Pumpamise optimeerimine (WaterGEMS)

Ulesande pustitus

Selles naites Opid sa kasutama Darwin Scheduler td6vahendit. Ldhtelilesandes on 6 pumpa,
kolm mahutit ning (ks reservuaar. Koik algtingimused on elementidele sisestatud. Naite
eesmark on kasutada Darwin Scheduler td6vahendit, et leida pumpadele kdige efektiivsemad
tootamise graafikud. Tegemist on protseduuriga, mida oleks vdimalik ka kasitsi teha, kuid
selleks vdib minna sadu kui mitte tuhandeid erinevaid EPS simulatsioone. Darwin Scheduler
teeb seda aga sinu eest ning kuvab seejarel kdige sadastlikumad lahendid veevorgutéo
juhtimiseks. Peale selle naite labimist suudad:

* Kaivitada mistahes slisteemis Darwin Scheduler analliisi.
* Soovitada energiasddstu skeeme olemasolevale slisteemile.

Olles WaterGEMS tarkvara kdivitanud ava fail: PumpamiseOptimeerimine.wtg.

T3

J-G

Markus: Naitefail sisaldab kolme pumplat ning mahutit, mis teenindavad kolme survetsooni.
Tegemist on skeletoniseeritud mudeliga, kui kdik piirkonna tarbimised on koondatud Uhte
tarbimissélme. Pumpade t66d kontrollitakse labi mahutite veetasapindade. Mudelis on Ules

seatud ka varvikood.

1) Saamaks aimu, mismoodi slisteem praegu too6tab, veendu, et aktiivne stsenaarium

oleks EPS ning kaivita see.
2) Sulge Calculation Summary dialoog ning pane tahele varvikoodi, mis mudelile lisatud.
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3) Valiriba pealt: View > Drawing > Symbology.

Hement Symbology o X

<defautts v
Dv = T o - e
=¥ Pipe o
LA Label
D@ Diameter
L[] E Velocity
[ @ Lateral
-+ Junction
E-+#IE] Tark
A Label
..... V1@ Level (Calculated)
-+ @ Hydrant
[-[¥hE Reservoir
& @ Tap
-[¥] @ Customer Meter
E-{VIEF Pump
A Label
----- [+ Status (Calculated)
-] @ Pump Station

Markus: Pane tahele, et torud on varvitud kiiruse, mahutid veetasapinna ning pumbad
staatuse jargi.

4) Tee topelt-klikk Status (Calculated) varvikoodi real (pumpade sektsioonis), et ndha
varvide ulatust ning nendega seotud vaartuseid.
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Color Coding Properties - Status (Calculated) u

Properties Color Maps
Field Name: Status (Calculated) v > Options: Color and Size v
Selection Set <All Bements:> hd
OXEED

Color Size

p—] |

Pump Result [240; 138

T A=Y=
[ N

e [ romy ||t

5) Kliki nupul Cancel, et sulgeda dialoog.
6) Valiriba pealt: Analysis > Calculation > Times
7) Kliki nupul Play ning vaata animatsiooni.

Time Browser n

Time: 2400

000 00O00 =&

,—‘-M'{ement 1.0 hours v
Play

Time from Start (hours) Time {hours) &
130 13.00

140 14.00

15.0 15.00

16.0 16.00

170 17.00

180 12.00

19.0 15.00

200 2000

210 .00

20 2200

230 2300

240 2400 v

Markus: Mahuti simbol peaks suurenema selle taitumisel, pumba varv muutub punaseks kui
see t00tab ning torus olevat kiirust esitab toru varv.

8) Riba pealt: View > Graphs.

Graphs B
_ e

[&", Velocity

9) Pane tahele, et kolm graafikut on juba (les seatud. Me soovime lisaks aga vaadata
kolme pumba vooluhulka ning kolme mahuti veetasapinda.

10) Kliki nupul New ning vali Line-Series Graph. Kuvatakse dialoog Select.

11) Vali jooniselt T-1, T-2 ning T-3, seejarel kliki Done.

12) Dialoogis Graph Series Options veendu, et valitud stsenaarium oleks EPS.

13) Vota linnuke ara Hydraulic Grade ning vali Flow (Out Net) ning ka Level (Calculated).

WATER | Pumpamise optimeerimine (WaterGEMS) | Raido Puust | 2024 3/35



Series Label Format: | ${Element) - ${Scenario) - ${Field) |

Scenarios
¥

<[] Cument Scenario
(=] |:| Steady
. EPS

[+ ] Flow {Out net)
]| ] Hydraulic Grade
[ Level (Calculated)
-] Percent Ful
w-{ ] Geometry

w-{]  Operating Range
-] Physical

=Rt

Demand Adjusted Population
Flow {In net)
Flow {Out net)
Hydraulic Grade
Level (Calculated)
Percert Full
= Volume (Calculated)
w1 Results (Energy Cost Summary)
-1 Results (Searate Inlet) hd

[ Show this dialog on graph creation

OOROKO]

14) Kliki OK, et vaadata graafikut.

@ % B BXN%5 000 (U

Graph -1

Flow (L/s)

9.0

8.0

7.0

6.0 / i
5.0 - /_-- .‘.hé?

4.0 —

Elevation {m)

0.00 2.00 4.00 6.00 8.00 i0.00 12.00 14.00 16.00 1g8.00 20.00 22.00 24.00
Time (hours)

= T-1-EPS - Flow (Qut net) = T-1-EPS - Level (Calculated)
== T-3 - EPS - Flow (Qut net) = T-3- EPS - Level (Calculated)
~  T-2 - EPS - Flow (Out net) = T-2-EP5 - Level (Calculated)

15) Kui oled graafikutele pilgu peale visanud, siis sulge see.
16) Dialoogis Graph, tee parem klikk Graph-1peal ning vali Rename.
17) Nimeta graafik kui Tanks.
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Graphs
[ -X =Ll o* |5 | @

Label
[ﬁ" Pumps
[, Eneray

[, Velocity
M Tanks

Energia maksumuse arvutamine

1) Valiriba pealt: Analysis > Energy Cost > Scenario Energy Cost.

Markus: Pane tdhele, et kdik pumbad on juba lles seatud kasutamaks Energy Pricing-1
maksumusgraafikut.

Summary | Pumps | Tanks | Variable Speed Pump Batteries ! Turbines

B SEEErn Pumps Turbines Net

— Energy (kWh) NfA MNfA M
i EPS EnergyCost (€) NfA MNfA M
StorageCost (€) N/A MfA /A

DailyEnergyCost (€) N/A MfA N/A

Volume (ML) MN/A NfA MN/A

UnitEnergyUse (kiWh/ML) MNfA MNfA A

UnitEnergy Cost (€/ML) NfA MNfA M

PeakDemandCost (§) MNfA MfA A

CarbonEmission (Ib/day) N/A MfA N/A

RunDuration (hours) N/A MfA N/A

Close Help

2) Kliki ikoonil Energy Pricing ikoonil ning vaata hinnaskaalat, mis on sinu eest juba Ules
seatud.

D X =] Tariff Type: |Time of day W
Label Tariff Type Start Energy Price: £lkwh
Energy Pricing - 1 Time of day D X
Time from Start Energy Price
(hours) (Efkwh)
i 24.0 0.20
+

3) Kliki Close nupul, et sulgeda dialoog.
4) Veendu, et EPS stsenaarium oleks valitud.
5) Kaivita maksumusarvutus stsenaariumile EPS klikkides nupul Compute.
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Summary | Pumps | Tanks | Variable Speed Pump Batteries ! Turbines

B4 SceraricEPS v Pumgs | Turbines et
_ Energy (kWh) 13 094.0 /A 13094.0
& $E| Pum Tutbine Usage EnergyCost (€) 2618.8 MfA 2618.8
T Ppump Time Detgails StorageCost (€) 2618.8 MfA 2618.8
o DailyEnergyCost 2469.1 M/fA 2469.1
=] Pumps I ® !
"GP PMP-1 Volume (ML) 28.66 MN/A 28.66
@ FMP-2 UnitEnergyUse (kWh/ML) 456.,9993 MNfA M
@ FPMP-3 UnitEnergyCost (€/ML) 86.13 MNfA A
PeakDemandCost NjA /A A
{7 PMP4 kDemandCost () /. / /
& PMP-5 CarbonEmission (Ib/day) N/A MfA N/A
& & PUPE RunDuration (hours) 24.0 NJA 24.0
orage

Peak Energy Demands

6
7
8
9

Taida materjali I6pus vastavad tabelid (pdevane maksumus).
Kliki Close, et sulgeda dialoog.

Vali riba pealt: View > Graphs, et avada Graphs dialoog uuesti.
Vali graafik nimetusega Energy.

_—_ — ~— ~—

B-&-B[XS 000 [

Energy

T T
10.00 1z2.00 14.00 16.00 18.00 20.00
Time (hours)

- Cost per Unit Volume PMP-3 - - Pump Head

- Wire to Water Efficiency PMP-2 - - Cost per Unit Volume

- Fump Head FMP-2 - - Wire to Water Efficiency
- Cost per Unit Volume PMP-1 - - Pump Head

- Wire to Water Efficiency

Markus: Pane tahele, et PMP-2 — EPS omab suuremaid kulutusi energiale hetkel, kui kaks
pumpa tootavad selles pumplas (tunnivahemik 10.5 — 15). See on tingitud asjaolust, et pump
tootab suuremale vastusurvele.

10) Sulge graafik.
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Susteemi profiili loomine

1) Riba pealt: View > Profiles.

OX=IEE 2@
Label

2) Kliki nupul New, et luua uus profiil.
3) Dialoogis Profile Setup kliki Select from Drawing.
4) Vali jooniselt reservuaar R-1 ning mahuti 7-3.

Markus: Kahe valitud s6lme vaheline 16ik muutub punaseks.

Profiles n
OXx=EE 20

5) Kliki Done nupul (paanil Select).
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CRE- A Al AR R

6) Kliki Open Profile.
7) Dialoogis Profile Series Options veendu, et oleks valitud Results > Hydraulic Grade
ning Physical > Elevation.

Series Label Format: | S(Scenario) - {Field)

Scenarios Fields
T TEI T
=-¥] Fields
El Common
Hydraulic Grade
Demand
Pressure
Fire: Flow

Blevation

Pressure Dependent Demar
Results

Resutts (Fire Flow)

Results (Pressure Depender
Resutts (Statistics)

Resutts (Transiert)

Results (Water Quality) W

Show this dialog on profile creation

8) Kliki OK, et vaadata profiili.
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Profile: Profile - 1 = E
Profile | Data

@'Q'l%‘p:b+ 000 Time: [0.00

Profile - 1

1-3 2
. -
S ——
]
2 000.00 4 000.00 6 000.00 8 000.00 10 000.00 12 000.00 14 000.00
Distance {m)
—l— EPS - Hydraulic Grade—@— EPS - Elevation ]

9) Kiliki rohelisel Play nupul v&i juhul kui sul on endiselt Time Browser lahti, siis kliki seal

aknas Play nuppu. Pane tdhele, et esitatakse graafiku animeerimine vastavalt
pumpade toodle.

10) Nuud kus oled nainud, kuidas profiil ajas muutub, sulge see.

Markus: Lahtefailis kasutatakse ajasammuna 1h, kui soovid, et sinu mudelit aga kiiremini
arvutatakse, void panna sammuks 2h. Seda saad teha Analysis > Calculation Options ning
muuda dra parameeter Hydraulic Time Step (hours) = 2. Selles néites jaame siiski 1h peale.

4 Calculabon Times

Simulation Start Date 1.01.2000
Time Analysis Type EPS

Start Time 0:00:00
Dwwration (hours) 240
20
Reporting Time Step <Al

11) Salvesta oma fail.
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Valikugrupi loomine

1) Vali element PMP-1.
2) Hoia all CTRL klahvi ning vali ka tlejaanud pumbad jooniselt.
3) Parem klikk joonise alas ning vali Create Selection Set (kiirvalikumenuust).

T-3
Delete
Pan -8
Zoom
Create Selection Set..

Add to Selection Set. .

Remaowve from Selection Set...

Edit Group...
Totalizing Flow Meter

Post Calculation Processor...

= Select Adjacent Links

Report
/ Graph
Data Table
Add to Graph_..

4) Nimeta valikugrupp kui All Pumps.

Mew selection set name
|Fv.|| Pumps|

5) Kliki OK, et I6petada valikugrupi loomine.

Markus: Pumpade valimiseks on ka alternatiivseid vdimalusi. Naiteks Edit > Select by
Element > Pump. Seejdrel tee parem klikk ning vali Create Selection Set.
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Darwin Scheduler
Selles sektsioonis dpid sa seadistama ning kaivitama Darwin Scheduler liidest.

1) Valiriba pealt: Analysis > Darwin > Darwin Scheduler.

D, X - = | D | @ \wlelcome to Darwin Scheduler!

Darwin Scheduler enables WaterCAD and WaterGEMS users to generates optimized pumping schedules
for a defined time horizon. To use Darwin Scheduler follow these steps.

Step 1) Click on the drop down menu to the left and create a Scheduler Study. This serves as the top
level unit for & schedule optimization project. If the rules of the project change significantly. or a
completely new project needs to be optimized, then you can use a new Scheduler Study for each
individual project.

Step 2) Use the tabs that appear across the top after creating a Scheduler Study to enter your pump
decisions, hydraulic constraints and objective elements.

Step 3) Add an Optimized Scheduler Run and select which pump decisions and objective elements are
to be included in that particular run.

Step 4) Click Compute to run your schedule optimization and see how much meney or energy you can
save with your existing infrastructure whilst still meeting operational objectives.

Step 5) When you have a schedule you like, you can export to @ new scenario andlor different
alternatives.

Finally, itis recommended that you review the Darwin Scheduler help topics including FAQ section that
answers many more questions and describes the work flow in more detail.

2) Kliki nupul New ning vali New Scheduler Study.

P CEEIEET

| Mew Scheduler Study |

Mew Optimized Run

3) Dialoogi paremas osas, paanil Scenario, vali Scenario = EPS.

Dv b e -=1|h D | @ | Scenario | Pump Stations to Optimize | Pumps to Optimize | Constrairts | Objective Elements | Obijective Type | Notes
& New Scheduler Study - 1 Scenario To Optimize
Scenario. |EPS v

4) Vali paan Pumps to Optimize.
5) Kliki kolmandal nupul Initialize Table from Selection Set ning vali All Pumps
valikugrupp, mille olid eelnevalt teinud.
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O-xB-=1hHE K @ Seenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Blemerts | Objective Type | Notes

[, Mew Scheduler Sty -1 O X | & | v
Pump Element Type Numgf:n:gLag
PMP_1 Fump jA)
PMP-2 Pump (Mja)
PMP-3 Fump (N/A)
PMP4 Fump jA)
PMP-5 Pump (WL
PMP-6 Fump N/A)

7) Vali paan Objective Elements ning korda samme 5-6.

8) Parem klikk veeru Energy Pricing pealkirjal ning vali Global Edit.

9) Dialoogi Global Edit veendu, et Operation = Set ning vali Value = Energy Pricing — 1.

«no filter active:

10) Kliki OK, et rakendada muudatused.
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Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Blements | Objective Type | Notes
Pumps | Variable Speed Pump Estteries | Tanks
O X | & e
Pump Energy Pricing
PMP-1 ‘Energy Pridng -1 |
PMP-2 Energy Pricing - 1
PMP-3 Energy Pridng - 1
PMP-4 Energy Pridng - 1
PMP-5 Energy Pricing - 1
PMP-5 Energy Pridng - 1
11) Vali paan Constraints.
Scenario | Pump Stations to Optimize | Pumps to Optimize Objective Blemerts | Objective Type | Notes

Pressure | Velocity | Pump Starts | Tank

Pressure Constraints

Pressure (Mimimum, Default): [14.1 m H20
Pressure (Maximum, Default): | 140.6 m H20
0) X | & | v
Node Override Defaults? Pressure (Minimum) | Pressure (Masdimum)

(m H20) (m H20Q)

Markus: Pane tdhele, et selle paani all on omakorda neli alampaani.

12) Vali paan Pressure.

13) Vali neljas nupp Select from Drawing ning vali sélmed J-4, J-7, ning J-9.

14) Kliki nupul Done.

15) Kliki kastis Override Defaults? Koikide sdlmede osas ning sisesta alljargneva tabeli

kohaselt s6lmede miinimum ning maksimum surve.

S6lme | Pressure (Minimum) (mH20) |Pressure (Maximum) (mH20)
J-4 0.0 9.0

J-7 0.0 9.0

J-9 70.0 79.0
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Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Motes
Pressure | Velocity | Pump Starts | Tank

Pressure Constraints

Pressure (Minimum, Default): | 14.1 m H20
Pressure (Maximum, Default): [140.6 m H20
O X | & <o
) Pressure (Minimum) | Pressure (Maximum)
Mode Owverride Defaults? (m H20) (mH20)
14 0.0 | g.0]
17 0.0 9.0
39 70.0 79.0

Markus: Neid vaartuseid kasutad selleks, et hoida mahuteid mdistlikes HGL vahemikes,
vOimaldades samas mdistlikke muutumise piire.

16) Vali paan Tank.

17) Kliki Select From Drawing ikoonil ning vali kolm mahutit joonise alast.
18) Kliki Done peale seda, kui oled mahutid valinud.

19) Sisesta kéikide mahutite puhul Level (Minimum Final Required) = 5.
20) Sisesta Level (Maximum Allowed) (m) = 9.9

Markus: See kindlustab, et mahutid saavutada peale 24h simulatsiooni vahemalt algsele
tasemele.

Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Flements | Objective Type | Notes
Pressure | Velocity | Pump Starts | Tank

01X | & e
- Level (Minimum - Level (Maximum . Use Level {Initial) | Level (Minimum Final
Tank Level ((ﬂ:nl?lmum) Allowed) Level (E’In?xlmum) Allowed) Level ngn\hal) for Level (Minimum Required)
{m) (m) Final Required)? m]
T-1 0.0 0.0 10.0 9.9 5.0 5.0
T-2 0.0 0.0 10.0 9.9 5.0
T-3 0.0 0.0 10.0 9.9 5.0

Markus: Kollased veerud tulevad mahutite parameetritest! Neid ei saa muuta. Siin saad
lisada disaini parameetrid (valgetesse lahtritesse).

21) Vali paan Objective Type ning vali sihifunktsiooniks Objective > Minimize Energy Cost.

Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elsments | Objective Type | Notes
Objective Type

Objective: | Minimize Energy Cost b

Markus: Valides Minimize Energy Use annab sama tulemuse, mis ka Minimize Energy Cost kui

just energia maksumus ei muutu. Sellisel juhul annavad erinevad valikud ka erinevaid
tulemusi.
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Seadistus on sellega paigas.

21) Salvesta oma fail.
22) Parem klikk olemasoleva analiisi peal, vali New > New Optimized Run.

G5
(- X Bl - =1 | @
------ =8 Mew Scheduler Study - 1
New Scheduler Study | New '
- Mew Optimized Run Frererme
Delete

23) Nimeta see imber kui All Pumps.
Markus: Sul ei ole vaja muuta Objective Elements ega ka Pumps to Optimize paane.

24) Kliki paanil Options ning sisesta Top Solutions to Keep = 10.

Pump Stations to Optimize | Pumps to Optimize | Objective Elements | Options | Notes
Algorithm Selection

Algorithm: | Fast Messy Genetic Algorthm v

Genetic Algorithm Options | Genetic Mlgorithm Paremeters | Stopping Criteria | Penalty Factors
Genetic Algorthm Options
Random Seed: |123 Reset

Top Sclutions To Keep: |10

25) Vali paan Stopping Criteria ning sea jargmised parameetrid:

*  Maximum Trials = 50'000
*  Maximum Non Improvement Generations = 100
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Pump Stations to Optimize | Pumps to Optimize | Objective Blements | Options | Notes
Algorithm Selection

Algorithm: | Fast Messy Genetic Algorithm W

Genetic Algorithm Options | Genetic Agorithm Parameters | Stopping Criteria | Penalty Factors
Stopping Criteria
Maximum Generations: | 1000 Reset

Maximum Eras: 10
Maximum Trials: | 50000

Masximum Mon Improvement Generations: | 100

26) Salvesta fail ning kliki nupul Compute (dialoogis Darwin Scheduler).
Darwin Scheduler alustab ntiiid voimalikest lahenditest sobivaima valikut.

Markus: Pane tahele, et esmastel variantidel genereeritakse veateateid, kuid see vaheneb
olulisel maaral kui Darwin Scheduler leiab mdne lahendi, kus piirangutega konflikte ei leita.
Sihifunktsiooni minimeerimise seisukohast (fitness) leiab Darwin Scheduler paremaid
vaartuseid (haid lahendeid) ning jark-jargult paraneb tervikpilt. Darwin Scheduler leiab Ghel
hetkel parima grupi EPS lahendeid (kuid sa v&id alati ka otsimisprotseduuri varem éra
IGpetada).

Optimization Progress

Best Evolution Fitness: 8 209.235
Violation: 5 565.394
Generation: 21
Trials: 2133

Optimizing...

Lahendite Iabivaatus

1) Valivasakult paanilt Solutions ning vaata 10 paremat lahendust.

Darwin Scheduler (PumpamiseOptimeerimineFinished.wtg)

=) D 9 Solution Summarny
e Scheduler Study - 1 Solution ID Fitness Violation (Total) EHEFQ_I_YOUBSI)E et Energ‘ly'o(i:aolit et
- All Pumps (kih) [G)
E!m 1 2515.742 0.000 ) 2419.0
!f Solution 1 2 2515.863 0.000 (N/a) 2419.1
Ef 22:3:2: i 3 Salution 3 2515.917 0.000 (NyA) 2419.2
!f Solution 4. 4 Solution 4 2515.934 0.000 ) 2419.2
Ef Solution 5 5 Solution 5 2515.947 0.000 (NfA) 2419.2
Ef Solution & 6 Solution & 2515.957 0.000 ) 2419.2
Ef Solution 7 7 Solution 7 2515.962 0.000 (M) 2419.2
Ef Solution & 8 Solution & 2 516,005 0.000 (vja) 2419.2
_ % EEEU“T f’n 9 Solution 9 2516.128 0.000 D) 2419.4

2) Valilahend Solution 1 ning kliki nupul Graph, et vaadata esmast pumpade lahendit.
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Pump Speed Setting

T L | |
10.0 12.0 14.0 16.0 18.0 20.0 22.0
Control Time (hours)

= PMP-1= PMP-2= PMP-3— PMP-4— PMP-5= FMP-§]

Markus: Iga Ulespoole liikuv joon tdhendab, et pump hakkab t66le ning vastupidi, pump
lilitab end vilja.

Kui joonise all legendi ei kuvata, siis:

3) Kliki nupul Graph Options, mis avab TeeChart Editor akna.

Export Animations

Series | Panel | Axes | General | Tiles | Walls | Paging | Legend | 3D |

& - e

Az [l — PMP-2
A7 [l — PMP-3
A7 [l — PMP-4
pA7 [l — PMP-5
Az [l — PMP-6
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Markus: Pane tdhele, et igale pumbale on antud omaette varvitoon. Niid oleks vaja lisada
vastavasisuline legend.

4) Kliki paanil Legend.
5) Vali kastike Visible ning veendu, et Legend Style = Automatic.

| Series | Panel | Axes | General | Tles | Walls | Paging [iLegend 3D |
Stle | Postion | Symbols | Tile | Format | Gradient | Shadow | Text | Bevels|

e Visible Legend Style: | Automatic vl

[ Inverted Text Style: | Left Value v

[ Check boxes Vert. Spacing:

[J Font Series Color UEGas i e

| Dividing Lines...

6) Vali paan Position ning vali Position = Bottom.

| Series | Panel | Axes | General | Titles | Walls | Paging | Legend | 3D |

Position
O Lef [v] Resize Chart
{1 Top Margin: 0]
{3 Right

&IE Position Offset 'x,;

Do ot 53] T
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7) Kliki nupul Close rakendamaks tehtud muudatusi.
8) Sulge graafik peale selle tulemuste anallusi.
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Lahenduse eksportimine stsenaariumiks

1) Valilahend Solution 1.
2) Vali Export to Scenario. See avab dialoogi Export to scenario.

Export to Scenario

Export Scenario?
Label: Al Pumps - 1

Export to Atematives
Physical Alternative Label. Al Pumps - 1

Active-Topology Alternative Label: (Al Pumps - 1

Operational Alternative Label: Al Pumps - 1

3) Veendu, et oleks valitud Export Scenario? ning ndustu vaikimisi nimetustega koigi
seadete juures.

4) Kliki OK, et saata see info stsenaariumisse.

5) Peale eksporti kuvatakse sulle dialoog:

o Scenario and/or alternative data has been successfully created.

6) Kliki OK ning vdahenda Darwin Scheduler dialoogi.
7) Valiriba pealt: Analysis > Scenarios, et kontrollida, kas uus stsenaarium on lisatud.

(- X=l|B-+ 253 % % Fsearch @

= Steady
=-/«* EPS

o All Pumps - 1

8) Vali aktiivseks stsenaariumiks nitd All Pumps — 1.
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9) Kaivita stsenaarium klikkides nupul Compute vGi valides riba pealt: Analysis >
Compute.
10) Vaata arvutuste kokkuvétet dialoogis Calculation Summary.

BEKXe

Time {hours) Balanced? Trials  Relative Fow Change Flow Supplied (L/s)  Flow Demanded (L/s) A~
© 2 Time Steps(... True 0 0.0005608 145 147
[ T True 4 0.0000489 0 85
Q1.0 True 2 0.0000837 0 75
[ FX0] True 4 0.0002346 20 85
@300 True 2 0.0000427 199 75
[i JXi} True 4 0.0003825 0 105
@500 True 2 0.0005031 0 135
@500 True 2 0.0000045 0 160
[ B True 2 0.0000009 0 180
@s00 True 4 0.0002029 203 200
[i EXvi} True 2 0.0000093 203 205
@ 1000 True 2 0.0000340 203 195
Q1100 True 2 0.0000358 202 185
©@1z00 True 3 0.0005087 202 175

11) Sulge dialoog Calculation Summary peale info Glevaatamist.
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Maksumusanaltdsi labiviimine stsenaariumile All Pumps — 1

1) Riba pealt: Analysis > Energy Cost > Scenario Energy Cost.
2) Vali stsenaarium All Pumps — 1 ning kliki nupul Compute.

Summary | Pumps | Tanks | Variable Speed Pump Batteries ! Turbines

B ok Scenario:| All Pumps - 1 ~ == e =
- Energy (kiWh) 11916.3 NJA 11916.3
B $E| E8 Ps e Usoar EnergyCost (€) 2383.3 NJA 2383.3
'P)lep Time De{gails StorageCost (&) 2383.3 MfA 2383.3
H : DailyEnergyCost {€) 2373.2 MfA 2373.2
=] Fumps
L5 PMPA Volume (ML) 26,22 N/A 26,22
--{Z PMP-2 UnitEnergyUse (kiWh/ML) 454.4757 MNfA MyA
-7 PR3 UnitEnergy Cost (§/ML) 90.51 MN/A /A
-G PMP-4 PeakDemandCost (&) NjA /A /A
@ PMP-5 CarbonEmission {Ib/day) N/A MfA /A
Stom;e@ FMP-5 RunDuration (hours) 24.0 MfA 24.0
Peak Energy Demands
Cloge Help

3
4
5
6

Tdienda materjali I6pus olevaid tabeleid.

Kliki Close, et sulgeda dialoog Scenario Energy Costs.
Ava graafikute haldur (View > Graphs).

Ava graafikud Pumps, Energy ning Tanks.

_—_ — ~— ~—

Markus: Iga graafiku puhul pead sa neid uuendama stsenaariumile All Pumps — 1. Selleks kliki
nupul Graph Series Options ning vali stsenaarium All Pumps -1. Vota linnuke ara kastist EPS
ning kliki OK, et muudatusi kinnitada.

Series Label Format: | ${Flement) - ${Scenario) - ${Field) |
Scenarios Elements Fields
Y R BE W[
O 5@ Pump S A A
=] D Steady i PMP-3 =] Comman
=] EPS PMP-2 Flow (Total)

[ Al Pumps -1

i PMP-1 Hydraulic Grads (Discharge)
Hydraulic Grade {Suction)
Pressure (Discharge)
Pressure (Suction)
Pump Head
Relative Speed Factor (Calculated)
Geometry
Initial Settings
Physical
Pump Data
Resulis
Results (Energy Cost Peak)
Results (Enengy Cost Summary)
Results (Enengy Costs)
Results (Transient)
Resultts Water Qualitvl v

["] Show this dialog on graph creation Help

OrROCoOOE

o T

Markus: Jargnevad graafikud voivad erineda sinu omadest, sdltuvalt arvutussammust (hetkel
arvutussamm 1h).
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Flow (L/s)

Elevation [m

— T T T T T T T T
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Time (hours)

—— T-1-AllPumps - 1 - Flow (Qut net) —— T-1-All Pumps - 1 - Level (Calculated)
= T-3 - AllPumps - 1 - Flow (Out net) e T-3 - All Pumps - 1 - Level (Calculated)
~—— T-2 - AllPumps - 1 - Flow (Out net) = T-2 - All Pumps - 1 - Level (Calculated)

raph | Data

&% B-a-BY 000 U

=
=
&
@
E
=
=)
=
=
=
pm |
L
7
-
E
e )

Energy

Percent (%)

T T T T -I - T T
10.00 12.00  14.00 16.00 18.00 20.00  22.00
Time (haours)

PMP-3 - All Pumps - 1 - Costper Unit Volume
PMP-3 - All Pumps -1 - Pump Head

PMP-3 - All Pumps - 1 - Wire to Water Efficiency
FMP-2 - All Pumps - 1 - Cost per Unit Volume
PMP-2 - All Pumps -1 - Pump Head

PMP-2 - All Pumps - 1 - Wire to Water Efficiency
FMP-1 - All Pumps - 1 - Costper UnitVolume
FMP-1 - All Pumps - 1 - Pump Head

PMP-1 - All Pumps - 1 - Wire to Water Efficiency
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BR-a-BXs 000 [

[y
=]
[}

-
14
[

[
(=]
(=1

i’.‘r 125
=
=
o

-~
u

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— PMP-3 - All Pumps - 1 - Flow (Total) =—— PMP-& - All Pumps - 1 - Flow (Total)
= PMP-1 - All Pumps - 1 - Flow (Total) == PMP-5 - all Pumps - 1 - Flow (Total)
~—~  PMP-4 - All Pumps - 1 - Flow (Total) == FPMP-2 - All Pumps - 1 - Flow (Total)

Markus: Pane tahele, et kui kaks pumpa t66tab paralleelselt, siis Darwin Designer valib
pumba, mis toéotab, juhuslikult. Kui kasutatakse paralleelselt samasuguseid pumpasid, siis on
vOimalik valtida juhuslikku valimist sellega, et Gks pump t66tab pidevalt. Edasistes tarkvara
versioonides tehakse vahet, mis on peamine pump ning mis on tagavarapump.

7) Sulge graafikud peale nende vaatamist.
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Darwin Scheduler arvutus minimaalsete mahuti tasapindadega

Eelmise arvutustes lubati mahuti tasapindadel langeda paris madalale. Veevdrguoperaator
soovib niitid aga uut arvutust, kus mahutite minimaalne veetasapind on 2m. Arvutuste
kasutame seekord 1h arvutussammu (Calculation Options dialoogis).

1) Taasta Darwin Scheduler dialoog.

2) Kliki nupul New ning vali New Scheduled Study.

3) Kui New Scheduler Study — 1 on valitud, siis dialoogi paremas osas, sektsioonis
Scenario vali EPS.

- x =1 th B e Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Notes
EI& New Scheduler Study - 1 Scenario To Optimize
=~ @ Al Pumps
=8 Solutions Scenario: | EPS vl

Solution 1
Solution 2
Solution 3
Solution 4
Solution 5
Solution &
Solution 7
Solution 8
Solution 9
= Solution 10
New Scheduler Study - 2|

..... &

4) Liigu paanile Pumps to Optimize ning kliki nupul Initialize Table from Selection Set ning
vali All Pumps.

Selection Set: Al Pumps

5) Kliki OK ning uuendatakse pumpade infot.

| Scenario I Pump Stations to Dpd.imize| Pumps to Optimize |Ccnstrairrt5 I Objective Elements | Ohbjective Type I Motes |

[ X | & | w»
Pump Element Type Num&s;‘;: Lag
PMP-1 Pump /A)
PMP-2 Pump /8y
PMP-3 Pump (/)
PMP-4 Pump /8y
PMP-5 Pump /)
PMP-6 Pump /A)

6) Vali paan Objective Elements ning korda samme 4 — 5.
7) Parem klikk Energy Pricing veeru paisel ning vali Global Edit.
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8) Dialoogis Global Edit, vali Operation = Set ning Value = Energy Pricing - 1.

Scenaro | Pump Stations to Optimize | Pumps to Optimize | Constraints | CObjective Elements | Objective Type | Mote:
Pumps | Variable Speed Pump Batteries | Tanks

(1% | & | en

Pump Ernergy Pricing
PMP-1 Energy Pricing - 1
PMP-2 Energy Pricing - 1
PMP-3 Energy Pricing - 1
PMP-4 Energy Pricing - 1
PMP-5 Energy Pricing - 1
PMP-& Energy Pricing - 1

9) Kliki paanil Constraints.

Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Notes
' Velocity | Pump Starts | Tank

Pressure Constraints

Pressure (Minimum, Default): | 14.1 m H20
Pressure (Maximum, Default): |140.6 m H20
(1% | & o

Pressure (Minimum) | Pressure (Maximum)
{m H20) (m H20)

Mode Override Defaults?
Markus: Pane tahele taas nelja paani, mis asuvad Constraints all.
11) Vali paan Pressure.
12) Kliki Select from Drawing ning vali sélmed J-4, J-7 ning J-9.
13) Kliki nupul Done.

Markus: Minimaalne veetasapind mahutites on niitid 2m kdrgem kui eelmistes.

14) Kliki koigi 3 s6lme puhul kastis Override Defaults? Sisesta alljargneva tabeli p&hjal
minimaalsed ning maksimaalsed vaartused.

Solme |Pressure (Minimum) (mH20) |Pressure (Maximum) (mH20)

J-4 2.0 9.0
J-7 2.0 9.0
J-9 72.0 79.0
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Scenaro | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Notes
Pressure | Vielocty | Pump Starts | Tank

Pressure Constraints

Pressure (Minimum, Default): |14.1 m H20
Prezsure (Maximum, Default): |140.6 m H20
[ X | i |
Mode Qverride Defaults? PFESSEFLEH%?mum} PFESSLE_E él"«"lzg:;imum}
14 2.0 9.0
37 2.0 9.0
14 72.0 | 79.0]

15) Vali paan Tank.

16) Kliki ikoonil Select From Drawing ning vali jooniselt kolm mahutit.
17) Kliki nupul Done kui oled mahutid valinud.
18) Kdikide mahutite osas sisesta: Level (Minimum Final Required)(m) =5

Markus: See kindlustab, et mahutite veetasapinnad naasevad nende algsetele tasemetele
(24h 16ikes).

19) Lisa: Level (Maximum Allowed) (m) =9.9

Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Notes
Pressure | Vielocity | Pump Starts | Tark

O X | & o
| o | RISl | SRS | teetm | S |
{m) (m) Final Required)? (m)
T-1 0.0 10.0 2.3 5.0 5.0
T2 0.0 0.0 10.0 9.9 5.0 5.0
T3 0.0 0.0 10.0 9.9 5.0 5.0

20) Vali paan Objective Type ning vali Objective = Minimize Energy Cost.

Scenario | Pump Stations to Optimize | Pumps to Optimize | Constraints | Objective Elements | Objective Type | Notes
Objective Type

Objective: | Minimize Energy Cost b

20) Teise arvutuse seaded on sellega paigas.
21) Salvesta fail.

22) Vasakul paanil tee uue seadete grupi peal parem klikk, vali New > New Optimized
Run.
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Mew Scheduler Study Mew r
Mew Optimized Run Rename

‘ ‘ I [elete

23) Nimeta see Umber kui MinLevel.

24) Sul ei ole vaja muuta midagi paanidel Objective Elements ega ka Pumps to Optimize.
25) Vali paan Options ning siseta Top Solutions to Keep = 3.

26) Vali paan Stopping Criteria ning sisesta jargmised vaartused:

*  Maximum Trials = 100 000
*  Maximum Non Improvement Generations = 200

27) Teised paanid jaavad nii nagu on.
28) Salvesta fail ning kliki nupul Compute (dialoogis Darwin Scheduler).

Markus: Pane tihele, et nild votab konfliktivaba (Violation = 0) lahenduse leidmine marksa
rohkem aega.

Best Evolution Fitness: 9 431.421

Violation: 6 725.268

Generation: 52

Trials: 5 268

Optimizing...

29) Peale arvutuse I6ppu, kliki Close.
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Lahendi labivaatus

1) Vali vasakult paanilt Solutions ning vaata 3 esimest lahendit.

D, x =1 |y | @ Solution Summary
Energy Use {Net Energy Cost {Net
g :e“‘ :zz”:e' ::”i ; Solution ID Fitness Violation (Total) Total) Total)
m ewW uler i - (k‘m‘h) (a
5@ Minlevel Solution 1 2518.753 0.000 M/A) 2385.4
=g m ] 2 Solution 2 2518504 0.000 NA) 2385.5
Y Py 3 |sotion3 2 521,092 2.304 /A) 2385.4
:g Solution 3

2) Vali lahend Solution 1 ning kliki Export to Solution. Sellega eksporditakse tulemused
stsenaariumisse.

Export to scenario

Export to Scenario

Export Scenario?

Label: MinLevel - 1
Export to Atematives

Physical Alternative Label: MinLevel - 1
Active-Topology Alternative Label: |Mir1 Level - 1
Operational Alternative Label: MinLevel - 1

| 0K || Cancel || Heb

3) Veendu, et Export to Scenario? oleks valitud ning jatka vaikimis nimetustega.
4) Kliki OK, et saata info stsenaariumisse.

o Scenario and/or alternative data has been successfully created.

5) Peale stsenaariumisse eksporti kuvatakse sulle jargmine teade.
6) Kliki OK, et sulgeda Darwin Scheduler.
7) Vali meniiist Analysis > Scenarios ning kontrolli, et uus stsenaarium on loodud.
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- X =l B-v B3%E Y Fserch @
B Steady
= - EPS
b All Pumps - 1

N |\ Level - 1

8) Vali uueks aktiivseks stsenaariumiks MinLevel -1.

9) Kaivita stsenaarium nupust Compute (nt riba pealt: Analysis > Compute).
10) Vaata tulemusi, mis esitatakse Calculation Summary dialoogis.

11) Sulge dialoog Calculation Summary (peale tulemuste vaatamist).
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Maksumusanalliusi labiviimine stsenaariumile MinLevel -1

1) Ava dialoog Scenario Energy Cost (Analysis > Energy Cost > Scenario Energy Cost).
2) Vali stsenaarium MinLevel -1 ning kliki Compute nupul.

Summary | Pumps | Tanks | Variable Speed Pump Batteries | Turbines|

B & Eramen Pumps Turbines MNet
Eneray (kWh) 11927.0 NfA 11927.0
EnergyCost(g) 2385.4 NJA 2385.4
StorageCost (€) 2385.4 NJA 2385.4
DailyEnergyCost (€) 2334.3 MNfA 2334.3
Vaolume (ML) 26.65 A 26,65
UnitEnergyUse (kWh,/ML) 4476587 MNfA MfA
UnitEnergy Cost (ML) 87.61 N/A N/A
PeakDemandCost (€) NfA N/A N/A
CarbonEmission (Ib/day) Nf& NjA N/A
RunDuration (hours) 24.0 NjA 24.0

= $_ MinLevel - 1
=X ) Pump/Turbine Usage
2 ) Pump Time Details

3) Lisa tulemused materjali Idpus olevasse tabelisse.
4) Kliki Close, et sulgeda dialoog Scenario Energy Cost.

Mahuti veetasapinna graafiku loomine erinevatele stsenaariumitele

=

Joonise alas vali T-1.

Hoia all CTRL klahvi ning vali ka T-2 ning T-3.

Parem klikk ning vali Graph.

Dialoogis Graph Series Options vali All Pumps -1 ning MinLevel -1 stsenaariumid.
Tuhista valik Hydraulic Grade ning vali Level (Calculated).

W N
~— — ~— ~— ~—

Ul
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Maksumusanallusi labiviimine stsenaariumile MinLevel -1

1) Ava dialoog Energy Costs (Analysis > Energy Costs).
2) Vali stsenaarium MinLevel -1 ning kliki Compute nupul.

Summary | Pumps | Tanks | Variable Speed Pump Eatteries | Turbines
B & Eramen m Pumps Turbines Met
Eneray (kWh) 11927.0 NfA 11927.0
EnergyCost(€) 2385.4 NfA 2385.4
- Pump Time Details StorageCost (€) 2385.4 NfA 2385.4
oy Pumps DailyEnergyCost (€) 23343 MNfA 2334.3
7 PMP-1 Volume (ML) 26.65 MfA 26.65
UnitEnergyUse (kWh,/ML) 4476587 MNfA M/A
UnitEnergy Cost (§ML) 87.61 NfA N/A
PeakDemandCost (€) NfA NfA N/A
CarbonEmission (|b/day) NfA NfA N/A
RunDuration (hours) 24.0 NfA 24.0

= $_’ MinLevel - 1
=X ) Pump/Turbine Usage

3) Lisa tulemused materjali Idpus olevasse tabelisse.
4) Kliki Close, et sulgeda dialoog Energy Costs.

Mahuti veetasapinna graafiku loomine erinevatele stsenaariumitele

6) Joonise alas vali T-1.

7) Hoia all CTRL klahvi ning vali ka T-2 ning T-3.

8) Parem klikk ning vali Graph.

9) Dialoogis Graph Series Options vali All Pumps -1 ning MinLevel -1 stsenaariumid.
10) Tuhista valik Hydraulic Grade ning vali Level (Calculated).

Series Label Format: | S(Element) - S{Scenario) - S{Field) =1

Fields
FE|Tm-
B Tank

=-{¥Z2 Comman
=] EPS

-] Pow (Out net)

All Pumps -1 B -] | Hydraulic Grade

i MinLevel - 1 Level (Calculated)
-1 ] Percert Ful

Scenarios

Y

-] Cument Scenario
ED Steady

] Geometry

-] Operating Range
#-[ | Physical
i-[¥]  Results

i ] Resutts {Energy Cost Summary)
i-{ ] Resutts (Separate Inlet)

0[] Resutts (Transient)

0[] Results (Water Quality)

gL ] Transient {Initial)

i | Water Quality

[] Show this dialog on graph creation ET

6) Kliki OK, et vaadata graafikut.

WATER | Pumpamise optimeerimine (WaterGEMS) | Raido Puust | 2024 [EEPYEE]



B |BR-&-B|XE 000 ()

Mew Graph

E
=
o
=
o
=
=
w

T T T T T T T T
5.00 . 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

T-1 - All Pumps - 1 - Level (Calculated) ——  T-1- MinLevel - 1 - Level (Calculated)
T-3 - all Pumps - 1 - Level (Calculated) == T-3 - MinLevel - 1 - Level {Calculated)
T-2 - All Pumps - 1 - Level (Calculated) === T-2 - MinLevel - 1 - Level {Calculated)

7) Vaata profiile ning animeeri tulemusi.
8) Salvesta fail ning vasta materjali I0pus olevatele kiisimustele.
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Tulemused

Tdida allolevad tabelid ning vasta ka kisimustele.

Stsenaarium Daily Cost, €
EPS

All Pumps

Min Tank Level

Naite kilisimused

1. Miks oli maksumus korgem juhtumil, kus mahuti minimaalne veetasapind oli
korgem?

2. Parimate lahenduste juures on ndha samaviirsete pumpade pidevat sisse/vilja
liilimist. Kuidas operaator peaks seda moistma?

3. Mudeliga 24h (1h samm) arvutus kuuele pumbale annab erinevaid lahendeid kokku
2/\(24x6) = 2.33 x 10%3? Kui palju vdiksem oleks lahendite arv kui kasutatakse 12 2h
sammu?
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Tulemused

Tdida allolevad tabelid ning vasta ka kisimustele.

Stsenaarium Daily Cost, €
EPS 2618
All Pumps 2383
Min Tank Level 2385

Naite kilisimused

1. Miks oli maksumus korgem juhtumil, kus mahuti minimaalne veetasapind oli
korgem?

Lahend oli marksa piiratum kui see mida pumbad suudaksid. Lisaks oli vastusurve marksa
kdrgem, mida pumbad pidid pidevalt tle |[66ma.

2. Parimate lahenduste juures on niha samavairsete pumpade pidevat sisse/vilja
liilimist. Kuidas operaator peaks seda moistma?

Uldjoontes ei suuda Darwin vahet teha paralleelsetel, samaviairsetel pumpadel samas
pumplas. Kasutaja ei pea lilitama PMP-1 ning PMP-2 juures naditeks PMP-1 peale
samal ajaperioodil (kolme ajasammu) aga voib jatta kas PMP-1 vdi PMP-2 t6ole
pidevalt.

3. Mudeliga 24h (1h samm) arvutus kuuele pumbale annab erinevaid lahendeid kokku
2/\(24x6) = 2.33 x 10*3? Kui palju vidiksem oleks lahendite arv kui kasutatakse 12 2h
sammu?

27(24x6) = 4.7 x 102
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