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Abstract: An energy management system (EMS) for an isolated microgrid in a typical rural location is presented. The rural microgrid consists
of locally available renewable energy resources, such as solar, wind, along with diesel generator for backup and battery as storage to meet the
electrical load demand. The grid electricity supply in the village is characterised by frequent outages with the poor quality of supply. Firstly,
the proposed system controller’s (PSC) dispatch rules are formulated using MATLAB. Then, PSC rules designed in MATLAB are integrated
with hybrid optimisation of multiple electric renewables (HOMER PRO) software to design an isolated microgrid. A detailed techno-economic
analysis is presented to obtain the cost-effective sizing of the microgrid considering a yearly load growth over the project lifetime. Finally, to
show the effectiveness, a comparative analysis of the PSC with the inbuilt load following controller of the HOMER PRO is also illustrated.

Also, a simple procedure showing the integration of MATLAB with HOMER PRO is outlined briefly.

1 Introduction

As per International Energy Agency, the energy demand is going to
rise by 30% globally till 2040 with significant contributions from
India and China due to their fast urbanisation and development
goals [1]. Despite many intensified efforts by many countries,
still, 38% of the global population suffers from energy poverty
and majority (80%) of which are concentrated in rural areas of
developing countries such as India and South Africa [1-3]. A com-
bined population equivalent of the European Union and USA still
do not have access to electricity in India (240 million) specifically
in remote locations along with 840 million population relying
mostly on solid biomass to meet their daily household energy
demand [2, 4, 5]. India’s continued economic expansions and popu-
lation growth will continue to rise its energy demand. Fossil fuels
meet most of the energy demand in India with significant contribu-
tions from coal (44%) followed by oil (23%) and biomass (24%),
respectively [5]. In November 2016, the Paris Agreement (COP
21) on climate and temperature change occurring globally due to
the emission of greenhouse gas (GHG) have been forced with
147 member countries with India as one of the signatories to this
accord [1, 6]. Now, tough challenges lie ahead for India to maintain
its GHG emission as per COP 21 agreement and also to meet its
growing energy demand. Renewable energy technologies (RETs)
can play a great role in supporting its development goals as well
as meeting its demand [7]. However, just by expanding the instal-
lation capacity of generation based on RETs will not be able to
solve this problem as India faces an operational shortage of
power along with non-existence of a unified organisational frame-
work and power fluctuations from one province to others are
some of the potential reasons [5]. Still, 30% of rural areas have
no access to electricity till date, most of them (~2100 villages)
are located in North-eastern states of India [8]. These areas are char-
acterised by challenging demography such as rivers, harsh weather
conditions, heavy rainfall, poor road infrastructure, forest [9-11].
Grid extension in these areas is expensive as well as unreliable
due to frequent outages mostly occurring by transmission line
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faults [10—13]. Off-grid solutions based on locally available renew-
able energy resources can be a key to electrifying these regions
without affecting the environment [11, 12, 14-17].

As the RETs are of intermittent nature, and their generation cap-
acity is affected by weather conditions specific to a particular loca-
tion their proper sizing depending upon the load demand is
mandatory [12, 13, 18, 19]. Moreover, an energy management
system (EMS) has to be designed in such a way that, it can not
only meet the load demand but at the same time is cost effective
[20]. Several studies have been reported in the literature for deter-
mining the optimal sizing of microgrid based on RETs [9, 12-14,
16, 19-22]. Upadhya and Sharma [12] have designed hybrid
energy system based on solar, biogas and micro-hydro system
using soft computing techniques for a remote village in India
using different type of EMS. An iterative optimisation approach fol-
lowing total energy deficit, total net present cost and energy cost
have been developed for sizing the components of a stand-alone
PV/wind/diesel/battery hybrid system [23]. In [19], a detailed
review providing insights to the various configurations, sizing
methods with control and energy management of hybrid energy
system is presented. Authors in [24] have used particle swarm op-
timisation method for investigating cost-effective optimal sizes of
the hybrid energy system in grid connected and isolated mode of
an academic institution in Egypt. Using single objective optimisa-
tion technique to minimise the life cycle cost with lower power
loss a sizing approach for an isolated microgrid is reported in
[25]. Many studies based on HOMER software for determining
the optimal sizes of various elements of energy systems for rural
electrification with a real-time EMS have been reported in [9, 13,
26-31]. A case study to determine the feasibility of satisfying elec-
trical energy needs considering technical and economic criteria with
hybrid energy systems for a medium-size hotel on Kish Island, Iran
is evaluated using HOMER 1in [32]. A detailed review based on util-
isation of HOMER software and its application in the optimal plan-
ning of energy system has been reported in [33]. A hybrid energy
system combining RETs (PV and wind) with a fuel cell is proposed
in [34]. A load following strategy is utilised to manage the power
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flow from source to load, and the fuel cell acts as a backup to the
renewable energy system. The energy storage device will operate
in charge-sustaining mode during a load cycle considering the
peaks of RETs power and an imposed SOC window. Most of the
work outlined so far in the literature have taken no account of
yearly load growth while determining the sizing and energy man-
agement strategy. The energy management strategy illustrated in
various works [12, 13, 20, 21, 35] has been verified mostly for a
year that too without considering the load growth which may
give results far from reality. Moreover, in most of studies authors
have just selected the energy alternatives based on their choice
for designing the hybrid energy systems without following any
proper methodology or framework which may indeed lead to
errors and in many cases to complete project failures in the real
world [3, 7, 10].

In this work, sizing of microgrid for a rural location considering a
yearly load growth using HOMER PRO is presented. Two EMS
load following controller (LFC) based on HOMER and PSC devel-
oped with MATLAB and integrated with HOMER is utilised for
cost-effective power management between generation and
demand. The selected energy alternative for designing of the micro-
grids for the specified location (Leporiang Village) is obtained after
sustainable evaluation based on decision analysis tool [10]. A
simple procedure outlining the integration of dispatch algorithm
developed in MATLAB with HOMER is also illustrated. The
paper is organised as follows: Section 2 explains the various
details about the study area, Section 3 discusses the architecture
with specific details about the key simulation parameters, Section
4 discusses the EMSs used to determine the sizing of the elements
of microgrid followed with results and conclusion in Sections 5 and
6, respectively.

2 Village profile

The selected village, Leporiang is located in Papumpare District of
North-eastern state of India [10, 11, 17]. The daily community load
profile was estimated based on the door-to-door survey conducted
with a set of questions [10, 11]. The total connected load of the
village as per the data collected in February 2014 was 104.6 kW
(83 kW domestic, 12 kW office and 9.6 kW school) [11]. Due to
better road connectivity and rise in the economic condition of the
community people, an increase in total load demand to
136.54 kW (110 kW domestic, 14.54 kW office and 12 kW
school) was observed as per the data collected in August 2015
[10]. The annual average daily solar radiation in the village area
is 3.94 kWh/m?/day with an annual average wind speed of 4.2 m/
s [36].

3 Microgrid architecture and key simulation parameters

Based on the results obtained in our previous analysis as reported in
[10] a combination of PV, WT as primary power generation tech-
nologies with diesel generator (DG) as a backup and lead-acid
battery as storage is considered. Specific details about the architec-
ture and parameters used for simulating the microgrid is outlined in
section to follow.

3.1 Architecture

The architecture of the microgrid is shown in Fig. 1.

As seen in Fig. 1, the total energy consumption of the village as
per August 2015 data is 876.41 kWh/day with a peak load of
101 kW. The load factor as calculated by HOMER was 0.36. The
microgrid consists of a small DG system, PV, and WT as RETs
and tubular flooded lead-acid battery (TLAB) as storage along
with a bi-directional converter (CON) to maintain the flow of
power from AC to DC bus. The community load is connected to
the AC bus of the microgrid as shown in Fig. 1.
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Fig. 1 Microgrid architecture

3.2 Key simulation parameters and component details

To determine the cost-effective sizing of the individual elements,
the component cost of RETs (capital, operation and maintenance
cost) are as per the certified rate of central electricity regulatory
commission, Government of India [37] and other elements from
relevant literature or authorised dealers/manufacturers. The prices
are converted from Indian National Rupee (INR) to United States
Dollars (USD) using a monthly average rate of 1 USD=64.38
INR, obtained from State Bank of India [38]. A flat plate fixed
type PV system with a capital cost (CC) of USD 823238/MW
and operation and maintenance (O&M) cost of USD 10872/MW
per year is considered [37]. A small 10 kW horizontal axis wind
turbine system with a CC of USD 9672 and O&M of USD 200
per year is taken [37]. A TLAB of 3 kWh individual capacity as
a battery storage with a CC of USD 320 and O&M of USD 12
per year is chosen [39]. A small size DG system with a CC of
USD 250 per kW and O&M cost of USD 0.20 per hour is consid-
ered [12]. As the current generation converters are maintenance free
a CC of USD 300 per kW for the bidirectional converter (CON) is
taken [12]. A project lifetime of 10 years with a load growth of
6.9% per year is considered in this analysis. The growth rates are
assumed on the basis of projections illustrated in India Energy
Outlook [5].

4 Energy management system

EMS plays a very crucial role in managing and dispatching power
from energy sources to the load in the microgrid. An efficient EMS
cannot only save substantial amount of energy but can help in mini-
mising the cost of electricity. In this work, two EMS namely LFC
and PEMS are utilised to manage the flow of power from the source
to load and then to storage.

4.1 Load following controller

The LFC is an inbuilt EMS of HOMER PRO software which uses a
unique control strategy to operate and simulate the microgrid
system. In LFC dispatch procedure, the primary objective is to
meet the load demand. All the controllable power sources (the gen-
erators, storage) are first to serve the primary load and thermal load
if any with a least cost at each time step. The charging of the battery
bank is accounted as low-priority objective which is the job of
RETs only [39]. This controller can directly account for the
yearly load growth by a percentage change (6.9% in this case)
over the assumed project lifetime.

4.2 PSC and its integration with HOMER PRO

Fig. 2 shows the proposed dispatch algorithm. At first, RETs (PV
and WT) are operated to meet the current load demand as a
primary objective. If the RETs output power (Pret =Ppy + Pwr)
is not able to meet the load demand (Pr), then the battery will
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Fig. 2 Proposed dispatch algorithm

also be discharged till 20% of its state of charge (SOC,,). In another
case, if the RETs and battery output (Pgop) cannot serve the load,
then DG should give output (Ppg) to meet the demand and then it
should be operated till the battery SOC is up to 80% (SOC,,ax). The
DG should also run whenever the battery SOC reaches 20% till it
restores its SOC to 80%. B, is the initialisation command to
check for battery SOC to execute the charging process when
needed. The dispatch algorithm for the PSC is written using
if-else rules in MATLAB, and then it is integrated with HOMER.
However, the direct inclusion to model the yearly load growth
has not been accommodated in the integration system. So, in this
case using the sensitivity variable setup (already present in
HOMER) and including the percentage change (6.9%) manually
in the algorithm, the load growth projections were carried out and
then the optimal system design which can suffice the yearly load
growth is modelled. A simple procedure how HOMER integrates
and run the user define dispatch is explained in Fig. 3.

5 Results and discussion

All the values of parameters as specified in Section 3.2 are kept
same for both the controllers and simulation is run to find the cost-
effective optimal size. Table 1 shows the optimal microgrid element
size using both the controllers.

Table 2 illustrates the costing incurred for the optimal microgrid
obtained using both the EMS.

Figs. 4a and b show the average monthly electrical output from
the PV, WT and DG for the base year (2015) and final year
(2024) when the system is using LFC. It can be observed from
Fig. 4a that DG is only operated for a short period during August
and September only. However, when the load demand increases
with time in the projected year 2024, the DG is needed in every
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Table 1 Optimal size of microgrid elements

EMS Components

PV, kW  WT,kW DG,kW CON, kW TLB, (numbers)

LFC 500 100 300 700 800
PSC 600 100 200 400 1000

Table 2 Total cost of the optimal system

EMS Capital Net present 0&M Fuel LCOE,
cost, USD cost, USD cost, USD cost, USD/kWh
USD
LFC 1,048,898 1,130,330 208,114 52,771 0.39
PSC 1,080,222 1,108,578 173,127 44,085 0.38

month. The working of the LF controller for a typical day in
January on an hourly basis using the load of the base year (2015)
is shown Figs. 5a and b. Fig. 5a illustrates the power management
by LFC based on the hourly load variation. In early morning hours
(1st=3rd), LFC takes power from RETS to the load demand.
However, from 3rd to 6th when power output from RETs is un-
available, it discharges the battery to meet the load demand. During
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Fig. 4 Monthly average generation profiles using LFC
a Monthly average production using LFC (2015)
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Fig. 5 Various hourly profiles using LFC for the year 2015
a Power management hourly profile using LFC (2015)
b Hourly battery characteristics (LFC)
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6th to 16th hour when load demand is lower to RETs power output,
the controller first meets the demand and sends the excess power to
charge the battery. The charging and discharging of battery with
variation in its SOC are shown in Fig. 5b. Figs. 6a and b show
the monthly averages of electrical production using PSC for the
base year (2015) and final year (2024), respectively. DG operates
for a short while in 2015 during August month only as shown in
Fig. 6a. However, in 2024 DG as compared to 2015 profile is
used more, and it operates in all the months as illustrated in
Fig. 6b. To show the effectiveness of the PSC algorithm and to in-
corporate the operation of DG, a daily profile on an hourly basis
from the month of August is selected and illustrated in Figs. 7a
and b. During the early morning hours 1st to 6th when the contri-
bution from the RETs is not enough, the battery discharges
almost to 20% of its SOC to meet the load demand as shown in
Figs. 7a and b.

DG starts to operate after Sth hour to support the RETs to meet
the load demand as well as charge the battery.

Even when, the load demand is lower than RETs output, DG
keeps operating from 5th to 14th hour to charge the battery to an
SOC of 80% as seen in Figs. 7a and b as per the dispatch algorithm
of PSC. RETs maintain the battery SOC to 80% and meet the
demand till 17th hour. During evening hours when load increases
and RETSs are not able to meet the demand, battery again starts dis-
charging to serve the load.

As seen from above, both the controllers (LFC and PSC) can
meet the load demand effectively. However, in the case of PSC
the majority of contribution is from PV as seen in Fig. 8. The opti-
mised results show that the element size obtained from using PSC is
more for PV and TLB as compared to LFC as mentioned in Table 1.
However, the levelised cost of energy (LCOE) is slightly lower for
PSC as shown in Table 2. Also, net present, O&M and fuel cost are
also low in case of PSC as given in Table 2.
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Fig. 6 Monthly average generation profiles using PSC
a Monthly average production using PSC (2015)
b Monthly average production using PSC (2024)
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Fig. 7 Various hourly profiles using PSC for the year 2015
a Power management hourly profile using PSC (2015)
b Hourly battery characteristics (PSC)
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6 Conclusion

In this study, EMSs (LFC and PSC) for a rural microgrid based on
locally available resources are presented. The EMSs are used to
obtain technically robust and economic feasible solution to electrify
aremote village considering a yearly load growth scenario. The pro-
posed controllers (PSC) dispatch is developed in MATLAB, and
then its integration with HOMER PRO is done to study its
working. Results obtained shows that the PSC is effectively
working to manage the power flow from source to load in a cost-
effective manner. The LCOE obtained by PSC is slightly lower.
The simulation execution time to get the optimal sizes in case of
PSC is more as compared to LFC.
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