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Multi-purpose optimal operation of serial pump stations in water
conveyance systems (Case study: Shiraz water conveyance system from
Doroudzan Dam)

Jafar Jafari-Asl !, Gholamreza Azizyan >*, Seyed Arman Hashemi Monfared 3, Mohsen Rashki*

Abstract

Nowadays, with increasing energy consumption costs, the optimization of energy efficient processes is
being more considered than before. The essential part of the operational cost of water conveyance

systems is energy consumption and maintenance costs of pumping stations. Therefore, it is necessary to
develop an efficient method for optimal operation of these stations in order to reduce energy
consumption and pumps maintenance costs. In this study, the optimal operation of pumping stations is
considered as a multi-purpose optimization problem with the objective functions: 1- energy costs 2-
maintenance costs. In order to resolve this problem, an optimization— simulation model based on Non-
Dominated Sorting Genetic Algorithm (NSGA-II) is coupled to the EPANET hydraulic simulation
model. The proposed model is applied to find the optimal pump scheduling program of Shiraz water
conveyance system from Doroudzan Dam. Results revealed that by considering all different limitations
of the problem, the energy costs were 30% and 5% less than the current state of operation and previous
studies respectively. Also, the proposed model can decrease the cost of pumps maintenance by
controlling the number of pump switches.

Keywords: Pump scheduling program, water conveyance systems, Multi-objective
optimization, Energy costs, Droudzan dam.
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Multi-purpose optimal operation of serial pump stations in water
conveyance systems (Case study: Shiraz water conveyance system from
Doroudzan Dam)

Jafar Jafari-Asl!, Gholamreza Azizyan % *, Seyed Arman Hashemi Monfared 3, Mohsen Rashki*

Introduction

Nowadays, with increasing energy consumption costs, the optimization of energy efficient processes is
being more considered than before. The essential part of the operational cost of water conveyance

systems is energy consumption and maintenance costs of pumping stations. Therefore, it is necessary to
develop an efficient method for optimal operation of these stations in order to reduce energy
consumption and pumps maintenance costs. Several consecutive pumping stations are used to transfer
water from Doroudzan dam to Shiraz city imposing high energy consumption and maintenance costs.
In two different studies, Kashkooli and Bahrami (2017) and Kashkooli et al. 2017 presented two
simulation-optimization models by integrating EPANET, artificial bee colony (ABC) and genetic
algorithm (GA) models to optimize the energy consumption of the pumping stations from Doroudzan
to Shiraz. Through the developed models, they were able to reduce the amount of energy consumption
by a rate of 28 and 29% compared to the conventional mode of operation. In this study, the optimal
operation of pumping stations of Shiraz water conveyance system from Doroudzan Dam is considered
as a multi-purpose optimization problem with the objective functions: 1- energy costs 2- maintenance
costs. In order to resolve this problem, an optimization— simulation model based on Non-Dominated
Sorting Genetic Algorithm (NSGA-II) is coupled to the EPANET hydraulic simulation model. Results
revealed that by considering all different limitations of the problem, the energy costs were 30% and 5%
less than the current state of operation and previous studies respectively. Also, the proposed model can
decrease the cost of pumps maintenance by controlling the number of pump switches.

Methodology

In this study, the optimization of pump scheduling problem is considered as a multi-objective problem
with two objective functions of energy consumption and maintenance costs. The mathematical
formulation of the problem is described below. The first objective function is to minimize the cost of
energy consumption (Cg(s)) of the pumps, which is calculated through a simulation for a statistical period
using the following equations (Lansey and Awumah, 1994):

Cp(s) =Cp +C, (1)

Cp = Xntq(Pp X Ep(n)) 2)
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Ce = LaZa X0 1(Pe(t) X Ec(n,£) X S(n, 1)), 3)

Where Cj, and C, are the consumption and the demand charge, respectively. NP is the number of pumps,
NT denote the time period, S(n, t) is the status of pump n at time t, P.(t) is the energy consumption
tariff, Pp is the demand charge, E. is the energy consumption rate and Ej is the maximum electrical
power consumption of pump n.
-3
107°.y.Q(n,t). h(n,t) 4)
e(n,t)

In Eq. 4, Q is the flow through the pump, h is the dynamic head, e is the efficiency of pump and y is the
specific weight of water.

E.(n,t) =

The second objective function addresses the costs of maintenance of the pumps so that it is considered
as a reduction in turning on or off the pumps consecutively (Lansey and Awumah, 1994).

n=NP t=NT
2
Cs(s) = z P Z (It = Ine-1)) (5)
n=1 t=1

where, P; is the fine rate of the single pump switch, and I, € {0,1} indicates the on or off mode of

the nth pump during the time interval t.
The constraints of the optimization problem are shown in Table 1.

Table 2. constraints.

Z Qin,i - Qout,i =0 (6)
Hiy —Hje = hyj;
10.668L;;Q1%
ijt = ~1852 14871
Ci1j852 d?}871
Hye = H™" (7)
th =< VMax,kf th = VMin,k'VIé: = Vlni,k (8)

where Q;,; and Q,y,; are the input and output flow of node i, respectively. H; ; and H; ; are the head of
node i and j at time t, respectively. h;; . is the head loss between nodes i and j, C;; is the Hazen-Williams
constant, d;;, L;j and Q;; are the diameter, length and flow of the pipe between nodes i and j,
respectively.

Hl-mi" is the minimum allowable head at node i. Vjp; k, Vamink @and Vg, i are the initial, minimum and

maximum volume of tank k, respectively. V{ is the storage volume of tank k at time t.

NSGA-II (Deb et al, 2002) was used to determine the optimal efficiency of the pumps in a 24-hour
period by considering the mentioned functions and constraints. The optimization-simulation model was
developed in MATLAB software by integrating EPANET and NSGA-II.

Discussion and Conclusion

Doroudzan dam is located 120 km away from Shiraz providing an average of 67 million cubic meters
of drinking and industrial water for Shiraz city. Fig. 1 demonstrates a schematic of the model of this
pipe-line system.
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Fig. 1 schematic of the Shiraz water delivery system.

Based on the sensitivity analysis, the values of NSGA-II parameters including the initial population,
number of generations, crossover and mutation rates were considered equal to 200, 300, 0.8 and 0.2,
respectively. Considering the above values, the NSGA-11 model was implemented by connecting to the
EPANET model. After convergence of optimization model, 6 points were obtained on the Pareto (Fig.
2, Table. 2).

29000

27000 .

25000 ‘BC

N 23000 ®D ®:

21000
19000 o r
17000

15000
37000000 42000000 47000000 52000000 57000000

fi

Fig. 2. The Pareto between the energy and maintenance costs.

Table 2. the solutions on pareto front.

No f1 f2
A 40053436 28000
B 40290124 26000
C 40668292 25000
D 40685004 23000
E 45628840 22000
F 53252560 19000

Given that all the answers on the Pareto are optimal, also, obtained in terms of satisfying all the
constraints, there is no preference between them and selection depends on the designer besides the
conditions of the design. Answer D has been selected and compared with previous studies to show the
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efficiency of the developed model. The cost of energy consumption in answer D is reduced by 29%
compared to the consumption of a normal day. Also, according to the comparison of the results of the
model developed in this study and previous two studies (Kashkooli and Bahrami, 2017, Kashkooli et al.
2017), costs of energy consumption and maintenance were reduced by 5 and 80%, respectively,
observing all the constraints of the problem, which shows that the developed model has acceptable
efficiency.
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