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Abstract. This study presents a strategy to stop paying
monthly used energy costs for households in Vietnam’s
cities and towns. To get there, the total energy cost
acquired from the utility grid must equal the total extra
energy supplied to the grid. In addition to the power
consumption reduction from the grid for household cus-
tomers, the extra energy produced by the rooftop photo-
voltaic system (RPV) is sold back to the grid. This
mechanism has effectively freed up the monthly en-
ergy bill for individual customers. However, the op-
timal rated power of the rooftop photovoltaic system
(RPV) must first be determined. Two meta-heuristic
algorithms, including the Coati optimization algorithm
(COA) and the Osprey optimization algorithm (OOA),
are implemented to solve the problem. The results
obtained by the two algorithms are compared using
different criteria. Through these comparisons, OOA
completely outperforms COA regarding solution qual-
ity and stabilization. For instance, OOA 1is the only
method to reach the best optimal rated power of the
RPYV. Moreover, OOA is also more effective than COA
with 50.17% on mean cost, 11.49% on mazximum cost,
and 17.06% on standard deviation. By using the solu-
tion found by OOA, RPV not only fulfills the house-
hold’s needs but also reduces the electric energy cost to
zero. While evaluating a five-year operation period, the
household can get the benefit of $3,635.64. So, using
the RPV is very effective for reaching both economic
and environmental benefits.
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1. Introduction

Nowadays, the rapid growth of electricity load demand
puts more pressure on electricity-generating sources
such as thermal power plants (TPPs) and hydroelec-
tric plants (HPTS) |1]. The operation processes of
these generating sources have caused serious problems
for the environment and have accelerated the nega-
tive effects of the global warming phenomenon [2H4].
On top of that, HPTs also brings different negative
effects that directly affect human life and other high-
alert environmental problem besides their substantial
contribution [5H7]. In this circumstance, the need for
clean, safe, and sustainable energy sources is really
urgent, and renewable energy sources such as wind
and solar energy are considered the perfect solution
for mitigating the negative effects of global warming
and climate change [8]. Besides the large-scale wind
and solar power plants connected to the transmission
network, the RPV are also encouraged to be installed
by governments at the family scale in many countries
with huge potential for solar energy [9HL1]. Vietnam
is considered to be one of the nations with consider-
able potential for developing and exploiting the ben-
efits of using renewable energy sources, especially so-
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lar energy [12414]. By acknowledging natural advan-
tages, the Vietnamese government has issued a series
of legal documents to create favorable conditions for
the development, investment, and expansion of the ex-
ploitation and use of solar energy at various levels and
scales [15H17|. Notably, in |15, the Vietnamese gov-
ernment intends to increase the total energy supplied
by all renewable energy sources (RESs) from 58 billion
kWh in 2015 to 101 billion kWh in 2020, 186 billion
kWh in 2030, and 452 billion kWh in 2050, respectively.
In |16], detailed policies and particular decisions have
been granted regarding different considerations, such
as financial support, investment, and incentives for any
individual or group installing RPV systems on various
scales. Besides, all the taxes related to the execution
of the RPV project are also supported by the govern-
ment and other state agencies. Afterward, Decision
No. 13/2020/QD-TTg [17] issued in 2020 is the other
encouragement from the government based on what is
addressed in [16], aiming at expanding the scale and to-
tal power output of RESs to meet the target set in [15].

Moreover, the RPVs are also connected to the util-
ity grid to pump back the extra energy in hours when
the amount of energy produced by the RPV is higher
than the load demand. This implementation helps
lower consumers’ monthly energy bills [18-21], so RPVs
are widely accepted and installed by family-scale con-
sumers. The model of an RPV connected to a util-
ity grid is briefly depicted in Figure [I] In the figure,
the presence of the inverter plays an important role.
For instance, the inverter is in charge of converting the
DC produced by RPVs to AC, which is the house’s
main type of electrical device. Moreover, the inverter
also allows for optimizing the amount of power out-
put produced by the RPVs at a particular period us-
ing all data of power consumption from all the devices
in the house. In addition to that, the presence of an
inverter enhances the safety degree of the RPV oper-
ation while dealing with different conditions of power
demand. Due to the vital role of the inverter in an
RPV system, the rated power of the inverter must be
determined based on the following criteria:

e The converting ratio: This criterion is the power
ratio converted from direct current (DC) to al-
ternative current (AC). The inverter power ratio
is selected for civil applications between 1.15 and
1.25.

e Total power output of the RPV system: This cri-
terion means that the inverter’s rated power out-
put must be large enough to handle the amount of
power produced by the RPV system at any given
time. However, the rated power of RPV must be
an affordable value that balances both economic
and financial aspects.

| Uility grid |

device:

Fig. 1: The illustration of RPV connect with utility grid.

e The real efficiency of the inverter: A high-
efficiency inverter will improve the usability of DC
power while transforming AC power.

e Reliability: This criterion is mainly about main-
taining all the operational specifications for long-
term use under different conditions.

Normally, the installation of RPV systems will be ac-
companied by a battery energy storage system (BESS).
BESS is utilized for two main purposes: 1) to store the
extra energy at a given time when the power produced
by the RPV system is higher than the actual demand
and 2) to supply energy for use at night when the RPV
system cannot directly produce energy. However, the
absence of BESS in Figure [I] served the initial purpose
that instead of storing extra energy in the BESS, this
amount of energy is immediately sold back to the grid.
Therefore, the electrical customers still use the grid’s
energy at nighttime. On top of that, while the BESS is
not installed, the initial investment in the RPV is also
partly reduced. Based on that, the operational and
maintenance costs of the whole system will be reduced
as well.

In summary, this study only focuses on determining
the optimal value of the RPV system’s rated power so
that the consumer’s energy bill is minimal. To reach
the target, suppose that the following terms are already
satisfied:

e All the criteria for selecting the inverter’s rated
power have been fulfilled.

e The grid can handle any extra energy injected by
the RPV system at any time.

e The government has granted all the policies re-
lated to injecting and selling extra energy from
the RPV system into the utility grid.

Many researchers have previously considered the
problem of reducing energy costs while installing the
RPV. For instance, the author in [22] applied meta-
heuristic algorithms called genetic algorithms (GA) to
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optimize the energy management strategy so that the
consumer could reduce the energy cost considering the
time of use tax. For the same purpose, the study [23]
applied a hybrid method, which is genetic-wind-driven
optimization (GWDO), to reduce the energy cost in
different case studies with the consideration of an en-
ergy storage system (ESS). The authors in [24}25] pro-
posed a different strategy to minimize the energy cost
by optimizing the control and schedule of all the house-
hold appliances with RPV using a Grey Wolf Opti-
mization (GWO). In |26], the authors applied a power
optimization tool called the Earthworm optimization
algorithm to optimize the electricity cost for residential
houses with the installation of RPV and a battery en-
ergy storage system (BESS). The results indicate that
EWA can reduce 45% of the energy cost compared to
the unoptimized value and 7% less than the similar val-
ues given by the cuckoo search algorithm (CSA). Next,
the authors in [27] focused on reaching zero energy
consumption for buildings by optimizing the design of
the energy management system, which includes RPV,
BESS, and diesel generators. To achieve the target,
the proposed harmonic search algorithm (PHSA) has
been applied to determine the optimal rated parame-
ters for the whole configuration. Reducing the energy
cost for consumers with an RPV system with consider-
ation of load demand variation and the dynamic power
output from the RPV is a complex optimization prob-
lem. As observed from previous studies, meta-heuristic
algorithms play a crucial role in reaching the optimal
solution.

In Vietnam, Vietnam electricity (EVN) has encour-
aged the placement of RPV for households in towns and
cities to cut the energy use from conventional power
sources, such as thermal power plants and hydropower
plants. The wholesale electric tariff for the household
use 28| is applied to determine money for used energy
every month. For hours with zero or low solar radia-
tion, the households use total energy or apart of energy
from the distribution power gird (DPG) of EVN. For
other hours with high solar radiation, the generation
of RPV is greater than the use of the household, the
extra generation from the RPV will be transmitted to
the DPG of EVN. EVN will pay money to the house-
hold for the extra generation with the price of 1920
Vietnam dong (VND) per kWh [29]. Finally, the to-
tal used energy cost will be calculated by using the
wholesale electricity tariff for the household use, and
the revenue of the extra generation is determined at
the end of each month. If the used energy costs are
greater than the revenue, EVN must pay money for
the household. Otherwise, the household must pay the
money to the EVN.

As mentioned above, the presence of the RPV system
returns a lot of positive effects on both utility opera-
tion and consumer perspectives, such as reducing the

pressure on the transmission process, alleviating envi-
ronmental damage, and lowering the energy bill for en-
ergy customers. However, the integration of RPV with
different scales into the grid also causes some adverse
effects as follows:

e Voltage fluctuation may occur at a given time and
affect other loads operating in their design spec-
ifications. If the voltage fluctuation lasts long
enough, it could lead to the voltage collapse phe-
nomenon [30], interrupting the power supply to
many customers.

e Harmonic and frequency distortion can highly re-
duce the efficiency of electrical devices, especially
in the transformers [31]

e Reverse power flow phenomena in the grid [32]
damage the crucial elements in the grid, such as
transformers, generators, and protection devices.

e Reduce the grid’s reliability, stability, and safety
due to unexpected changes compared to the design
configuration.

In this paper, the optimal placement of the RPV for
households in towns and cities of Vietnam is consid-
ered for minimizing the monthly used energy cost for
the households. And we suppose the minimum cost
is zero VND. Two novel meta-heuristic algorithms, in-
cluding the Coati optimization algorithm (COA) [33]
and the Osprey optimization algorithm (OOA) [34],
are applied to determine the optimal rated power of
a RPV to eliminate the energy cost in each month
for a medium-sized consumer. Both COA and OOA
were recently proposed in 2023, and they are nature-
inspired meta-heuristic algorithms. Specifically, while
COA is developed by mimicking the hunting method
of the Coati species, OOA is built by simulating the
hunting movements of the osprey in nature.

The novelties of the study are summarized as follows:

e Successfully propose a new strategy to eliminate
the energy bill of the energy consumer each month.

e Apply two novel meta-heuristic algorithms, in-
cluding COA and OOA, to solve the considered
problem.

e Indicate the most capable method, OOA while
dealing with the considered problem using differ-
ent comparison criteria.

e Propose a new model that both solves the environ-
mental problem and decreases the pressure on the
utility grid due to less energy consumption each
month.

The contributions of the study are as follows:
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e Use the electric energy from rooftop solar photo-
voltaic systems to minimize the energy cost for
electric customer.

e Reduce the conventional power from thermal
power plants to minimize the emission of fossil fuel
burnt process.

e Reach benefit for electric customers in using
rooftop solar photovoltaic systems.

e Indicate an effective search method for dealing
with the proposed problem in the study.

2. Problem description

2.1. The main objective function

As mentioned in the introduction section, the study
aims at eliminating the deviation between total energy
consumption cost and total revenue of selling the extra
energy to the utility to a medium-scale electrical con-
sumer within a month. That also means that the con-
sumer will not pay any monthly energy bill cost. The
mathematical expression of the main objective function
is given below:

month __ Cmonth

MinimizeDev. = Cg5g PV

(1)
Where Dewv,. is the cost that customer must pay for
electric sale company after considering the energy sup-
plied by solar photovoltaic system on rooftop of the
house. CTeuth is the total revenue of selling the en-
ergy to the utility for one month with 30 days (VND).
C;’;%”h is the total energy consumption cost for hours
without solar radiation and hours with low power from
RPV. C7nonth and CEaifh are calculated by:

month __ pmonth
C'RPV _ARPV

(2)

x Prrpv,

and

Cmonth — Amonth

grid grid X Pr6lev>

®3)
where AT is total extra energy of one month that
the RPV generate electricity to the power grid (in
kWh); Prrpy is the price for each energy unit supplied
by RPV to the power grid, and Prg; is constantly 1920
(VND/kWh); A;”r‘;gth is the total energy that the cus-
tomer used from utility for one month at hours without
solar radiation and with low generation from RPV (in
kWh). Prge, is the six-level price according to the
wholesale electricity tariff for household use in cities
and towns of Vietnam . The illustration of the six-
level price is presented in Figure [2}

mL1 (0-50)
L4 (201-300)
3500

uL2 (51-100)
mL5 (301-400)

L3 (101-200)
mL6 (>400)

2919 3015

(o8]
(=
(=4
(=]

2612

[N
W
S
(=}

2074

2000 1786

1728

Price per kW/h (VND)

Energy consumption (kWh)

Fig. 2: The six-level price for calculating the energy consump-
tion within a month.

2.2. The involved constraints

1) The equivalent constraints

The constraint of total extra energy from the
RPYV system: This constraint is about the difference
between the power supplied by RPV system and the
amount of power required by load at each hour when
RPV system is available. We suppose the solar radia-
tions for electric generation occurs from hour 6 to hour
17 in which the power generated by RPV is higher than

the load demand at the hour i. So, ABeU" Equation
is calculated as follows:
17
AR =30 x > APET, VAP >0, (4)
i=6
With
APiew _ PiPV o F)iload7 (5)
and

PV = KPV; x PY, (6)
Where AP is the power that RPV supplies to power
grid after meeting the load demand at the ith hour;
Plead (kW) is the power demand of the load at the hour
i (kW); PPV is the power generated by the RPV at the
hour ¢ (kW); KPV; the energy exchange coefficient of
the RPV at the hour i; and PLV, is the rated power
of the RPV (kW).

The constraints of total energy acquired from
utility grid: This constraint is determined by the
amount of energy acquired from utility grid at hours
while the RPV is not available and the hours while the
energy supplied by RPV system is smaller than the
demand. The expression of this constraints is given as
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follows:
24
Agﬁgth =30 x Z Rload
1=0
1£6+7

17
+y APfﬂ) NYAPST <0, (7)
=6

2)  The inequivalent constraint.

The constraints of RPV rated capacity. This constraint
means that, the amount of energy supplied by the RPV
at each hour must located within its operational limits
as presented by the following expression:

PPV,lSt < PPV < PPV,hSt (8)
AN 7 ~X Y

Where, PPV:ist and PPV-hst are the lowest and highest

generation limits of the RPVs.

3. The applied methods

In this section, two novel meta-heuristic algorithms are
implemented to solve the considered problem, as de-
scribed in the previous section. As mentioned ear-
lier, both the Coati optimization algorithm (COA)
and the Osprey optimization algorithm (OOA) are
nature-inspired meta-heuristic algorithms. The two al-
gorithms share the same structure, and the only differ-
ence between them is their update procedure for the
new solution, which will be described in the next sub-
sections:

3.1. The Coati optimization

algorithm

The update procedure to produce the new solution of
COA is structured by two stages and the mathematical
model for each stage is given as follows:

Stage 1: The new solutions are updated using the
following implementation:

M:ew,stl
. Pop
Mk+MT1(IP—MT2Mk), ’Lflk<7
M, + MT,(IPS — MT, M),
= P 3
ileit]pG<FMk,k> ;p
My, + MTy (M, — IPY), otherwise

)

4 i [oad (kW) e====RPV Efficiency
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= 7 08 7
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Fig. 3: Load demand and RPV efficiency at each hour within a
day.

Where, M,?ew’s’ﬂ is the new location of the Coati k;
MT; is the first multiplying term and its values is ran-
domized between 0 and 1; IP is the prey location on
the tree and IP¢ is the prey location on the ground;
MT5 is the second multiplying term and its value is
randomly picked up between 1 and 2; and Pop is the
population number; Fit;ps and Fys, are the fitness
value of the prey on the ground and the fitness value
of the current coati

Stage 2: The update for new solutions is executed
using the following model:

M]?ew,sﬂ =M, + (1 —2x MT1)
X (B + MTy x (Blist - BY™)),
with k:LQ,_..,POP ’ (10)

Where, Mgew’Stl is the new location of the Coati k;
Blst and Bpst are the lowest and highest limits of the
solution space.

3.2.  Osprey Optimization Algorithm
Like the COA, the update procedure of OOA for new
solutions is also executed by two stages and the expres-
sions of each stage will be described as below:

Stage 1: The new solution is produced using the
following expression:

Xt = X, + AP (Xsp — AR, X,,),

with p=1,2,...,Pop (11)

Where, X'*“**1 is the new solution p in Stage 1; Xj
is the current solution p in stage 1; AF} and AF5 are
the random factors with the range of [0,1] for AF

and [1,2] for AF,; Xgy is a random solution that is
randomly selected from the population.
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Stage 2: The new solution is updated using the
expression below:

le)st +AF1(B;)Lst 7B;)St)
IT ’
with p=1,2,..., Pop

X;)Lew,stZ — Xp+

(12)

Where, X'¢*»5' is the new solution p in Stage 2; B
and BgSt is the lowest and highest limits of the solution
p; and IT is the current countered value of iteration.

i

4. The results and discussions

4.1. Input data

In this section, the two algorithms, including COA and
OOA, will be applied to find out the optimal rated
power of the RPV so that the energy bill monthly con-
sumer must pay is zero. Suppose that the consumer in

: The max convergence curves given by the two applied
methods.

the study is a medium-sized restaurant that acquires
1200 kWh of electricity per month from the utility grid.
In addition, the load demand, the RPV efficiency, and
the power supplied by RPV at each hour of the day,
are illustrated in Figure [3] Moreover, presuming that
RPV can only supply power from 7 a.m. to 5 p.m. in
the day, and the rated power of the considered RPV is
varied from 2 to 15kW. The variation range of the in-

verter’s rated power is selected based on the following
terms:

e These rated power values can be found easily in

the market while deciding to install the RPV sys-
tem for household use.

e The interval between 2 to 15 kW also creates a
solution space large enough to cover all the local
and global optimization while judging the actual
performance of the two applied methods.

For having a fair comparison between the two ap-
plied methods, their initial control parameters in terms
of population (Pop) and Maximum index of iteration
(M1I) are fairly set by 15 and 75, respectively. More-
over, both methods are operated with 50 independent
runs for the best results. The whole study is performed
on a personal computer with the main specifications:
CPU intel Core i7 with 2.6 GHz for the base clock
speed; 8GB of Random accessing memories. Other
coding and simulations are implemented in MATLAB
programing language version 2018a.

4.2. Obtained results

Figure [ presents the best convergence curves found
by the two applied methods after 50 independent runs.
The blue curve belongs to COA, while OOA gives the
red one. It is easy to observe that OOA only requires
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Fig. 7: The summary of 50 independent run given by the two

applied methods.

approximately 50 iterations to reach the best fitness
value, but the COA cannot perform the same even
when the last iteration is used. Figure |5| shows the
average convergence of fifty runs to indicate the stabil-
ity of the applied algorithms. OOA almost reached the
best average solution after 45 iterations, and the search
process still needed to be improved further for the re-
maining iterations. Unlike OOA, COA still improved
the quality of found solutions from the 45th iteration
to the last iteration; however, the average solution of
COA at the last iteration was worse than that of OOA
at the 45th iteration.

Figure [6] describes the worst convergence curve;
meanwhile, Figure[7] presents the fitness of 50 obtained
solutions to indicate the highest fluctuations of the two
applied algorithms. In Figure[7] OOA only reaches one
worse solution than COA, and the solution’s fitness is
found at the 437¢ run for OOA and at the 47" run for
COA. So, the worst solution of OOA has lower qual-
ity than that of COA, and the worst convergence of
OOA is poorer than that of COA, as shown in Figure
[6l In conclusion, OOA is still a higher performance
algorithm than COA in reaching the best solution and
stable search performance.

Figure [8| provides a detailed comparison between
the two applied methods in different criteria, includ-
ing the minimum energy cost value (Min.Cost), aver-
age energy cost values (Aver.Cost), maximum energy
cost value (Max.Cost), and standard deviation (STD).
As stated, Min.Cost is the most important criterion to
conclude the effectiveness of algorithms meanwhile
Aver.Cost and STD are two criteria for evaluating the
stabilization of algorithms . The method with bet-
ter effectiveness and stabilization will be more suitable
for considered problems . Based on the first crite-
rion, OOA is completely superior to COA. OOA is the
only method for reaching the optimal value, while COA
cannot achieve the same value. On the Aver.Cost, the

B Min.Cost (VND) m Aver.Cost (VND)
Max.Cost (VND) STD
o
NS =
9 <
IS @
S Sl —
z 2 el N B
H ) o) N
=3 o 2 =
a g ISR
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Fig. 8: The summary results obtained by the two applied meth-
ods.
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~
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Fig. 9: Power demand, power supplied by RPVs, and power
generated to grid.

result obtained by OOA is 148.94 (VND), while the
corresponding value obtained by COA is up to 298.89
(VND). By doing a simple calculation, OOA is 50.17%
better than COA on this criterion. In terms of the
Max.Cost criterion, COA reaches better values than
OOA, approximately 11.94%. Lastly, the observation
of the STD indicates that OOA is more stable than
COA by 17.06% on second criterion.

4.3. Discussions
Tab. 1: The optimal solution found by the two applied meth-
ods.

Methods | Limit bound- | The optimal
aries of RPV | rated power of
(kW) RPV (W)

COA 2H15 5,288.5251

O0OA 2H15 5,288.5252

Table [1] shows the optimal rated power of the RPV
obtained by COA and OOA. The two rated power val-
ues have a very tiny deviation, 0.0001 W, which is very
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small compared to the rated power of 5,288.5 W. How-
ever, OOA can reach the target of not paying money
for buying electricity from electric sale company. COA
must pay money, 1.304.1078, which is approximately
zero VND. However, about the solution ability to the
problem, COA cannot satisfy the requirement. To clar-
ify the issue, the fitness function is expressed in Equa-
tion . In the equation, F., is a penalty factor
to make the violation bigger, and it is set to 10° by
experiment.

Fitness = Dev, + |Deve| X Fpep. (13)

Using the above analyses, with the results from Ta-
ble 1| and Equation , judgments about the perfor-
mance of COA and OOA are as follows: OOA is the
better method for dealing with the proposed problem.
Only OOA reaches the global solution by reaching zero
(VND) of the energy bill. At the same time, COA is
trapped in local optima and cannot determine the value
of the energy bill, which is similar to OOA.

Figure [0] shows the power of load, power generated
by the RPVs, and the power supplied to the grid after
meeting the demand (Pgrid). Here, Pgrid in yellow
bars has two directions, up and down, in which the up
direction has positive values, but the down direction
has negative values. The positive values mean that
the installed RPV fully supply the load, and the extra
power is supplied to the power grid. In Equation (4)),
APF* > 0 is the up direction of the yellow bars. On
the contrary, the negative values mean the generation
from the installed RPV is smaller than load demand,
or the generation from the installed RPV is zero. The
generation from RPV is zero from the 1st to 6th hours
and from the 18" to 24" hours, so the Pgrid is nega-
tive, and its absolute value equals the load demand. At
hours 7, 16, and 17, the generation of RPV is smaller
than the load demand, so the load demand must use
power from the RPV and power grid. From hours 8 to
15, the generation from RPV is greater than the lower
demand, so the yellow bars are up. Here, the target
is not to pay money for using electric energy, and the
rated power of 5,288.5251W can reach the target. If we
install a higher power than 5,288.5251W, the height of
the up yellow bars will be higher and yellow bars with
the down direction at hours 7, 16, and 17 will change
into the up direction.

If we do not install RPVs, we must pay the cost
of 1,200 kWh per month. The energy cost for each
month is calculated for the energy by using Figure
and it is 3,348,200 VND. As shown in the study
|38], the capital cost of the photovoltaic system is
770 $/kW, and the operating and maintenance (O&M)
costs are 10$/MWh. From Figure [9] we calculate
that the total energy produced by RPV is 41.51 kWh
per day, and the energy for one year (365 days) is
15,152.95 kWh. The capital cost for the rated power of

5,288.5251 W is about $4,072.5, and the O&M costs
are $150.2 per year. If the operating year number
is five years, the sum of the capital and O&M costs
are ($4,072.5 + 5 x $150.2)=%4,823.50. The energy
cost for the five years without the installed RPV is
(3,348,200x12x5)= 200,892,000 VND. Using the cur-
rency converter website [39], the money in VND is
equal to $8,459.14. So, the customer can get a ben-
efit ($8459.14-$4,823.50)=%3,635.64.

In summary, a small electric load using 1,200 kWh
with an energy cost of $150.2 per month can bene-
fit $3,635.64 for five years, corresponding to $60.6 per
month. Using rooftop photovoltaic systems can cut the
high energy demand from conventional power plants
such as thermal and hydropower plants. That can re-
duce negative impacts on the earth.

5. Conclusion

In this study, two novel meta-heuristic algorithms, in-
cluding the Coati optimizer algorithm and the Osprey
optimizer algorithm, were successfully applied to deter-
mine the rooftop photovoltaic systems’ optimal rated
power so that the monthly energy cost equaled zero.
The results obtained by both methods could satisfy
all the constraints with zero penalty values. However,
OOA offered better solutions than COA for approxi-
mately fifty runs reflected via the minimum and aver-
age fitness values. Therefore, OOA deserved an afford-
able search method, and dealing with such a consid-
ered problem was highly recommended. Besides that,
the study also remained some downsides that need to
be improved for better overall quality, as follows:

e The real radiation data was not considered.

e The actual energy consumption of particular elec-
trical devices was just supposed for the considered
problem.

e Battery energy storage systems (BESSs) were not
considered a complete configuration of RPV in
practice.

Due to the shortcomings above, the following research
will solve the problem by considering accurate data
from solar radiation, RPV efficiency, and load demand
at each hour. Besides that, BESS has to be considered
to store energies in low-demand hours and supply back
to the load at high-demand hours. The combination
of BESS and actual data on solar radiation and wind
speed can tackle the shortcomings of the study.

(© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING 32



POWER ENGINEERING AND ELECTRICAL ENGINEERING

VOLUME: 22 | NUMBER: 1 | 2024 | MARCH

Acknowledgment

The authors thank the support from Ton Duc Thang
University for finishing the study.

References

(1]

5]

(© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

MAHMOUD, H. M., K. METWALLY, M.M.
FOUDA and M.I. IBRAHEM. Load Forecast-
ing Techniques and Their Applications in Smart
Grids. FEnergies. vol. 16, iss. 3, p. 1480, 2023.
DOI: 10.3390/en16031480.

LIU, Y., J. ZHOU and W. FAN. A novel robust
dynamic method for NOx emissions prediction in
a thermal power plant. The Canadian Journal of
Chemical Engineering. 2023, vol. 101, iss. 5, pp.
2391-2402. DOI: [10.1002/cjce.24658.

TIWARI, M.K., S. BAJPAI and U.K. DEWAN-
GAN. Environmental Issues in Thermal Power
Plants-Review in Chhattisgarh Context. J. Mater.
Environ. Sci. 2019, vol. 10, iss. 11, pp. 1123-1134.

TSAI, I-C. Impact of proximity to thermal
power plants on housing prices: Capitalizing
the hidden costs of air pollution. Journal of
Cleaner Production. 2022, vol. 367, p. 132982.
DOI: |10.1016/;.jclepro.2022.132982.

SCHERER, L. and S. PFISTER. Hydropower’s
Biogenic Carbon Footprint. PLOS ONE. 2016,
vol. 11, iss. 9, p. e0161947. DOI: 10.1371/jour-
nal.pone.0161947.

KAUNDA, C.S., CZ. KIMAMBO and TUXK.
NIELSEN. Hydropower in the Context of Sustain-
able Energy Supply: A Review of Technologies
and Challenges. ISRN Renewable Energy. 2012,
vol. 2012, pp. 1-15. DOI: [10.5402,/2012/730631.

GEMECHU, E and A. KUMAR. A review
of how life cycle assessment has been used
to assess the environmental impacts of hy-
dropower energy. Renewable and Sustainable
Energy Reviews. 2022, wvol. 167, p. 112684.
DOI: 10.1016/j.rser.2022.112684.

DESHMUKH, M.K.G., M. SAMEERODDIN, D.
ABDUL and M. ABDUL SATTAR. Renewable
energy in the 21st century: A review. Materials
Today: Proceedings. 2023, vol. 80, pp. 1756-1759.
DOI: |10.1016/j.matpr.2021.05.501.

KAFLE, U., T. ANDERSON and S.P. LOHANTI.
The Potential for Rooftop Photovoltaic Systems
in Nepal. Energies. 2023, vol. 16, iss. 2, p. 747.
DOI: 10.3390/en16020747.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

GARABITOS LARA, E., A. VALLEJO DIAZ,
V.S. OCANA GUEVARA and F. SANTOS GAR-
CIA. Tecno-economic evaluation of residential PV
systems under a tiered rate and net metering pro-
gram in the Dominican Republic. Energy for Sus-
tainable Development. 2023, vol. 72, pp. 42-57.
DOI: 10.1016/j.esd.2022.11.007.

NURWIDIANA, N. Barriers to Adoption of Pho-
tovoltaic System: A case study from Indonesia.
2023, vol. 1, iss. 1, pp. 80-89.

PHOUMIN, H., S. KIMURA and A.J. PUR-
WANTO. Energy Outlook and Energy Saving Po-
tential in East Asia 2020. Books. p. 2020.

MINH THONG, L., T. VAN HIEP, B. THI THU
THUY and D. HUU TUNG. The competition pos-
sibility between renewable energy and fossil energy
in Vietnam in the future. The Journal of World
Energy Law & Business. 2021, vol. 14, iss. 3, pp.
215-228. DOI: [10.1093 /jwelb /jwab021.

NGUYEN, X.P.,, N.D. LE, V.V. PHAM, T.T.
HUYNH, V.H. DONG and A.T. HOANG.
Mission, challenges, and prospects of renew-
able energy development in Vietnam. FEn-
ergy Sources, Part A: Recovery, Utilization,
and Environmental Effects. 2021, pp. 1-13.
DOI: |10.1080/15567036.2021.1965264.

VIET NAM: Decision of the Prime Minister No.
2068/QD-TTG of 2015 on Development Strategy
of Renewable Energy of Vietnam by 2030 with a
Vision to 2050., 2015.

Prime Minister of Vietnam. (2017). Decision No.
11/2017/QD-TTg on the mechanism for encour-
agement of development of solar power in Viet-
nam.

Prime Minister of Vietnam. (2020). Decision No.
13/2020/QD-TTg on the mechanism for encour-
agement of development of solar power in Viet-
nam.

AL-SHARAFI, E.A., M. ALHUSSEIN, A. ALI
and K. AURANGZEB. Rooftop Solar PV Pol-
icy Assessment of Global Best Practices and
Lessons Learned for the Kingdom of Saudi Ara-
bia. Sustainability. 2023. vol. 15, iss. 12, p. 9630.
DOI:|10.3390/sul15129630.

KHANAL, S., R. KHEZRI, A. MAHMOUDI and
S. KAHOURZADEH. Optimal capacity of so-
lar photovoltaic and battery storage for grid-tied
houses based on energy sharing. IET Generation,

Transmission & Distribution. 2023, vol. 17, iss. 8,
pp. 1707-1722. DOI: [10.1049/gtd2.12824l.

33


https://doi.org/10.3390/en16031480
https://doi.org/10.1002/cjce.24658
https://doi.org/10.1016/j.jclepro.2022.132982
https://doi.org/10.1371/journal.pone.0161947
https://doi.org/10.1371/journal.pone.0161947
https://doi.org/10.5402/2012/730631
https://doi.org/10.1016/j.rser.2022.112684
https://doi.org/10.1016/j.matpr.2021.05.501
https://doi.org/10.3390/en16020747
https://doi.org/10.1016/j.esd.2022.11.007
https://doi.org/10.1093/jwelb/jwab021
https://doi.org/10.1080/15567036.2021.1965264
https://doi.org/10.3390/su15129630
https://doi.org/10.1049/gtd2.12824

POWER ENGINEERING AND ELECTRICAL ENGINEERING

VOLUME: 22 | NUMBER: 1 | 2024 | MARCH

[20]

21]

22]

23]

24]

25]

[26]

27]

(© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

MIA, S.; A. KUMER PODDER, N. MANOJ KU-
MAR, A. BHATT and K. KUMAR. Experimental
verification of a dynamic programming and IoT-
based simultaneous load-sharing controller for res-
idential homes powered with grid and onsite solar
photovoltaic electricity. Sustainable Energy Tech-
nologies and Assessments. 2023, vol. 55, p. 102964.
DOI: 10.1016/j.seta.2022.102964.

KHARRAZI, A., V. SREERAM and Y. MISHRA.
Assessment techniques of the impact of grid-
tied rooftop photovoltaic generation on the
power quality of low voltage distribution net-
work - A review. Renewable and Sustainable
FEnergy Reviews. 2020 vol. 120, p. 109643.
DOI:|10.1016/j.rser.2019.109643.

KUMAR, A., M.R. SINDHU, VIVEK MOHAN,
REKHA VISWANATHAN and V. S, AKHIL. An
Adaptive Staggered Investment Strategy for pro-
motion of residential rooftop solar PV installations
in India. International Journal of Sustainable En-
ergy Planning and Management. 2023, vol. 37, pp.
75-94. DOI: 10.54337 /ijsepm.7477.

HAFEEZ, G., N. JAVAID, S. IQBAL and
F. KHAN. Optimal Residential Load Schedul-
ing Under Utility and Rooftop Photovoltaic
Units. FEnergies. 2018, vol. 11, iss. 3, p. 611.
DOI:|10.3390/en11030611.

LIEMTHONG, R., C. SRITHAPON, P.XK.
GHOSH, and R. CHATTHAWORN. Home
Energy Management Strategy-Based Meta-
Heuristic Optimization for Electrical Energy
Cost  Minimization Considering TOU Tar-
iffs. Energies. 2022, vol. 15, iss. 2, p. 537.
DOI: 10.3390/en15020537.

IQBAL, M. M., M. I. A. SAJJAD, S. AMIN, S.
S. HAROON, R. LIAQAT, M. F. N. KHAN ...
and M. A. SHAH. Optimal scheduling of residen-
tial home appliances by considering energy storage
and stochastically modelled photovoltaics in a grid
exchange environment using hybrid grey wolf ge-
netic algorithm optimizer. Applied Sciences, 2019,
vol. 9, iss. 23, p. 5226. DOI:10.3390/app9235226..

NACES, R.A., C.J.M. TEJADA and C.F. OSTIA.
Application of Earthworm Algorithm in Battery
Size Optimization and Load Schedule of PV-BESS
for Residential Houses. In: 2023 15th Interna-
tional Conference on Computer and Automation
Engineering (ICCAE). 2023, pp. 498-502. IEEE.
DOI: |10.1109/ICCAEb56788.2023.10111448.

ZHANG, Z., K. WEN and W. SUN. Opti-
mization and sustainability analysis of a hy-
brid diesel-solar-battery energy storage struc-
ture for zero energy buildings at various reli-

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ability conditions. Sustainable Energy Technolo-
gies and Assessments. 2023, vol. 55, p. 102913.
DOI: |10.1016/j.seta.2022.102913.

Available at: https://en.evn.
com.vn/d6/gioi—-thieu-d/
RETAIL-ELECTRICITY-TARIFF-9-28-252.
aspx

Available at: https://solar.evn.
com.vn/#/news/?url=/category/
cau—-hoi-thuong-gap

MOHAMMADI, F. and ZHENG, C. Stability
analysis of electric power system. In Proceedings
of the 4th National Conference on Technology

in FElectrical and Computer Engineering, Tehran,
Iran (Vol. 27), 2018. DOI: |10.3390/sul2083313.

MORADZADEH, A., POURHOSSEIN, K.,
MOHAMMADI-IVATLOO, B. and MOHAM-
MADI, F. Locating inter-turn faults in trans-
former windings using isometric feature mapping
of frequency response traces. IEEE Transactions
on Industrial Informatics. 2020, vol. 17, pp.
6962-6970, 2020. DOI: [10.1109/T11.2020.3016966.

MOHAMMADI, F. and NEAGOE, M. Emerging
issues and challenges with the integration of so-
lar power plants into power systems. In Solar En-
ergy Conversion in Communities: Proceedings of
the Conference for Sustainable Energy (CSE) 2020
(pp. 157-173). Springer International Publishing.
DOI: |10.1007/978-3-030-55757-7 38.

DEHGHANI, M., Z. MONTAZERI, E. TRO-
JOVSKA and P. TROJOVSKY. Coati Optimiza-
tion Algorithm: A new bio-inspired metaheuris-
tic algorithm for solving optimization problems.
Knowledge-Based Systems. 2023, vol. 259, p.
110011. DOI: 10.1016/j.knosys.2022.110011.

DEHGHANI, M and P. TROJOVSKY. Osprey
optimization algorithm: A new bio-inspired
metaheuristic algorithm for solving engineer-
ing optimization problems. Frontiers in Me-
chanical Engineering. 2023, vol. 8, p. 1126450.
DOI: 10.3389/fmech.2022.1126450.

NGUYEN, T. T., NGUYEN, T. T., DUONG, L.
T., and TRUONG, V. A. An effective method
to solve the problem of electric distribution net-
work reconfiguration considering distributed gen-
erations for energy loss reduction. Neural Com-
puting and Applications 2021, 33, 1625-1641.
DOI: 10.1007/s00521-020-05092-2.

NGUYEN, T. T., NGUYEN, T. T., DUONG,
M. Q., and DOAN, A. T. Optimal operation
of transmission power networks by using im-
proved stochastic fractal search algorithm. Neural

34


https://doi.org/10.1016/j.seta.2022.102964
https://doi.org/10.1016/j.rser.2019.109643
https://doi.org/10.54337/ijsepm.7477
https://doi.org/10.3390/en11030611
https://doi.org/10.3390/en15020537
https://doi.org/10.3390/app9235226
https://doi.org/10.1109/ICCAE56788.2023.10111448
https://doi.org/10.1016/j.seta.2022.102913
https://en.evn.com.vn/d6/gioi-thieu-d/RETAIL-ELECTRICITY-TARIFF-9-28-252.aspx
https://en.evn.com.vn/d6/gioi-thieu-d/RETAIL-ELECTRICITY-TARIFF-9-28-252.aspx
https://en.evn.com.vn/d6/gioi-thieu-d/RETAIL-ELECTRICITY-TARIFF-9-28-252.aspx
https://en.evn.com.vn/d6/gioi-thieu-d/RETAIL-ELECTRICITY-TARIFF-9-28-252.aspx
https://solar.evn.com.vn/#/news/?url=/category/cau-hoi-thuong-gap
https://solar.evn.com.vn/#/news/?url=/category/cau-hoi-thuong-gap
https://solar.evn.com.vn/#/news/?url=/category/cau-hoi-thuong-gap
https://doi.org/10.3390/su12083313
https://doi.org/10.1109/TII.2020.3016966
https://doi.org/10.1007/978-3-030-55757-7_38
https://doi.org/10.1016/j.knosys.2022.110011
https://doi.org/10.3389/fmech.2022.1126450
https://doi.org/10.1007/s00521-020-05092-2

POWER ENGINEERING AND ELECTRICAL ENGINEERING

VOLUME: 22 | NUMBER: 1 | 2024 | MARCH

Computing and Applications 2020, 32, 9129-9164.
DOI: 10.1007/s00521-019-04425-0.

NGUYEN, T. T., NGUYEN V Q, DUONG, M.
Q., and LE V. D. Modified differential evolu-
tion algorithm: A novel approach to optimize the
operation of hydrothermal power systems while
considering the different constraints and valve
point loading effects. Energies 2018, 11(3), 540.
DOI: 10.3390/en11030540.

371

[38] GAMPA, S.R. and D. DAS. Optimum placement
and sizing of DGs considering average hourly vari-
ations of load. International Journal of Electrical
Power € Energy Systems. 2015, vol. 66, pp. 25—40.

DOI: [10.1016/j.ijepes.2014.10.047.

[39] Wise, Currency converter. Available at: https:
//wise.com/vn/currency—-converter/

About Authors

Dao Trong TRAN (corresponding author) was born
in Vietnam, and went to the VSB-Technical Univer-
sity of Ostrava in 2001, where he studied Automatic
Control and Engineering Informatics and obtained his
B.Eng. degree in 2004 and M.Eng. degree in 2006.
He obtained Ph.D. degree in Technical Cybernetics
in 2009 at Tomas Bata University in Zlin. Now he
is a researcher, University lecturer at the Faculty of
Information Technology of Ton Duc Thang University.
He has co-authored research papers and articles
in international journals, conference proceedings,
conference paper presentation, book chapters, and
editor for AETA proceedings: recent Advances in
Electrical Engineering and Related Sciences. He is
also a member of MERLIN, and NAVY Research
Groups. He is interested in and working at the field
of: Applied Informatics and Control; Modeling and
Simulation Systems; Optimization Systems; Artificial
Intelligence and Application, Evolutionary Algorithms.

Minh Phuc DUONG was born in Ninh Thuan
province, Vietnam. He received his B.Sc and M.Sc
degrees from Ton Duc Thang University in 2019
and 2021, respectively. His research interests include
optimization problems in power systems, optimization
renewable energies in power systems, and optimization
algorithms. Now he is working as a independent
researcher.

Trung Thang NGUYEN was born in Binh
Thuan province, Vietnam. He received his M.Sc. and
PhD degrees from Ho Chi Minh City University of
Technology and Education in 2010 and 2018. His
research interests include optimization problems in
power systems, optimization renewable energies in

power systems, and optimization algorithms. Now, he
is working at Ton Duc Thang university, and he is the
head of Power System Optimization Research Group,
Faculty of Electrical and Electronics Engineering.

(© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING 35


https://doi.org/10.1007/s00521-019-04425-0
https://doi.org/10.3390/en11030540
https://doi.org/10.1016/j.ijepes.2014.10.047
https://wise.com/vn/currency-converter/
https://wise.com/vn/currency-converter/

	Introduction
	Problem description
	The main objective function
	The involved constraints
	The equivalent constraints
	The inequivalent constraint.


	The applied methods
	The Coati optimization algorithm
	Osprey Optimization Algorithm

	The results and discussions
	Input data
	Obtained results
	Discussions

	Conclusion

