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Abstract:

Today, optimization in power systems is an unavoidable necessity. Energy intensity reduction in electrical
devices and enhancement of their efficiency and performance, electricity loss reduction and voltage profile
improvement of the power grid are some instances of optimization usage in power systems. Refrigerated
systems, such as refrigerators can, in addition to exploiting PV systems in a power grid, be part of the supply
and demand of electrical energy, so that they store energy as thermal energy and, in the necessary conditions,
allow energy to inject into the power grid by a photovoltaic system. In this paper, the design and construction
of a photovoltaic refrigeration system connected to the network and its optimal performance is discussed. The
objective cost and refrigerating temperature functions are considered as two main goals and the final answer is
chosen by using the non-dominated sorting genetic optimization algorithm and then using the weighted sum
model method. The simulation results with MATLAB software as well as the results of implementing the
proposed system's hardware system in the project verify both the effectiveness of the proposed system.

Index Terms: Smart grid, solar refrigerator, electricity dynamic pricing, NSGA-II algorithm, sum weighted
model
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Fig. (1): Proposed model for photovoltaic refrigerator connected to smart grid
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Fig. (2): Simple conceptual model for refrigrator

(V) alaly )3 (7)) 5 (V) kily, o)l b adlge plenily oo
B @) Ly, &ype 4 plgies | abaly cnl 055 o0 Jol> (F) abal,
g ge i (V0) 5 (1) bylyy coo b ga colpo a5 ciig (M)
Siloads LBl [O] gz e 51 (V) B (V) Ll a5 ol 53 @ anagls

dT
c-Q - ")
p dt an Qout
Q, =U.A(T, -T,)
™
QOU[ =BPC (Y‘)
dec;I;“:UA(Ta—TC)—BPC )

Y

S PS (539 3 s 5Lk —Y-Y
ilor st 65l Sl sl ool Joe S Giales (V) S0
Lo (5las Te o oo s yusd gy baeome (slos Ty Joko ol 5o
Slooyesd bagme a4 (69955 (Sl ooz Qin dopos Lo 33 Sl
9 P g Loy Slao s Loz ) o255 ) obz Qout oo

bl o s (gale oo
bl nl o a5 Cenlosel (V) aball) 3 Jlas s (6551 Jolss Jge 2
398 jlaiie el Jlry (s bime ol (ctaleye 2oyl Cp
Ualaly cnl 5o 05 oy () alaly b Glgiee |y Sl & 51~
Sl Soi e ol Sl Sy b A 5 &> Jlil o
Ll o Bass) cy® () ablaly b gl 1y G & Jlps



VAP Gline) = 99 5 (o 05lads — e Jlos — G0 Coxio ;0 wiadign (slods,

_ BAt AT, _
b_C— oy G v =UA (T, -T,)-BP, ®)
P
Pl SYolas ol culpd popgl s 4 sl s Ve Vslae w225k ) ENCS il HES) RN (T,(k)—T,(k)) - B P.(k) #
SB) b o Al 5oy Gaios (pl o asdllas 8,90 o ced @ At UAAt B At
Bl ol 0o )S (e )l p Jbs) 6iloyb s (e oo [Tc(k+1)—Tc(k)]=C7(Ta(k)—Tc(k))—C7Pc(k) )
P P

Omized Aload ools Hlas (V) 5 (V) Jolaz o Jes slptolos] T.(k+1)=(1—a)T. (k) +aT, (k) - b P, (k)

S b ] Js L plo) aimie w4 (F) 5 (F) (slelSit Q)
. . R . U A At
29 W58 )5 (ol g by (a5 ) (w5l 2 g O, Sl a=—c @

Sk g orbgy Sl e Sl (ales cns (V) Jgor
Table (1): Thermal test of refrigerator in ON and full load mode
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Table (2): Thermal test of refrigerator in OFF and full load mode
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Fig. (3): Temperatutre-Time curve of refrigerator

(On and full load mode)
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Fig. (4): Temperatutre-time curve of refrigerator
(OFF and full load mode)
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Table (3): Measured values of solar irradiation power on 10 May 2017 in Isfahan city
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Table (4): Panel output power values based on irradiated solar power
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Table (6): NSGA-II algorithm tuned parameters
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Fig. (5): Flowchart of the proposed method
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Table (5): Electricity price based on 3-tariff regulation in 2017 Iran
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Fig. (6): All possible solutions (solution space) for the problem study
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Fig. (7): Pareto solutions (30 optimum solution) resulted of using NSGA-II algorithm in the problem study
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Table (7): Values of objective functions, normalized values and calculated values for weighted sum model
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Table (8): Obtained results of the practical test of the system
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Table (9): Comparision of practical test results and simulation results for the system study
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1. Time of Use (TOU)
2. Non-dominate Sorting genetic Algorithm II (NSGA-II)
3. Pareto Front
4. Weighted Sum Model (WSM)
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