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Abstract: This paper addresses power management in Bhimavaram, India, an
educational institution. The institution is known to be commercial load supplied
from an 11 KV grid, the load deviations are primarily taken into account during
the daytime simply due to the working hours of the institution. This
optimisation is accompanied by a bidirectional power transfer from the grid to
the institution and the institution to the grid. The optimal energy consumption
is suggested for renewable power production for a solar plant with 125 kW
generation for increasing the efficient utilisation of renewable energy along
with reducing the electricity usage based on fossil fuel. Using an ant colony
optimisation (ACO) algorithm, the above-mentioned optimal solution is
suggested and that is further validated using HOMER Software. In HOMER
Software the validation of the solution given by ant colony optimisation
algorithm is completed by simulation.

Keywords: ant colony optimisation; ACO; solar power plant; HOMER
Software; renewable energy; optimal power management.
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1 Introduction

In recent years technological development along with population growth have led to
increased consumption of energy, especially in the electricity sector. Furthermore, many
remote as well as rural areas, especially in the developing nations, have no electricity
access. For overcoming these issues, the production of electricity must be improved.
Presently, fossil fuels are a major source of energy worldwide. However, because
potential energy needs cannot exceed these services because of their environmental as
well as economic issues. Renewable energy has provided important alternatives to
fossil-fuel options. Since these utilities are used primarily to provide local prices, there
are many challenges, for example high investment costs along with poor supply
protection, because of their erratic and unpredictable existence. There have been some
issues with the concept of hybrid renewable energy systems (HRESs). HRES is a fusion
of solar energies, power and energy storage services such that the load is cross-linked
locally and is autonomous. In standalone mode HRESs are utilised in rural as well as
remote regions. In this way, because of the unspecified availability of renewable
energies, conventional energy resources and energy storage could be utilised on them.
Although such renewable resources’ production is not sufficient to reach the load at times
of low renewable resources output, the remainder of the load could be provided by the
support systems. The additional generation can increase the energy storage size and
thereby increase the amount of renewable energy that can be stored. Recognitions to the
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HRESs: When operated in isolated mode, solar power systems are more stable than other
types of renewable power systems. Although many of these institutions can still serve
grid-associated functions, it is most common for them to be used in urban locations like
cities, hospitals, universities, and factories. As grid electricity costs are low, in this mode
the HRES (which stands for hybridising retail energy system) covers the load, as well as
charges storages for renewable energy. HRES then flows through the load of money and
trades additional energy to the market while the power grid costs are more.

Therefore, energy storages are dispatched to carry load to the grid for trading energy.
Only renewable energy generating systems are better in HRES mode. Therefore, HRES
introduces such characteristics including the penetration of renewable energies, reduced
energy costs (CoEs), and reduced emissions of greenhouse gases and access to electricity
for remote as well as rural residents. Such benefits include three comprehensive
sustainable development (SD) standards which include economic, social as well as
environmental issues. One of the key issues for HRES is the optimum preparation of its
compound such as the number of wind turbines (WTs), converter capacity, generator,
batteries, photovoltaic (PV) arrays so that key functions are maximised/minimised and
any constraint is fulfilled. In this context, numerous software as well as optimisation
methods are included in the literature. Among the documentation studied is an extremely
valuable study on the benefits of and drawbacks of various operational and planning
procedures for HRES. Different optimisation and modelling processes describe the
HRESS component (Lambert et al., 2005). It has been established the literature aims to
analyses and discuss design and control strategies for standalone HRES (Bernal-Agustin
and Dufo-Lopez, 2009). To help with the optimisation of HRES designs, research on
tools and technologies takes place (Erdinc and Uzunoglu, 2012). In Tiirkay and Telli
(2011), different elements of the configuration of the HRESs include converter, battery,
PV, and WT. In joint grid-linked modes along with in standalone modes (Hafez and
Bhattacharya, 2012), numerous HRES researches are examined, containing planning
requirements, optimisation processes, energy efficiency and various configurations.

On this basis, the established mathematical model has settled through the ACO: ‘ant
colony optimisation’ algorithm (Zhu et al., 2019). Lastly, the effectiveness of the
suggested optimisation operation model is checked via simulation outcomes (Crespi
et al., 2020; inan and Baba, 2018). And the optimised solution suggested by the ACO
algorithm is further validated utilising ‘Hybrid Optimization Model for Electric
Renewables’ (HOMER) software (http://www.nrel/gov/HOMER). This HRES size
optimisation software has been established by the National Renewable Energy
Laboratory (NREL) in the USA, and it is the right HRES size optimisation the above
mentioned optimal solution is suggested n software to use for equipment. The program
from HOMER is included in many experiments, and that is briefly discussed in a few
research articles (Rehman et al., 2012; Fathima and Palanisamy, 2015; Kaundinya et al.,
2009; Mahesh and Sandhu, 2015; Khan and Igbal, 2005; Nfah et al., 2008; Camblong
et al., 2009; Alzola et al., 2009; Li et al., 2013; Ashourian et al., 2013; Dalton et al.,
2009; Sharma et al., 2019; Costa and Villalva, 2020). Since so many papers have used
HOMER to help improve the optimisation of HRESs, a paper which thoroughly analyses
all those papers is essential. This study would help researchers in the use of HOMER in
their fields for HRESs forecasting. It gives the details necessary to schedule HRES
simulation through HOMER, like what frameworks are there for HRESs? How do they
function independently or in grid modes? And the papers take care of these indeterminate
parameters.
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This paper is organised as follows: Section 2 provides a detailed description of
system modelling. Optimisation model is covered in Section 3. Section 4 addresses

HOMER software. Sensitivity analysis is addressed in Section 5. Simulation results are
analysed in Section 6, and the paper concludes in Section 7.

2 System modelling

The following is a research scheme for an educational institution called SRKR
Engineering College in South India. Figure 1 gives a block diagram for the system.

Figure 1 Schematic diagram of system (see online version for colours)
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Grid supply, a two-way converter along with 125 kW diesel power supply units are
involved. As seen in Figure 2, a 125kW power plant with a roof mounted solar power is
installed.

Figure 2 Solar power plant installed (see online version for colours)
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Table 1 represents the technical data utilised for sub-system in simulation.

Table 1 Technical data used in simulation for the sub-system
Component Parameters
PV array 125 units of generic flat plate panel PV with 1 kW each, 15.44%
efficiency
Bi-directional inverter 130 kW, 96% efficiency
Diesel generator set 1 100 kW, 28.01 L/hr
Diesel generator set 2 25kW, 7.19 L/hr
Unit price at power grid % 5.90/kWh
Institutional average load 1,828.7 kWh/day

2.1 Solar power plant

The solar power produced in equation (1) along with Solar Global Horizontal Irradiance
(SGHI) data is seen monthly as Figure 3, so that data are derived from the NREL, USA.

Py = Py stc frv (GG j[l+ap (Tc —Tc,src)] M

stc
Here, energy output at STC (standard test situations) is represented by Prysrc,
e PV derating facto r = fpy

e irradiance at STC=G

e coefficient of energy temperature = op

e at STC PV module temperature = T¢

e GSTC: 1,000 W/m

o Tcsrc: 250.

Figure 3 Average monthly solar GHI data (see online version for colours)
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PV array configuration units are designed by utilising further equation.
Ppy stc =(NsXNp) By src

Here,

e PV module energy output = P, src

e Number of series panels = Ns

e Number of parallel module strings = Np.

2.2 Converter

35

@

The converter is coupled between AC bus as well as DC bus as given in Figure 1.
Converter acts as an operating inverter which transmits energy through AC load and PV
array. ABB Ltd.’s 3 inverter panels with a power of 33 kV are supplied with a 400 V

operating voltage in the test configuration, as shown in Figure 4 is used.

Figure 4 Ratings of practical inverter installed (see online version for colours)
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2.3 Load profile

In this paper, the electrical load profile of SRKR Engineering College is chosen for study
and given in Figure 5. Figure 5 shows that, for the duration 9 to 18 hours of the day, the
load requirement is high which is based on the overall aggregated load for 365 days of

the year.

e Load description:
Scaled average energy consumption = 1,828.7 kWh/day
Average load = 76.2 kW
Peak load = 338.94 kW
Load factor = 0.22.
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Figure 5 Average daily load profile for 365 days (see online version for colours)
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3 Optimisation model

In the suggested optimisation model of educational system, the cost and benefit of trading
between institution and power grid, and the power production cost of solar plant are taken
as the objective functions. The optimisation model includes an equality constraint, a
minimum objective function, and many inequality limitations. In the optimisation model,
ACO is used to resolve the issue iteratively, and the present optimal search solution is
continuously followed to obtain the global optimal value. The flow chart is demonstrated
in Figure 6. In ACO, the updating of pheromones are as follows (Jagadeesh and Veerraju,
2016).

The objective of the modification of the pheromone is to raise the pheromone values
for positive solutions and reduce those related to poor solutions. Generally, it is attained:

1 by reducing every pheromone value by evaporating the pheromone,

2 as well as growing the amounts of pheromones correlated with S,,« (selected good
solutions set):

Tij < (l - p) T + P Zs‘eSupd\c[jes F(S) (3)

Here S, indicates the solutions set which is utilised for updating, p € (0, 1] indicates a
parameter named evaporation rate, c; indicates finite set of available solution components
along with F: S — R + 0 represents a function:

f<f(S)F(s)2F(s),Vs#s'e S 4

F(-) denotes generally known as the fitness function.
The pseudocode for single iteration of ant colony optimisation algorithm is:

Procedure ants (input # of ants per colony, input # of colonies)
Derive parameters

Initialise pheromone and heuristic matrices

for (number of colonies)

Find best route of colony

Determine fitness of best solution

Update pheromone matrix
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Update heuristic matrix

End

Calculate dispatch quantities
End

37

Figure 6 Flowchart for ACO (see online version for colours)
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4 HOMER Software

HOMER, a modern tool for optimised micro-electricity, makes it easier for a varying
range of applications to test the configuration of off-grid networks for grid power system.
The HOMER (http://www.nrel/gov/HOMER) designs micro energy systems which test
various Non-Conventional generation technologies effectively and efficiently. The
specification of the system by various constraints as well as sensitivities compares a
variety of equipment. HOMER may have an important role in decision making and
planning owing to the fact of the versatility of the scheme of rural electrification projects.
The research concentrates on the technical characteristics of the system as well as cost of
the life cycle. Initial expenses for capital, construction and operation costs of the
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initiative shall be covered by LCC. It can perform as well as evaluate thousands of
possible system configurations per hour with its high-speed computing. HOMER model
simulations are also more accurate than the normal statistical models. HOMER also
exhibits simulation results over economic advantages in several tables as well as maps for
the evaluation and comparison of configurations.

5 Sensitivity analysis

The HOMER Software executes iterations for every selection including a hybrid energy
system sensitivity variable. The sensitivity parameters taken from this research include
cost of electrical power acquired from grid and fuel cost, diesel generator maintenance, as
well as selling of power to the grid. A test device sensitivity study seen in Figure 1 is
agreed with the following criteria of sensitivity as set out in Table 2 that are within e.g.,
+5% change of a precise current value as the cost of power purchased from grid is
5.91/kWh, the fuel cost of the generator is X 90/litre and the power selling through net
metering is ¥ 4.5/kWh.

Table 2 Variable parameters for parameter sensitivity analysis

Cost of power Cost of. f uel price Cost of selling

S. no pur.chased from 0;’21?5;22132?; excess power (% i‘;;?ggir
grid X /kWh) 2 litre) /kWh)

1 5.51 86 4.1 —4%

2 5.61 87 42 —3%

3 5.71 88 4.3 —2%

4 5.81 89 4.4 —1%

5 591 90 4.5 Base value

6 6.01 91 4.6 +1%

7 6.11 92 4.7 +2%

8 6.21 93 4.8 +3%

9 6.31 94 4.9 +4%

10 6.41 95 5.0 +5%

6 Simulation results

By applying ACO algorithm for the above case study in MATLAB environment, after
running number of iterations for different parameters considered from the grid
requirements of the institution, we have obtained the optimal solution as shown in
following Figure 7.

From Figure 7, we can observe the percentage of operational cost of the micro grid
with different configurations and we can conclude the operational cost of PV plant lone is
very less when compare to other configurations but in the night times the PV plant output
is zero, so that we can take the combination of power grid and the PV plant because that
is the second configuration with very less operational cost.



Performance evaluation of ACO suggested energy management 39

Figure 7 ACO suggested percentage of operational cost for one day (see online version
for colours)

C
q

o
1l
{

Figure 8 Monthly average energy production (see online version for colours)

Production kWhyyr | % Consumption KWh/yr | % Quantity KWh/yr
Generic flat plate PV 1,975,964 789 AC Primary Load 667,480 89.5 Excess Electricity 1,748,122 69.8
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In HOMER Software by simulating the above case study, the following results are
obtained in real time by the institutions and finally the optimum energy management is
proposed for the institution. Figure 8 shows that an entity with the power supply from the
electric grid as well as the power produced by the installed solar plant is generated by an
average monthly electricity consumption (Jagadeesh et al., 2021).

Figure 9 and Figure 10 demonstrates the power generated by installed 100 kW solar
electricity power plant inside the institution with a goal of 365 days a year.

A bi-directional power converter in this model converts power from the distribution
grid to institution as well as transmit excess power from institution to the power gird. The
findings given in Figure 11 and Figure 12 are generated by the use of Homer tools.
Figure 11 shows power purchased amount from the grid while Figure 12 demonstrates
the total grid over put exchanged for one year. Results show that additional power can be
sold only on the grids during the day, so that the whole institution depends on the
electricity acquired by the grid in the night.
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Figure 9 Solar plant generated power (see online version for colours)

PV Power Output

™ [T
1,120 kW
18
] 840 kw
(=]
B12
3
3 560 kw
6
280 kw
UJ - Ilo kW

]
(=]

1an

W
[=]

i8¢
Day of Year

(S,

Figure 10 Renewable power share in load (see online version for colours)
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Figure 11 Purchased energy from the grid (see online version for colours)
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Figure 12 Traded excess energy to the grid using bi-directional converter (see online version
for colours)
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The optimal solution, as seen in Figure 13, would be obtained when entire possible
number of HREC has been simulated. The findings will be summarised in Table 3 for
convenience.

Figure 13 Various HOMER scheduling cases (see online version for colours)

Architecture Cost
w0 PV g Genl0 ¢ Gen25 | Grid | Cybol000NI/N2 7 .., 7/ NPC g 7| COE g 7| Operating cost g < Initial capital ¢
T i | P rRlE el e . y N uispain ¥ o W 8| 5 W N z w N =y L
Sow Yo Yew Yew (kW) j R R &) ®)
™ LA - (P 800808 420 - Farona P 2040 94T Faooas
T ¥- 1238 599,999 130 C oM Ti72 919,245 4.90M
- Pl ~ PPN AL n 000000 430 ~r a7 ana 472 To4n 40
T | ¥-) 1430 [=1Y 993,997 15V (o9 A AL 1L/4 J13V17 LIV
! [~ & ’ 1730 1nn 000000 12N rr F4T CAA F1 70 F010CH) FC LOAA
T & ¥= 120 1w 732,732 19V e NIV NI \Z10,Jec \J.00IvI
- ? ‘_.‘ i 7 1720 1nn N oaaocoao 120 cr F170M F1 01 F01020% FLOIM
Y W [ ARPE R 250 999,999 130 «C {17.8) 1918.296 59

Table 3 Summary of ACO predicted and homer suggested results

ACO predicted results HOMER suggested results
Configuration Utilisation ~ Percentage of COE (cost Running  Initial
| of power operational of energy) cost cost

generation cost in T /kWh ’ ’
PV + converter + grid 97% 112% 2172 0.9IM I4.96M
PV + converter + diesel 88% 700% 31.74 R09IM %521IM
generator+ grid
Grid alone 99% 400% % 1.79 0.92M  %0.00
Gird + diesel generator 91% 500% 31.81 R091IM %5.01M

From Table 3 based on the ACO algorithm predicted results we can clearly observe that
whenever the solar plant and grid operated together the utilisation of total power
generation is 97% with a percentage of operational cost of 112%, it is very economical
with high utilisation of power generation when compare to remaining three
configurations in Table 3. Along with the ACO predicted results we got HOMER
suggested results based on the simulation this has been concluded that without operating
diesel generator, grid as well as operating solar power plant which could be best energy
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management for above taken institution. Moreover, it is found that the cost of the energy
(R/kWh) is marginally very low when compared to remaining three configurations, which
allows extra revenues and the elimination of greenhouse gas in the atmosphere by trading
the extra excess electricity.

7 Conclusions

This study aimed to optimise energy management for an educational institution in South
India using ACO and HOMER Software. The results show that ACO-suggested energy
scheduling provides optimal energy management, ensuring economic and efficient load
satisfaction. The proposed hybrid system, comprising a 125 kW renewable energy source
and diesel generator, offers an optimal energy distribution scheme. This study contributes
to the development of efficient energy management systems for hybrid renewable energy
applications.
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