(m®/inch-year) (m®/inch-year) (m®/inch-year)

Belgium 70 24 46 34 66
Bulgaria 132 70 62 53 47
Czech Republic 70 38 33 54 46
Denmark 76 1 76 1 99
Germany 64 18 46 28 72
Estonia 44 23 21 53 47
Ireland 148 110 39 74 26
Greece 77 56 21 73 27
Spain 132 98 34 74 26
France 96 37 59 38 62
Croatia 113 14 99 13 87
Italy 153 22 131 14 86
Cyprus 61 29 33 47 53
Lithuania 37 1 37 1 99
Luxembourg 88 41 47 47 53
Hungary 71 31 40 44 56
Malta 35 35 0 100
Netherlands 78 30 47 39 61
Austria 73 0 73 0 100
Poland 55 18 37 32 68
Portugal 92 57 35 62 38
Romania 79 55 25 69 31
Slovenia 85 2 82 3 97
Slovakia 64 10 53 16 84
Finland 78 32 46 41 59
Sweden 101 64 36 64 36
United Kingdom 123 92 31 75 25
Iceland 272 10 262 4 96
Norway 179 163 16 91 9
Switzerland 139 25 114 18 82
Macedonia 112 93 19 83 17
Serbia 93 27 66 29 71
Turkey 73 32 40 44 56

Z=*]: EUROSTAT (2013)
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Population Water Withdrawals in Million Gallons per Day (MGD)
Served by
Public Supply Groundwater Surface Water Total
Total for LS. . 14,600 29,600 44 200
(Includes Puerto Rico and 258.000.000 330, 670 100%
U.S. Virgin Islands) (3% (er%) (100%)

Source: Estimated Use of Water in the United States in 2005, U.S. Department of the Interior, U.S. Geological
Survey, Circular 1344, Reston, Virginia: 2009, http://pubs.usgs.govicirc/1344/pdfic1344 .pdf.

9 37, 2005 W= FEET ATE
Zx]: EPRI & WRF (2013)

U Astr A 38 VA AHAE

(& 7114 debdntsel o] 23k Hee F 207 Aol BSEHJow, JFzow
0.822 kWh/m’2] ol 4= A-AE7} ALEAL ol AA B8 FHNH & 32 S
A8 Fxlolth, BEFHE 0.794 kWh/mPE A =om HLgky HUgke zhzt
0.190 kWh/m?, 3.300 kWh/m*©.2 3.110 kWh/m’e] & H¢S Btk A= dfx= 2tz

4.6367 2.1972 EA =AU

Fa AzEolA Asks B ATS Agd] B oA AEFE 2AR A3 Aol
et 24 M| A AbEFol Aol His) 27% =2 22 YERHMo 5, 2011). o] 9t
FrAFRE 2371 &3 Electric Power Research Institutionel] ojs R = Ql=dl, Asts &
B ASEHE ARy TF ALFHEG @9 7Fo R of 30% B W AR JuAE 28
2 b= A8E WHRHGoldstein & Smith, 2002). o1& Ask H7E o oluviA] ok
A< HoFh Water in the West (2013)= [ 28]o| A&} o] A obx| o]
ol

d
e

Zy7ro]l FF A|AEIA oA QJHAEIE A A SFY T

28 A EYolo takdt FF Aol ths] B=8 oA e A El(KWh/m?®)
Energy Range of Energy Intensities Observed (kWh/m?)
Functional . Intensity | Northern & Central
Component 8 | From Prior | Central Southland Desert Statewide
Drivers . Valley
Studies Coast
Local Surface . 0.040-0.32 0.040-0.32
Pumping
Water 0 0
. 0.142-0.60 | 0.452-0.77 | 0.239-0.52 | 0.374-0.67 | 0.573-0.70 | 0.239-0.77
Groundwater Pumping
% 0 2 6 4 1 2
3 Brackish 0.328-1.37 0.374-0.48 0.374-0.48
= o Treatment
Desalination 9 2 2
Recyded Incremental | 0.079-0.31 | 0.283-0.57 0.305-0.90 0.283-0.90
Water Treatment 7 2 1 1
Seawater Reverse
- . 3.646
Desalination Osmosis

Z=x]. Water in the West (2013)
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250 249 270 2‘3‘1 312 333 354 397
300 85 316 3.37 358 3.78 4.00 442 R,a'ﬁn-g_ % 100 97 & i} L) n
350 340 351 382 403 425 448 488
400 3BE 407 428 449 470 491 533 Multiplies 1 o 125 14 2 an
(© A% 57 100%°A4 o] QA (d FF ZWE A% 55°] 100% "R
3 = o) 5 O~ 2=~
fé of a3 vA AsFHAN) AT e Al o7

17 38. H Zolet EEte mE oL A] QEHIAE
Z*|: Martin $(2011)

(229 391l A9k o] A ZUote] of e AhoA A4 Pxel tat ojuA AR E

ANSAon, Ast5rt BAHE Dol we Aty BB e oA Favt of
WA ZrleteAE RAFET [(E 2] BFHE WAL Aske 590 oie AgEE
AUAE Vel gl
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0.8 - = 120
0.7 - B Energy Intensity p 100
0.6 4 .
0.5 -
0.4 - : 60
0.3 1 _ : 40
0.2 -
0.1 4

- = Ground Water Depth B8O

20

Energy Intensity, kWh/m?
Ground Water Lift, m

SRR E R R LR R T
o = g ¥ 32 cE2coocw R« a 2 8 8
Q s 2935 < o P O OB g o -
E03383%-3788253 <2epg
£ £° 2 § ss gEE 33§
S 5 g 5 22 §9 3 §o
§ 3 g5 2 =
o
—
Y 2=
2
<
Districts in California
% 39, Agx Yol Aol At HAF oA #)
<4 Burt & Soto
29 AHAR] A|A FF
Conversion
X Depth to Groundwater
L Conversion Acre
District Name Groundwater, Energy
Acres Energy/year
ft (kW-hr/ac-ft)
(kW-hr)
SHAFTER-WASCO 1.D. 100 270 663 198,886
SAN LUIS CANAL CO. 490 350 859 1,263,291
KERN DELTA W.D. 960 270 663 1,909,301
SOLANO 1.D. 960 120 295 848,578
STOCKTON-EAST W.D. 1,400 164 403 1,691,263
MODESTO I.D. 1,925 50 123 708,990
PIXLEY 1.D. 1,930 150 368 2,132,495
OAKDALE 1.D. 2,208 80 196 1,301,153
NORTH SAN JOAQUIN W.C.D. 2,400 160 393 2,828,594
LOWER TULE RIVER 1.D. 2,800 115 282 2,371,894
ORLAND-ARTOIS W.D. 2,830 125 307 2,605,769
GLENN COLUSA 1.D. 3,500 30 74 773,444
ORANGE COVE I.D. 3,500 360 884 9,281,324
ANDERSON-COTTONWOOD 1.D. 3,610 5 12 132,959
TULARE 1.D. 4,275 120 295 3,778,825
CONSOLIDATED 1.D. 4,450 165 405 5,408,034
MERCED 1.D. 5,000 50 123 1,841,533
SOUTH SAN JOAQUIN I.D. 5,025 150 368 5,552,221
ALTA 1.D. 7,780 165 405 9,455,901
FRESNO 1.D. 9,000 170 417 11,270,179
MADERA 1.D. 9,000 160 393 10,607,227
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254 &4 FA

N

boE4 24 oA AdAE

[ 71914 Uepdulel Zo] &5 ZA HiE oux ddAEE A5 FHErRt oF
10% =< 0.910 kWh/m’2 A8 vhd 24zke 27% 2+ 0.370 kWh/mPa o™ Hwzk
& 100% =& 0.832 kWh/m*Z uUehgth o AEYFe A AEY4= Zhzh 0.150

kWh/m®, 1.813 kWh/m’Z & ZEFH2H1.099 kWh/m’7} A=A A=E

== 14482 EAHFHA.
SrAAl A U AuHe Az, o4 A mx wsh, B4 @ B U o] ofF
T &4 e} IA SRttt =R oy A JIEAEE A 28 Al
2Ho] 2] B0 AA o|EstH, 7 A oA AR AHF Aol AAIE HIHt
HEZ g Eojok gt} [£ 30-34l g =5 FAH dig A AHE-S YERdT
£ 30 A5 AlzEle] oA &g
Locati Length, lift Energy Unit value Ref
ocation eference
(km); (m) (kWh/m®) | (kW-h/m®km)
From Colorado River to Los Angeles (US) (389): (-) 1.6 0.004 Wilkinson (2000)
Dale (2004);
From Coastal Branch to Aqueduct (US) (457): (-) 2.31 0.005
Anderson (2006)
Stokes & Horvath
Water pipeline supply (Australia) (450): (-) 3.3 0.007 (2009): Scott et al.
(2009)
. Scott et al. (2009);
SSDP to PIWSS (Australia) (116): (-) 0.21 0.002
AG-DSEWPC (2010)
Shoal haven River (Australia) (-): (600) 2.4 Anderson (2006)
) Raluy et al. (2005):
From Tortosa to Aguadulce (Spain) (745): (-) 4.07 0.005 -
Munoz et al. (2010)
=] Wakeel 5(2016)
# 31 Ast B3Pl o A
Locati Length, lift Energy Unit value Ref
ocation eference
' (km); (m) | (kWh/m%) | (kW-h/m®km)
West Branch Aqueduct, CA (USA) (502): (-) 2.07 0.004 GEI/Navigant, 2010
Coastal Branch Aqueduct, CA (USA) (457): (-) 2.31 0.005 Dale, 2004; Anderson, 2006
Transfer From Colorado River to .
(389): (-) 1.6 0.004 Wilkinson, 2000
Los Angeles, CA
Shoalhaven River, Australia (-); (600) 2.4 Anderson, 2006
Water Pipe, Australia (450): (-) 3.3 0.007 Stokes J. (2009); Scott (2009)
SSDP to PIWSS, Australia (116): (-) 0.21 0.002 Scott C., 2009; AGDSEWPC, 2010
PSDP to PIWSS, Australia 11.2 0.055 0.005 Scott C., 2009; AGDSEWPC, 2010
From Tortosa to Aguadulce (Spain) (745): (-) 4.07 0.005 Raluy R.G, 2005; Munoz I., 2010
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F 32. A= ulHS e S A

Average Source Water Distribution (%)
. Energy Use . . Distribution
Daily Flow Intensit Water Main Unit value p Surt Purchased
ntensi ressure
Range Y length (km) | (kW-h/m3-km) . Groundwater ace chas
(kWh/m3) (psia) Water Water
(m3/day)
-11,356 0.528 203 0.002606 67 32 41 27
11,356-
0.370 222 0.001665 69 31 32 36
18,927
18,927-
0.423 557 0.000759 72 28 39 33
75,708
75,708~
0.396 4345 0.000091 62 7 68 25
2,271,246

k

33. A=Al 2=H)

Lo

oA AAE] F7 2] (kWh/m?)

Z<#]: EPRI & WRF (2013)

Plant Production (m3/day)
Unit Process
3785 ‘ 18927 ‘ 37854 ‘ 75708 ‘ 189271 ‘ 378541 | 946353
Source Water Pumping
Raw surface water
. 0.038 0.038 0.038 0.038 0.038 0.038 0.038
pumping
Raw groundwater pumping 0.243 0.243 0.244 0.244 N/A N/A N/A

Z=#]: EPRI & WRF (2013)

34 dF 2 FHE 580 BE YA AEAE|(KWh/m?)
Plan Production (m3/day)
Unit Process Pumping Hficiency

3785 18927 3784 75708 189271 378441 946353
High 0.031 0.031 0.031 0.031 0.031 0.031 0.031

Raw water pumping, K
Medium 0.038 0.038 0.038 0.038 0.038 0.038 0.038

Surface Plant

Low 0.050 0.050 0.050 0.050 0.050 0.050 0.050
High 0.198 0.198 0.198 0.198 N/A N/A N/A

Raw Water pumping, R
Medium 0.244 0.244 0.244 0.244 N/A N/A N/A

groundwater plant

Low 0.317 0.317 0.317 0.317 N/A N/A N/A
High 0.223 0.229 0.237 0.231 0.209 0.209 0.209
Finished water pumping Medium 0.275 0.281 0.292 0.285 0.258 0.258 0.258
Low 0.357 0.366 0.379 0.370 0.335 0.335 0.335

Pumping efficinecy is “wire to water,” not motor efficinecy: high = 75%, medium = 65%, low = 50%
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=g A4 al-g A 22 AedelA a3 3 duAs Ad, mkE £
A, 5 55 9 48 8417 22 2 7R 8)ldd wet dElAH, ol ofgel 2 [4]
ez EddY

ECympingtemn) = £1.@.p.1) 41
where

1 = distance through which the water is to be pumped

f, = friction losses along the distance /

Q = required volume of water

p = pressure requirement at the point of use
Gomez 5(2015)& 5oz o A ‘oAl ox] AnlE [4 2-4sh go] Folstg
th o] el A ol Aol(AME 5T HE gt Y5 Aol el

o F AAHE &
F1 zol2 AHojHEth wiE EHUP)S Ardde #E e FEAHME, 9B F
of M ¥ £AHE 9uisty, G A-ulo] ~ulE(Darch-Weisbach) 2] =+ shAl-dE|
(Hazen-Williams) 2]-& o]&3ste] o+ &4& AL 4 Uth

ENE, = (A H+ APHPUB) * Oouer * 9* 5505 * 000 * " e 24 2
where
i = pipleline section which contacts two points
ENE, = energy consumed in pumping i (kWh/m®)
AH; = height difference (mwc)
AP = pressure losses due to friction (mwc)
Psup, = supplied pressure need for the final consumer (mwc)
Ouure, = density of water (1000 kg/m®)
g = gravity (9.81m/s%)
7,... = average mechanical efficiency
7..e, = fU€l Or electrical average efficiency of the motor
L V2 % roc
APZf'D/moo'2-9.81'(+100) 4 3
where

f = Darcy-Weisbach friction factor

D = Internal diameter of the pipe (m2m2)

L = Pipe length (m2)

v = average water velocity (#2/s)

%;oc = percentage of the friction losses (%)
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1o k/D . 251
Jr 80\ 3.70/1000 © R.JF

where
R = (v)/9 + (D)/1000 = Reynolds Number

9 = kinematic water viscosity (10~ #7/s)

k = roughness of duct, pipe or tube surface (mm)

EPRI & WRF (2013)%} Shrestha (2017)+= [4] 5-1013% #o] H a3k AUAE AAlst= o]

24g AN A

Electricity = ((Flow X pumpinghead )/ (3960 X pumpingef ficiency)) X 0.746 X 24 2AL 5
yQH,(1+a)
E=|—T"—"—+Q+/)« T W 246
7 ;
E = (2.23x10 *x yQH, x T),fora =0.2,f=0.3,7=0.7and 7, = 1 2Al 7
D=4« Q/(II «v) +A] 8
hf =10.674L C;[VIV:852 e D~ 4.871 R le —/F-}\ﬁ] 9
h, =L « sinf 24110
where
P : power of lift pump (W)

: gpecific weight of water (9806 N/m®)
: pumping capacity of lift pump (#/s)
: sum of average pressure requirement at houses (#2)

. safety factor of pumping power (0.1 to 0.2)

QQ}QQ\{

: pump efficiency (65% to 85%)

: mechanical transmission efficiency (92% to 100%)

=

: energy consumed (kWh)

. friction loss within pipe

. time duration that a pump is operated (sec)
: conversion factor for Joule to Kilowatt-hour
time

. diameter of pipe (m)

. discharge (water demand) (#°/s)

: velocity (1.3 m/s)
: head loss due to friction (m)

ST TR U T g

. length of pipe (m)

)

- Hazen-Willian constant (150)
my © 1.85
h, : net elevation head (m)

6 : average gradient of conveyance pipe (°)
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255 AFAE FA

7v AeAE AR T4

Assoh 5ol Felotd, sotd, WA A U (29 400 ek v}
on, Y a8 NS A AFAY A 2HL (27 41l AN Uk

Classification | Constituent Classification | Constituent
Physical | Turbidity Piyysical | Total dissolved solids (TDS)
| Colot | Color
| Odors and tastes | odar
| Gases | Gases
Chemical | Hardness and aabinity Chemical | Iron
| Heavy metals (lead, mercury, copper, silver, ete ) | Manganess
| pH (measure of acidity or basicty, which relate to corrosivity) | Hardness and alkalinity
| Specific frace elements. | HNitrate
| Specific organic compaunds | Suifate
Biological Coliform bacteria (indi arg of potential L pH {n_seasure of acidity or basicity, which relate to comosnvity)
| Virozes | Speafic trace elements
| Agte - Spediic crganic compounds
| Giartis tambia s cyst forming crganism that causes of a form of gastroentars) | Cther inorgaric elements. such as arsenic
| Cryptosporidium (a cyst-forming protozoan parasite that also causes | Bedionuctides
| gastroenterilis and is mare resistant o disinfection than Giardia ) Biological | Coliform bacteria (indical of potential p
| Cyanchacteria (blus-green algae) and {toxins) | \inuses

09 40 AEF B AsE W Fa

ol =4

Z=#]: EPRI & WRF (2013)

Constitwent of Traament Process Applications
Concam
MCrotHal booghcal Disindection (chiornasan, ozone, LY, andior other Surface water and grourdwater
contamination axidants) Surlace water. GWLI
Conwenbional reatmen (coaguiafion, focculaton,
segmentation, fifration, and dsndection), membmnes
Turbiday & dissolved | Comventional reatmen, membranes Surface waber, GWLUI
OEGANG atter
Cedors Chunficaton, oooation {chionnabon, potassium Surface waber, GWLI
permanganate, chionne dinaide, of opond |, carton
aasaphon
tron and manganese | lon exchange, codation (aeraton. chicrnation, or Groumdwarber and surface waler
peTnananae ) foflowed by Bitrason
Permanganate and greensand Groursdwater
Biologically active Tlation or biclogical ftration
Harenéess lon exchange solening, Bme. 2o Sonenng. Grourdwales and sieface waler
ITeET TS
Dssolved minerals lon exchange, neverss csmasts, Iime s0da soflenng Goundwater and suface water
Cormosivay (low pH) | pH adjustment will chemacais GHOURWEIbeS aned SUTAce water
Carmon dcocde stnpping Iy aerabon GITursiwatter
Dhsmfection Reduce of slminale prechionnation, remowe THM Strface water, GWLH
Bypiocucts PrECLISON, aPonIbe. CRlOMmnation (subsiiufe for
chiprme)
Hitrate AN BRCHANGE, FEVErSs CSMOS, DRIOgIH GUrwalEr
Violatie organic Pascked bower deration Gourhwater
compounds (VOCS] | acnvased carbon GITndvater and surtace water
Synihetic coganics. Granular activated carbon, advancad tosdaton Surface wiber, GWLUI
Radan Pavcked tower eration, gramusar activabed carbon (Tor | Groumdwaber
Sl SysasrS)

Hote: GWUI = Groondwaler under 1he ifluenos of Sumace waler

a9 41 Axs 2 Ass hEFH

A A2
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ARkl H&A s [O7 420949 2ol ~3d, &3, &3, HH, 9%, &259 #4H
= 7AW, JAF oAFeA THE A= [11 43]9 FFoz AZdn.

Chemical
coagulation/ Sedimentation
F Ioccu_lalinn - Filters Clearwell
basins Lime Disinfection storage High
& Rapid mix service
" creen pumps
walter 7/
Z .
Chioring To distribution
L
or DZone
Alum &
polymer Filter backwash
Backwash
Leaend

— Waler
== Chemicals
— \Washwater & sludge

Dirying beds for
residuals Decanted backwash

water to Rapid Mix

Waste backwash waler
lagoon

a9 42 EAQ ARG J5Ae BEE

Z<#]: EPRI & WRF (2013)

Belt
filter press

Gravity

thickening Centrifuge

Liquid
sludge

Decanting Chemical
basin conditioning

Thickening Conditioning Dewatering

a9 43 A5AYR £hA A BEE
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u AR AA A dUA A-HAE

[ 7o) Yehd ule} o] & 32709 HolHZRE E49 ASFAY Ho duA A
HE T2 Ao vls] % 0.294 kWh/m® &9 aE 0.560 kWh/m*e.2 gl= gt o
AHEQ) o} A AFRE SIS E 22 0.029 kWh/m®, 0.298 kWh/mPE 0.090 kWh/m3e] ozt
S 77T HEoh == ZhzE 9415, 3.098F UERGoW, HEzkd HUgke 27k 0.005
kWh/m?, 2.390 kWh/m*2 2 2.385 kWh/m3e] M9 =S 713 Aoz BAxr).

A AAFLR AiA T 2-3%c AsAE 2 FF AHEEE A2 RuFHAY. v=
AM= FaHLE oA Aol oF 4%7F BAe B FHel &HlEW (Goldstein &
Smith, 2002), ZAgZUotllA= AFAg 2 a5 Azl o8 d#e] Ao 5%7t 4]
HATHCEC, 2005). 2=# Q1 A HoA A EHE= FsAd S 4T G538 Tae AHE

2

fo 12

sh7] wiol = Azl gk gk olyA] AnjEo] 7M=& A= YERGTHMunoz,
2010). 2813 Ut o ZE2AM| 2 AFEo 2 A3 oUA] JARAEYF & Hoz2 By
=) 1 tHMaas, 2009).

o A xS ZAFAY AR FAHE AdHA ARIAE

A Al FAAA Qg dUAFS 459 4, 488 AY Ve, 4 7E& X
ek kst gfle wet EEkRith &, 945 JU(R xS, RS, 7], g ket

AE&H e AR AL t=2w, old we} o|A JAdAE = A sk drh dRbEQ

o
i
_Nt_',
AU
£ of
o
rlo
o
B
olo
i
i
=
£
K
LI
i
o2
B>
R
AU
©
o
o
o
fru
-
ox
i
2
c
<
to
1 o r

3 ok ada Ay Al =27 mE
e g AnEe] HEes a8 3x gua B2 TdolA RaHSItHBurton, 1996;
Gleik, 2009; Gomez %, 2015).

|

1
X

2 dAFolAE AeAg AR F8E oyA JA'AEE ZASIAT. A A&
2 [O¥ 4419 [ 37-401o Yebd uike} 2o AFEAg IAL &3 A
(Coagulation — all), &34  F<(Coagulation feeding), $FH(Flocculation), A
(Sedimentation), <3 A FA(Filtration al), 213 F<Y(Lime feeding), <A (Filter
backwash), o3} A Z(Filter surface wash), ¥4 A% (Disinfection chlorine), A% 3
A(Disinfectant feeding), A A 1= 2](Advanced water treatment), =+ = ](Membrane),
2= A8 (Ozone), UV A& (UV), &€2]A *]g|(Sludge treatment), €& A ©]<%(Sludge
pumping) &= E/FATE 7 EFE ZAME YA JABIAEIS} I EX& [3E 36100 A
AlE o] om, Z4zte] oA QI'IAIE 7]&EA 3k [E 3519 AAE Ut IEH
g FAo] & FAH HlE B oUAE A= Y, ol FH E HFHE o
UA JEAE S Mol F& n]|gitt

1

=

2 o

N
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3 3. AFAY AR 3AE oA JAHAY ZleFA

e Floceul | Sedime | Fvaton Dizote e Studge
all fcei)t?grllﬂ all | e | e surface Déf:ﬁfte Chlorin | oy | Membr | opone | yy | testment | pumping
eeding wash feeding
Bt 0.009 - 0.002 0.002 0.083 0.000 0.002 0.002 0.001 0.030 0.955 0.119 0.020 0.007 - 0.001
BEF QA 0.000 - 0.000 0.000 0.041 - 0.001 - 0.001 - - 0.026 0.009 0.003 - -
R4y 0.008 - 0.002 0.002 0.124 0.000 0.003 0.002 0.001 0.030 0.955 0.119 0.000 0.000 - 0.001
]Izt 0.008 - 0.002 0.002 0.124 - 0.003 - - - - 0.211 0.000 0.000 - -
ArE4 | 0.008 - 0.002 0.002 0.000 - 0.001 - - - - 0.026 0.000 0.000 - -
HAMEY4 | 0.009 - 0.003 0.002 0.124 - 0.003 - - - - 0.211 0.048 0.016 - -
®EF HA} 0.001 - 0.000 0.001 0.072 - 0.002 - 0.001 - - 0.096 0.026 0.009 - -
EA 0.000 - 0.000 0.000 0.005 - 0.000 - 0.000 - - 0.009 0.001 0.000 - -
S 5.469 - 0.000 8.000 - - -0.142 - - - - -2.364 | -1.513 | -2.779 - -
= 2.339 - 1.440 2.828 -1.732 - -1.187 - - - - 0.000 0.668 0.380 - -
H 0.003 0.000 0.001 0.002 0.124 0.000 0.004 0.000 0.001 0.000 0.000 0.185 0.058 0.017 0.000 0.000
3 4y 0.008 0.000 0.002 0.002 0.000 0.000 0.000 0.002 0.000 0.030 0.955 0.026 0.000 0.000 0.000 0.001
gt 0.011 0.000 0.003 0.004 0.124 0.000 0.004 0.002 0.001 0.030 0.955 0.211 0.058 0.017 0.000 0.001
&5 8 0 8 8 3 1 8 1 2 1 1 14 9 7 0 1
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3 36. AFAY AN

Rk

o A

A EIAE

Reference

Region

Coagul
ation

Hoocul
ation

ntation

Filtrati

Disinfe
ction

Sludge

feeding

feeding

Filter

Filter
surfac

Disinfe
feeding

Chlori

EPRI & WRF (2013)

0.011

EPRI & WRF (2013)

0.009

Klein et al. (2005)

0.008

EPRI & WRF (2013

0.008

EPRI & WRF (2013

0.008

EPRI & WRF (2013

0.008

0.008

EPRI & WRF (2013

0.008

EPRI & WRF (2013

0.003

(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)
EPRI & WRF (2013)

0.003

Klein et al. (2005)

0.002

EPRI & WRF (2013

0.002

EPRI & WRF (2013

0.002

EPRI & WRF (2013

0.002

0.002

EPRI & WRF (2013

0.002

(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)

EPRI & WRF (2013

0.004

Klein et al. (2005)

0.002

EPRI & WRF (2013

0.002

EPRI & WRF (2013

0.002

0.002

EPRI & WRF (2013

0.002

)
)
EPRI & WRF (2013)
)
)

EPRI & WRF (2013

0.002

EPRI & WRF (2013)

0.002

GEI Consultants & NC

uUs,

0.124
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Reference

Region

ation

Foocul
ation

ntation

Hiltrati

Disinfe
ction

Studge

ation

feeding

feeding

Filter

Filter
surfac

Disinfe
feeding

Chlori

ent

(2010)

Northern &
Central
Coast

GEI Consultants & NC

(2010)

Us,
Statewide

0.124

Klein et al. (2005)

Klein et al. (2005)

EPRI & WRF (2013)

0.004

Klein et al. (2005)

0.003

EPRI & WRF (2013

0.003

EPRI & WRF (2013

0.003

EPRI & WRF (2013

0.003

0.003

EPRI & WRF (2013

(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)

EPRI & WRF (2013

Klein et al. (2005

0.002

0.001

)
Klein et al. (2005)
Klein et al. (2005)

Porse et al.

0.03

(2020)
(2020)

Porse et al. (2020

0.955

EPRI & WRF (2013

0.211

EPRI & WRF (2013

0.211

EPRI & WRF (2013

0.211

EPRI & WRF (2013

0.211

0.211

EPRI & WRF (2013

0.211

EPRI & WRF (2013

0.211

(2013)
(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)
(2013)

EPRI & WRF (2013

0.026
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Reference

Region

ation

Foocul
ation

ntation

Hiltrati

Disinfe
ction

Studge

ation

feeding

feeding

Filter

Filter
surfac

Disinfe
feeding

Chlori

ent

EPRI & WRF (2013

0.026

EPRI & WRF (2013

0.026

EPRI & WRF (2013

0.026

0.026

EPRI & WRF (2013

0.026

(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)

EPRI & WRF (2013

0.026

GEI Consultants & NC
(2010)

Us,
Northern &
Central
Coast

0.058

GEI Consultants & NC
(2010)

Us,
Statewide

0.058

EPRI & WRF (2013

0.037

EPRI & WRF (2013

0.03

EPRI & WRF (2013

EPRI & WRF (2013

EPRI & WRF (2013

EPRI & WRF (2013

EPRI & WRF (2013

oo |Oo O

0.017

EPRI & WRF (2013

0.016

EPRI & WRF (2013

0.016

EPRI & WRF (2013

EPRI & WRF (2013

EPRI & WRF (2013

(2013)
(2013)
(2013)
(2013)
(2013)
(2013)
(2013)
EPRI & WRF (2013)
(2013)
(2013)
(2013)
(2013)
(2013)
EPRI & WRF (2013)

oo | O

Klein et al. (2005)

0.001
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Sludge pump

Decanted ww to rapid mix *
Filter surface wash pump
Filter backwash pump
Clear well storage
Chlorine
Filters
Lime
sedimentation tanks
Flocculation basins

Rapid mix i
Polymer
Alum
r T ¥ T T T T T T T T T T T T 1

MWh/Mm3

a9 44 AgAE AR AL oA AAE

F 37 AAHE AR FEE oluA A-AE F3 X (KkWh/m?)

Unit Process Plant Production (m3/day)
3785 | 18927 | 37854 | 75708 | 189271 | 378541 | 946353
Clarification
Rapid mixing 0.011 0.009 0.008 0.008 0.008 0.008 0.008
Flocculation 0.003 0.003 0.002 0.002 0.002 0.002 0.002
Sedimentation 0.004 0.002 0.002 0.002 0.002 0.002 0.002
Chemical feed systems 0.017 0.003 0.002 0.001 0.000 0.000 0.000
Madfiltration (in lieu of sedimentation) 0.026 0.026 0.026 0.026 0.026 0.026 0.026
Ultrafiltration (contarminant removal) 0.211 0.211 0.211 0.211 0.211 0.211 0.211
Reverse Osmosis (brackish water) 1.585 1.574 1.572 1.572 1.197 1.197 0.780
Reverse Osmosis (ocean water) 3.170 3.170 3.170 3.170 3.170 3.170 3.170
Dissolved air flotation 0.029 0.047 0.047 0.048 0.047 0.047 0.047
Air stripping 0.099 0.098 0.099 0.099 N/A N/A N/A
Repumping within treatment plant 0.000 0.000 0.000 0.000 0.010 0.010 0.010
Filtration & Solids handling
Backwash water pumps 0.004 0.003 0.003 0.003 0.003 0.000 0.000
Residuals Pumping 0.011 0.001 0.001 0.001 0.001 0.001 0.000
Thickened Solids pumping 0.000 0.000 0.000 0.002 0.002 0.002 0.000
Disinfection, Pumping & Nonprocess Loads
Onsite chlorine generation
. . 0.022 0.022 0.022 0.000 0.000 0.000 0.000
for disinfection
Ozone disinfection 0.037 0.030 0.000 0.000 0.000 0.000 0.000
UV disinfection 0.016 0.016 0.017 0.000 0.000 0.000 0.000
Finished water pumping 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Nonprocesses loads (buindings,
o 0.079 0.000 0.000 0.000 0.000 0.000 0.000
HVAC, lighting, computers, etc)

Z=#: : EPRI & WRF (2013)
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Process Low High Reference
Alum 0.26 0.26 Klein et al. 2005
Polymer 1.24 1.24 Klein et al. 2005
Rapid Mix 8.14 8.14 Klein et al. 2005
Flocculation Basins 2.38 2.38 Klein et al. 2005
Sedimentation Tanks 2.32 2.32 Klein et al. 2005
Lime 0.32 0.32 Klein et al. 2005
Filters 0.00 0.00 Klein et al. 2005
Chlorine 0.05 0.05 Klein et al. 2005
Clear well storage 0.00 0.00 Klein et al. 2005
Filter backwash pump 3.25 3.25 Klein et al. 2005
Filtes surface wash pump 2.03 2.03 Klein et al. 2005
Decanted washwater to rapid mix 5.28 5.28 Klein et al. 2005
Sludge pump 1.06 1.06 Klein et al. 2005

<4 Wang (2014)

¥ 39. AL AR FAE ZQa A Ad=EAE kWh/md)

Treatment Plant Size (m3/day)

Item/Plant Production 3785 | 18925 | 37850 | 75700 | 189250 | 378500

Electricity Consumption (kWh/day)
Rapid Mixing 0.011 0.009 0.008 0.008 0.008 0.008
Flocculation 0.003 0.003 0.002 0.002 0.002 0.002
Sedimentation 0.004 0.002 0.002 0.002 0.002 0.002
Alum Feed System 0.002 0.001 0.000 0.000 0.000 0.000
Polymer Feed System 0.012 0.002 0.001 0.001 0.000 0.000
Lime Feed System 0.002 0.001 0.000 0.000 0.000 0.000
Filter Surface Wash Pumps 0.002 0.002 0.002 0.002 0.002 0.002
Backwash Water Pumps 0.003 0.003 0.003 0.003 0.003 0.003
Residuals Pumping 0.001 0.001 0.001 0.001 0.001 0.001
Thickened Solids Pumping N/A N/A N/A 0.002 0.002 0.002
Chlorination* 0.001 0.000 0.000 0.000 0.000 0.000
General UV Irradiation 0.030 0.030 0.030 0.030 0.030 0.030
Ozone 0.090 0.090 0.090 0.090 0.090 0.090

Z=2]: : Burton, 1996; Gleik, 2009; Gomez 5(2015)

40 A5 AR ZAHE e duA T 2 x| Qe A E
Treatment Plant size (m®/day) 3785 18925 37850 75700 189250 | 375800 | Average
Total dedridty consunption for basic treatrent (KWh/day) 26 97 180 358 894 1788

Total electridity consunmption for besic treatrent (KWh/nt) | 0.006 | 0.0051 | 0.0048 | 0.0047 | 0.0047 | 0.047 | 0,0052

Total electricity consumption for complete
; o 157 463 797 1656 4084 8082
treatment with chlorination (kWh/day)

Total electricity consumption for complete
) o 3 0.041 0.024 0.021 0.022 0.022 0.021 0,0253
treatment with chlorination (kWh/m?)

Total electricity consumption for complete

) o 271 1031 1933 3927 9762 19437
treatment with UV radiation (kWh/day)

Total electricity consumption for complete

; o 5 0.071 0.054 0.051 0.052 0.052 0.051 0,0553
treatment with UV radiation (KkWh/m")

Total electricity consumption for complete

. . 498 2166 4204 8469 21117 42147
treatment with Ozonation (kWh/day)

Total electricity consumption for complete

. ] 5 0.131 0.114 0.111 0.112 0.112 0.111 0,1153
treatment with Ozonation (kWh/m”)

=] : Burton, 1996; Gleik, 2009; Gomez 5(2015)
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2k Astr AeAE AR FAE oUA AAE

Ot
O

o] vl F-&E<(total dissolved salts, TDS)o] A &5 o
AL ity og AxF AE MF FAHEG FESHEPRI 2002).

HH, dad wet && 7t AA, 43 A
Za 2 vtads ol AAE A% A3 #Fo] =7
coolel mEl Aste Age AxESF AHYERY ouA 4AR7E A Cooley &
Wilkinson, 2012).

of
-

fi, oo N X

Qe [«

ok 23k AA A 2 AR SFE YA A"AE

-

[ 11]o] Yebd nbe} Zro] @8lE & 437 ABoA dUA QAHAE A85E AES
Atk B4 A7 oz QlEAEY HHEL 11.963 kWhimPe 2 =& oA SlElAEE
waoh AL AAge 42 0.015 kWh/mek 142.500 kWh/m* .2 142.486 kWh/m>2]
Z HY9E M Aoz FAHAT ¥ AR SE 1197 kWhimPol o i AHR S F=
5450 kWh/m*e.2 Z4zka Hwgke =% 3.170 kWh/m*e 2 Jehgth #x#z, I=
2 == 7Z+7+ 30.761 kWh/m?®, 12.528, 3.5952 &A=},

Frite 3 A9 & 2AE #Yste Ul 8% 4€L ste & vEe AR WA
A-doltt, Azxstal o] FEJ A HolA, E3t Ve & sES 2 JhestAl st
AT Az B3 EHES FHE Ve =2 a4 0 & A= A

AAoz wolAm glor, olo] wel w4 49 FF A AA oluA ANAEE
20113 16 kWh/mPellA 3.0 kWh/m*& 7F43}$ltHElimelech & Phillip, 2011). ©] <}
958l 7l%e) BHow A Wad JUA7F gaRAW, JEe ARS B A8
G oA AT HaF w s oldA PeFRel s)&olth IHelE BPEL

= A AAFez " SV = FAoIth

rl

Gt oA AnEge dHA 8%, dE9 22 A 54, F53 FHE Jed o
g 2Eig. Gl 85 = 3 [0 45-48]o A9 o] Yubx o= Multi-stage
flash evaporation (MSF), Multiple-effect distillation (MED), Evaporation with mechanical
vapor compression (MVC) Z=+= Reverse Osmosis RO)Z EF2 & Aot JA4F, Yo
I}, A7I1FA T FAHAA APHE oAdUAE =9 dxd wE A ¥ Id5F
A A3 oUA= AdHFY o FHsith JAE A HL oAU A LB
2 AT AEY oHeE FYT EFES TrEier & e o8 AA"EG. WAL
|7, A4 748 2 & Jled i g3 oyA YA E= [ 4113 [3E 42]0
LERG vhe} 2o
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Zx]: : NRS (2008); Water in the West (2013)

41 g Fr3t 71s9 Ay A 4R #1
Energy Consumption
Item Technology 3 Reference
kWh/m
Bennett et al.
Reverse osmosis (RO) 0.36-0.47 (2010)
1 Brackish Water (P=15-30 bar)
RO for sea water P= 55-70 bar 0.79 Cooley et al.
(2006)
2 Nanofilteration (B.water) 0.92 NRC (2009)
. . NRC (2009):
Electro Dialysis (B. water)
3 . 0.5-1.7 Younos & Tulou
Electrical
(2005)
Multistage-flash-desalination 26.42-68.69 NRC (2009):
4 Thermal process Younos & Tulou
Thermal + electrical 4.7 (2005)
Multiple-effect distilation
5 . 39.71-105.7 NRC (2009)
Sea water oldest and effecient
. NRC (2009);
Vapor compression 7.9-15.85
6 Younos & Tulou
Sea water + thermal process
(2005)

=4 : Wakeel 5(2016)

F 42, Y3 S48 7€ oA AH] #1 kKWh/md)

Plant Capacity Thermal Energy Electrical Energy Operation
Technology 3 3 3
(m*/day) (kWh/m") (kWh/m") Temperature
MSF 4000-450000 55-220 4-6 90-112
MED 100-56000 40-220 1.5-2.5 50-70
MVC 5-17000 - 6-12 50-70
RO 0.01-360000 - 2.8-12 <40

Z#]: : IDA, 2012;
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256 -3 FA

. i-g3E 34 IUA AdAE

[3E 7T]eA e} o] vl-F4 8L F 48/ A5 ZA Y BAEHALH, ol B
ANzgl FAE E4oA 7 Bol £E As Folth HFFHo=E Hl-gFE 04
kWh/m?e] o= QeAEI7} AFESH AT EFHAE 0.762 kWhim?, %—% I HRighe
77+ 0.255 kWh/m®, 0.100 kWh/m’2 245k %z Jge 42 0.010 kWh/m?,
4.900 kWh/m*o.2 4.890 kWh/m’2] S Rtk HEe st Zhzt 25992, 47642
A= AT

8 o

AYE S5 4UE HUE FFE IS BHOE O AY3 Agle] 2ulA
A FFES 25 (29 9649 o] Baol 72 dAd ANAE G fd
Bl opop FABRY o Al Fekolel AS noizn

Per unit energy consumption
(KWh/m*)
T

4
1
1 0.79
0.29 0.3 -l s - = I
0.2 e -
ol numm NN NN - - =) - - .

South China India Oslo Sweden Netherlands Us UK Toronto  Australia Germanay California
Africa Norway Canada
Region
a9 49, =4 B4 F5E T 9w oA aule

ZX*]: : Sanjuan-Delmas 5(2015)

Sanjuan—Delmas 520152 [29 50l A9 Zo] 507 =A9] tEAHQ] FES FAHLS
2 B3t m)-Fe 3AHANA oUA avlet oy W ke B4
= 571 Hx], JAFE=TF vl-m FAAA A A7) 4H|

ot M
K-y
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<A : Sanjuan-Delmas 5(2015)

g, W34 24 oA AdAE FEA

Sanjuan-Delmas (20152 2=#|<1¢] 5071 =A] Hlo|HE 7Rt = Hj
g AHFS dF3r] Hg A 2EE AASAeH, I A2 o [

mdeo] AF A¥de [29 5lle vehd

Fay

EC=12.7 « NI "% o« pw .« LN

EC=12.7 « NI Y% ¢ 671 « N « 5.73x10 % « NI

where
EC : electricity consumption
LN : the length of the network (km)
RW : the registered water (%)
NI : the number of inhabitants
Error < 50% Error < 70% Error <90%
N N | % N %
Model 6 16 32 22 44 36 72
O 51 =Y HE Ay

Z*]: : Sanjuan-Delmas 5(2015)



257 £ AME FA

7t & AHE AA A4 WA ARAE

(5 Tl sk 2ol 85 A8 WA FeP Azded A Be WA} A8HE 3
Holth. % 49 FHNA FHE ARE Fol B4 A%, oluA ARAE i

ps

FFHaE 22 54.491 kWh/m®, 102,593 kWh/m’e.2 EA =} &4 AR vl &, /‘P
5 oy aklel wet oA QJARAEZF HEE7] el st HAGE 2

3.160 kWh/m? 208.380 kWh/m*o] %121, 205.220 kWh/m*2|

o 22 wgto e A ARt A AR SE 27 3161 kWh/m?, 157.100 kWh/m® 2.

2 UEs .

o

EA = g FA, 2 B A FEolM HF AR Al YA [IRIAEZ}
FHHoR w2 o FAHCH, &5 A HE2 EA e@ A2EY oy XA

A&l =8 FAH 24F A¥EEHCohen 5, 2004; McMahon & Price, 2011; Plappally
& Lienhard, 2012; Siddigi & Weck, 2013). dl& &°] ZAg=ZzYo} g9 14%<t HA 7t
2:9] 31%7F = AT AHE ol &l Sled, ole Ay H FE A AEEH=
AY AnjEe %Rt F FAo|th EJF & AR ARREE dUA= A EY o}
EE & BE AYA AEY 95%E AASteE o= BE HthEscriva-Bou & Lund,
2018). E3ZF TA|, AFY B Ay FE(EY, Y, Td4L 9)F d-EE HF ARE YA
g7Fe] v= W oyA &HlFe 5% oS AASkE Aow HuEArh(Webber,
201D). wWo]lA el 7148 = A& AREEE olyA = Mo HA A=A &¥IFe 1%
o 2394 tHChen %, 2013).

ok FR o oAl A7, %% 2 LPO= I 852 7MAHE 25 G &
&, A9, & AV, diok, A", AAA 8 el AREE g e 2Eal =0 HF AL
& Al A &8 =T gkt dE 2l whet ‘:‘f?/‘r?ﬁ LB e aHlEE odlyA
of ¥ 7t T, Y 2 FF E 2: % dE FF wEt geAH(Aguilar et al.,
2005), &718] e = g9 a8 IFe LS F 9}1:}- =5, Ak, AAA, AE, a9
HgoA AdEHe FxE 2EU0C)E 2437 3l AHEHs &9 50%e 7FEel &
g3ty RuEV|E s THKenway &, 2008). E, E e oyA anEe Ald
715 wet @24d 4 JAvHGoldner, 1994'3)

7PN =3 ddA, 1Eal 543 ddd =49 ols2 [1¥ 5219k [1¥ 5313 &
of Uehd = Atk o] T &5 AR Al AUAVE AHREE FE2 A &4 7F<E(water
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heating), 2/7|A&71v AMgrj9t 2o #dA  H7]AF(wet appliance) AHE, =7
(landscaping), & &% HZ Al&(on-site pumping) 2.2 UFoid 4= o} 183 zhzhe
£F AL FF o mE 84 ASFHS [ 4317 [ 44100 AAE nie} 2o

waler-related enengy — food-related water i wiastewater from a household

food-related energy - enengy-relaled water — rganec waste from a howsehold

29 52 7HolA E-olUA-A ko] 45 Ag
Z*]: . Hussien $(2017)

Energy end-use Appliances

Space heating Air-conditioner, electrical heater, kerosene heater, gas heater

Space cooling Air-conditioner, evaporative air-cooler, fan

Lighting Spot lights, tube lights

Wet appliances Water pump, dishwasher, clothes washer

Refrigeration appliances Chest-freezer, fridge-freezer

Electronic appliances TV, radio, computer, video record, CD/DVD player, Video games

Miscellaneous appliances Hair dryer, vacuum cleaner, sewing machine, iron

Cooking appliances Electrical hob, electrical oven, electrical kettle, microwave oven, toaster, gas oven, gas hob

a9 53 A HF ARE FE 2 #E 77

=] : Hussien 5(2017)

® 43. 7FAE 7171H B AR W&

Indoor Application Residential Commercial Industrial
Kitchen 0.15 0.09 -
Showers 0.2 - -
Faucets 0.1 0.28 -
Toilets 0.34 0.63 -
Laundry 0.21 - -

Industrial Process - - 1

=) : Siddigi & Weck (2017)



¥ 44, FH7) B ASAET vdse Bagk oo
. all Survey Low income medium income high income
End-use Parameters Unit
Household households households households
Bath Frequency of taking bath per capita per day | bath/day 0.004 0 0 0.01
Volume of water use in each bath 1/bath 132 0 0 132
Frequency of showering per capita per day | shower/day 0.488 0.34 0.47 0.61
Shower Duration of each shower Minutes/shower 8.64 8.87 8.72 8.38
Flow rate 1/min 9.02 9.48 9.27 8.39
Frequency of using taps per capita per day | tap uses/day 10.46 9.96 10.31 10.98
. Minutes/use
Taps Duration of tap use 1.01 (60.81) 0.97-58.31 1.02-61.02 1.04-62.2
(second/use)
Flow rate 1/min 8.14 8.13 8.24 8.02
Toilet Frequency of toilet use per capita per day flushes/day 4.65 5.39 4.66 4.14
Water use in each flush 1/flush 5.51 6.01 5.36 5.38
Frequency of Washing dishes per day washes/day 3 3 3 3
Dishwashing Duration of running water in each wash minutes/wash 1.47 1.16 1.5 1.64
Flow rate 1/min 8.36 9.54 8.39 7.54
Laundry Frequency of laundry per day washes/day 1.48 0.83 1.46 1.93
Volume of water per washing cycle 1/washing cycle 167.32 190.02 161.01 160.28
Frequency of house washing per day washes/day 0.69 0.51 0.69 0.8
House washing Duration of each wash min/wash 2.13 1.79 2.1 2.38
Flow rate 1/min 9.8 12.2 9.88 8.12
Frequency of Vehicle washing per day washes/day 0.07 0.06 0.1 0.04
Vehicle washing Duration of each wash minutes/wash 1.39 1.81 1.34 1.1
Flow rate 1/min 12.82 12.79 12.75 13.08
Z:}efquency of filling swimming pool per frequency/day 0.001 0 0 0.002
Swimming pool Volume of water provide to fill the 3
. . m 36 0 0 36
swimming pool
Frequency of garden watering per day watering/day 0.13 0.07 0.14 0.14
Garden watering Duration of each watering min/watering 13.01 13.11 11.88 14.49
Flow rate 1/min 11.67 11.64 11.94 11.34
Cooking Daily water consumption for 1/p/d 13.66 11.2 12.85 16.33
=*]: : Hussien %(2017)
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o A% §4 AL EAHE i AHAE R 53

Fol B2 Fa AR & AR FHE(ET 7HE, THAlE ARS, 2P 85,
AL oA I'IAE] gh2 [ 46]0 AAFo dom, Zzte] ZeFA #*
< [3E 45]0l] AA = Ut

e
N
>
m oo

T 45 A% 85 AHE 2R oA AHAE 7% 5

. . . On-site
Heating Wet appliance Landscaping pumping
all Dishwasher Clothes washer Irrigation
o 25176.214 22051.430 9444.820 0.000 -
EZF QX 16547.996 - - - -
=gk 50.000 22051.430 9444.820 0.000 -
A AL 35.000 - - - -
AAREQ] 4 73000.000 - - - -
BZ WAt 43781.883 - - - -
BAF 1916853295.821 - - - -
Ae 0.176 - - - -
A= 1.394 - - - -
HO 102973.000 0.000 0.000 0.000 0.000
LSSy 27.000 22051.430 9444.820 0.000 0.000
LS Ay 103000.000 22051.430 9444.820 0.000 0.000
X 176233.500 22051.430 9444.820 0.000 0.000
U= 7 1 1 1 0
46, AlF & AHE FAE YA QURIAE
Reference Region Heating apgﬁg; @ Landzcapm p?f;;&eg
all Dishwasher Svl;;ﬁgf Irrigation
Cohen et al. (2004) 103000
Cohen et al. (2004) 73000
Pladdally & Lienhard (2012) 73
Apostolidis (2010) Australia 50
Pladdally & Lienhard (2012) | Australia 48.5
Pladdally & Lienhard (2012) 35
Rothausen & Conway (2011) 27
Cohen et al. (2004) 22051.43
Cohen et al. (2004) 9444 .82
Cohen et al. (2004) 0
5% 7P U 85 AF Agel @ U &vel 97%E §5 shdel AAstn
(Nair %, 2014). a8a "=l e &5 7ol FE B4 AHZAR] = ™ oy A
9] 5%E AAst= Ao 2 HuFEtHSanders & Webber, 2015). ©]¢} #Zo] w|=ro] T+
noh 85 7hde] ol g5 U G5 AE JUH el Hlgo] e olfE 25 5
89] ztole} & 71E 7&E9 o] wiEolth HIIF7IE dAak AUAE 7] oyA
2 A@stel B AUAE Gu@th AA AR AolF B WA skx e57lE o F
vl o olg}x X Th Arpke & Hutzler (2006)= Yl 7FA 7} §3 9 Rdds

&4
ol = BE oA 97%7t & 7HE VAT AL HAAFUn
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Siddigi & Weck (2013) [Z1™ 54]oll M 2} o] o] &4 WA S o]&ste] Alvtg] Lol w
adS FPste] WA Bad odUAE AU did B =L 7FEs]
AR A= FH 259 Azt Wtz ld 2@kt 2do] 28H dE BFd 9
- 25= [29 55]el AAE Biek 2o 2 gE viZids kol mE d¥ & AR 9
UAs [28 56114 yehd Hieh o] -3l Aport lee & & AT 547 +

8 Ay o] gk 4 X HEE 1.69 GWholl A 3.46 GWh Afe]o] ATt

W Daily Water Demand  =8=Water End-Use Energy Intensity
16000 | 14

14000

12000 + =

m fday

% 54, miatEA S AYjgT oAU 1Y
Z3]: : Siddigi & Weck (2013)

Month Temperature (°C) Month Temperare (°C)
January 17.9 July 34.3
February 19 August 344
March 22 September 344

April 26.1 October 28.4

May 304 November 24

June 321 December 19.9

7179 55. o] €T 7 (UAE 713 2012 H°lE] 7|9
Z=]: : Siddigi & Weck (2013)

Energy for Water in City Buildings [GWh]

1 i 1 H i i i L
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Months

19 56. RPHEA] 15520 8RS i ollUR| 4
Z*]: : Siddigi & Weck (2013)
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o

2 S T YA A2 7|37 FE& IUFECA =99 thde] Hol stk
(Kenway &, 2008).2811} UAE & Y& AIME AE25AE MAoz 433 oy
A Azro] 7HEdltths ASE ¢ F AT RdHEE Y JHA ARE EXJ(E, AR,

&5 FHE3d, 817 =S AU BN A9 &
AbE o] Wsk= [9 5710 YERE vie} 2ol FA

2 % F Utk TYT &5 BE Bl G 129604 29 Aolg F
A

Energy for Water Heating GWh

s oFodnse

ceonensbre e 1 e DEDDDEI SR DB i D v i enidyiveniann o

IR S SR T S S S S SR
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Months

a9 57. 2FAEF Wl mE 2
W oA € W3t
=) . Siddiqi & Weck (2013)

1T AEY AedMs @ FZ ARgO B2 dUAZE Fesd. FEAYAE TF
of wel dAFSE oS BEoA fFAStA o s, Y hHe LFTHEY FFHE
wretrlods TEsHAl ol F7HA < HPo] dasit. olet Z2 FUb g2 It
o® AE dFNM FREY =3 Ao Hle A A2 B @4 & A& ZA
o 2o Bz gdo] AXE A FUHEQL HEo] Fasit

Ea; = Na; X Da; x Wa; LA 13
where
Ea, = daily per capita average energy consumption of appliance ¢ (kWh/p/d)
Na; = average ownership level of appliance ¢ per household
In, = daily per capita average duration of use of appliance ¢ (hrs/p/d)

Wa;, = average wattage of appliance ¢ (Watt)
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g, = Vueen T 1
n
where
V, = volume of water heated in the building
= density of water (1,000 kg/m>)
¢ = specific heat capacity of water (4,185 J/kg— K)
AT = temperature difference between ambient and heated water
7, = the parameter of the efficiency of the water heater
Za’ nY oAl 15
i=1
where
v; = total volume of water used in application ¢
a, = fraction of hot water used in application )
A = total number of applications in which water is used in the building
2 F7]1 fel 25, 58, & A& Hed 22 s e 2AskeoF 3in.

= A&7 =,

8 &7)dAM B 7MEsle 25 gubdo g 45-70C 71 28531 JthCohen &5
2004; Kenway & 2008). Swan(2010)> &+ &°] 55Cola 7}d A &9 2=+ Azt
Hd B 2x9 Zoia 7HAsdth Hussien 520172 % FAE E3) 719 A 3
o FLe d8gr] ok oF 12CoH, 719 ¥ &7 HA ’“%—8— 62C 2 A3ttt 7t~
7ha719] S 288 dWFH O R 50~70%, 7] 71E7]2 A$ 75~95%= A ASIAT F
ALoMeE 255 AESte 47FA BoHFEY, AR, -’FEZ—?X] AE7D7E oH,
Kenway 5(2008)2 1, ARS, F=ZA, A8 HAHAA 259 AE Hl&E 0.6, 0.5,
0.5, 0.52 AAISFH T
7] 71719 oy A 4]
&+ LA FAEHE AL
fr v gl F9 BfoA AR Tl dloid ), AFE 7 R 9Jr TE

t}. oo HAL&HE wifWHFY e [ 4713 [ 4818 A &3l AT 4 Q.

N

<
T =

)
i&

Fe AND w Z 71718 | A &S AA s AR

&< o
2 7pgdh P AA ARE FRl Z 71719 A 4|

o rlr o

=)

Y

=
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® 47. 547]

= HAFTAET v

BEg 2o (ME2A A)

. medium high
. all Survey | Low income . .
End-use Parameters Unit income income
Household | households
households | households
Frequency of taking bath per
quency & P bath/day 0.004 0 0 0.01
capita per day
Bath ;
Volume of water use in each
1/bath 132 0 0 132
bath
Frequency of showering per
aueney’ &P shower/day |  0.488 0.34 0.47 0.61
capita per day
Shower ) Minutes/sh
Duration of each shower 8.64 8.87 8.72 8.38
ower
Flow rate 1/min 9.02 9.48 9.27 8.39
F f using t t
requencybo using taps per ap 10.46 9.96 10.31 10.98
capita per day uses/day
Taps . Minutes/use 1.01 0.97- 1.02- 1.04-
Duration of tap use
(second/use) (60.81) 58.31 61.02 62.2
Flow rate 1/min 8.14 8.13 8.24 8.02
Frequency of toilet use per
. . flushes/day 4.65 5.39 4.66 4.14
Toilet capita per day
Water use in each flush 1/flush 5.51 6.01 5.36 5.38
Frequency of Washing dishes per
auency 8 P yashes/day 3 3 3 3
day
Dishwashing Duration of running water in )
minutes/wash 1.47 1.16 1.5 1.64
each wash
Flow rate 1/min 8.36 9.54 8.39 7.54
Frequency of laundry per day washes/day 1.48 0.83 1.46 1.93
Laundry Volume of water per washing 1/washing
167.32 190.02 161.01 160.28
cycle cycle
Frequency of house washing per
H washes/day 0.69 0.51 0.69 0.8
ouse day
washing Duration of each wash min/wash 2.13 1.79 2.1 2.38
Flow rate 1/min 9.8 12.2 9.88 8.12
Frequency of Vehicle washing
washes/day 0.07 0.06 0.1 0.04
Vehicle per day
washing Duration of each wash minutes/wash 1.39 1.81 1.34 1.1
Flow rate 1/min 12.82 12.79 12.75 13.08
Frequency of filling swimming Jeey 0.001 0 0 0.002
Swimming pool per day ' .
Vol f wat ide to fill
pool olume o w§1 ervprov1 e to fi m? 36 0 0 6
the swimming pool
Frequency of garden waterin
aueney gd & | watering/day | 0.13 0.07 0.14 0.14
Garden per day
watering Duration of each watering min/watering 13.01 13.11 11.88 14.49
Flow rate 1/min 11.67 11.64 11.94 11.34
Cooking Daily water consumption for 1/p/d 13.66 11.2 12.85 16.33
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3E 48 347 & #d oUA HIFAHE vz gk 8o (BExA 71D

Apoli All Low Medium High
ian
End-use PP Parameters Unit Surveyed income income income
ces
Household | household | households | households
Number of water pumps in use
) No. 0.5 0.28 0.73 0.35
W in a households
ater -
Duration of use of each water
pumps . hrs/p/w 0.76 0.62 0.76 0.82
pump per capita per week
Wattage of each water pump Watt 381.48 381.54 397.92 385.63
Number of Dishwashing Machines
. . No. 0 0 0 0
Wet . in use in a households
Aoni Dishwa Durat ; : o
ation of use of eacl
ppliances sher . . hrs/p/w
dishwasher per capita per week
Wattage of dishwasher Watt
Number of clothes washing
. . . No. 0.94 0.75 1 1
Clothes | machines in use in a household
Energy consumption per
Washer By consumption e KWibyode | 0.51 0.23 0.61 0.53
washing cycle
Electric Total consumption of heated
. I/p/d 85.85 65.8 89.35 94.69
Water al water per capita per day
i Total energy co tion for
Heating | Water T8y consump KWh/p/d | 4.99 3.83 5.19 5.51
Heater | water heating per capita per day

*hrs/p/d=hours per person per day
xhrs/p.w=hours per person per week
«[/heater/d=litres per heater per day
*mins/p/d=minutes per person per day
*mins/p/w=minutes per person per week

Z=*]: Hussien $(2017)

A W & ghsts o Zag F duA= [4 16], [4 1713 o] ALE & A
(Siddiqi & Weck, 2013).

Ep:ep{[VM e max (F+1—f,,0)+ VepF+ VyppkF } XAl 16
o . - T
_ﬁmmaaﬂ_/ rain water  recycled water
yh(1+a,)
y= 24117
Tp

where
F : the number of floors in the building
Sy ¢ the number of floors to which the municipal supplied water can reach without on-site pumping in the building
y . the specific weight of water
e, " the energy (in joules) needed to pump 1 #*® of water over one floor of the building
hy © floor height
@,  frictional pipe losses
7, * pumping efficiency
V,, ¢ the volume of municipal water supplied
Vew 1 volume of rainwater harvested and supplied
Vyw © volume of on-site recycled wastewater

F : the number of floors
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258 3l

o

seAe g4e 1700 AnE Jes B4 BASAT. W@ ouA AduAE:
0.181 kWh/m’o]lom Fokgtst AWMge Zhzh 0.061 kWh/m®, 0.710 kWh/m*s} o] 1}

EbkTh FH gk

b o

o
- 1
0.022 kWh/m?, 4z 0.710 kWh/m*e.2 EA=n 0.689 kWh/m’2]

HAE Bk &AL, S, == 247 0.264 kWh/m®, 1.853, 1.8460. 2 R =T}

259 3t AE FA

7% 3k A AR 33

sede A Fa Ay 29BAY Y A AASN] 9% B (19 580 v

& upe} 2},

Contaminant

Unit Operation, Unit Process, or Treatment System

Suspended solids

Screening and comminution
Gt remowval

Sedimentabicn

Filtration

Flotation

Chemical polymer addition
Coaguiation/sedimentation

Biodegradable organics

Activated sludge variations

Fuoced film reactor: inckhing filters

Fixed film reactor rotating biological contactors
Membrane bioreactors (MERs)

Lagoon vanations

Intermittent sand filtration

Physzical-chemical sysiams

Natural systems (land treatment)

Dissolved solids

Membranes

Pathogens

Chiorination
Hypochionnation
Bromine chionde
Ozonation

L Radiation

Mutrients
Mitrogen

Fhosphorus

Mitrogen and Phosphoms

Suspended-growth nitrification and denitrification varations
Fuixed-film nitrification and denitnfication varations
Amimonia strpping

lon exchange

Breakpoint chlonnation

Natural systems

Metal salt addition

Lime coagulation/sedimentation
Bioloqical phosphorus removal
Biological-chamical phosphorus removal
Matural systems

Biological nutrient removal
Matural systems

a2 58 HFe F9 2

g ol & AAE] s AgEHE AP Al=H

Z#: : EPRI & WRF(2013)
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Treatment wnit Bacieria Virun Cryplosporidinm Giardio spp.

Primary (030, 075, D95 (030, 0.75. 005y (Heath (D75 037097 (025, 037 047)

sedmsenmtog (Healils Canada 3014) Cansda M0 (Headth Caneda 30007 (Health Canads 2010%

Tnckding fiter (150, 1.75.19%) (135, 163 100y (Heatth (075, 027,095 {0.75, &Y. 00T)
{Fealth Canada J010) Caosda 2010 {Health Camada J010) {Fealth Canads 20100

Actovaned (150,173,185 {1.25,1.63, 180 (073, DET, 005 {0.75, 0T, 0.97)

chadge {Healtls Canada 2010 (EPHCWHMRONEMDM  (Health Canada 3040 {Health Canads 20100

C 2008y

Buolomical {130 1,75, 1.9%) (1.25.0.63, 1.92) (Health (075 D37, 0¥E) {075, 87, L97)

Nurmients (Healts Canada 2010 Camsda 2010} (Health Canada JHD) {Health Canada 20100

Removal (BNER)

Membrane (6010, 645, 6.73) (325 42 501 [ Haet (700, 750, 700) (Ha (700, 730 7900

Broreactor {Has et 2l 2014) al 2004} efal 2014) {Ha et al MiE4)

Sequencing {150, 1.75. 1.95) (125163 192 {075 08T, 008) {0.75, 0.87.027)

Barch Reactor {oonspdersd wame as (comsidered same as {considered same as {oomsidered same as
Activated ﬁ.:nwmd.;EE! Activated 5%& Activased Shidpe)

Coapulanon and (220, 303, 373) (215 28 175 (205, Y58 133) (183, 247, 3.13)

Flocculaticn {Health Canada 2013} (Health Canada 2011} {Hlealth Camada 20021 (Health Camada 2010

_ . (Hijnen o 2l 2000}

Mizofiltaton (900, 5,50, 5 90) (%25, 510, SEqaf (620, 7.10, 785 {535, 7.7, 1 83)
{Health Canada 2010} proceed afler coagulation)  (Healih Canada 2010) {Health Canada 20100
(EPHCNHMRCONEMM  (Health Caaada 20000
C 200%)

Depth fileranon (225, 272 3.10) (105 157 361y (Health (610, 645 671) {g.00, 645, 8.73)
(Healh Canada 201 3%) Capada 201 1) {Fealih Camada 201 2) {Health Canads 2012)

Surface 050, 075, 095) (.25 037, 047} {050, 075, 095 (050, 0,75, 0.95)

filtraton (A0 ef al. 2007} (comuidered half effective  (Asano et al 2007) {Asano et al. H07)

ke bachena) (Asano of al
2007}

Gramula {080, & 55, 1.05) (045, 0.57, 067y (Hynen {200, 235, 263) (2.00, 235, 2 83)

Activated {Hipreen g al 30110 eral M) (Himen e al 20040) {Higmen en al 2010)

Carkon

Ultafiltration (30, 5559) (459,525 585)(Health (62,710, 782) {835, 717, 7.83)
{Healrh Canada 201 ¥h) Camada 2011) {Healih Canada J012) {Health Canads 2013)

Reverse {330, 625 6.85) (4.5, 502, 6.78) (300, § 50,8 90) (8.00, .50 8200

OFETRSES (Eins e 3l 3001 {Hai enal 2014) {Health Camada 30173) {Healrh Canads 2012)

Chlcrinatan (4,00, 500, 5.80) (30, 35389 75 112148 (075,112,148
{Health Canads 3010); (Health Canada 20049 {Health Canada 3010) {Health Canads 201400
(EFHC NHMRC NEMM
008

L mediation (3.0, 3% 3% (212, 308 3581)(Heatth (1.5 3.75 3.05) (1.5, 375, 105)
{Health Canada 2010, Camada 2010, {Health Canada 2010}, (Health Cznada
(EPHC NHMRONEMM (EPHONHEMROWEMDY  (EPHONHMRONEM  2010)(EPHC WHMER
C J00E) £ 200%) MC 200E) CHNEMMO 20080

Croome (3,50, 300.422) (300, 350075 D0 (200, 230, 2 o) 2,00, 25, 1,900
(Ko et al '."l.‘-':IZE EEFArlulnd 20110 -I'EF‘A~E=1md- 2011y {EPA-Ireland .?f.llli

Note: TFN: (L o u) refers to (30%, 755 355 percentiles)

I8 59 A 71E 9 W

HA o= 3ol Al @
FABHH, AREE =
HA ol mExTdAE T
o] - oA F ekA ol

20 30%%F AAGUT
°ﬂ‘4?<]°c¥% e st 2
= Aad de AAY

é
r
>
oo
i,
oo
_{
rlr
e
o
o
=
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Grit ; Primary ) Biologieal " Secandary e —
chamber sedimentabon treatment sedimentaton
Primary sludge LReﬂurn sludge
- Excess sludge——— Coagulating
Grille sadimentafion
T Mixed sludge l
Sludge
; ; Sludge ;
Wastewater thickening& ™= sposal Drainage
dewatering

a3 60. Y B4 L welA Aele] BEE

Raw wastewater

t.k
Screen/ Grit removal £ 3
v X
Primary sedimentation =5
I 3
£
| membrane ||Biological Nutrient | | Sequencing || Activated || Trickling >
Bioreactor Remaoval Batch Reactor | | sludge filter || 'E g
v v . . » Disinfection - ¢ 3

. Coagulation and Flocculation !

v
v . 25
| Microfitration | | Depthfitration | | Surface filtration € E
I I T
~L ¢ » Disinfection—» B
Ultrafiltration
v ¥ T v I » Disinfection > BZ
Sludge thickening

: Electrodialysis Reverse Osmosis —.
Y it i g
v < =

PR Activated Carbon PR e e B A'

Z]: Shrestha(2017)
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Pramiry saing Aatation tanks

ln:;!:\!"' Screen it removal Disinfactien
N im shup ¥ Final effuen
- \ — -
\ 1o disgosal

Waste aetivaled
sudge

Thickeriod biosolids

kegond Grawity thickaning
—  Wastowater

Legend

——  Waslgwnler

Ciavity trickening

Anaorabic digeston

Biosaids {siudga)

——  Biosolds

(b) Trinkling Filter 7|¥F 3%

Anasroniz digsston

Ao Aerobic + Membrone
Pretreated e =
=]
H? e © 5
Studge
Recydle
T6 mcinorat Pump
s ‘ Sludge Wasted
Arsoruic dgmston e = @1-12W5 TS
© A=A 7Nt 5= (d MBR 7|4t 525
I8 62, HE Ay 24 sEE

Z=#]: EPRI & WRF (2013)

HPAT AN GAAS SUAE AAN] AT A¥ IHE A TAG AT A¥
FHENA UATE AHGEE FRol tfd HRe (13 63-65) Hwsof gtk

1

Biosolids

from Thickening Conditioning / A
process Disinfection

Dewatering
Reduction / Drying

Thermal

T 63, Wl s E A B
<4: EPRI & WRF (2013)
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Aryetpo Bt tinar Rigkaary dinam
Crinty. | | Sgeton | o press mEn ]
Dinnchvad alr | | Aersbie ) | | Cemshage | | | | Rolmndmc | | |Rulpls Resdh|
Ta g
L _‘ o daposal
Cramal ‘Wackum e Flaah - Fusdbod. |
Contrifuge | || | ¥ — I 1 1 | gt
Gty Sempaatng Filmar press. Mgy Wt air
il EER | ] —| . emn e
"ok, Chaieal SabEEaTon Lo S0 kol d
ARG COMPOSEng Ll $0lies
Thickening Bl [+ 0l Ewrwalering Heat Drying Therirmal Reduction

64. 34 51 mpole A Aol AHEEE A A B ZEAX

=4: EPRI & WRF (2013)

Processing or Disposal Unit Operation, Unit Process, or | Impact on Electricity Use
Function Treatment Method
Preliminary operations Pumping Moderate
Grinding Small
Degritting Small
Sobds blending and storage Small
Thickening Gravity thickening Small
Flotation thickening Moderate
Cenirifugation Moderate
Gravity bell thickening Small
Stabilization Lime stabilization Smallmoderate
Heat treatment Significant
Anaerobic digestion Smallimoderate
Agroblc digestion Mooeratersigninicant
Composting:
Windrow Small
Aerated static pile
In-vessel Significant
Conditioning Chemical conditioning Small
Heal treatment Significant
Disinfection Pasleunzation Koderate
Long term storage Small
Dewatenng ‘Vacuum fitter Significant
Cenirifuge Significant
Bel press fiter Smallmoderate
Filter press Moderate/significant
Biosolds drying beds Small
Lagoons Small
Heat drying Diryer vanmations Moderate
Muiltiple effect evaporator Significant
Thermal reduction Incineration Significant when used ™
et S Significant when used®
Litimate disposal Land application Small
Landfin Small
Lagooning Small
Chemical fixation Moderate
1% 65 Al AE s o#H 7] 8
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. steAEl AaAl 34 | A JA-AE
31l Ass EWE e FAH oAuA AWAEE B 0494 kWh/m’, EEHA
E 0.246 kWh/m’2.2 g ARG A AEASE 22 0300 kWh/m?,

A5}
0.711 kWh/m®oll o™, F4zka HWzke 217 0.440 kWh/m?®, 0.410 kWh/m*E <15 ]

AR &g A4sr] 98] AR A olux] Ag9] 94%7)

= XIax tHRacoviceanu &, 2007; Friedrich,
2002). sk A2 AlzEle] A & AHEE FAA 30.2TWhe vl= dA 7] ARE-Fe
0.8%cl si@stm, 19961 A EPRI F4 x|l At 17.4TWhell HI8} 74%7F S713F s3] o]

THEPRI & WRF, 2013).

EPRI & WRF(2013)= st A Al &l mE oux] JARIAEE [ 4919 2ol
AR " Aol A &&Fo] 2 strEA gAY oA JIEAEE £ #s
UERHAA T, &Fo] AT 7k o] Afole duA JARIAIE S WHEo] gle Ao
= Uyt ek o2 29le uEsh BasAw oux oA srHe AMe
T ATAA Aol AEAYS & F AT =S steA AHY & FFE
dAANA 3¢ 7Hed AR E FUHEE 80 & 5 AAT
49, H5A 28 wdse] E HERFE
Average Daily | Energy Use Average Generating Predominant Treatment Processes
Flow Range Intensity Effluent BOD Electricity Secondary Biosolids
. % Nitrifying
(MGD) (kWh/MG) (mg/L) Onsite (%) treatment Disposal
Mechanical Land
<2 3,300 7.3 10 . 68% o
aeration application
. Land
2-4 3,000 6.7 14 Fine Bubble 66% L
application
. Land
4-7 2,400 7.5 7 Fine Bubble 59% o
application
. Land
7-16 2,000 6.5 45 Fine Bubble 59% o
application
16-46 1,700 7.2 39 Fine Bubble 61% Landfills
. Land
46-100 1,700 12.2 44 Fine Bubble 33% o
application
. Land
101-330 1,600 11.5 18 Fine Bubble 46% o
application

Z=#]: EPRI & WRF (2013)
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Christoforidou 5(2020)2 18]2-9] 617] 3tFA g AlAdoA &9
B2A% Ay [29 66]9 [&
kWh/m?e] el 9l

sk

o O

501 A ek 2ol

& ZHA 7Hd BeAolgs AHdo] A 7 W gl

3£ 50. oA A=A E E

=
=

ofld=] <IdIAEl= 0.2014 2.0
RAFAT. 2 a & FR dEAge] &9 L JuA &

% dlolEE 53

F71HSA AN e FAE AUAL s F7t

Treatment Process kWh/m? kWh/PE.yr kWh/kg COD remode
Extended Aeration 1.26 81.1 0.95
CAS 0.88 43.8 1.00
Oxidation ditch 0.75 47.1 0.58
Constructed Wetland 0.05 7.8 0.07
& LFi.
i - = - - L]

J'-:l:-
li—:'.-' L
1 En.«
o Xl
£ . g
h & - . . ;-I'.l'\- L]
", LR =
¥ -] . "". ‘I-' ! o L ]
- & e {
B = L
. ] ] ?#ﬁ- il — : l:m FLFECTTH
A ™ L] LR RN o -."_ - - _‘_l' W
ol (] .a0E T 1 Dl e oG 20500 1. T LS
S L L | Ol el [, v
(@) strfrdol e A ARAE B #7738 27
4 &
40
15
6
io —E
= s
H .
= £
- 1D &
z 3
4 =3
15 E
=
e :
(.13
oo [ -
4 B CLD Al A B C&D All

() stFA YA &FF oAU A-AEE

1% 66.

71 F3t AA
St g A Bl 2 #2715 A A

Z3]: Christoforidou =(2020)
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o sk E] AR AR oA A-AE

Dxf, o)zt 1= A @ANA AREHE AR ¢ AR RS fA], F
2 /I, AP AR 3§38, WET V1S A YRE &2E
ol wet g2 B A= dxbA el AA(primary treatment all), 2== ®(screening
& grit removal) 12 F A Z(primary sedimentation), ©]x}x 2] HA(secondary treatment
all), =t(agoon), A <2 A|(activated sludge), 4F3}-(oxidation ditch), Argre]At
(trickling filter), MBR(membrane bio-reactor), <3K(Filtration), I =*]&] ZA(tertiary
treatment all), HA4FF<H(reverse osmos), HA A =(disinfection chlorine), UV A=
(disinfection UV)Z & /3Rt

B 4 3AEE 71 EPAA AANT oAdA JA"AE = [ 5110 yephdniel 2o
W, 4 TR dUA JAdAE S ZleTA @2 [ 52l Ao A AE £dE
% Z

A QD =] A E gh2 [3F 53-55] H [19 6710 A= AUt

Az e WA, oA WA L nEA AAY oA AAE Fge 47
kWh/m?®, 0.020 kWh/m®, 0.417 kWh/m*¢] k& Jelfdch 1=x8 &

olAA e Ml Ee F9 & UEAATE oAl A5 dwAoz Besnn
THEE oA vl w$ HL oy AEAEES YERITE o] ghe o3 X
ME 34 @G, 84 E8A, 4k, A4, MBR)O F9 #tET dl$- e s o

Rl A, olxtA 2o oUAE wl-¢- AA L ste st ARV ZFE AL
2 dddn. dapAE AA, oz g A 5 Ak g A ol|A] JAMAE B gk

S 2wy Zhzb 0.071 kWh/m®, 0.218 kWh/m®, 0.578 kWh/m*¢] k& Uehfiglon, o
o g ALl oluA ARAEe] BEgel FAg Hoks § FelFel
oAtk olel mhel AR UA AMAE ARE BT A9, N1E ZHANA AN
Feol ARE 4FL oldshe ol Fasith
JAA el FE BEHE e, B SEA, BT, A5, MBRY LA ARIA
ke Z+zE 0.222 kWh/m?®, 0.285 kWh/m?, 0.750 kWh/m?, 0.190 kWh/m?, 0.850 kWh/m?
& Uitk MBRel 7bF oA gepAel FAYS & & dgon, H8T o
Be duAE Baw s

1= Fo T U ARe 7€ FANA FE3] AANHA ko™, RO F
[e)
o

0.419 kWh/m®¢] o= QEIAE 972 JeRA AT

- 111 -



3 5L sk AR 37 ol|A| JARINE 7 EA

) Screening | primary . . .
lPImraryl g‘(glit sediment m Filtration mt Dls‘éllflecn
Fearssal ation
all Lagoon Agltlll‘éaggd Oddation | Trickling | pp all RO Chlorine uv
=l 0.071 - 0.045 0.218 0.222 0.335 0.767 0.192 0.816 0.216 0.578 0.419 0.010 0.084
£5 QA 0.023 - 0.015 0.125 0.032 0.072 0.274 0.044 0.199 0.000 0.210 0.000 - 0.000
F9 0.022 - 0.045 0.020 0.222 0.285 0.750 0.190 0.850 0.216 0.415 0.419 0.010 0.084
Uizt 0.010 - - 0.020 - - - 0.180 - 0.216 0.780 0.419 - 0.084
AApReA | 0.010 - - 0.020 - 0.062 0.302 0.019 0.395 - 0.033 - - -
Aol | 0.153 - - 0.348 - 0.496 1.250 0.291 1.220 - 0.522 - - -
£5 WAt 0.084 - 0.021 0.395 0.045 0.305 0.474 0.163 0.445 0.000 1.070 0.000 - 0.000
N 0.007 - 0.000 0.156 0.002 0.093 0.225 0.027 0.198 0.000 1.146 0.000 - 0.000
M -0.402 - - 6.324 - 1.072 - -0.593 | -0.681 - 17.610 - - -
gz 1.121 - - 2.455 - 1.103 0.164 0.471 0.448 - 3.996 - - -
w9l 0.225 0.000 0.030 1.240 0.063 1.092 0.948 0.478 1.115 0.000 5.387 0.000 0.000 0.000
A&7 0.010 0.000 0.030 0.020 0.190 0.003 0.302 0.002 0.330 0.216 0.003 0.419 0.010 0.084
S 0.235 0.000 0.060 1.260 0.253 1.095 1.250 0.480 1.445 0.216 5.390 0.419 0.010 0.084
REPN 13 0 2 10 2 18 3 14 5 2 26 2 1 2
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3 52. skrAlE] AR

3748 ollvA JAdAE

R . Primary & | Prmary | gy | Tertiary Disinfe
eference Region e gt sedime treatmert Filtration e e
el ntation
all | Lagoon A‘S’l“m"geed dction | Trickling | g all RO | Chlorine | UV
100, 118, 150 Australia | 0.235
54 Arabla | o2
Kenway (2008) Australia | 0.19
N w
2, 99 Jeaiand | 0-115
2, 99 Canada | 0.06
150, 152, 153, 154 us 0.04
152 califer | 0.0215
0.01
0.01
0.01
0.01
0.01
0.01
Klein et al. (2005) 0.06
Klein et al. (2005) 0.03
Christoforidou et al. 1.26
(2020)
54 Arabla 0.431
Porse et al. (2020) 0.32
&%rzlg}ofondou et al 0.05
0.02
0.02
0.02
0.02
0.02
0.02
26 China 0.253
150, 152, 153, 154 us 0.19
150 Japan 1.095
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Reference Region gézglit E?ﬁ%%y m Filtration trm Dé,‘:;ilglfle
all | Lagoon A;“E‘eed Qdcation | Trickling | ypg all RO | Chlorine | UV

8(1)5185[01(ond0u et al 0.88
WEF (2009) 0.591

0.59
150, 152, 153, 154 UsS 0.465
Klein et al. (2005)
Cohen et al .(2004)
Kneppers (2009)
Maas (2009) 0.395
Kenway et al. (2008)
Navigant Consulting,
inc. (2006)

0.36

0.32

0.29

0.28

0.27
26 China 0.269
100, 118, 150 Australia 0.1
WEF (2009) 0.072
WEF (2009) 0.032
WEF (2009) 0.015
WEF (2009) 0.006
WEF (2009) 0.003
150 Japan 1.25
Christoforidou et al. (2020) 0.75
26 China 0.302

0.48

WEF (2009) 0.478
EPA(2008) Us 0.3
Klein et al. (2005)
Cohen et al. (2004)
Kneppers (2009) 0.9875

Maas (2009)
Kenway et al. (2008)
Navigant Consulting,
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Reference Region g%it E?ﬁ%%y m Filtration trm Dé,‘:;ilglfle
all | Lagoon A;“&@ Qdcation | Trickling | ypg all RO | Chlorine | UV
inc. (2006)
0.26
0.23
0.2
0.18
0.18
WEF (2009) 0.052
WEF (2009) 0.023
WEF (2009) 0.008
WEF (2009) 0.004
WEF (2009) 0.002
Porse et al. (2020) 1.445
150, 152, 153, 154 Us 0.995
150, 152, 153, 154 UsS 0.85
100, 118, 150 Australia 0.46
26 China 0.33
E}z%llé;onsultants & NC US(utI%and 02155
(GZ%Il(SOHSUItaHtS & NC gate%mde 0.2155
100, 118, 150 Australia 5.39
150 Japan 2.065
WEF (2009) 0.78
0.78
WEF (2009) 0.686
Klein et al. (2005)
Cohen et al. (2004)
Kneppers (2009)
Maas (2009) 0.5595
Kenway et al. (2008)
Navigant Consulting,
inc. (2006)
0.51
2,99 gea?an‘g 0.49
0.47
Porse et al. (2020) 0.465
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Primary . ..
: & : Secondary . Tertiary Disinfe
Reference Region : sedime Filtration :
gt et treatment treatment ction
all | Lagoon A;“;g‘eed Qdcation | Trickling | ypg all RO | Chlorine | UV
Klein et al. (2005)
Cohen et al. (2004)
Kneppers (2009)
Maas (2009) 0.464
Kenway et al. (2008)
Navigant Consulting,
inc. (2006)
0.44
0.42
149 Taiwan 0.41
0.41
Quantum Consulting
(2001) us 0.355
EPA(2008)
WEF (2009) 0.102
WEF (2009) 0.083
WEF (2009) 0.047
WEF (2009) 0.037
WEF (2009) 0.022
WEF (2009) 0.017
WEF (2009) 0.008
WEF (2009) 0.006
WEF (2009) 0.004
WEF (2009) 0.003
GEI Consultants & NC | U S 0.419
(2010) Southland .
GEI Consultants & NC | U S 0.419
(2010) Statewide )
Klein et al. (2005) 0.01
GEI Consultants & NC | U S 0.084
(2010) Southland .
GEI Consultants & NC | U S | 0.084
(2010) Statewide :
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® 53. strA Y FAHA WE AR AR HF

Type of Treatment

Electrical Energy

Total Treated (m®/day)

Electricity Estimate

Intensity (kWh/m®) (kWh/d)

Less than secondary 0.198 1597443 316,500
Secondary 0.549 49747858 27,335,360
Greater than Secondary 0.711 63504038 45,127,500
No Discharge 0.711 6870519 5,372,400
Pumping Reuse 0.338 13248935 4,480,000
Partial 0.219 719228 157,700
Total per day 82,789,400

Total per year 30.2 TWh

Percentage of total U. S. Electricity used in 2011 0.8%

Value obtained from the water reuse Foundation: flow data from U, S, EPA Clean Watershed Need Survey, 2008

3 54. 3tAE] Al oY A Aw|FF

=4: EPRI & WRF (2013)

Primary .
. 3 Tertiary
Region Treatment Secondary treatment kWh/m Reference
Treatment
(KWh/m)
o Conventional
Oxidation . Membrane
Energy Lagoons . activated sludge . Energy
ditch bioreactors
treatment
Maas (2009):
Canada 0.02-0.1 N/A N/A N/A N/A N/A Kneppers et
al. (2009)
California 0.003-0.04 N/A N/A N/A N/A N/A CEC (2006)
Radcliffe
(2004); CEC
0.09-0.2 0.8-0.9; (2006): NEEA
us 0.04 N/A 0.33-0.60 N/A
9 0.49-1.5 (2001):
Lesjean &
Luck (2011)
WEF (2010):
Kenway et
Australia 0.1-0.37 N/A 0.5-1 0.1 (avg) 0.10-0.82 0.23-10.55 al. (2008);
Radcliffe
(2004)
N Maas (2009):
ew
0.04-0.19 N/A N/A N/A N/A 0.49 Kneppers et
Zealand
al. (2009)
Chi N/A 0253 0.302 0.269 0.33 (avg) N/A Yang et al.
ina . . . av
(avg) & (2010)
Radcliffe
Japan N/A N/A 0.43-2.07 0.3-1.89 N/A 0.39-3.74
(2004)
Mizuta &
Taiwan N/A N/A N/A N/A N/A 0.41 Shimada
(2010)
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F 55. 22 <A e | A dEAE] (KWh/m?)

Treatment Australia China USA Japan Reference
Yang L, 2010. (Quantum Consulting,
Lagoons 0.253 (avg) 0.09-0.29
2001)
. (WEF, 2010). (Yang L, 2010)]. (Mizuta
Activated sludge 0.1 (avg) 0.269 (avg) 0.33-0.6 0.30-1.89 K. 2010)
Oxidation ditch 0.5-1.0 0.302 0.43-2.07 (Yang L, 2010)]. (Mizuta K, 2010).
Membrane 0.8-0.9: (WEF, 2010). (Yang L, 2010). (Lesjean
. 0.10-0.82 0.33 (avg)
Bio-reactor 0.49-1.5 B, 2011)
- . (Quantum Consulting, 2001). (EPA,
trickling filter 0.18-0.42
2008)
Advance .
(Quantum Consulting, 2001). (EPA,
wastewater 0.31-0.40
2008) (Metcalf L, 1979).
treatment
Z*: Gomez 5(2015)
Fig, 6. Comparison of electricity intensity for typical
wastewater treatment processes, Trickling filier, act-
a -
Reverse osmosis, RO - Il Advanced valed sludge, oxidation ditch, MBR and A20 are bio-

44 Conventional logical wastewater treatment processes, whereas MF,

Ultrafilration, UF® 4 UF and RO are membrane-based separation processes.

The energy intensities for MF, UF and RO are based on
Microfiltration, MF® 4 - treatment of wastewater with total diselved solid
concentration between 800 and 1200mg/l. Data

ovaoicon, '] [ soures: (823 183 843 °103; (69 el
Membrane bioreactor, MBR®* { _
oxaiondien* 1 i
Activated siudge™' 1 W/%%
Ticking it 1 )

0.0 05 10 1.5 20 25 30

Range of electricity intensity (Whm’)

I3 67. AR stexe] FAE oA U"AE vl
Z=x]: Lee 5(2017)

gl w2 35 Helo Ay] Ao [ 56), [¥ 571 E= (4 18], [4 191¢ ast
o A4k 4 Utk EPRI & WRF (013 st B2 fakol vl sloxel vl ==
Alzwo] @ o= AEAE FHe [E 581014 9h Zo] AABAT.
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3 56, A4F strAYA 2 Bt | A ARAE FAHA

Average (m3/day)

Treatment Plant

3785 18927 37854 75708 189271 378541
Trickling Filter 0.478 0.052 0.023 0.008 0.004 0.002
Activated Sludge 0.591 0.072 0.032 0.015 0.006 0.003
Advanced Treatment
. o 0.686 0.083 0.037 0.017 0.006 0.003
without Nitrification
Advanced Treatment with
o 0.780 0.102 0.047 0.022 0.008 0.004
Nitrification
Z): : WEF(2009)
3£ 57, st A el R @9 AR &BlEF
Unit Electricity Consumption (kWh/m?)
. activated Activated Advanced
Treatment Plant size Only o . .
. 3 i Aerated Tickling Sludge with | Sludge without wastewater
categories (m°/day) primary
basins Filter nutrients nutrients treatment with
treatment o
removal removal nitrification
x<3785 0.01 0.02 0.48 0.59 0.59 0.78
3785<x<18925 0.01 0.02 0.26 0.36 0.36 0.51
18925<x<37850 0.01 0.02 0.23 0.32 0.32 0.47
37850<x<75700 0.01 0.02 0.20 0.29 0.29 0.44
75700<x<189250 0.01 0.02 0.18 0.28 0.28 0.42
x>189250 0.01 0.02 0.18 0.27 0.27 0.41
Z*: Gomez 5(2015)
1000kg 0O, ) 1PE
1 PE) = BOD( . 2~Al 18
CapacztyWWTp( ) 5 day 0.06kg02/day T
where
Capacity wwrp = Wastewater treatment plant capacity in Population Equivalent (PE)
100092
BOD, = five days biochemical oxygen demand (Tj)
. . . 90,
According to directive 91/271/EEC: 1 P.E— BOD, = GOdTu/
3 ( mB )
' ) : PE) « WW P 4 19
Capacitywwre| |~ Capacity wwrp(PE) mtwen\ PG+ day 4
where

3
m
Capacity wwrp — Wastewater treatment plant capacity (7orPE)

ww Influent —

treatment plant per day and PE(

- 19 -

WLS

PE « day

day

|

Wastewater Influent or volume of wastewater treated in a wastewater



3 58. A el G F R oluR] AWAE FHA Whnt)

Unit Process Average plant Flow
3785 18927 37854 75708 189271 378541 946353
Wastewater pumping 0.058 0.058 0.058 0.058 0.058 0.058 0.000
Grit removal, aerated 0.040 0.032 0.041 0.066 0.063 0.058 0.055
Primary Grit removal. forced
0.034 0.008 0.007 0.004 0.004 0.004 0.004
Treatmen vortex
t Primary clarifiers 0.042 0.011 0.006 0.003 0.002 0.002 0.002
Ballasted Sedimentation 0.020 0.020 0.020 0.020 0.020 0.020 0.018
Trickling Filters 0.166 0.134 0.134 0.134 0.134 0.134 0.134
Bidogical nutrient removal
B 0.029 0.029 0.029 0.028 0.027 0.029 0.025
Secondar Xrg
Aeration without
y o 0.190 0.190 0.190 0.183 0.177 0.167 0.162
T nitrification
reatmen - - —
Aeration with nitrification 0.285 0.285 0.285 0.273 0.265 0.251 0.243
t Secondary clarifiers 0.022 0.018 0.018 0.018 0.019 0.018 0.019
sequencing batch reactors 0.288 0.288 0.288 0.277 0.268 N/A N/A
Membrane bioreactors 0.713 0.715 0.715 0.715 0.715 N/A N/A
Aerobic digestion 0.000 0.000 0.000 N/A N/A N/A N/A
) Anaerobic digestion N/A 0.029 0.029 0.028 0.026 0.026 0.026
Selids ™ Gravity belt thickener | 0.008 | 0.007 | 0.006 | 0.006 | 0.006 | 0.06 | 0.006
Handling | Dissolved air flotation N/A N/A 0.048 0.039 0.033 0.031 0.047
Treatmen centrifuge thickening 0.021 0.015 0.010 0.010 0.010 0.010 0.010
t & Belt filter press 0.000 0.012 0.012 0.009 0.007 0.007 0.005
Disposal Screw press 0.005 0.005 0.004 0.004 0.003 0.003 0.003
centrifuge dewatering 0.069 0.069 0.069 0.069 0.069 0.069 0.069
Thermal drying 0.058 0.058 0.058 0.058 N/A N/A N/A
Filtration UV disinfection 0.059 0.062 0.062 0.062 0.062 0.062 0.062
& Depth Filtration 0.026 0.018 0.015 0.015 0.015 0.015 0.015
i i Surface Hiltrati doth
Disinfectio e filtrtin g 0.013 | 0009 | 0008 | 0008 | 0024 | 0008 | 0.008
n filters)
Plant utility Water 0.012 0.012 0.011 0.011 0.011 0.011 0.011
N loads (Building, lighting,
onprocess loads (Building, lighting 0079 | 0063 | 0055 | 0048 | 0048 | 0048 | 0.048
computers, pneumatics, etc)
0.076
Energy recovery (from biogas combution) N/A 0.076 0.076 0.076 0.076 0.076

a) Some plant with flows in excess of 50 MGD use sidestream treatment to reduce aeration cost: these plants
should reduce the electric energy intensity values by approximately 25%

b) N/A = Not applicable; generally pertains to unit processes not commonly found in plants of given flow (e,g.,
sequencing btach reactor are not used in plants wit average flows in excess of 50 (MGD)

c) Energy recovery values are reduction in energy use: values are based on assumption of using conventional
internal combustion engine burning biogas after treatment; alternative generation technologies may improve
these estimates

Z=#]: EPRI & WRF (2013)

9ol 2 AA & oA QlEIAE]
e Yeldt aga 593 A
(Shestha, 2017). 2#} YA ]

© (29 681l A st 2ol Hel EAHol wet vl § thE
2 34 Wol M= Ad el wel vl$ shwzelt)
Tl YHT e el FFS dehpich
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A. Secondary treatment

025 14 B. Tertiary treatment & Disinfection

- > Trickling filter (TF) & Activated sludge (AS) © MBR 2 SBR @ BNR 0.0 ¥ 05

& ! - T "7 wSurface fitration (SF) 4 Coagulation and Floceulation © Depth filtration (OF) o Ozane
2 034 TZ Bogpi =
ik o i
H 1 & U e 8
u 4 - ]
- L * =
S0 4 S 8 8 03,
o 015 08 " - 005 ° £
£ 1 m E £ : =
= 4 AAALAMALARMAAARARARAMKAAARARARAAAAAAALAL = > 0.04 ; 0.2 Q
2 B 0006 IH0B00 DOGOC 000000000 o e 3 8 nt T o
£ 0.1 ,”’ﬂm el e ] & E
§ e £ £ 003 %‘ -
@ 04 g5 = . i
o 0
% 0.05 \ g, S o \h“"_""”""""'“H""uuuunuu i'-.
3 e LITTTTTTTTPIrem £ 3T Seessssnnsnees T 0003

2 0.01 = |
2 AL NN A R AR AR ARRRAXAREAARALLL
0 0 0.00 01
0 10,000 20,000 30,000 40,000 50,000 0 10,000 20,000 30,000 40,000 50,000
i (3
Capacity (m¥/d) Capacity (m'/d)

a9 68 Ag7IEd ©e 22 AA Al YA AAE

Z]: Shrestha (2017)

59 w9l 21 AA F oA AAAE A

WW treatment technologies Energy Intensity (kWh/Log removal/m?) R?
Trickling Filter 0.2197 "% 0.79
Activated Sludge 0.297229:088 0.80

Biological Nutrients Removal 3.87982:929 0.88

Membrane Bioreactor 0.1096 90016 0.74

Sequencing Batch Reactor 6.9557 ¢ 0347 0.90

Coagulation and Flocculation 0.34359-423 0.92
Depth Filtration 0.17203%4 0.89
Surface Filtration 0.33082":2%° 0.88

Ultrafiltration - -

Granulated Activated Carbon - -
Electrodialysis - -
Reverse Osmosis - -

Chlorination - _
Ozone 12,0772~ 0-598 0.96
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2510 Alo] & FA

7L Aol g A R A

sk s A Sl U@ A A3 8 BPA Seis FAde] REoE Qs HAF
e g W, Mg E A4S R S8 BHOR B AolgS shie uieke nestA H9
o 20119 & AAHOZ 7000 MuYde] AAEEIE AgHAOH o) HA T AS

9] 0.59%F AAstH, [3E 6010 = 7HE Ajol§ HAQI Aol §Fo] A =o] Ut 6071=
ojde] =7t A Tt §EE AAETE &St Jdom(Angelakis & Gikas, 2014),
ywlnjopel A7FEZZ oA = 58 AAEC] APBEHIL JARE B FE 75‘—"% Hl 58 A A
£ YUttt B3] Y AME A AA Aol &4 32%E ALEdE Fo S8 Eof
oltt. & 7153 B AAECRZE 2HQ0%), AA-809%), =A80%), HH 2>802%),
71eH2%)7F ATHEU, 2016; Lautze %5, 2014). ¢ AALRT AFLS ES Aofslr] 9
g AR 3 AlgolARE s FAHL AHA F kot

E 60. AAA & Aolg FH

% of WW Major

C t Reuse M, Ref
ountry /yr Application eference
. 1.66 in
World 26.000 in 2030 EU (2016)
2030"

North & Latin America

United States 3850 - - Angelakis & Gikas (2014)
California (US) 1271 - Al, LL, GWR Asano et al. (2007)
Florida (US) 834 54 IU, RI, WH Asano et al. (2007)
Canada (BC) - 3 Al Schsefes et al (2004)
Mexico 350,000ha Al Crook et al (2005)
EU 1100 24 EU (2016); EU (2015)
Spain 347 -10 Crook et al (2005); EU (2015),2016)
Italy 233 -8 AL, IU, | Crook et al (2005); EU (2015),2016)
Cyprus 20 100 TF,LL, PIPU, | EU (2015,2016)
Germany 42 -1 RI Crook et al (2005); EU (2015, 2016)
Malta -4 -78 Crook et al (2005); EU (2015,2016)
Australia 300 168 DSEWPaC (2012)
o 63 9.8 DSEWPaC (2012)
New South Wales Victoria
100 24.1 -
Queensland
. 71 23.7 -
South Australia 99 98 1 LL, TF, AL,
Western Australia ' SL, 1U, VW,
. 19 12.0 -
Tasmania 3 6.2 CU, ENV
Northern Territory '
Autralia Capital Territ L5 6.0 -
T T
utralia Capital Territory 35 13.3 B
Middle East
[srael 300 -80 AL, GWR Crook et al (2005); Angelakis &
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% of WW Major
Country Reuse Mt/r i ) . Reference
reused Application
Gikas (2014)
Qatar 760 - Al LI MDPS (2016)
Iran 70 5 Al Crook et al (2005)
Kwait 52 - Al LI Crook et al (2005)
United Arab Emirates 500 20 Al LI Crook et al (2005)
Saudi Arabia 657 10 Al LI, IU Drewes et al (2012): WHO (2005): Crook et
al (2005)
Asia
China 7373 9.2 IU, LL, AL, TF Zhou et al (2011)
Japan 187 - TF, IU ENV, AL Crook et al (2005)
Korea 157 4 IU, TF, CL Crook et al (2005)
Singapore 27 - DW (25%) & NPW | Angelakis & Gikas (2014)
Pakistan N 80 Al@ Crook et al (2005)
Southern Africa
South Africa -45 3 Crook et al (2005)
Nambia 7.67 4 DW blending WABAG (2016): Crook el al (2005)

*Mm®/yr unless stated *% pf total water use *% of water supply @Little or no treatment

Al= Agriculture Irrigation, LI= Landscape irrigation, GWR= Groundwater Recharge, [U= Industrial Use, RI=
Recreational., WH= Wildlife Habitat, TF= Toilet Flushing, PIPU= Planned Indirect Possible Use, SI=
Salviculture, VW= Vehicle washing, CU= Consttructional Use, ENV= Environmental Application, CL=
Cleaning, DW= Drinking water, NPW= Non potable water

Z=2]: Shrestha (2017)

3. Aolg B4 oA AAE

3 74 U vkel o], 13709 AR E EA%F A & Ao]&Y H oyA UH
Sz FANge =T 0.820 kWh/m*Z 3 F v

AEE 1072 kWh/im’z et 9ty 5 1) 7}
B2 e 7 ZeE AEHUY. EFHEAE 0.860 kWhmPz #elEglon, =9t
£ 747 1.969, 1.6082 uebsith HEg 0.215 kWhim®, HUlge 3.162 kWh/m’=
JAHH 2 WeE Holx eksiy.

-

'l

=
LN

olxetd I AVIEEE A7 st 87%% 50%E AZESH, i FAFolA 0.7200 A4
0.93 kWh/m’¢] olAS AnBIFMunoz %, 2010; Gruenspeht 5, 2010). 121 ROE
AHEE DR 28 HE AZE2 2.8-3.8 KWh/m?e] oy /\}%SPE}(Anderson 2006;
Apostolidis, 2010). EFollA= X 7&s o] &3 F9 35 ALEo| g A HA3] Y
Aol gl o] FoX 1 ut. ey F& Thed FEES A4y #1 B8 A
FEe 18T 9, dd Ve 7EY &5 AL HAEG O 2SS AUA2.5-45
kWh/m)E da= g}
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2511 %45

yu7)

FRol AHgEE Hi oA QAEAIEE 0.053 kWh/m*e 2, HA B3 Al 2~do A 7}
A AE oz Yewgth F 6719 AS7F AAEEHASH AR AAE T 7
7+ 0.038 kWh/m® 0.068 kWh/m®el™, ZFJzkst HAmghe z+z 0.054 kWh/m? 0.055
kWhim’2 2459tk S93 ANgte] HaRg 24 2450 o2 3 = ke
29 F -0.0222 AFHAG. HEF HAgS 47 0, 0.106 kWh/m’Z2 2 & 9
BT

i |

s, 37 2 HloE MEEE BRE ux AnlFo] A A mx=
7] W&o ¥kl dy &8y vk & o= 0.02 kWh/m’e] A7} &
28] #H 4ol 48] = tHApostolidis, 2010).

4N of
o o
=

e X
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26 =X E<¢S AJ2EH A 9 #y

261 =-oAA A get

U gobe A% B AeP % B HOES A% oUX HeP & WAz oA

WS 8% GEolth oux EEAT UA 5 Ae A 2047 Bol WG
ou, AL FAz WHAM AN L Bl okt U BN s)%o] of o
nRolth. whehd @ RES Aot o] BE REol ofud JFS mA=A B9

223 Aot

MR EEAH BHS T AT R U AEFoIN ol HES LAY 5 YA,
A7), Aol 2e 9% adlow A £4 9 oA ALF Z/E <8 o
o e a%E NEHOE AFH S AL WP e Aol
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o
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e
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o
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ek oA B4 ol s
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I 6l. BA 53 A 2EHA A oA A wFek
a2 o]l 2l IEbS
gt A% 58 FAA N712 £9 G el s SRR
o5
- = L & 2F
= oflyA] e A UTUNET.
- Hlolg 2yHY A = |
« pEEA dAa
573
9 - 188 gz 9 9
- E'E]‘;_
E‘:'/\}\l o} - 7t¥& EetolB - 23}% vjo]Q7}A YAt
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o - =] 18} Ay
v 2QEA =
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- 0= Ar AA
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Treated Source Water Treatment Water End Uses
100-16,000 KWh/MG

Enengy Opportunities Ew Opportunites

= Usa ffickent pumping syitesm (pumps o dresesll SCADA sofrware
maotces, variable frequancy drives) « Usa afficiont pumping systams [pumps,
= CAPHING GHaRGY oM Water moving m;vﬂﬂhlmum.'\-mﬂ
‘:""’M o rvaesl] offhcsomt divnhc ton equipmmant
= Stong water i avold pumping = Implamant bight
At imas of paak onergy cost wmmplm“ Energy Opportunitics
+ Usas affickerd pumping syrhams (pumps,
meor, varable requency drives
M + Roducs dewribution loaks
Treated = Iplament SLtomatie matar feading
Wastewater e w"‘d"
o
o b
ot T gt
,"- il“‘w\‘u“‘“
-ty §
Blas M

Wastewater
Collection & Treatment

& '
X Energy Opportunities

= Improve #ffickency of asration squipmant
and INRFODE SGEINon
rathn and athar onuite

Energy Opportunities
: m:‘m imqn;w-:v% Treated Wastewater Discharge

v COPIINE Mg IO Watad Maoving cewn il

a9 69, A ZE, A YA, = &8 FEo] A& Ve BN e A"

9AE oluA 2=
262 wA#Y &5 A
oMUA BeE 8 AHEE (1Y 700049 o] DA, AEA AL 54, o
YA A ZEA20) Al 7hA wetem o] A 4 glnh Lk

XA 7] 7] Q8 A7) ES ‘306}-‘: Agkd oA s o= vm
A7 ditkrolrle] @S FASE slo] e AFY & vk 2 d A 2=Hl9]
e 71 S AEE duA AAe TAE B ohd 713 dEo] sbesith g
I AEAQ] qUA BE NS AT AH siAE AT oA A Z2ZA (4.
ISO 50001-Energy management)S 283 4 ot
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A Energy

improvement
process
A
i)
@
c
@
Y
Traditional
audit
approaches
Years
The ‘do nothing’ case
29 70 AUA AH ZRA2E HEF ASe HesA B A9 o]
=*: EPA, 2013
o9} & oA e A ek(Strategic energy management, SEM)S EA] B3 A 2~H
oAl ME& o= Zhgwra ok oy R #g dgFe Fxsld WHo=E A B8
4 SE A8l g 78S FAAZE Ao 60de] @2 AgF #ey ide F4

dollA &Aooz AFTHA o, 109 o A" AAdAM o]zt

284 N, A B /A8 919 kbl sle

2= 2
T =
A2 g Ad 85 % sk MY ouA B8 AN FHHE )
9 t (29
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Step 1. Get Ready
* Establish the facility’s energy policy ard overall
enargy improvement goals
* Secure and maintain managernent commitrmnent, Act
iwvolvement and visibility Plan
* Choose an energy “fenceline”
* Establish energy improvemnent program leadership
* Secure and maintain employee and management buy-m

Step 2. Assess Current Energy Baseline Status Check ’ _
Plan = Establish a baseline and benchmark facilities ‘Do
* Perform an energy audit
* [dentify activities and operations that consume the most enengy
or are inefficent

Step 3. Establish an Energy Vision and Priorities for Improvement
* ldentify, evaluate, and prioritize potential energy improvement projects and activities

Step 4. identify Energy Objectives and Targets
* Establish energy objectives and targets for pricrity improvement areas
* Define performance indicators

Step 5. Implement Energy Improvement Programs and Build a Management System to
Support Them
Do * Develop action plans to implerment enengy Improvements
= Cet top management’s commitrnent and approval
* Develop management system ‘operating controls™ to support energy improvements
= Bagin implementation once approvals and systems are in place

Step 6. Monitor and Measure Results of the Energy Improvement Management Program

* Review what the faclity currently monitors and measures to track energy use

- Der.ermlre what dsgtha facility needs to monitor and measure its priority enengy
improvernent operations

Check * Develop a plan for maintaining the efficiency of energy equipment

* Review the facility’s progress toward energy targets

* Take comective action or make adjustment when the facility is not progressing toward its
energy goals

* Monitorfreassess compliance status

Step 7. Maintain the Energy Improvement Program
* Continually align energy goals with business/operation goals
Act * Apply lessons leamed
* Expand involvernent of managerment and staff
= Communicate succass

39 7L ASEEAAY qUATE AR A% BA, Ha L e
Z=#]: EPA, 2013

dolg 2UEY 2 FAAF(Data monitoring and process control) /A4 T o= F
Afe] 5& RAAY A Webe] = & At B3I 4 A nxAE, AFEH
718k A 9 sk EUEE F Ao A2 @ed AX|FEH a1g SCADA Al 2=H7}

A geoFsty 1 ZAjgoe] JAFuth dukr oz SCADA Al2¥l2 PLCs(programmable
logic controllers), RTUs(remote terminal units) 7] AlZ7)(electric meters)E 43 F o] A]

A7 & AAY B AHEE ¢ =S HolHE AlEs £ @A SCADA A
282 =, A 2 ol JY=E Eﬁ&?‘i F8 Avlet g AL Aofstr] sl
AREE AL ST

& HoK(Water conservation)e TA] B3 A28 JRA ok FolA Y F83 BB
<= AAshAL o E84d dYok o Bl dibFoR = dgor EFRHAR, oY
FAGES F= g FAL AzEe tE 87 FEFE A7) dEel o|A Akg
Fe HFe sHds TN
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A Bt A2 g ol|AIZE ARt mhe} FobA||, O
E<&A(water loss)# F-==F(non-revenue water)<= #&]3h=
ook dtilam 5, 2017).

ox o}
r

o

71
ol

oL

BFH AEAE &7 AEES EYSEAN =FF, AeAY,
o3 AUAE A F Aok dFEY & "2 A7), 47
AF 2 dow flow toilets), AFY 7], FEHAE
2 WAt e &7 84 Fd FHo ZHA U} o
el olvA defrt AFF AAE &5 FRE UL
ZHo] ZHA e Aolth 1Y A &E&A Z =1 (Energy eff1c1ency program)
I ol &3 AR S Zxd MHE Jhesith ARt mE ARG Y ARE
AFetes AL AvA 2 & AFelA ARGAANA A4S Adom 1 a3 A4S
ATk ARE FEol] gk THAAEE AFEtH AvA AES WS o9 HEo T
E AL 71371 Uk

* e %2

—_

o 0e =W g% TE NS A e gHel B 5 Atk IR FL O
o S Azuel N8 24, ANAH A AL, FRAH s 225 oI
77 Qs 5 TFATL PLsh 5 AsER 2 B4 Bed Azde e §5
WEo] thgshy] A oA Pop MMl g5 AFF] oEF] W] Fo e
of Mgt oleld LA fAML Sa msol HWs B 5 Yov] o o)

7 e o)
¢ Zeaae i £8d dux BAE T 5 A

shifting), &3 ¥ o2 87 (Switching to onsite generation)so] Ut} H3} EAF

olg 3t UA ALLS FY £ Y= Werto 2 B3l BEiKLoad shedding), ¥3} o] %(Load
o
Ra271% 3tH, o] %9 117], HVAC &% A WA, ¥Fe Au Ay

PAFAS= = 7]
oo EASTh F3 o]s2 vA ARtelA HE AR dEsks Ae EITh AE
=9, F2 AGHE Bloid Aol &4 2, A F7), vl 2AED, F7148 &3
$H, AAl(backwash) ¥ 4= 3T 5 Sk =9 98 AL @3 27E =
S v Fat T dFE FFHeH Fodd e+ Aok

263 A7E B¢

Hxzel HEO 3§ UL Pxo Ao T IdFES T, s Hua&H(best
efficiency point, BEP)O| Al ZtE3stejof dtt}, AA 29 HZE XAASI= A X3 FQ
itk A dS o] ofd, AAl ZE JHke F HEX-EEH A2ES AAsE A
shube] Welo] B 4 Qth. YWt o E T A E5% A|2Hle HExe Fdg §FS 23
st7] wiitoll HiZ-RE A|XHY] G842 AtiFoRE e AF9UF gk olet 22 4§
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z43st7] 98] 7HA<4 =go]W(Adjustable speed drivers, ASDs) T+ 7}
T glo] B (Variable frequency drives, VFDs) A1 S 2 &3lH FaFAlo] =+ n}
P S0l B3l 5%ollAl 50%2] AUAE AT 4 AT

B ot
) (&l
o i
Z o ox

)
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= AR F(U.S. Department of Energy)ollA T2 wA|e} o] mE
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Z7) AxEe (28 72Jo A9 o] dojgold B, By .
£ zFste] AERT ol PMFFEAIE Seld H F 1ERT 3
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THFAIE AgE ABRE Aol L IV F& 10%14 40%714
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Riser pipe Aiir diffusion system
Air pipe 7 i

Flowmeter

’ Header pipe
=

Air filter Blower
® Aijr diffusion plate

» Aeration tank
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264 & Aoj& L A=A I

(29 73l A9k Zo] nlole 7k2E o] &3 EHE Tl AUAE 3+ = At F7I
4 237 nlele &Y= St AHRETH, FrIEd e TEdd os) AAGE Hole
Ztae oy §EE AREE F Th

Flue gas ?

Feedstock

Hot flue gas
supply

Material
dryer

Warm H.O
Cool H.O

Thermal Hot oil
oxidizer heater

Hot ol Warm oil

» Over 360 tons/month diverted from landfil
» Saves over 425 tons of CO: emissions per year > Power

% 73, b3t ZEA 2
Z#]: State of NSW and Office of Environment and Heritage, 2019

el s 448 BAL Fo oA HEE ety HEd AsdelAe]
o oUAR 85 T golth dAl Aamie] duAE 5537 93

ZEH 7le2 EAskAIR, ddAe® de HEHA A= Heith

g, TR 22 AN 7Hse A= B8 AaE g/ F8 AR B A(gravity
storage tanks)olA =& FF 3t AREste, B4 wilE TS AoE 4+ Yt
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SA B8 A2HY 7 A YA AREHAY BAEE ALY G 4 S DA
Aoz 13 AA FAH AP =2d(whole empirical model), A S AlF Z2A2z2 B
g3t A AR A AP =d(segmented empirical model), 183l Z+z+e] e o]
2207 AAZ o]2&2 md(theoretical mode)S E3te] A-AE AT 2 FAEZ AA)
38 AE 2, AR 38 AE 2d H o]&F Rdo xIFARE [F 63]0 A
ATH ZA7re] mdSo| AHE&H wifHr] e 2.7.24 3 2.7.34- 0 AAH T

¥ 63 A Be® AzE 3 A4 49 =Y, 259 49 59 ¢ 0|23 g
Desalinat | “Uece | Groundw | TR | ter | Watenter Discharg
i water ater nveya WT & e i WWT
ion . nce . use adledion e
intake intake Dirhin
WEM O O O O O O @) @) O O
SEM O O O O O @) O
TEM O O

Al 2H oyl A5 A L35l FEHE EA E43 A~
(28 75]d vepd wiel Ao, =g HE&dH W5 3A
A A= o] ATt

WEMTD SEM TD

TEMTD

WEM Con
Conveyance

AL ratio,

g NRW £ catic.

SEM GWI

WEM GWL.

WEM SWI

“:g:..? ulati
?Dpﬂbtip‘n@/

Wastewater
collection ratio

‘Wastewater
collection

Wastewater ratio

WEM D= WEM WWC

WEM Dis

HEMHWE WEM WWT

a9 75 A BEle] F9 1y #A
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X 64 2 74 W, BAA 2 e
=49 2o W wA A @9
1 AL ratio 0.1 1
2 Apparent loss NRW a ratio/(1-NRW r ratio)*"Residential & Commercial water use" | m3
3 AV MED IF THEN ELSE(PS De=2, EI MED, 0) kWh/m3
4 AV MSF IF THEN ELSE(PS De=1, EI MSF, 0) kWh/m3
5 AV MVC IF THEN ELSE(PS De=3, EI MVC, 0) kWh,/m3
6 AV RO IF THEN ELSE(PS De=4, EI RO, 0) kWh,/m3
Average mechanical
7 o 70 1
efficiency Con
Average mechanical
8 o 70 1
efficiency Con TD
9 Cf Con 10.667 mwc
10 Cf Con TD 10.667 mwc
11 CI Total 2 kgCO2/kWh
12 Conveyance Water treatment + Desalination ratio*"Transmission & Distribution” | m3
13 Desalination Desalination ratioxConveyance m3
14 Desalination ratio IF THEN ELSE(Time>5, 0 , 0 ) 1
15 Discharge Wastewater treatment m3
16 E Con E Con WEM + E Con SEM + E Con TEM kWh
17 E Con SEM EIU Con SEM*SEM Con#*Pipe length Con kWh
18 E Con TEM EI Con TEM*TEM Con kWh
19 E Con WEM EI Con WEM+WEM Con kWh
20 E De E De WEM + E De SEM kWh
21 E De SEM El De SEM * SEM De kWh
22 E De WEM El De WEM*WEM De kWh
23 E Dis E Dis WEM kWh
24 E Dis WEM ElI Dis WEM*WEM Dis kWh
25 E GWI E GWI WEM + E GWI SEM kWh
26 E GWI SEM EIU GWI SEM * Groundwater level * SEM GWI kWh
27 E GWI WEM EI GWI WEM*WEM GWI kWh
28 E SWI E SWI WEM kWh
29 E SWI WEM EI SWI WEM+*WEM SWI kWh
30 E TD E TD WEM + E TD SEM + E TD TEM kWh
31 E TD SEM EIU Con SEM TD*SEM TD=*Pipe length TD kWh
32 E TD TEM EI Con TEM TD+TEM TD kWh
33 E TD WEM ElI TD WEM*WEM TD kWh
34 E WT E WT WEM + E WT SEM kWh
35 E WT SEM ElI WT SEM+*+SEM WT kWh
36 E WT WEM El WT WEM+WEM WT kWh
37 E WU E WU WEM + E WU SEM kWh
38 R (EI heah.ng*WU heatmg). + (B wet a.pphance*.WU wet apglm) + (EI Wh
landscaping*WU landscaping) + ("Hl on-site purmping'*"WU on-site punping’)
39 E WU WEM ElI WU WEM+*WEM WU kWh
40 E WWC E WWC WEM kWh
41 E WWC WEM El WWC WEM+WEM WWC kWh
42 E WWT E WWT WEM + E WWT SEM kWh
43 E WWT SEM ElI WWT SEM*SEM WWT kWh
44 E WWT WEM EI WWT WEM+WEM WWT kWh
45 EI activated sludge 0.1 kWh/m3
46 EI Backwash water 1 kWh/m3
EI Chlorine
47 o ) 1 kWh/m3
disinfection
"El Coagulation(rapid
48 o 1 kWh/m3
mixing)
El Con TEM unit conversion*(Height difference Con+Pressure
losses due to friction Con+Supplied pressure need Con)*Water
49 El Con TEM kWh/m3

Conx(1/3600)*(1/1000)*(100/Average
mechanical efficiency Con)*(100/Fuel or electrical

density ConxGravity

average
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=4 o v AN o]
efficiency of the motor Con)
El Con TEM wunit conversion TD*(Height difference Con
TD+Pressure losses due to friction Con TD+Supplied pressure need
50 El Con TEM TD Con TD)*Water density Con TD*Gravity Con | kWh/m3
TD*(1/3600)*(1/1000)%(100/Average  mechanical efficiency Con
TD)*(100/Fuel or electrical average efficiency of the motor Con TD)
. (KWh#*m3#*sxs)
El Con TEM unit
51 . 1 /(m3*mwcxkg*
conversion
m)
. (kWh*m3xsxs)
EI Con TEM unit
52 . 1 /(m3*mwcxkg*
conversion TD
m)
53 EI Con WEM 0.37 kWh/m3
54 EI De SEM AV MSF + AV MED + AV MVC + AV RO kWh,/m3
55 El De WEM 3.17 kWh/m3
56 El Dis WEM 0.054 kWh/m3
57 El Filtration 1 kWh/m3
58 EI Flocculation 1 kWh/m3
59 El GWI WEM 0.505 kWh/m3
60 El heating 100 kWh/m3
61 EI lagoon 0.1 kWh,/m3
62 EI landscaping 5 kWh/m3
63 EI MED 2 kWh/m3
64 EI Membrane 1 kWh/m3
EI membrane
65 . 0.1 kWh/m3
bioreactor
66 EI MSF 5 kWh/m3
67 EI MVC 9 kWh/m3
68 "El on-site pumping" | 5 kWh,/m3
69 EI oxidation ditch 0.1 kWh/m3
70 EI Ozone disinfection | 1 kWh/m3
71 El primary treatment | 0.01 kWh,/m3
72 EI RO 7.4 kWh/m3
73 El Sedimentation 1 kWh/m3
74 EI SWI WEM 0 kWh,/m3
75 El TD WEM 0.255 kWh/m3
76 El tertiary treatment | 0.1 kWh/m3
77 EI trickling filter 0.1 kWh/m3
78 EI UV disinfection 1 kWh/m3
79 EI wet appliance 5 kWh/m3
"Bl Coagulation(rapid mixing)" + EI Flocculation + EI Sedimentation
80 El WT SEM + EI Filtration+ EI Membrane + EI Chlorine disinfection + EI Ozone | kWh/m3
disinfection + EI UV disinfection+ El Backwash water
81 El WT WEM 0.09 kWh/m3
82 El WU WEM INTEG (EI WU WEM increase, 3.211) kWh/m3
83 El WU WEM increase | 0.03211 kWh/m3
84 EI WWC WEM 0.061 kWh/m3
g5 El WWT SEM EJ pnmary.tre‘atme.nt + HI lagoon + EI Aactlvated sludge + El oxidation KWh,/m3
ditch+ HI trickling filter + EI membrane bioreactor + El tertiary treatment
86 El WWT WEM 0.44 kWh/m3
87 EIU Con SEM 0.004571 kWh/m3/km
88 EIU Con SEM TD 0.004571 kWh/m3/km
89 EIU GWI SEM 0.004 kWh/m3/m
Flow rate unit
90 ) ) 1 s/m3
dimensionless Con
Flow rate unit
91 . . 1 s/m3
dimensionless Con TD
92 Flow rate Con Flow rate unit conversion Con*TEM Con m3/s
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93 Flow rate Con TD Flow rate unit conversion Con TD*TEM TD m3/s
Flow rate unit
94 . 1/(24+60%60) 1/s
conversion Con
Flow rate unit
95 . 1/(24%60%60) 1/s
conversion Con TD
96 Fraction heating 0.1 1
97 Fraction landscaping | 0.1 1
"Fraction on-site
98 o 0.1 1
pumping
Fraction wet
99 . 0.1 1
appliance
Fuel or electrical
100 | average efficiency of | 70 1
the motor Con
Fuel or electrical
101 average efficiency of | 70 1
the motor Con TD
102 Gravity Con 9.8 m/(sxs)
103 Gravity Con TD 9.8 m/(s*s)
104 Groundwater intake | Groundwater ratio * Conveyance m3
105 Groundwater level INTEG (Groundwater level decrease, 30) m
Groundwater level
106 0 m
decrease
107 Groundwater ratio IF THEN ELSE(Time>5, 0.5, 0.5 ) 1
"Hazen-Williams
108 . " 100 1
coefficient Con TD
"Hazen-Williams
109 . " 100 1
coefficient Con
110 | Height difference Con | 50 mwc
111 | Height difference Con TD | 50 mwc
112 Ipcd INTEG (lpcd increase, 250) liter/(peoplexday)
113 Ipcd increase 5 liter/(peoplexday)
114 MS Con 2 1
115 MS De 1 1
116 MS GWI 2 1
117 MS TD 1 1
118 MS WT 1 1
119 MS WU 1 1
120 MS WWT 1 1
121 NRW a ratio AL ratioxNRW ratio 1
122 NRW r ratio (1-AL ratio)*NRW ratio 1
123 NRW ratio INTEG (NWR increase, 0.3) 1
124 NWR increase 0.02 1
125 Pipe diameter Con 1 m
126 | Pipe diameter Con TD | 1 m
Pipe diameter unit
127 . . 1 1/m
dimensionless Con
Pipe diameter unit
128 . . 1 1/m
dimensionless Con TD
129 Pipe length Con [F THEN ELSE(Time>2, 100 , 100 ) km
130 Pipe length TD 100 km
Pipe length unit
131 . . 1000 1/km
dimensionless Con
Pipe length unit
132 . ) 1000 1/km
dimensionless Con TD
133 Population INTEG (Population growth, 250000) people
134 Population growth Population growth rate * Population people/Year
135 Population growth 0.01 1/Year
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rate
Cf Conxpower(Flor rate unit dimensionless Conx*Flow rate Con,
136 Pressure losses due | 1.852) / power('Hazen-Williams coefficient Con",1.852) /
to friction Con power(Pipe diameter unit dimensionless ConxPipe diameter Con, e
4.8704) * (Pipe length unit dimensionless Con#*Pipe length Con)
Cf Con TD*power(Flor rate unit dimensionless Con TD*Flow rate Con
137 Pressure losses due | TD, 1.852) / power("Hazen-Williams coefficient Con TD",1.852) /
to friction Con TD power(Pipe diameter unit dimensionless Con TD+Pipe diameter Con e
TD, 4.8704) * (Pipe length unit dimensionless Con TD+Pipe length TD)
138 PS De 1 1
NRW r ratio/(1-NRW r ratio)*'Residential & Commercial
139 Real loss . m3
water use
"Residential & Cormercial ,
140 ] .. | 0.001 (m3=day)/liter
water use unit conversion
141 "Residential & "Residential & Commercial water use unit 5
Commercial water use" | conversion"xlpcd*Population/1000 o
(1-NRW a ratio-NRW r ratio)/(1-NRW r ratio)*"Residential &
142 Revenue water . ., m3
Commercial water use
143 SEM Con [F THEN ELSE(MS Con=2, Conveyance, 0) m3
144 SEM De IF THEN ELSE(MS De=2, Desalination, 0) m3
145 SEM GWI IF THEN ELSE(MS GWI=2, Groundwater intake, 0) m3
146 SEM TD [F THEN ELSE(MS TD=2, "Transmission & Distribution”, 0) m3
147 SEM WT IF THEN ELSE(MS WT=2, Water treatment, 0) m3
148 SEM WU IF THEN ELSE(MS WU=2, "Residential & Commercial water use”, 0) | m3
149 SEM WWT IF THEN ELSE(MS WWT=2, Wastewater treatment, 0) m3
150 | Supplied pressure need Con | 15 mwc
151 | Sydied pessuerneed Gn'D | 15 mwc
152 | Surface water intake | (1-Groundwater ratio-Desalination ratio) * Conveyance m3
153 TEM Con IF THEN ELSE(MS Con=3, Conveyance, 0) m3
154 TEM TD I[F THEN ELSE(MS TD=3, "Transmission & Distribution”, 0) m3
155 | Total Carbon Emission | CI Total * Total Energy Use kgCO2
156 Total Energy Use ED+ESM+EGM+ECn+EWI+ETD+EW+EWAC+EWAT+EDs | kWh
157 Total Water Use Desalination + Surface water intake + Groundwater intake m3
158 | "Tranamission & Distribution’ | Apparent loss+Real loss+Revenue water m3
159 | Wastewater collection | Wastewater collection ratio*'Residential & Commercial water use' | m3
160 | Wastewater collection ratio | 0.95 1
161 Wastewater ratio 0.95 1
162 | Wastewater treatment | Wastewater ratioxWastewater collection m3
163 Water density Con 1000 kg/m3
164 | Water density Con TD | 1000 kg/m3
165 Water treatment (1-Desalination ratio)*"Transmission & Distribution” m3
166 WEM Con IF THEN ELSE( MS Con=1, Conveyance, 0) m3
167 WEM De IF THEN ELSE(MS De=1, Desalination, 0) m3
168 WEM Dis Discharge m3
169 WEM GWI IF THEN ELSE(MS GWI=1, Groundwater intake, 0) m3
170 WEM SWI Surface water intake m3
171 WEM TD [F THEN ELSE(MS TD=1, "Transmission & Distribution”, 0) m3
172 WEM WT I[F THEN ELSE(MS WT=1, Water treatment, 0) m3
173 WEM WU IF THEN ELSE(MS WU=1, "Residential & Commercial water use”, 0) | m3
174 WEM WWC Wastewater collection m3
175 WEM WWT IF THEN ELSE(MS WWT=1, Wastewater treatment, 0) m3
176 WU heating Fraction heating*SEM WU m3
177 WU landscaping Fraction landscaping*SEM WU m3
178 | "WU on-site pumping" | "Fraction on-site pumping'*SEM WU m3
179 WU wet appliance Fraction wet appliancexSEM WU m3
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272 AA 33 H9 =24

2Hlol FAE oA JARIAE S [F 65l yehd nviel 2o &2
66]7 2ol s’ FAHA A ALESel st AAUA JA"MAEE AL
°Fgl T A|(vulnerable city)® #EslR o™, F93ke olUA QAEHAEHES
A% BE] = A(normal city), 282 € ARSI oy A JAHAE e AL
T 4713 =A(robust city) = AAsATh & &5 AFE FEol oy IEA

| Wl wi-e- W2 e UEhaL Q1o S skt

i

o
rlu
of
o
2

Transmi
. Surface | Ground .
Desalin Convey ssion Water wwW
Items . water water WT . WWT | Osdarge
ation . . ance & use adledtion
intake intake )
[dribiion
U 3.170 - 0.505 0.370 0.090 0.255 3.211 0.061 0.440 0.054
Bt 11.963 - 0.822 0.910 0.294 0.439 | 54.491 0.181 0.494 0.053
%ﬁ,'\__ﬂ"—_ 1.197 - 0.372 0.150 0.029 0.136 3.161 0.037 0.300 0.038
*DZ*LT% 5450 | - 0.874 | 1813| 0298 | 0385 | 710} o0140| 0711 0.068
3By 0.015 - 0.190 0.000 0.005 0.010 3.160 0.022 0.198 0.000
mogr | 142901 - 3.300 | 4.070 | 2390 | 4.900 | 29838) 0710| 1.140| o0.106
HEL 43 - 20 27 32 48 4 11 31 6
66, =A =gt Al2EY FHef, BE, AR GA o & wiHs g
Transm
. Surface | Ground o ] Wat VN
Desalin NV ssion ater Oscharg
Items . water water &~ WT . WWT
ation . . ance & use adledion e
intake intake )
Deribiion
Robust 1.197 0 0.372 0.150 0.029 0.136 3.211 0.037 0.300 0.038
Norma
| 3.170 0 0.505 0.370 0.090 0.255 3.211 0.061 0.440 0.054
Vulner
bl 5.450 0 0.874 1.813 0.298 0.385 3.211 0.140 0.711 0.068
able
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273 NE 34 A3 =g

@3t 34, Ak A, B, ATAE, F58 2 b, 85 AR, SteAEl 3=
A% B AW A0S AU 22 T MW e B ool A
Hxo] Qo

Ju
7t @538 FF

IDA(2012)2} Gomez (20159 wW& TSHPHMSE, Multi Stage Flash), ©& & &9

(MED; Multi Effect Distillation), 7]1A%7]1%=#HMVC; Mechanical Vapor Compression), <

AEFE2A(RO; Riverse Osmos)] 4o WE oA JABIAEL} 7] oA AEA]

w2 [3E 6710 YeEbd mief 2ok 2 AR S0 dutdo R PEHe A &%

Fo] A= o] ot A4Zte]l FAHO W& AT T, B =4, F

iR 3 [ 68]ol A ef o]l AAIE ghol B ATtolA AAH
} o

E2 Jbgstel U ARUS, FAR A RN e A gk

r
roll m\‘

Mo

367 st 30 wE & oyA JAAIE B A7) oA JIRIAE

Plant Capacity Thermal Energy Electrical Energy Operation
Technology 3 . 3
(m°/day) (kWh/m”®) (kWh/m") Temperature
MSF 4000-450000 55-220 4-6 90-112
MED 100-56000 40-220 1.5-2.5 50-70
MVC 5-17000 - 6-12 50-70
RO 0.01-360000 - 2.8-12 <40
® 68. Hdt 3 A, BE 2 HGE A0 89 oA JARIAH
Items MSF MED MVC RO
Robust 4.5 1.75 7.5 5.1
Normal 5 2 9 7.4
Vulnerable 5.5 2.25 10.5 9.7

g, Asls A% 24

Rothausen & Conway (2011)¢} Nelson & (2009)& [ 69194 £} o] A3t H4 Al 9]
2 &9 Zolo W oUA AHAAEE AA I, T e <F 0.0027 kWh/m*/m
o] o= FASFY Y. Plappally & Leinhard (2012)+ WA QL Abeloll Al & ol u}
2 oA AHAE e AAEF e, T S 0.004 KWh/m¥m= o]22<l ZrEth oF
48% Z & UEIHATE ol Asts Hg A HZ =0l HA XA IHA
B Ao 7o Aty HF Al AT B, BFY B4, R =AC A EEHE
AN A JARIAIE Y g2 [3& 701 vk vke} Zo] Plappally & Leinhard (2012)¢] kel
met A5k HF AE7F 15 m, 30 m, 45 mel H 2 A &St
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3E 69, o232 e AHE Astkr e @9l ol oluA A-IAE

Type Water intensity Details Reference
Density of 1000 kg/m?® Rothausen & Conwa
Theoretical 0.0027 kWh/m®/m v oo &/ Y
. 100% efficiency (2011)
physical - —
. . 5 Without friction
relationship 0.00273 kWh/m"°/m Nelson et al. (2009)

At peak efficiency

Plappally &

C tud 0.004 kWh/m?*
ase study /m’*/m Leinhard (2012)

3£ 70. sk Ha A A, B 2 FARE =40 A8d & o] duA A"AE
o]

A% A=
Items Unit Energy Intensity Lift
Robust 0.004 15
Normal 0.004 30
Vulnerable 0.004 45

o = 34

GEI & Navigant( 2010), Dale(2004), Anderson(2006), Wilkinson(2000), Stokes J.(2009), Scott
C.(2009), AGDSEWPC (2010) A9 Zd=E Zold g T & o|Fdd AL+
NUAFE AR, AAE Frol & T A= do] & oA <QURIAHE [
7110 vebdniel 2ok B AFo|Ms [F 72]0 A 9F Fo] Zhzte] EFo|A AAH HF
9] BE Aol © oA 7H0.004571 kWh/mYkmE & 723 A, RES %A,

oFst TAjo] HEEHE AUA JdAE= = #Zo dolE Z+2t 100, 300, 500 km &

Sl

o

£ 71 A9 E5HE Zold mE &9 &5 YA UA"AE
Locati Length, lift Energy Unit value Ref
ocation eference
(km); (m) (kWh/m?® | (kWh/m®/km)
West Branch Aqueduct, CA (502); (-) 207 0.004 GEl & Navigant (
(USA) ’ ‘ ' 2010)
Coastal Branch Aqueduct, (457): () 231 0.005 Dale (2004),
CA (USA) ' ' ' Anderson (2006)
Transfer From Colorado
) (389); (-) 1.6 0.004 Wilkinson (2000)
River to Los Angeles, CA
Stok 2009),
Water Pipe, Australia (450): () 3.3 0.007 So tets é 22009;
co
) Scott C. (2009),
SSDP to PIWSS, Australia (116); (=) 0.21 0.002 AGDSEWPC (2010)
) Scott C (2009),
PSDP to PIWSS, Australia 11.2 0.055 0.005 AGDSEWPC (2010)
From Tortosa to Aguadulce (745); (<) .07 0.005 Raluy R.G (2005),
(Spain) ’ ' ' Munoz 1. (2010)
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X 72. 5 AN A, BE Y AT A HE&H @9 Aol oA QIHAE H =
@2 2ol
[tems Unit Energy Intensity (kWh/m?/km) Length(km)
Robust 0.004571 100
Normal 0.004571 300
Vulnerable 0.004571 500
P
gt A-AE 34
ko] 2554 & 3604 AAE 7E 3 EY A £33 &, A, A3, JA, &
=, 7, &, UV AR Y oUA J"AHE 7le A #2 [& 73] Yvebd vk}
2o A AHe A AT 2A, BE BA, AR 20 A &EE oA IEIAE
o) ghe [ 74le] Uehd wheh go] Zhzh o ARSIE, F90h A ARG e A8t
Ak
£ 73 AFAE AR FAE oUA JA”AE Z&E BA
Items Coggulation | Hoooddtion | Sedmeridion | Filtration balzgsgsh Chlorine | Membrane Ozone uv
=k 0.008 0.002 0.002 0.124 0.003 0.030 0.119 0.000 0.000
g 0.009 0.002 0.002 0.083 0.002 0.030 0.119 0.020 0.007
UAFEY S 0.008 0.002 0.002 0.000 0.001 - 0.026 0.000 0.000
AR 0.009 0.003 0.002 0.124 0.003 - 0.211 0.048 0.016
430 0.008 0.002 0.002 0.000 0.000 0.030 0.026 0.000 0.000
Tk 0.011 0.003 0.004 0.124 0.004 0.030 0.211 0.058 0.017
WEL 8 8 8 3 8 1 14 9 7
® 74 AFAY A A, B E HAGT A oy A JIEIAE
Items Cogguation | Hoooddlion | Sedmaridion | Filtration bal:ﬂtvgsh Chlorine | Membrane Ozone uv
Robust 0.008 0.002 0.002 0.000 0.001 0.030 0.026 0.000 0.000
Normal 0.008 0.002 0.002 0.124 0.003 0.030 0.119 0.000 0.000
Vulnerable 0.009 0.003 0.002 0.124 0.003 0.030 0.211 0.048 0.016
o, W34 24
-5 349 49 =g Juan-Delmas 5(2015)0] A|AIS [444] 2018 & &3ATt 3
GAe wel Aol F ouA ABAEE Brdol, f55F 8 el BE AP ol
B AL £33 2 w4 TANA AT A, RES BA, Aok B0 e of
A AERE dw A8 swoz [® 75l AAHE vt 2o AgaATt §4 5%
2 Qe BRd HAEHE A B¢ A2HoA HEd s msgion, TA9 9
UA JIEAE FE2 F&ste wl-gF = ZolE 100, 300, 500 km=E 3t A& F
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ATt

EC=12.7[k Wh/m® « km] « NI "% « RW « LN 4120
where,
the electricity consumption (E£C)
the length of the network (LN; km)
the registered water (RW; m®)
the number of inhabitants (V)
£ 75 wl-mg Al A, BE E O FHGS =40 oA QARIAH
Items Unit Energy IntensitylkWh/m3/km] | Registered waterfm3] | Number of inhabitants]person] Length [km]
Robust 12.7 - - 100
Normal 12.7 - - 300
Vulnerable 12.7 - - 500

il §5 ALS

’

5 A8 A g5 M, HAAFE A, 28T, Y WL A4S LS AE A
2 Agaie A AR @ [E 461004 AR e g,

H}. &3] 2
el 2594 F 52014 AN 71E BAE A 1A, g7, B4 LA, 2

3, Aol B MBR AR AR oW JA-AES Ve FA @2 [& 76l YE
o omkel AT sheexlE] Al AT =4, E%«l /\l Feket EAel HEH= A

A=A lﬂsl e [E 771 UERG uisl o] Zh7h o AlE9jZ: Zolzk Ak AlELo|Z= 7k
= A&33th
¥ 76. kA AlF FAE AU A JA"FAE Zls A
. Secondary treatment .
Primary - — — Tertiary
Activated Oxidation Trickling
treatment Lagoon sl ditch filter MBR treatment
Zorgr 0.022 0.222 0.285 0.750 0.190 0.850 0.415
ot 0.071 0.222 0.335 0.767 0.192 0.816 0.578
AR 5 0.010 - 0.062 0.302 0.019 0.395 0.033
AR 4 0.153 - 0.496 1.250 0.291 1.220 0.522
24t 0.010 0.190 0.003 0.302 0.002 0.330 0.003
B 0.235 0.253 1.095 1.250 0.480 1.445 5.390
HE4 13 2 18 3 14 5 26
77 5HE A 27, BE 9 ok SA0] oux ARAE
Tertiary
e Secondary treatment s e 4
treatment Activated Oxidation Trickling
Lagoon sludge ditch filter MBR
Robust 0.010 0.206 0.062 0.302 0.019 0.395 0.033
Normal 0.022 0.222 0.285 0.750 0.190 0.850 0.415
Vulnerable 0.153 0.238 0.496 1.250 0.291 1.220 0.522
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5.601 kWh/m?

RCE

Residential & Commercial water use - Total energy use
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281 B4 B4# Azd W5 WS BE BoUA ASF L EE #Y

SHHoR BA BEH AxY U WMEEY WFe BE E ASHE
AESE, FErE, A ASFWI U ASHE oA AW, Telw o] ge
Qe

e oA ARAE(E AHEFHF WA A-MAE, f55F oldA ARAE, 2 A
S5 UA ARAEDS] MstE BASATE oo ATANE BA Bad A2E
E&A FHEL BAE 8 F AEFF U dMAEE F2 olgdon #
A FAME F ALFF U AdAE Y] dHe wste, BEHY &L HIE 9
@ OE 219 A JWAEE mefstgeh ol whel W) WEel g 23 oy
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9P Wrst 29 B WFEE Wrold £ Utk AT, AU N 9N 9P Wl
®, LPCDS} F4-8¢ €9a g Wew ERAT =4 OMXI ARAE cizde 95 o
F Asolns LTS Wiol/E an

R e W 953 5
ol L 50rY | 250HY  500HY AEIY S
LPCD 250 vPas Hey
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Total Energy Use [107 wh]

Total Energy Use [10% kWwh]

500

200

108

(=]

Total water use - Total energy use

50 100 150
Tota! Water Use [10° m7]

250

@ P5-GRO.1-WLD.1
® F5-GRO.1-WLO.3
® P5-GRO.1-WL0.5
P5-GRO.5-WL0.1
® P3-GRO.5-WL0.3
® P5-GRO.5-WLDS
® P5-GRO.9-WLD.1
® P5-GRO.S-WLO0.3
® P5-GRO.9-WL0.5
® F25-GRO.I-WLD.1
@ P25-GRO.1-WLE.3
® P25-GRO.1-WLD.S
» P25-GRO.5-WLD.1
o P25-GRO.5-WLD.3
o P25-GRO.5-WLD.5
P25-GRO.S-WLD.1
e P25-GRO.9-WLD.3
o P25-GRG.9-WID.5
o P50-GRO.1-WLD.1
» P50-GRO.1-WLD.3
» P50-GRO.1-WLD.5
® P50-GROS-WLE.L
@ P50-GRO.5-WLD3
» P50-GRD.5-WLOD.S
® P50-GRO.9-WLD.1
P50-GRO.9-WLE.3
P50-GRO.3-WLD.S

99 77 BE =4 4404 W5 WEel 42 3 A85ET oA AL #A

500

200

100

[=]

Revenue water - Total energy use

[ 2

=
=)
b
=]

Total Water Use [10° m7]
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© P5-GRO.1-WLD.1
® P5-GRO.1-WLO.3
o P5-GRO.1-WLE.S
P5-GRD.5-WLD1
® P5-GRD.5-WL0.3
® P5-GRO.5-WLD5
® P5-GRO.9-WLD.1
® P5-GRO.8-WL0.3
® P5-GRO.9-WLD.5
® F25-GRO.1-WLD1
& F25-GRI.1-WLE.3
& P25-GRO.1-WLD.S
» P25-GRO.5-WLD.1
o P25-GRO.S-WLD.3
o F25-GRD.5-WLD.5
P25-GRO.S-WLD.1
e P25-GRO.9-WLO:3
o P25-GRO.S-WLOS
» P50-GRO.1-WLD.1
» P50-GRO.1-WLD.3
» P50-GRO.1-WLD.5
» P50-GROS-WLD.1
@ PS0-GRO.5-WLD3
» P50-GRO.5-WLD.S
® P50-GRO.9-WLO:1
P50-GRO.S-WLD3
P50-GRO.S-WLD.S
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Total Energy Use [107 wh]
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Residential & Commercial water use - Total energy use
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=
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S
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60 BO 100
Tota! Water Use [10° m7]

Total water use - Total energy use

]
: ]
: g
(]
[ ]
[ ] . ]
I *
g8 f
50 100 150 200
==

® P5-GRO.1-WLD.1
®P5-GRD.1-WL0.3
o P5-GRO.1-WLO.S
P5-GRD.5-WLD.1
® P5-GRO.5-WL0.3
# P5-GRO.5-WLD S
® P5-GRO.9-WLO.1
© P5-GRO.9-WL03
® P5-GRO.9-WLO5
® P25-GRO.T-WLO
®P25-GRO.1-WLG.3
® P25-GRO.1-WLO.S
® P25-GRO.5-WLO.1
o P25-GRO.5-WLD.3
o P25-GRO.5-WLD.5
P25-GRO.S-WLO.1
» P25-GRO.9-WLO.3
» P25-GRO.G-WLES
® P50-GRO.1-WLO.1
® P50-GRO.1-WLD.3
® P50-GRO.1-WLD.5
# P50-GRO.5-WLO.L
® P50-GRO.5-WLO3
® P50-GRO.5-WLO.5
o PS0-GRO:3-WLD/1
120 PS0-GRO.9-WLE 3
P50-GRO.S-WLO.S

M5 WEe oE A ASSE U AL B

e \Vuinerabie case
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a9 82. A oA JIFAE oo mE A AL

Revenue water - Total energy use
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a9 8l =4 oA JIFAY e mE Feadd duA AT B

RC use - Total energy use
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8l. =4 &% A=

e HE Aug el E-duA AT 3 528

EI svgﬁ’;‘ecg Population V\llcz;x;gr Scenario - a'{eortalll . e?lgfgy RW RC uv;gter irEl:tne(;rsgii’y ir}itrz;rsgi%,y irlff(r:eenrégi}(ly
(GW ratio) use with RW with RC
1 Julnerab- o 1 5 0.1 V-P5-GRO.1-WLO0.1 13.7363 66.4136 12.3626 12.5 4.835 5.372 5.313
2 0.3 V-P5-GRO.1-WL0.3 17.1233 70.3158 11.9863 12.5 4.106 5.866 5.625
3 0.5 V-P5-GRO.1-WL0.5 22.7273 76.7722 11.3636 12.5 3.378 6.756 6.142
4 25 0.1 V-P25-GRO.1-WL0.1 68.6813 332.068 61.8132 62.5 4.835 5.372 5313
5 0.3 V-P25-GRO.1-WL0.3 85.6164 351.579 59.9315 62.5 4.106 5.866 5.625
6 0.5 V-P25-GRO.1-WL0.5 113.636 383.861 56.8182 62.5 3.378 6.756 6.142
7 50 0.1 V-P50-GRO.1-WLO.1 137.363 664.136 123.626 125 4.835 5.372 5.313
8 0.3 V-P50-GRO.1-WL0.3 171.233 703.158 119.863 125 4.106 5.866 5.625
9 0.5 V-P50-GRO.1-WL0.5 227.273 767.722 113.636 125 3.378 6.756 6.142
10 05 5 0.1 V-P5-GRO.5-WLO0.1 13.7363 67.073 12.3626 12.5 4.883 5.425 5.366
11 0.3 V-P5-GRO.5-WL0.3 17.1233 71.1378 11.9863 12.5 4.154 5.935 5.691
12 0.5 V-P5-GRO.5-WL0.5 22.7273 77.8631 11.3636 12.5 3.426 6.852 6.229
13 25 0.1 V-P25-GRO.5-WLO0.1 68.6813 335.365 61.8132 62.5 4.883 5.425 5.366
14 0.3 V-P25-GRO.5-WL0.3 85.6164 355.689 59.9315 62.5 4.154 5.935 5.691
15 0.5 V-P25-GRO.5-WL0.5 113.636 389.315 56.8182 62.5 3.426 6.852 6.229
16 50 0.1 V-P50-GRO.5-WL0.1 137.363 670.73 123.626 125 4.883 5.425 5.366
17 0.3 V-P50-GRO.5-WL0.3 171.233 711.378 119.863 125 4.154 5.935 5.691
18 0.5 V-P50-GRO.5-WL0.5 227.273 778.631 113.636 125 3.426 6.852 6.229
19 0.9 5 0.1 V-P5-GR0.9-WLO0.1 13.7363 67.7323 12.3626 12.5 4.931 5.479 5.419
20 0.3 V-P5-GR0.9-WL0.3 17.1233 71.9597 11.9863 12.5 4.202 6.003 5.757
21 05 V-P5-GR0.9-WL0.5 22.7273 78.954 11.3636 12.5 3.474 6.948 6.316
22 25 0.1 V-P25-GR0.9-WLO0.1 68.6813 338.662 61.8132 62.5 4.931 5.479 5.419
23 0.3 V-P25-GR0.9-WL0.3 85.6164 359.798 59.9315 62.5 4.202 6.003 5.757
24 0.5 V-P25-GR0.9-WL0.5 113.636 394.77 56.8182 62.5 3.474 6.948 6.316
25 50 0.1 V-P50-GR0.9-WLO0.1 137.363 677.323 123.626 125 4.931 5.479 5419
26 0.3 V-P50-GR0.9-WL0.3 171.233 719.597 119.863 125 4.202 6.003 5.757
27 0.5 V-P50-GR0.9-WL0.5 227.273 789.54 113.636 125 3.474 6.948 6.316
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EI svgﬁtr%l;e Population V\llgégr Scenario 7 a'{galll o e?lce)trzly RW RC uv;gter ig&‘;rgty iggfggy ir?’?efs%?y
(GW ratio) use Y | with RW with RC
28 Normal 0.1 5 0.1 N-P5-GR0O.1-WLO.1 13.7363 57.6175 12.3626 12.5 4.195 4.661 4.609
29 0.3 N-P5-GR0O.1-WLO0.3 17.1233 60.3749 11.9863 12.5 3.526 5.037 4.830
30 0.5 N-P5-GR0O.1-WLO0.5 22.7273 64.9371 11.3636 12.5 2.857 5.714 5.195
31 25 0.1 N-P25-GR0.1-WL0.1 68.6813 288.088 61.8132 62.5 4.195 4.661 4.609
32 0.3 N-P25-GR0.1-WL0.3 85.6164 301.874 59.9315 62.5 3.526 5.037 4.830
33 0.5 N-P25-GR0.1-WL0.5 113.636 324.685 56.8182 62.5 2.857 5.714 5.195
34 50 0.1 N-P50-GR0.1-WL0.1 137.363 576.175 123.626 125 4.195 4.661 4.609
35 0.3 N-P50-GR0.1-WL0.3 171.233 603.749 119.863 125 3.526 5.037 4.830
36 0.5 N-P50-GR0.1-WL0.5 2277.273 649.371 113.636 125 2.857 5.714 5.195
37 0.5 5 0.1 N-P5-GR0.5-WLO.1 13.7363 58.2768 12.3626 12.5 4.243 4.714 4.662
38 0.3 N-P5-GR0.5-WLO0.3 17.1233 61.1968 11.9863 12.5 3.574 5.106 4.896
39 0.5 N-P5-GR0.5-WLO0.5 22.7273 66.028 11.3636 12.5 2.905 5.810 5.282
40 25 0.1 N-P25-GR0.5-WL0.1 68.6813 291.384 61.8132 62.5 4.243 4.714 4.662
41 0.3 N-P25-GR0.5-WL0.3 85.6164 305.984 59.9315 62.5 3.574 5.106 4.896
42 0.5 N-P25-GR0.5-WL0.5 113.636 330.14 56.8182 62.5 2.905 5.810 5.282
43 50 0.1 N-P50-GR0.5-WL0.1 137.363 582.768 123.626 125 4.243 4.714 4.662
44 0.3 N-P50-GR0.5-WL0.3 171.233 611.968 119.863 125 3.574 5.106 4.896
45 0.5 N-P50-GR0.5-WL0.5 227.273 660.28 113.636 125 2.905 5.810 5.282
46 0.9 5 0.1 N-P5-GR0.9-WLO.1 13.7363 58.9362 12.3626 12.5 4.291 4.767 4.715
47 0.3 N-P5-GR0.9-WLO0.3 17.1233 62.0187 11.9863 12.5 3.622 5.174 4.961
48 0.5 N-P5-GR0.9-WLO0.5 22.7273 67.1189 11.3636 12.5 2.953 5.906 5.370
49 25 0.1 N-P25-GR0.9-WL0.1 68.6813 294.681 61.8132 62.5 4.291 4.767 4.715
50 0.3 N-P25-GR0.9-WL0.3 85.6164 310.094 59.9315 62.5 3.622 5.174 4.962
51 0.5 N-P25-GR0.9-WL0.5 113.636 335.595 56.8182 62.5 2.953 5.906 5.370
52 50 0.1 N-P50-GR0.9-WL0.1 137.363 589.362 123.626 125 4.291 4.767 4.715
53 0.3 N-P50-GR0.9-WL0.3 171.233 620.187 119.863 125 3.622 5.174 4.961
54 0.5 N-P50-GR0.9-WL0.5 227.2773 671.189 113.636 125 2.953 5.906 5.370
55 Robust 0.1 5 0.1 R-P5-GR0O.1-WLO.1 13.7363 53.1001 12.3626 12.5 3.866 4.295 4.248
56 0.3 R-P5-GR0.1-WL0.3 17.1233 55.2478 11.9863 12.5 3.226 4.609 4.420
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EI svgﬁtr%l;e Population V\llgégr Scenario 7 a'{galll o e?lce)trzly RW RC uv;gter ig&‘;rgty iggfggy ir?’?efs%?y
(GW ratio) use Y | with RW with RC
57 0.5 R-P5-GR0O.1-WL0.5 22.7273 58.8013 11.3636 12.5 2.587 5.175 4.704
58 25 0.1 R-P25-GR0.1-WL0.1 68.6813 265.501 61.8132 62.5 3.866 4.295 4.248
59 0.3 R-P25-GR0.1-WL0.3 85.6164 276.239 59.9315 62.5 3.226 4.609 4.420
60 0.5 R-P25-GR0.1-WL0.5 113.636 294.007 56.8182 62.5 2.587 5.175 4.704
61 50 0.1 R-P50-GR0.1-WL0.1 137.363 531.001 123.626 125 3.866 4.295 4.248
62 0.3 R-P50-GR0.1-WL0.3 171.233 552.478 119.863 125 3.226 4.609 4.420
63 0.5 R-P50-GR0.1-WLO0.5 2277.273 588.013 113.636 125 2.587 5.175 4.704
64 0.5 5 0.1 R-P5-GR0.5-WLO.1 13.7363 53.7594 12.3626 12.5 3.914 4.349 4.301
65 0.3 R-P5-GR0.5-WL0.3 17.1233 56.0697 11.9863 12.5 3.274 4.678 4.486
66 0.5 R-P5-GR0.5-WL0.5 22.7273 59.8922 11.3636 12.5 2.635 5.271 4.791
67 25 0.1 R-P25-GR0.5-WL0.1 68.6813 268.797 61.8132 62.5 3.914 4.349 4.301
68 0.3 R-P25-GR0.5-WL0.3 85.6164 280.349 59.9315 62.5 3.274 4.678 4.486
69 0.5 R-P25-GR0.5-WL0.5 113.636 299.461 56.8182 62.5 2.635 5.271 4.791
70 50 0.1 R-P50-GR0.5-WL0.1 137.363 537.594 123.626 125 3.914 4.349 4.301
71 0.3 R-P50-GR0.5-WL0.3 171.233 560.697 119.863 125 3.274 4.678 4.486
72 0.5 R-P50-GR0O.5-WL0.5 22'7.2'73 598.922 113.636 125 2.635 5.271 4.791
73 0.9 5 0.1 R-P5-GR0.9-WLO.1 13.7363 54.4188 12.3626 12.5 3.962 4.402 4.354
74 0.3 R-P5-GR0.9-WLO0.3 17.1233 56.8917 11.9863 12.5 3.322 4.746 4.551
75 0.5 R-P5-GR0.9-WL0.5 22.7273 60.9831 11.3636 12.5 2.683 5.367 4.879
76 25 0.1 R-P25-GR0.9-WL0.1 68.6813 272.094 61.8132 62.5 3.962 4.402 4.354
77 0.3 R-P25-GR0.9-WL0.3 85.6164 284.458 59.9315 62.5 3.322 4.746 4.551
78 0.5 R-P25-GR0.9-WL0.5 113.636 304.916 56.8182 62.5 2.683 5.367 4.879
79 50 0.1 R-P50-GR0.9-WL0.1 137.363 544,188 123.626 125 3.962 4.402 4.354
80 0.3 R-P50-GR0.9-WL0.3 171.233 568.917 119.863 125 3.322 4.746 4.551
81 0.5 R-P50-GR0.9-WLO0.5 2277.273 609.831 113.636 125 2.683 5.367 4.879
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Water Energy | Energy
El source | Populat | Water 5:,:211“ e};zt*al RW wlia{ger Elrtl:;ii intensit | intensit
GW ion loss i o egy — y with y with
ratio) y RW RC
Normal 0.5 5 0.3 17.1233 | 61.1968 | 11.9863 12.5 3.574 5.106 4.896
Normal 0.5 25 0.3 85.6164 | 305.984 | 59.9315 62.5 3.574 5.106 4.896
Normal 0.5 50 0.3 171.233 | 611.968 | 119.863 125 3.574 5.106 4.896
Total water use - Total energy use
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o | soumce | popua | water | ol | ol || (RG] Brerey | inlensh | mienst

ratio) e e TR y RW RC
Normal 0.1 5 0.3 17.1233 | 60.3749 | 11.9863 12.5 3.526 5.037 4.830
Normal 0.1 25 0.3 85.6164 | 301.874 | 59.9315 62.5 3.526 5.037 4.830
Normal 0.1 50 0.3 171.233 | 603.749 | 119.863 125 3.526 5.037 4.830
Normal 0.5 5 0.3 17.1233 | 61.1968 | 11.9863 12.5 3.574 5.106 4.896
Normal 0.5 25 0.3 85.6164 | 305.984 | 59.9315 62.5 3.574 5.106 4.896
Normal 0.5 50 0.3 171.233 | 611.968 | 119.863 125 3.574 5.106 4.896
Normal 0.9 5 0.3 17.1233 | 62.0187 | 11.9863 12.5 3.622 5.174 4.961
Normal 0.9 25 0.3 85.6164 | 310.094 | 59.9315 62.5 3.622 5.174 4.962
Normal 0.9 50 0.3 171.233 | 620.187 | 119.863 125 3.622 5.174 4.961
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Residential & Commercial water use - Total energy use
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84 =4 oA JA"IAE oA Wiz mE & YA AEHF H 58

External City
impact status
Energy | Energy
Water Total Total RC Energy | AN s 4
EI source(GW Pct)ip 1:113 V\llater water | energy RW water | intensi ,:ntsvliltsﬁ ,:ntsvlilf}ll
ratio) @ oS3 use use use ty y ¥y
RW RC
Vulner 17.123 | 71.137 | 11.986
Yl 05 5 0.3 : ] ! 12.5 4154 | 5935 | 5691
Vulner 85616 | 355.68 | 59.931
yuls 05 25 03 e 3 2 62.5 4154 | 5935 | 5691
Vulner 171.23 | 711.37 | 119.86
Yulr 05 50 03 : ] : 125 4154 | 5935 | 5691
Norma | ¢ 5 5 03 17:123 1 01.196 | 11.986 | 155 3574 | 5.106 | 4.896
Norma | ¢ 5 25 03 856161 305.98 | 29931 | gp5 | 3574 | 5.106 | 4.896
Norma | ¢ 5 50 03 371231 611.96 | 119.86 | 155 3574 | 5.106 | 4.896
Robust | 0.5 5 03 17:123 1 56.069 | 11.986 | 155 3274 | 4678 | 4.486
Robust | 0.5 25 03 85.616 ) 280.34 1 29.931 | 65 5 3274 | 4678 | 4.486
Robust | 0.5 50 03 171.23 1 560.69 | 119.86 1 195 3274 | 4678 | 4.486
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EA A JA-AIEZE BE, Aske FHa HlEo] 05010 Agol AdTER &40
0.1, 03, 0.52 MEd W F dUA AHEF, T A&FF, T @, &4 AHeF
A JARIAE, SEded oA JIRIAE, A AHEFT ol|A] IRIAE ] W
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JATF7F AT A9 EEHo] 71 et F ASFHH F dyA ASHS FUts)
Atk 177 259k o] A9 E&Aol 0.1, 0.3, 058 Z713H wel = ALSFEHL 68.7
Mm?®, 85.6 Mm?, 113.6 Mm’e.&2 Z7}slgth =3t o= QA=IAEle] A9 4.243 kWh/m®,
3.574 kWh/m?®, 2.905 kWh/m’Z ZA&3sdth G453 3¢ E&4d0] Z7istas ozt
o] Zrart st on, oA AdAEE Wl E 4.714 kWh/m®, 5.106 kWh/m?, 5.810
kWhim*2 718ttt AAbe 3o 45 S84 Aago] Abg#dd WEe fen,
AALEF oA QJHAE S {F55F duA] AHAE} o] E&io] Z7stHA

4.662 kWh/m®, 4.896 kWh/m®, 5.282 kWh/m*2 Z7}3}9]th.

5 T AETEFT dUA AdRAE BN =Edd ©E HES duRY &4
S7hste A&l FAQd BHAA TR, E8FA FHEAMIL Fadte BE
£ BAFIh ol mEt EA 58 A2HE F AETH E oA JARIAESY #
HollM e A5, Free S7iol wel Alzde] AdEE A 22 HAEAT} 9
AAZAANA B 4 9t old mE A Ewd A2ES E4ste de 5 AR
Tl 7INke F oUA JHAEE E45= A2 EAEE SE4do] A7t A,
SAA EEAY HEo] e Arole AFSA dv AR ATGHUT

$eaad 557 U AAAE BUIA 2L WE BE WS FHQ =1
oA obzhel Zrash E&HY SWCIA FHE BAT 5 AUt

Energy | Energy

BU | sourca(ow | Popula | Water | (03 | oGy | RW | water | inteng) | intenst | intensi
ratio) use use use ty RW RC

Normal 0.5 5 0.1 13.7363 | 58.2768 | 12.3626 | 12.5 4.243 4.714 4.662
Normal 0.5 5 0.3 17.1233 | 61.1968 | 11.9863 | 12.5 3.574 5.106 4.896
Normal 0.5 5 0.5 22.7273 | 66.028 11.3636 | 12.5 2.905 5.810 5.282
Normal 0.5 25 0.1 68.6813 | 291.384 | 61.8132 | 62.5 4.243 4.714 4.662
Normal 0.5 25 0.3 85.6164 | 305.984 | 59.9315 | 62.5 3.574 5.106 4.896
Normal 0.5 25 0.5 113.636 | 330.14 56.8182 | 62.5 2.905 5.810 5.282
Normal 0.5 50 0.1 137.363 | 582.768 | 123.626 | 125 4.243 4.714 4.662
Normal 0.5 50 0.3 171.233 | 611.968 | 119.863 | 125 3.574 5.106 4.896
Normal 0.5 50 0.5 227.273 | 660.28 | 113.636 | 125 2.905 5.810 5.282
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Residential & Commercial water use - Total energy use
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Poor 3.574 ~ 4,154 5.106 ~ 5.935 4.896 ~ 5.691
Bad 4.154 ~ 5.935 ~ 5.691~
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Total Energy Use [107 kWh]
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® 90. Ay o WE T &FAEE, FTTE, A AREE B YA AR F
Entern
EI Popu | al efficten Scenari | Reousrc 0 1 2 3 4 5 6 7 8 9 10
ce &y

TWS | 17.1233 | 18.0864 | 19.1085 | 20.1945 | 21.3498 | 22.5803 | 23.892/ | 252946 | 26.7942 | 28.4012 | 30.1261
1 agerav | V-P1-11 | _RW | 11.9863 | 12.2987 | 12.6116 | 12.9245 | 13.2369 | 135482 | 13.8578 | 14.165 | 14.4689 | 14.7686 | 15063
ation -01 [ RCWU 125 | 12.8775 | 13.2613 | 13.6515 | 14.0482 | 14.4514 | 14.8613 | 152779 | 157014 | 16.1319 | 16.5693
] TEU | 71.1378 | 74.2348 | 77.4529 | 80.7987 | 84.2798 | 87.9042 | 91.6812 | 956206 | 99.7336 | 104.033 | 108.532
TWS | 17.1233 | 17.2945 | 17.4675 | 17.6421 | 17.8186 | 17.9967 | 18.1767 | 18.3585 | 18.5421 | 18.7275 | 18.9148
) No | maintai | v-P1-11 [ RW | 11.0863 | 12.1062 | 12.2272 | 12349 | 12473 | 12.6077 | 12.7237 | 12.8509 | 12.9794 | 13.1092 | 13.2403
n -02 [ RCWU 12.5 12.625 | 12.7513 | 12.8788 | 13.0076 | 13.1376 | 13.269 | 13.4017 | 13.5357 | 13.6711 | 13.8078
] TEU | 71.1378 | 71.8491 | 72.5676 | 73.2933 | 74.0262 | 74.7665 | 755142 | 76.2693 | 77.032 | 77.8023 | 78.5803
TWS | 17.1233 | 165408 | 159807 | 154414 | 149214 | 144193 | 13.934 | 13.4643 | 13.0091 | 12.5676 | 12.1387
; improv | V-p1-I1 | RW | 11.9863 | 11.9094 | 11.8257 | 11.7354 | 11.6387 | 11.5855 | 114259 | 11.31 | 11.1879 | 11.0595 | 10.9248
ement | -03 [ RCWU 125 | 12.3725 | 12.2412 | 12.106 | 11.9669 | 11.8239 | 11.6767 | 115255 | 11.37 | 11.2103 | 11.0462
] 5 TEU | 71.1378 | 69.5254 | 67.933 | 66.3587 | 64.8009 | 63.2581 | 61.7288 | 60.212 | 58.7065 | 57.2112 | 55.7253
TWS | 17.1233 | 18.8027 | 20.652 | 22.6901 | 24.9382 | 27.4201 | 30.1629 | 33.1973 | 36.5582 | 40.2854 | 44.4244
A agerav | V-P1-12 | RW | 11.9863 | 12.7858 | 13.6303 | 145217 | 154617 | 16.4521 | 17.4945 | 18.5905 | 19.7414 | 20.9484 | 22.2122
ation -01 [ RCWU 125 | 13.3875 | 14.3325 | 153385 | 16.4093 | 17.5489 | 18.7613 | 20.0512 | 21.4231 | 22.8821 | 24.4334
] TEU | 71.1378 | 77.2312 | 83.8331 | 132.475 | 144.342 | 157.292 | 202.043 | 220.559 | 240.853 | 263.119 | 287.576
TWS | 17.1233 | 17.9795 | 18.8784 | 19.8223 | 20.8135 | 21.8541 | 22.9468 | 24.0942 | 252989 | 26.5638 | 27.892
s | vulnerab ves | maintai | V-P1-I1 |__RW | 11.0863 | 12.5856 | 132149 | 13.8756 | 14.5694 | 152979 | 16.0628 | 16.8659 | 17.7002 | 18.5047 | 19.544
s n 02 [ RCWU 12.5 13.125 | 13.7813 | 14.4703 | 15.1938 | 159535 | 16.7512 | 17.5888 | 18.4682 | 19.3916 | 20.3612
] TEU | 71.1378 | 74.7486 | 78.5426 | 118.772 | 124.773 | 131.078 | 160.987 | 169.094 | 177.609 | 186.554 | 195.948
TWS | 17.1233 | 17.1959 | 17.2715 | 17.3496 | 17.4293 | 1751 | 17.5908 | 17.6709 | 17.7498 | 17.8264 | 17.8999
6 improv | V-P1-I1 | RW | 11.9863 | 12.381 | 12.7809 | 13.1857 | 13.5949 | 14.008 | 14.4244 | 14.8436 | 152648 | 156872 | 16.1099
ement | -03 [ RCWU 125 | 12.8625 | 13.23 | 13.6021 | 13.9783 | 14.3582 | 14.7411 | 151263 | 155133 | 159011 | 16.2889
] TEU | 71.1378 | 72.3305 | 73.524 | 106.437 | 107.769 | 109.095 | 128.259 | 129.626 | 130.97 | 132.284 | 133.561
TWS | 856164 | 90.4319 | 955425 | 100.973 | 106.749 | 112.901 | 119.464 | 126.473 | 133971 | 142.006 | 150.63
; agerav | V-P2-11 | _RW | 59.9315 | 614937 | 63.0581 | 64.6224 | 66.1843 | 67.7409 | 69.2889 | 70.8248 | 72.3444 | 73.843 | 75.3151
ation -01 [ RCWU | 625 | 64.3875 | 66.3065 | 68.2574 | 70.2408 | 72.2569 | 74.3064 | 76.3896 | 78.5071 | 80.6593 | 82.8467
] TEU | 355.689 | 371.174 | 387.064 | 403.994 | 421.399 | 439.521 | 458.406 | 478.103 | 498.668 | 520.163 | 542.658
TWS | 856164 | 86.4726 | 87.3373 | 88.2107 | 89.0928 | 89.9837 | 90.8836 | 91.7924 | 92.7103 | 93.6374 | 94.5738
o maintai | V-P2-11 | _RW | 59.9315 | 60.5308 | 61.1361 | 61.7475 | 62.365 | 62.9886 | 63.6185 | 64.2547 | 64.8972 | 65.5462 | 66.2017
25 No n -02 | RCWU | 625 | 63.125 | 63.7563 | 64.3938 | 65.0378 | 656881 | 66.345 | 67.0085 | 67.6786 | 68.3553 | 69.0389
] TEU | 355.689 | 359.246 | 362.838 | 366.466 | 370.131 | 373.832 | 377.571 | 381.346 | 385.16 | 389.012 | 392.902
TWS | 85.6164 | 82.7039 | 79.9034 | 77.2069 | 74.6069 | 72.0967 | 69.6702 | 67.3216 | 650457 | 62.8379 | 60.6935
. RW | 59.9315 | 505468 | 59.1285 | 58.6772 | 58.1934 | 57.6774 | 57.1295 | 56.5501 | 559393 | 552973 | 54.6242
9 improv. | V-F2-11 ™ pewu 62.5 | 61.8625 | 61.206 | 60.5302 | 59.8347 | 59.1193 | 58.3836 | 57.6273 | 56.85 | 56.0514 | 55.2311
TEU | 355.689 | 347.627 | 339.665 | 331.794 | 324.005 | 31629 | 308.644 | 301.06 | 293.532 | 286.056 | 278.627
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Entern

O&M

EI Popul 1. al | efficien Scega“ Reousre 0 1 2 3 4 5 6 7 8 9 10
ce cy

TWS | 85.6164 | 940134 | 103.26 | 113.451 | 124.691 | 137.101 | 150.815 | 165.987 | 182.791 | 201.427 | 222.122
o aggrav | V-P2-12 |__RW 59.9315 | 63.9291 | 68.1517 | 72.6084 | 77.3084 | 82.2603 | 87.4725 | 92.9525 | 98.7071 | 104.742 | 111.061
ation -01 RCWU 625 | 66.9375 | 71.6625 | 76.6927 | 82.0467 | 87.7444 | 93.8067 | 100.256 | 107.116 | 114.41 | 122.167
| TEU | 355689 | 386.156 | 419.166 | 662.373 | 721.708 | 786.459 | 101022 | 1102.79 | 1204.26 | 131559 | 1437.88
TWS | 85.6164 | 89.8973 | 94.3921 | 99.1117 | 104.067 | 109.271 | 114.734 | 120471 | 126.494 | 132.819 | 139.46
. ves | maintai | v-P2-11 [_RW 59.9315 | 62.9281 | 66.0745 | 69.3782 | 72.8471 | 76.4895 | 80.314 | 84.3297 | 88.5461 | 92.9734 | 97.6221
n -02 RCWU 62.5 65.625 | 68.9063 | 72.3516 | 759691 | 79.7676 | 83.756 | 87.9438 | 92.341 | 96.958 | 101.806
| TEU | 355.689 | 373.743 | 392.713 | 593.862 | 623.867 | 655389 | 804.935 | 84547 | 888.047 | 932.769 | 979.742
TWS | 85.6164 | 859793 | 86.3577 | 86.7481 | 87.1467 | 87.5498 | 87.9538 | 88.3547 | 88.7488 | 89.1318 | 89.4997
b improv | V-P2-11 | __RW 59.9315 | 61.9051 | 63.9047 | 65.9285 | 67.9744 | 70.0398 | 72.1221 | 74.218 | 76.3239 | 78.436 | 80.5497
ement -03 RCWU 625 | 643125 | 66.15 | 68.0105 | 69.8916 | 71.7908 | 73.7053 | 75.6317 | 77.5664 | 79.5056 | 81.4447
| TEU | 355689 | 361.652 | 367.62 | 532.187 | 538.847 | 545473 | 641.295 | 648.132 | 654.851 | 661.419 | 667.803
TWS | 171.233 | 180.864 | 191.085 | 201.945 | 213.498 | 225.803 | 238.927 | 252.946 | 267.942 | 284.012 | 301.261
" aggrav | V-P3-11 | __RW 119.863 | 122.987 | 126.116 | 129.245 | 132.369 | 135482 | 138.578 | 141.65 | 144.689 | 147.686 | 150.63
ation -01 RCWU 125 128.775 | 132.613 | 136,515 | 140482 | 144514 | 148.613 | 152.779 | 157.014 | 161.319 | 165.693
TEU | 711.378 | 742.348 | 774.529 | 807.987 | 842.798 | 879.042 | 916.812 | 956.206 | 997.336 | 104033 | 108532
] TWS | 171.233 | 172.945 | 174.675 | 176.421 | 178.186 | 179.967 | 181.767 | 183.585 | 185421 | 187.275 | 189.148
14 No | maintai | v-P3-11 [ _RW 119.863 | 121.062 | 122.272 | 123.495 | 124.73 | 125977 | 127.237 | 128,509 | 129.794 | 131.092 | 132.403
n -02 RCWU 125 126.25 | 127513 | 128.788 | 130.076 | 131.376 | 132.69 | 134.017 | 135357 | 136.711 | 138.078
TEU | 711.378 | 718.491 | 725.676 | 732.933 | 740.262 | 747.665 | 755.142 | 762.693 | 77032 | 778.023 | 785.803
] TWS | 171.233 | 165408 | 159.807 | 154.414 | 149.214 | 144.193 | 139.34 | 134.643 | 130.091 | 125.676 | 121.387
" improv | V-P3-11 |__RW 119.863 | 119.094 | 118.257 | 117.354 | 116.387 | 115355 | 114259 | 1131 | 111.879 | 110.595 | 109.248
ement -03 RCWU 125 123.725 | 122.412 | 121.06 | 119.669 | 118.239 | 116.767 | 115255 | 113.7 | 112.103 | 110.462
] 5 TEU | 711.378 | 695.254 | 679.33 | 663.587 | 648.009 | 632.581 | 617.289 | 602.12 | 587.065 | 572.112 | 557.253
TWS | 171.233 | 188.027 | 20652 | 226.901 | 249.382 | 274.201 | 301.629 | 331.973 | 365.582 | 402.854 | 444.244
" agarav | V-P3-12 | _RW 119.863 | 127.858 | 136.303 | 145217 | 154.617 | 164.521 | 174.945 | 185905 | 197.414 | 209.484 | 222.122
ation -01 RCWU 125 133.875 | 143.325 | 153.385 | 164.093 | 175.489 | 187.613 | 200512 | 214.231 | 228.821 | 244.334
TEU | 711.378 | 772.312 | 838.331 | 1324.75 | 1443.42 | 1572.92 | 2020.43 | 220559 | 2408.53 | 2631.19 | 2875.76
] TWS | 171.233 | 179.795 | 188.784 | 198.223 | 208.135 | 218.541 | 229.468 | 240.942 | 252.989 | 265.638 | 278.92
o ves | maintai | V-P3-11 |_RW 119.863 | 125.856 | 132.149 | 138.756 | 145.694 | 152.979 | 160.628 | 168.659 | 177.092 | 185947 | 195244
n -02 RCWU 125 131.25 | 137.813 | 144.703 | 151.938 | 159.535 | 167.512 | 175.888 | 184.682 | 193.916 | 203.612
TEU | 711.378 | 747.486 | 785.426 | 1187.72 | 1247.73 | 1310.78 | 1609.87 | 1690.94 | 1776.09 | 186554 | 1959.48
] TWS | 171.233 | 171.959 | 172.715 | 173.496 | 174.293 | 1751 | 175.908 | 176.709 | 177.498 | 178.264 | 178.999
" improv | V-P3-11 |__RW 119.863 | 123.81 | 127.809 | 131.857 | 135949 | 140.08 | 144.244 | 148.436 | 152.648 | 156.872 | 161.099
ement -03 RCWU 125 128.625 | 132.3 | 136.021 | 139.783 | 143.582 | 147.411 | 151.263 | 155.133 | 159.011 | 162.889
TEU | 711.378 | 723.305 | 73524 | 106437 | 1077.69 | 1090.95 | 1282.59 | 1296.26 | 1309.7 | 1322.84 | 133561
19| Normal 5 No | asgrav | V-RLALY pws | 17.1233 | 18.0864 | 19.1085 | 20.1945 | 21.3498 | 22.5803 | 23.8927 | 25.2946 | 26.7942 | 28.4012 | 30.1261
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EI Popul 1. al | efficien Scega“ Reousre 0 1 2 3 4 5 6 7 8 9 10
ce cy

RW 11.9863 | 12.2987 | 12.6116 | 12.9245 | 13.2369 | 13.5482 | 13.8578 14.165 14.4689 | 14.7686 15.063
RCWU 12.5 12.8775 | 13.2613 | 13.6515 | 14.0482 | 14.4514 | 14.8613 | 15.2779 | 15.7014 | 16.1319 | 16.5693
] TEU 61.1968 | 63.8429 | 66.588 | 69.4371 | 72.3959 | 75.4704 | 78.6676 | 81.9947 | 85.4601 89.073 | 92.8436
TWS 17.1233 | 17.2945 | 17.4675 | 17.6421 | 17.8186 | 17.9967 | 18.1767 | 18.3585 | 18.5421 | 18.7275 | 18.9148
20 maintai | N-P1-I1 RW 11.9863 | 12.1062 | 12.2272 | 12.3495 12.473 12.5977 | 12.7237 | 12.8509 | 12.9794 | 13.1092 | 13.2403
n -02 RCWU 12.5 12.625 12.7513 | 12.8788 | 13.0076 | 13.1376 13.269 13.4017 | 13.5357 | 13.6711 | 13.8078
] TEU 61.1968 | 61.8088 | 62.4269 | 63.0511 | 63.6816 | 64.3185 | 64.9616 | 65.6113 | 66.2674 66.93 67.5993
TWS 17.1233 | 16.5408 | 15.9807 | 15.4414 | 14.9214 | 14.4193 13.934 13.4643 | 13.0091 | 12.5676 | 12.1387
o1 improv | N-P1-11 RW 11.9863 | 11.9094 | 11.8257 | 11.7354 | 11.6387 | 11.5355 | 11.4259 11.31 11.1879 | 11.0595 | 10.9248
ement -03 RCWU 12.5 12.3725 | 12.2412 12.106 11.9669 | 11.8239 | 11.6767 | 11.5255 11.37 11.2103 | 11.0462
] TEU 61.1968 | 59.8237 | 58.4642 | 57.1172 | 55.7813 | 54.4557 | 53.1394 | 51.8316 | 50.5316 | 49.2386 | 47.9522
TWS 17.1233 | 18.8027 | 20.652 | 22.6901 | 24.9382 | 27.4201 | 30.1629 | 33.1973 | 36.5582 | 40.2854 | 44.4244
2 aggrav | N-P1-12 RW 11.9863 | 12.7858 | 13.6303 | 14.5217 | 15.4617 | 16.4521 | 17.4945 | 18.5905 | 19.7414 | 20.9484 | 22.2122
ation -01 RCWU 12.5 13.3875 | 14.3325 | 15.3385 | 16.4093 | 17.5489 | 18.7613 | 20.0512 | 21.4231 | 22.8821 | 24.4334
] TEU 61.1968 | 66.4277 | 72.0906 | 119.709 130.46 142.193 | 173.115 | 188.919 | 206.228 | 225.205 | 246.033
TWS 17.1233 | 17.9795 | 18.8784 | 19.8223 | 20.8135 | 21.8541 | 22.9468 | 24.0942 | 25.2989 | 26.5638 | 27.892
23 Yes maintai | N-P1-I1 RW 11.9863 | 12.5856 | 13.2149 | 13.8756 | 14.5694 | 15.2979 | 16.0628 | 16.8659 | 17.7092 | 18.5947 | 19.5244
n -02 RCWU 12.5 13.125 13.7813 | 14.4703 | 15.1938 | 15.9535 | 16.7512 | 17.5888 | 18.4682 | 19.3916 | 20.3612
TEU 61.1968 | 64.3106 | 67.5827 | 107.265 112.69 118.39 138.156 | 145.122 | 152.438 | 160.124 | 168.197
T TWS 17.1233 | 17.1959 | 17.2715 | 17.3496 | 17.4293 17.51 17.5908 | 17.6709 | 17.7498 | 17.8264 | 17.8999
" improv | N-P1-11 RW 11.9863 12.381 12.7809 | 13.1857 | 13.5949 14.008 14.4244 | 14.8436 | 15.2648 | 15.6872 | 16.1099
ement -03 RCWU 12.5 12.8625 13.23 13.6021 | 13.9783 | 14.3582 | 14.7411 | 15.1263 | 15.5133 | 15.9011 | 16.2889
] TEU 61.1968 | 62.2445 | 63.2904 | 96.0538 | 97.2339 | 98.4055 | 110.126 | 111.305 | 112.461 | 113.588 | 114.681
TWS 85.6164 | 90.4319 | 95.5425 | 100.973 | 106.749 | 112.901 | 119.464 | 126.473 | 133.971 | 142.006 150.63
” aggrav | N-pP2-11 RW 59.9315 | 61.4937 | 63.0581 | 64.6224 | 66.1843 | 67.7409 | 69.2889 | 70.8248 | 72.3444 | 73.843 | 75.3151
ation -01 RCWU 62.5 64.3875 | 66.3065 | 68.2574 | 70.2408 | 72.2569 | 74.3064 | 76.3896 | 78.5071 | 80.6593 | 82.8467
] TEU 305.984 | 319.215 | 332.94 | 347.185 | 361.979 | 377.352 | 393.338 | 409.974 | 427.301 | 445.365 | 464.218
TWS 85.6164 | 86.4726 | 87.3373 | 88.2107 | 89.0928 | 89.9837 | 90.8836 | 91.7924 | 92.7103 | 93.6374 | 94.5738
26 maintai | N-P2-11 RW 59.9315 | 60.5308 | 61.1361 | 61.7475 | 62.365 | 62.9886 | 63.6185 | 64.2547 | 64.8972 | 65.5462 | 66.2017
n -02 RCWU 62.5 63.125 | 63.7563 | 64.3938 | 65.0378 | 65.6881 66.345 | 67.0085 | 67.6786 | 68.3553 | 69.0389
] 25 No TEU 305.984 | 309.044 | 312.134 | 315256 | 318.408 | 321.592 | 324.808 | 328.056 | 331.337 | 334.65 | 337.997
TWS 85.6164 | 82.7039 | 79.9034 | 77.2069 | 74.6069 | 72.0967 | 69.6702 | 67.3216 | 65.0457 | 62.8379 | 60.6935
RW 59.9315 | 59.5468 | 59.1285 | 58.6772 | 58.1934 | 57.6774 | 57.1295 | 56.5501 | 55.9393 | 55.2973 | 54.6242
RCWU 62.5 61.8625 | 61.206 | 60.5302 | 59.8347 | 59.1193 | 58.3836 | 57.6273 56.85 56.0514 | 55.2311

27 improv | N-P2-I1

ement -03
TEU 305.984 | 299.118 | 292.321 | 285.586 | 278.907 | 272.279 | 265.697 | 259.158 | 252.658 | 246.193 | 239.761
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El Popul | al | efficien | Scenari | Reousrc 0 1 2 3 4 5 6 7 8 9 10
ce cy

TWS 85.6164 94.0134 103.26 113.451 124.691 137.101 150.815 165.987 182.791 201.427 222.122
28 aggrav | N-P2-I2 RW 59.9315 | 63.9291 68.1517 | 72.6084 | 77.3084 | 82.2603 | 87.4725 | 92.9525 | 98.7071 104.742 111.061
ation -01 RCWU 62.5 66.9375 71.6625 76.6927 82.0467 87.7444 93.8067 100.256 107.116 114.41 122.167
TEU 305.984 | 332.139 360.453 | 598.545 | 652.301 710.964 | 865.575 | 944.595 1031.14 1126.03 1230.16
T TWS 85.6164 89.8973 94.3921 99.1117 104.067 109.271 114.734 120.471 126.494 132.819 139.46
2 Ves | maintai | N-P2-I1 RW 59.9315 | 62.9281 | 66.0745 | 69.3782 | 72.8471 | 76.4895 | 80.314 | 84.3297 | 88.5461 | 92.9734 | 97.6221
n -02 RCWU 62.5 65.625 68.9063 | 72.3516 | 75.9691 79.7676 83.756 87.9438 92.341 96.958 101.806
] TEU 305.984 | 321.553 337.914 | 536.323 | 563.451 591.951 690.78 725.608 | 762.192 800.62 840.986
TWS 85.6164 | 85.9793 | 86.3577 | 86.7481 87.1467 | 87.5498 | 87.9538 | 88.3547 | 88.7488 | 89.1318 | 89.4997
% improv | N-P2-I1 RW 59.9315 | 61.9051 | 63.9047 | 659285 | 67.9744 | 70.0398 | 72.1221 | 74.218 | 76.3239 | 78.436 | 80.5497
ement -03 RCWU 62.5 64.3125 66.15 68.0105 | 69.8916 | 71.7908 | 73.7053 | 75.6317 | 77.5664 | 79.5056 | 81.4447
] TEU 305.984 311.223 316.452 480.269 486.169 492.028 550.629 556.525 562.304 567.94 573.403
TWS 171.233 180.864 191.085 201.945 213.498 225.803 238.927 252.946 267.942 284.012 301.261
31 aggrav | N-P3-I1 RW 119.863 122.987 126.116 129.245 132.369 135.482 138.578 141.65 144.689 147.686 150.63
ation -01 RCWU 125 128.775 132.613 136.515 140.482 144.514 148.613 152.779 157.014 161.319 165.693
] TEU 611.968 638.429 665.88 694.371 723.959 754.704 786.676 819.947 854.601 890.73 928.436
TWS 171.233 172.945 174.675 176.421 178.186 179.967 181.767 183.585 185.421 187.2775 189.148
2 No | maintai | N-P3-11 RW 119.863 | 121.062 | 122.272 | 123.495 | 124.73 | 125.977 | 127.237 | 128509 | 129.794 | 131.092 | 132.403
n -02 RCWU 125 126.25 127.513 128.788 130.076 131.376 132.69 134.017 135.357 136.711 138.078
] TEU 611.968 618.088 624.269 630.511 636.816 643.185 649.616 656.113 662.674 669.3 675.993
TWS 171.233 165.408 159.807 154.414 149.214 144.193 139.34 134.643 130.091 125.676 121.387
33 improv | N-P3-I1 RW 119.863 119.094 118.257 117.354 116.387 115.355 114.259 113.1 111.879 110.595 109.248
ement -03 RCWU 125 123.725 122.412 121.06 119.669 118.239 116.767 115.255 113.7 112.103 110.462
] TEU 611.968 598.237 584.642 571.172 557.813 544 .557 531.394 518.316 505.316 492.386 479.522
TWS 171.233 188.027 206.52 226.901 249.382 | 274.201 301.629 | 331.973 | 365.582 | 402.854 | 444.244
a4 50 aggrav | N-P3-12 RW 119.863 127.858 136.303 145.217 154.617 164.521 174.945 185.905 197.414 | 209.484 | 222.122
ation -01 RCWU 125 133.875 143.325 153.385 164.093 175.489 187.613 | 200.512 | 214.231 228.821 244.334
] TEU 611.968 | 664.277 | 720.906 1197.09 1304.6 1421.93 1731.15 1889.19 | 2062.28 | 2252.05 | 2460.33
TWS 171.233 179.795 188.784 198.223 | 208.135 | 218.541 229.468 | 240.942 | 252.989 | 265.638 278.92
a5 maintai | N-P3-11 RW 119.863 125.856 132.149 138.756 145.694 152.979 160.628 168.659 177.092 185.947 195.244
n -02 RCWU 125 131.25 137.813 144.703 151.938 159.535 167.512 175.888 184.682 193.916 | 203.612
] Yes TEU 611.968 | 643.106 675.827 1072.65 1126.9 1183.9 1381.56 1451.22 1524.38 1601.24 1681.97
TWS 171.233 171.959 172.715 173.496 174.293 175.1 175.908 176.709 177.498 178.264 178.999
RW 119.863 123.81 127.809 131.857 135.949 140.08 144.244 148.436 152.648 156.872 161.099

36 improv | N-P3-I1

ement -03

RCWU 125 128.625 132.3 136.021 139.783 143.582 147.411 151.263 155.133 159.011 162.889
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EI Popul 1. al | efficien Scega“ Reousre 0 1 2 3 4 5 6 7 8 9 10
ce cy

TEU 611.968 | 622.445 | 632.904 | 960.538 | 972.339 | 984.055 | 1101.26 | 1113.05 | 1124.61 | 1135.88 | 1146.81
TWS 17.1233 | 18.0864 | 19.1085 | 20.1945 | 21.3498 | 22.5803 | 23.8927 | 25.2946 | 26.7942 | 28.4012 | 30.1261
57 aggrav | R-P1-I1 RW 11.9863 | 12.2987 | 12.6116 | 12.9245 | 13.2369 | 13.5482 | 13.8578 14.165 14.4689 | 14.7686 15.063
ation -01 RCWU 12.5 12.8775 | 13.2613 | 13.6515 | 14.0482 | 14.4514 | 14.8613 | 15.2779 | 15.7014 | 16.1319 | 16.5693
] TEU 56.0697 | 58.4807 | 60.979 | 63.5688 | 66.2548 | 69.0419 | 71.9357 | 74.9424 | 78.0685 | 81.3218 | 84.7103
TWS 17.1233 | 17.2945 | 17.4675 | 17.6421 | 17.8186 | 17.9967 | 18.1767 | 18.3585 | 18.5421 | 18.7275 | 18.9148
28 No maintai | R-P1-I1 RW 11.9863 | 12.1062 | 12.2272 | 12.3495 12.473 12.5977 | 12.7237 | 12.8509 | 12.9794 | 13.1092 | 13.2403
n -02 RCWU 12.5 12.625 12.7513 | 12.8788 | 13.0076 | 13.1376 13.269 13.4017 | 13.5357 | 13.6711 | 13.8078
] TEU 56.0697 | 56.6304 | 57.1967 | 57.7687 | 58.3464 | 58.9299 | 59.5192 | 60.1143 | 60.7155 | 61.3226 | 61.9359
TWS 17.1233 | 16.5408 | 15.9807 | 15.4414 | 14.9214 | 14.4193 13.934 13.4643 | 13.0091 | 12.5676 | 12.1387
39 improv | R-P1-11 RW 11.9863 | 11.9094 | 11.8257 | 11.7354 | 11.6387 | 11.5355 | 11.4259 11.31 11.1879 | 11.0595 | 10.9248
ement -03 RCWU 12.5 12.3725 | 12.2412 12.106 11.9669 | 11.8239 | 11.6767 | 11.5255 11.37 11.2103 | 11.0462
] s TEU 56.0697 | 54.8223 | 53.5852 | 52.3573 | 51.1378 | 49.926 | 48.7211 | 47.5226 | 46.3299 | 45.1426 | 43.9602
TWS 17.1233 | 18.8027 | 20.652 | 22.6901 | 24.9382 | 27.4201 | 30.1629 | 33.1973 | 36.5582 | 40.2854 | 44.4244
20 aggrav | R-P1-12 RW 11.9863 | 12.7858 | 13.6303 | 14.5217 | 15.4617 | 16.4521 | 17.4945 | 18.5905 | 19.7414 | 20.9484 | 22.2122
ation -01 RCWU 12.5 13.3875 | 14.3325 | 15.3385 | 16.4093 | 17.5489 | 18.7613 | 20.0512 | 21.4231 | 22.8821 | 24.4334
] TEU 56.0697 | 60.8532 | 66.0286 | 113.115 | 123.287 | 134.386 | 153.082 | 166.969 | 182.163 | 198.805 | 217.052
TWS 17.1233 | 17.9795 | 18.8784 | 19.8223 | 20.8135 | 21.8541 | 22.9468 | 24.0942 | 25.2989 | 26.5638 | 27.892
4l YVes maintai | R-P1-11 RW 11.9863 | 12.5856 | 13.2149 | 13.8756 | 14.5694 | 15.2979 | 16.0628 | 16.8659 | 17.7092 | 18.5947 | 19.5244
Robust n -02 RCWU 12.5 13.125 13.7813 | 14.4703 | 15.1938 | 15.9535 | 16.7512 | 17.5888 | 18.4682 | 19.3916 | 20.3612
TEU 56.0697 | 58.9272 | 61.9302 | 101.329 | 106.458 | 111.847 122.51 128.694 | 135.189 | 142.012 149.18
T TWS 17.1233 | 17.1959 | 17.2715 | 17.3496 | 17.4293 17.51 17.5908 | 17.6709 | 17.7498 | 17.8264 | 17.8999
" improv | R-P1-11 RW 11.9863 12.381 12.7809 | 13.1857 | 13.5949 14.008 14.4244 | 14.8436 | 15.2648 | 15.6872 | 16.1099
ement -03 RCWU 12.5 12.8625 13.23 13.6021 | 13.9783 | 14.3582 | 14.7411 | 15.1263 | 15.5133 | 15.9011 | 16.2889
] TEU 56.0697 | 57.0451 | 58.0172 | 90.7057 | 91.8099 | 92.9049 | 97.8214 | 98.8923 | 99.9405 | 100.961 | 101.949
TWS 85.6164 | 90.4319 | 95.5425 | 100.973 | 106.749 | 112.901 | 119.464 | 126.473 | 133.971 | 142.006 150.63
" aggrav | R-P2-11 RW 59.9315 | 61.4937 | 63.0581 | 64.6224 | 66.1843 | 67.7409 | 69.2889 | 70.8248 | 72.3444 | 73.843 | 75.3151
ation -01 RCWU 62.5 64.3875 | 66.3065 | 68.2574 | 70.2408 | 72.2569 | 74.3064 | 76.3896 | 78.5071 | 80.6593 | 82.8467
] TEU 280.349 | 292.404 | 304.895 | 317.844 | 331.274 | 345.209 | 359.679 | 374.712 | 390.343 | 406.609 | 423.552
TWS 85.6164 | 86.4726 | 87.3373 | 88.2107 | 89.0928 | 89.9837 | 90.8836 | 91.7924 | 92.7103 | 93.6374 | 94.5738
m maintai | R-P2-11 RW 59.9315 | 60.5308 | 61.1361 | 61.7475 | 62.365 | 62.9886 | 63.6185 | 64.2547 | 64.8972 | 65.5462 | 66.2017
25 No n -02 RCWU 62.5 63.125 | 63.7563 | 64.3938 | 65.0378 | 65.6881 66.345 | 67.0085 | 67.6786 | 68.3553 | 69.0389
] TEU 280.349 | 283.152 | 285.984 | 288.844 | 291.732 | 294.649 | 297.596 | 300.572 | 303.577 | 306.613 | 309.679
TWS 85.6164 | 82.7039 | 79.9034 | 77.2069 | 74.6069 | 72.0967 | 69.6702 | 67.3216 | 65.0457 | 62.8379 | 60.6935
RW 59.9315 | 59.5468 | 59.1285 | 58.6772 | 58.1934 | 57.6774 | 57.1295 | 56.5501 | 55.9393 | 55.2973 | 54.6242
45 iggg;z R—_Pgéll RCWU 62.5 61.8625 | 61.206 | 60.5302 | 59.8347 | 59.1193 | 58.3836 | 57.6273 56.85 56.0514 | 55.2311
TEU 280.349 | 274.112 | 267.926 | 261.786 | 255.689 | 249.63 | 243.605 | 237.613 | 231.649 | 225.713 | 219.801
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ce cy
TWS | 85.6164 | 940134 | 103.26 | 113.451 | 124.691 | 137.101 | 150.815 | 165.987 | 182.791 | 201.427 | 222.122
45 agrav | R-P2-12 |__RW 59.9315 | 63.9291 | 68.1517 | 72.6084 | 77.3084 | 82.2603 | 87.4725 | 92.9525 | 98.7071 | 104.742 | 111.061
ation -01 RCWU 625 | 66.9375 | 71.6625 | 76.6927 | 82.0467 | 87.7444 | 93.8067 | 100.256 | 107.116 | 114.41 | 122.167
| TEU | 280.349 | 304.266 | 330.143 | 565577 | 616.435 | 671.932 | 765.411 | 834.843 | 910.817 | 994.027 | 1085.26
TWS | 85.6164 | 89.8973 | 94.3921 | 99.1117 | 104.067 | 109.271 | 114.734 | 120471 | 126.494 | 132.819 | 139.46
i ves | maintai | R-P2-11 [__RW 59.9315 | 62.9281 | 66.0745 | 69.3782 | 72.8471 | 76.4895 | 80.314 | 84.3297 | 88.5461 | 92.9734 | 97.6221
n -02 RCWU 62.5 65.625 | 68.9063 | 72.3516 | 759691 | 79.7676 | 83.756 | 87.9438 | 92.341 | 96.958 | 101.806
| TEU | 280.349 | 294.636 | 309.651 | 506.647 | 532.291 | 559.233 | 612.551 | 643.468 | 675945 | 710.061 | 745.899
TWS | 85.6164 | 859793 | 86.3577 | 86.7481 | 87.1467 | 87.5498 | 87.9538 | 88.3547 | 88.7488 | 89.1318 | 89.4997
18 improv | R-P2-11 | __RW 59.9315 | 61.9051 | 63.9047 | 65.9285 | 67.9744 | 70.0398 | 72.1221 | 74.218 | 76.3239 | 78.436 | 80.5497
ement -03 RCWU 625 | 643125 | 66.15 | 68.0105 | 69.8916 | 71.7908 | 73.7053 | 75.6317 | 77.5664 | 79.5056 | 81.4447
| TEU | 280.349 | 285.226 | 290.086 | 453.529 | 459.049 | 464.524 | 489.107 | 494.461 | 499.703 | 504.806 | 509.744
TWS | 171.233 | 180.864 | 191.085 | 201.945 | 213.498 | 225.803 | 238.927 | 252.946 | 267.942 | 284.012 | 301.261
49 agerav | R-P3-11 |__RW 119.863 | 122.987 | 126.116 | 129.245 | 132.369 | 135482 | 138.578 | 14165 | 144689 | 147.686 | 150.63
ation -01 RCWU 125 128.775 | 132.613 | 136.515 | 140.482 | 144.514 | 148.613 | 152.779 | 157.014 | 161.319 | 165.693
TEU | 560.697 | 584.807 | 609.79 | 635688 | 662.548 | 690.419 | 719.357 | 749.424 | 780.685 | 813.218 | 847.103
] TWS | 171.233 | 172.945 | 174.675 | 176.421 | 178.186 | 179.967 | 181.767 | 183.585 | 185.421 | 187.275 | 189.148
" No | maintai | R-P3-11 [_RW 119.863 | 121.062 | 122.272 | 123.495 | 124.73 | 125977 | 127.237 | 128.509 | 129.794 | 131.092 | 132.403
n -02 RCWU 125 126.25 | 127.513 | 128.788 | 130.076 | 131.376 | 132.69 | 134.017 | 135357 | 136.711 | 138.078
TEU | 560.697 | 566.304 | 571.967 | 577.687 | 583.464 | 589.299 | 595.192 | 601.143 | 607.155 | 613.226 | 619.359
] TWS | 171.233 | 165408 | 159.807 | 154.414 | 149.214 | 144.193 | 139.34 | 134.643 | 130.091 | 125676 | 121.387
6 improv | R-P3-11 | __RW 119.863 | 119.094 | 118.257 | 117.354 | 116.387 | 115355 | 114259 | 113.1 | 111.879 | 110.595 | 109.248
ement -03 RCWU 125 123.725 | 122.412 | 121.06 | 119.669 | 118.239 | 116.767 | 1152556 | 113.7 | 112.103 | 110.462
| 0 TEU | 560.697 | 548.223 | 535.852 | 523.573 | 511.378 | 499.26 | 487.211 | 475226 | 463.299 | 451.426 | 439.602
TWS | 171.233 | 188.027 | 206.52 | 226.901 | 249.382 | 274.201 | 301.629 | 331.973 | 365.582 | 402.854 | 444.244
5 agerav | R-P3-12 | _RW 119.863 | 127.858 | 136.303 | 145217 | 154617 | 164.521 | 174.945 | 185905 | 197.414 | 209.484 | 222.122
ation -01 RCWU 125 133.875 | 143.325 | 153.385 | 164.093 | 175489 | 187.613 | 200512 | 214.231 | 228.821 | 244.334
TEU | 560.697 | 608.532 | 660.286 | 1131.15 | 1232.87 | 1343.86 | 1530.82 | 1669.69 | 1821.63 | 1988.05 | 2170.52
] TWS | 171.233 | 179.795 | 188.784 | 198.223 | 208.135 | 218.541 | 229.468 | 240.942 | 252.989 | 265638 | 278.92
63 ves | maintai | R-P3-11 [__RW 119.863 | 125.856 | 132.149 | 138.756 | 145694 | 152.979 | 160628 | 168.659 | 177.092 | 185947 | 195244
n -02 RCWU 125 131.25 | 137.813 | 144.703 | 151.938 | 159.5635 | 167.512 | 175.888 | 184.682 | 193.916 | 203.612
TEU | 560.697 | 589.272 | 619.302 | 1013.29 | 1064.58 | 1118.47 | 12251 | 1286.94 | 1351.89 | 1420.12 | 14918
] TWS | 171.233 | 171.959 | 172.715 | 173.496 | 174.293 | 1751 | 175908 | 176.709 | 177.498 | 178.264 | 178.999
6 improv | R-P3-11 | _RW 119.863 | 123.81 | 127.809 | 131.857 | 135.949 | 140.08 | 144244 | 148.436 | 152.648 | 156.872 | 161.099
ement -03 RCWU 125 128.625 | 132.3 | 136.021 | 139.783 | 143.582 | 147.411 | 151.263 | 155.133 | 159.011 | 162.889
TEU | 560.697 | 570.451 | 580.172 | 907.057 | 918.099 | 929.049 | 978.214 | 988.923 | 999.405 | 1009.61 | 1019.49
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