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* Pressurized irrigation can be efficiently introduced by means of collective water
distribution pipe networks.

 When pressurization requires pumping systems, two extreme schemes are found:
pumping to a intermediate reservoir or direct pumping to the network (Mixed
solutions may be recommended. Ask me why during coffee break)-

Elevation Pumping Station ¢EPS) Direct Pumping Station (DPS)
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* (Quite different Hydraulic Head requirements at hydrants can be found
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Quite different Hydraulic Head requirements at hydrants can be found

* En

Enero
Febrero
Marzo
Abril

Mayo

1* Junio

2* Junio
Julio
Agosto
Septiembre
Octubre
Noviembre
Diciembre

ergy cost uses to vary along the day, with valley, medium and peaks hours

CALENDARIO DH6 2008 PENINSULA
1 2 3 45678 9 10 1213141516171"192021222324



‘THE ACTS...

il 1 EEEs
Universidad. ' e

'—0—0

WWW.gestarcad.com

e Quite different pressure requirements at hydrants can be found.

* Energy cost use to vary along the day, with valley, medium and peaks hours

 The water demands can be easily anticipated and admit rescheduling
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* Quite different pressure requirements at hydrants can be found

* Energy cost use to vary along the day, with valley, medium and peaks hours

* The water demands can be easily anticipated and admit rescheduling
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Quite different pressure requirements at hydrants can be found

* Energy cost use to vary along the day, with valley, medium and peaks hours

The water demands can be easily anticipated and admit rescheduling

The pressure supplied by pumping stations can be modulated (Inverters)
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e Goal is to fulfill all the hydrants demands (meting many different REQUERIMENTS:
flow rate, irrigation duration, time window, minimum pressure, max velocity, and
others,...) at minimum energy cost (kWh and billing) by appropriate scheduling (and
pumping station pressure control if possible). => Optimization problem with multiple
decision variables and restrictions.

e The most cost/benefict effective strategy (minimum or no investment required,
maximum savings, i.e. 12-35% or more), and complementary with others

e It allows renewable and conventional/combined energy sources exploitation.

e Over sizing associated to on demand designs, helps to introduce the strategy in
existing networks (but specific methodology must be introduced in design of new
systems to be operate under this advanced scheme, in order to obtain the most of the

its advantages).

e Adaptable to (continuous) changing conditions.
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Idea formulation is easy , but requires specific tools:

* Because of the network hydraulic constrains (head loses, max velocities,..) not
any demand combination followingg the idea can be satisfied

* Hundreds of billions of demand combinations will not meet these requirements
(pressure, velocity, ...).

* A small set (thousands /tens of thousand) of demand combinations will achieve
the requirements (pressure, velocity, ...) éhow we found those?

e Among these, we should find the combination with minimum (or nearly
minimum) cost

This calls for appropriate ICT providing Decision Support System in management
(and design). Specially success and effectiveness in irrigation networks as they have
low uncertainty, limited extensions and feasible demand control/conditioning
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THE TOOL ...

... GESTAR, a SOFTWARE PACKADGE for DESIGN and
MANAGEMENT of IRRIGATION NETWORKS, INCLUDES the
NECESARY DSS to ACHIVE the GOALS

From Scientific Production to Technology Transfer, user friendly environment 2016

Languages.
Spanish
English
French

Portuguese
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Multiple tools for collective distribution network (plus on

plot network: sprinkle and drip irrigation).
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20% infraestructure cost

Up to 35% energy cost
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Meta heuristic algorithm inspired in the
ants strategies for search food

Initially ants search for food and return
to anthill by random walks, but they
deposit pheromone along the way,
More intense pheromone in return way
if they have been success.

The pheromones are volatile
substances that attracts to other ants,
reinforcing the best paths and making
disappear the unfruitful.

After some cycles, the preferred route
Is optimum, (It goes straight and safely
from the anthill to the feeding source)

(a)

Www.gestarcad.com

(b)
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—Yalor Fun. Obj. — Datos de la Optimizacidn — Coste Energia
Iter, | Valor € | Energia € | T(5) | Var, Valor (%) | Var, En = 15197

v 25032,1 113 |2482,5 147296 562 [l :

2T 112 |2482,67 147257 557 O,000E+00  O,000EH ¢ 160351

| 205222 111 |2482,67 1472,57 553  0,000E+00 0,000EH : 158731 1

'? 182672 110 (2482,67 1472,57 548  -1,007E-02 -1,697E4 t 157111

;160122 109 |2482,92 1472,82 542 0,000E+00 0,000E+H & 155481 3

y 137573 108 |2482,92 1472,82 538 -2,416E-03 -4,074E4 E 153872

N 415024 107 |2482,98 1472,88 533 -7,243E-03 -1,222E4 g 152252 I

9247 41 106 |2483,16 1473,06 520 -7,65IE-03 -1,280E4 r 150632 .‘i

E 6992,46 105 |2483,35 1473,25 524  0,000E400 0,000EH sll 148013 M

| 473751 104 |2483,35 1473,25 520 -2,375E-02 -4,003E4 3 147383

o \ 103 |2483,94 1473,84 515 0,000E400 0,000E+H e

20 40 &0 a0 100 120 < | > 0 20 40 60 an 100 120
lterations. L lterations
Estado DDt'm'ZaC'U"IEiecutando Solicitar Parada |
246826 250321 ¥ Auto : 16197 |14577 ¥ Auto

25

20

10 minutes CPU time

z 1F
a
u
d
a

I 10

05

0,0

. 1

'l

Pumping Station flow rate a

fter opti

mized scheduling for 24 h



ESTAR SCHEDU[LING OPTIMIZATION

it HT*‘% -
www.gestarcad.com
20 - Simulacién de la programacion optimizada TELEGESTAR
—— Simulacién de la programacioén ejecutada
s T 17 I
10 -
5 NN - AN - AN | SN NNy AN - SUNN ) AR 3 SN SO
©
(&)
£
0
-5 -
_10 .
-15 -
11:00 23:00 11:00 23:00 11:00 23:00 11:00 23:00 11:00 23:00 £1:00 23:00 11:00 23:00
PRESSURE DEFICIT (TRIAL-ERROR SCHEDULLING)

PRESSURE DEFICIT (OPTIMIZED SCHEDULLING)




L .DY ?A)HI.FAQIOMDA NETWORK

T TN M N 0 it ] g = e e
Universidad, - frodidetat NEERET .. "
de FZaragoza,

.....

‘ GESTAR _2014 - secuencia Ejemplo aperturas. jas2.mdb -
‘ Ficheire Edicdo Ver Opgfes Dimensionar Célculos Resultados Alarmes Regulagdo Bormbagem Desenho de Parcela Mexilhdo-zebra  Ajuda |;||i"i|

Do Q@& 2] o] alala@Be] e ole(m]:=x mm@@] e <] e <] B
NI Al X| | @l 2] oo w]i| o] n| x| o n| | =2 g% a2 OlF]O]

B
T Violada (Almudévar) WUA (Spain)
SR ¢ i e Irrigated Surface : 1,335 ha
3 O . e Design max flow rate 2.1 m3/s
@
i Nédepmmm“H% Pumping station: GESTAR compact modeling
= 30 =
a ) g o . | (Paio et al., 2012]
" 60
(
m 50
Y } Q \..
30
(= WQD 05 10 15 20 25 3.0
I D P P P Pt O
’ ¥
’ ,, i
7 E =n
Kl ] T

(B9RE7ZE . 4GE7075) - |2110v2ma 2037 |




1s00

1600

1400

1200

1000

SO0

[u]

1300

p== - H 100
od 1400
P6 =>16410 kW AN 1200

F %8 e 1000

o

: Cost savmgs (€)

I 1l LET I 1] Tegl IE] Il 16l Tepl BT I 1] Tl [T Tl 146l gl 1l Tl 1l s

= = - B = I = T e o R e T S S =P S - 3
Flemento Bomba Borl - Caudal tm3dsy Mm

| wly  9.020

T September, 2574
il TOTAL (22%) 19,360
J E < DOWer Cco acted 0
A P2 a P5 contra 000 car (40%

= Ml e ™ & e = & = &9 2 e Fome 0 e =

Energy saving July month: = (1 820-1.410) €/year* 22 days =9.020 €

TOTAL SAVING : 74.000 € year (32%)




‘ GESTAR _2014 - seujencia-Ejempln apertur s2.mdb

- =" ——
‘ Ficheiro Edigdo Wer Opgdes Dimensionar Calculos Resultados Alarmes Regulacdo Bombagem Desenho de Parcela Mexilhdo-zebra  Ajuda IZ|

Dl QBB szl o] alalaFEn] BlS olelm:xamEE ee <] @l <] 1] -l

B Al X| & sip] «[dblwialen|¥ wnl | =|2g|%s 8] 0/F 0

Callén WUA (Spain)
e Irrigated Surface 698 ha
e Design max flow rate 0.820 m3/s

Pumping station: GESTAR compact modeling
(Pano et al., 2012)

® /\
" /j \
H 70
{ \
m 65
) I \
50 \
55
0.0 02 0.4 0.6 0.8 1,0 1.2
0 |
60
"o/
(40
Tl
i 20 [
0
0,0 0,2 0,4 0.6 0,3 10 12

Q (mais)

1] 1

[ G9BA7ZE . 4G57075) [21102md (2037 |




3) CALLENWUA NETWORK

1]y

Universidad, - ﬁ - THEE=
de Zaragoza,
Www.gestarcad.com

« Pure on demand: Energy cost 298 €/day, July
« Demand optimized 1 pressure level: Cost 278,56 €/day., July

« Demand optimized 2 pressure levels: Cost 245,5 €/day., July

Yearly energy bill savings: 20% (20.550 € /year)
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Total energy % Saving
costs on achieved
demand using

(€/year) PRORIEGO

LAVIOLADA (Almudevar)

1,335 (106) 66 231,000 32%

\[FWel € (Mequinenza) | 1,000 (101) 65 88,000* 16 %

NETWORK A" (el 1,135 (89) 70 -44.5 216,000 18%
and B 50 -25

PHASE I (Molinar) 3,644 (273) 68 -48 963,000 16%-20%
(Estimated)
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Water distribution by pressurized networks is increasing in irrigation
applications with remarkable consume of water an energy, not to be neglected

Demand characteristics and infrastructure constrains in irrigation networks make
them wvulnerable, but at the same time irrigation networks allow to implement
efficient demand management thanks to ICT and DSS technologies, specifically
developed for such a systems.

The Decision Support tool presented for optimum demands scheduling, based on
Ant Colony evolutionary algorithms, achieves significant savings in energy cost
(15-35%) and improve of service and water efficient use (pressure satisfaction).

The tools can be applied in any context, with any level of technology implementation

The negotiated demand oriented to minimize energy cost calls for specific design
metrologies

It constitutes and excellent showcase about ICT and DSS technologies benefits
applied to water and energy management in distribution networks, and a example
of positive technology cross transfers
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PLAN NACIONAL DE INVESTIGACION CIENTIFICA, DESARROLLO E INNOVACION
TECNOLOGICA SUBPROGRAMA INNPACTO. PROJECT I PT-060000-2010-27 )
"TECNOLOGIAS AVANZADAS PARA LA EFICACIA ENERGETICA EN LA INGENIERIA Y LA
GESTION DE SISTEMAS DE RIEGO”.

GOBIERNO DE ARAGON. “CONVENIO GESTAR 2013-2015 INGENIERIA, ANALISIS 'Y
GESTION DE REDES DE RIEGO PARA [A MODERNIZACION DE REGADIOS”. CONVENIO
CONVENIO CON UNIVERSIDAD DE ZARAGOZA
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IRRIGATION NETWORKS
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Branched networks, (more vulnerable to over demands and breakouts) sized
with criteria of minimum cost.

Disperse networks and limited number of users.

Intermittent (not continuous) use of the demand nodes (hydrants)

High flow rates at hydrants (decisions of individual users affect the network)
High variability in flow demands (along the day along the season)-

Quite different pressure requirements at hydrants can be found

Preferred use is “on demand” scheme, freedom to use the hydrant at any time

(but network is not designed to supply water to all hydrants
simultaneously) .



