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Abstract
Processing of information in minimum time duration with maximum accuracy is the prime factor for efficient functioning 
of any network. A smart grid (SG) is a network structure that supplies electricity using digital communication technology 
by the application of computer intelligence for the purpose of control and automation of various components like smart 
meters, smart appliances and renewable energy resources connected to it. A hybrid power system (HPS) is one which has 
multiple power generating sources like photo voltaic (PV) system, Wind turbine, fuel cell etc. interconnected to supply 
electric power for varying demand requirements with/without energy storage backup which is the key component of a SG. 
This paper focuses on the integration and control automation of renewable energy sources viz. PV system, solid oxide fuel 
cell (SOFC) with nickel-metal-hydride (Ni-MH) battery together with a variable load present in a SG. The proposed energy 
management system (EMS) used in the designed HPS focuses on the use of PV which is 100% clean in nature with no toxic 
emissions on power generation. Here, PV system with maximum power point tracking (MPPT) is used as the major supply 
contributor in the HPS to meet with variable load demands. If there is deficit of power supply from PV, the power from the 
Ni-MH battery/SOFC is utilized to meet with the varying load demands. On the other hand, if there is excess supply from 
PV system, the excess energy will be stored in the Ni-MH battery. For efficient supply demand balance, the EMS makes use 
of various control strategies namely proportional-integral (PI) and adaptive neuro fuzzy inference system (ANFIS).

Keywords  Adaptive neuro fuzzy inference system (ANFIS) · Energy management system (EMS) · Maximum power point 
tracking (MPPT) · Photo voltaic (PV) · Solid oxide fuel cell (SOFC) · Smart grid (SG)

1  Introduction

An energy management system (EMS) is generally used to 
monitor, measure, control and optimize the performance of 
SG. Hybridization is the process by which more than one 
power source is connected together to meet the time varying 
load demands. EMS is the key element in designing hybrid 
power system (HPS).

EMS plays a critical role of ensuring the supply of 
required power at any specific time instance. Modeling 
of HPS is being continuously looked upon for maximum 
utilization of the power generated by the system and effi-
cient integration. Of multiple power sources which includes 
renewable resources. The model proposed by every 
researcher varies depending upon the combinations of 
sources and their control strategies. An energy management 
scheme for a micro grid with diesel generator and renewable 
generators such as PV and Fuel Cell for frequency regula-
tion is proposed without storage devices was discussed in 
Sekhar and Mishra (2015). The modelled performance and 
cost viability of a hybrid grid tied micro grid comprising of 
PV, batteries, fuel cell systems based on real world data sup-
ported by commercial off the shelf (COTS) is discussed. It 
was proposed on the assumption that each home is equipped 
with more solar PV than is required for normal operation 
was shown by Maxx et al. (2014) and Khan et al. (2019). A 
frequency based energy management strategy with modified 
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droop control is presented for islanded micro grid containing 
PV-fuel cell-battery. However, the control description of PV 
maximum power point tracking (MPPT) algorithm, battery 
charging and discharging processes and Fuel cell-electro-
lyser control on the dc side is not dealt with in Sun et al. 
(2016). A non-linear frequency droop scheme is proposed 
as a tool for operating cost minimization of PV and fuel cell 
based micro grids with an assumption that all residential 
loads have optimal energy reserve was put forth by Cingoz 
et al. (2015). In the work proposed by Suwat et al. (2016) 
and Di Fazio et al. (2013), an energy management approach 
for PV-polymer electrolyte membrane fuel cell (PEMFC) 
along with two energy storage devices [a Li-ion battery 
module, a super capacitor (SC) bank] is demonstrated using 
hardware realization. For DC bus voltage stabilization, 
nonlinear differential flatness based fuzzy logic control is 
employed. A sliding mode fuzzy logic controller (SMFLC) 
using multi-objective particle swarm optimisation (MOPSO) 
algorithm is used for hybrid Fuel cell-PV-wind-battery sys-
tems to ensure minimum harmonic distortion was discussed 
by Adel and El-Naggar (2017) and Subha et al. (2017). The 
performance of the SMFLC is compared with proportional 
integral (PI) and basic fuzzy controller by Mehmet and Erol 
(2017). An integrated power system (IPS) based on fuel cell, 
battery, PV and two diesel generators using model predictive 
controller (MPC) and particle swarm optimisation (PSO) 
strategy is employed to fulfil the energy requirements of the 
ship in an efficient way by Mohamad and Rana (2016). The 
energy management approach of a PV and PEMFC with a 
single lithium-ion battery with PI strategy was discussed 
by Phatiphat et al. (2014). An adaptive power management 
scheme (PMS) for the control of a PV array and fuel cell 
stack escorted with super capacitor and electrolyser based 
storage device using FPGA controller is proposed to achieve 
regulated DC link voltage by Bonu et al. (2017). A dynamic 
PMS for standalone hybrid AC-DC micro grid is proposed 
to regulate the DC link voltage under dynamic changes in 
load and source power variations. The proposed PMS is also 
validated using FPGA/Labview by Rishikant and Mishra 
(2017). A decentralized control strategy for islanded and 
grid connected micro grid is proposed for nonlinear and 
unbalanced loads by Hamid et al. (2017). In the work by 
Yi et al. (2015), the energy consumption management is 
considered for households (users) in a residential smart grid 
network, considering essential and flexible demands, where 
the flexible demands are further categorized into delay-sen-
sitive and delay-tolerant demands. The concepts and design 
principles of a smart micro energy grid (MEG) for accom-
modating micro-grids, distributed poly-generation systems, 
energy storage facilities, and associated energy distribution 
infrastructures was discussed in Mei et al. (2017). In the 
work proposed by Wang et al. (2018) and Jacqueline et al. 
(2018) DSM (Demand Side Management) concept is dealt 

with for a specific time period and application. The idea of 
communication framework that deals with interoperability 
and integration challenges between devices was discussed 
by Sarmadullah et al. (2019) and Yau et al. (2018). The 
design of various power electronic components involved 
in the construction of SG such as voltage source inverter, 
DC–DC step up converter, DC–AC converter was dealt in 
the work by Jun et al. (2019), Ehsan Raoufat et al. (2016) 
and Rahimi and Emadi (2009). In Mansour and Amirnaser 
(2015), Quinn et al. (2010), the concept of plug-in electric 
vehicle for power system integration with SG is discussed. 
In the work by Ang et al. (2005) and Marcos et al. (2014), 
the control strategies used in PV plant was discussed. The 
demand side load management with algorithmic approach 
was explained in detail by Pedrasa et al. (2009).The optimal 
energy management issues together with control strategies 
are discussed by Huang et al. (2004) and Quinn et al. (2010).

Based on the review of literatures, various models have 
been formulated for HPS with different control strategies 
for meeting up a variety of parameters which includes volt-
age regulation, frequency regulation etc. In overall, although 
having advantages and disadvantages, different models and 
controllers proposed in various papers have similar gaps as 
follows:

•	 The models proposed did not take into account the usage 
of a sophisticated controller for initializing the control-
ler action which is very much vital for efficient control 
action there by the supply load balance is brought out 
effectively by the proposed EMS.

•	 The fuel cell considered in all most of the reviewed 
papers was PEMFC whose efficiency is 40–50%. How-
ever, the efficiency of SOFC is about 60% which is used 
in the proposed HPS. Also, the nickel metal hydride (Ni-
MH) batteries have high energy density efficiency, light 
weight and good life cycle. This improves the overall 
efficiency of the proposed EMS which makes it highly 
desirable for SG applications.

An intelligent energy management strategy using adap-
tive neuro fuzzy inference system (ANFIS) controller is 
developed in Matlab Simulink environment. The perfor-
mance of ANFIS controller is compared with conventional 
PI controller.

2 � Modeling of hybrid power system (HPS) 
in smart grid (SG)

The proposed HPS used in SG is a standalone system com-
posed of PV System, SOFC, and a Ni-MH battery serving 
dynamic load. The block diagram of the proposed HPS is 
shown in Fig. 1. The HPS uses an efficient EMS incorporated 
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with PI and ANFIS controller to meet with dynamic load 
variations. The modeling of PV, SOFC, Ni-MH battery is 
explained in detail in the forth- coming sections.

2.1 � Modeling of PV

A PV System is one which uses one or more solar panels 
connected in series or parallel to convert solar energy into 
electrical energy by the principle of photoelectric effect. The 
basic material for all the PV cells existing in the market is 
high purified silicon (Si) which is obtained from sand or 
quartz. Basically, three types of materials used in the pro-
duction of PV cells are mono crystalline, polycrystalline 
and amorphous silicon. The equivalent model of PV System 
consists of a single diode connected in parallel with a light 
generated current source (Iph) as shown in Fig. 2 discussed 
by Bijit et al. (2016). Incremental conductance algorithm for 
maximum power point tracking (MPPT) is incorporated in 
the modeled PV system.

Applying KCL to Fig. 2, the output current of the PV 
system is given in Eq. (1)

The output current of PV varies with irradiance and tem-
perature which is governed by the mathematical Eqs. (2)–(6)

where Ns is the series connected cells, Iph is the light gener-
ated current, Is is the reverse saturation current, Rs is the 
series resistance of the cell, Rsh is the shunt resistance of 
the cell, q is the electron charge (1.602 × 10–19 C), K is the 
Boltzmann constant (1.38 × 10−23 J/K), and a is the ideality 
factor.

The parameters of the proposed PV system are illustrated 
in Table 1.

(1)I = Ipv − Id − Ish.

(2)I = Ipv − Is

[

exp
(V + IRs)q

akTNs

− 1

]

−
V + IRs

Rsh

,

(3)Is =
Isc

exp
(

Voc
/

aVt

)

− 1

,

(4)Id = Is

[

exp

(

V + IRs

aVt

)

− 1

]

,

(5)Ish =
(V + IRs)

Rsh

,

(6)Vt =
KTNs

q
,

Fig. 1   Block diagram of the 
proposed HPS

Rs

Iph
Rsh

Rload
Diode

Fig. 2   Equivalent model of PV system
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2.2 � Modelling of solid oxide fuel cell (SOFC)

Fuel cell is a device where hydrogen reacts with oxygen to 
produce water and heat and the electron at the anode flows 
through the external circuit to produce electrical energy 
through electrochemical process. The basic operation of the 
fuel cell is governed by mathematical Eqs. (8)–(10):

The equivalent circuit of the proposed SOFC is shown 
in Fig. 3.This circuit is used in implementing the SOFC in 
Matlab.

The terms Ra and Rk represents Anode and Cathode 
resistances respectively and Ca and Ck represents anode and 
cathode capacitances respectively.The output voltage of a 
single fuel cell can be expressed as given in equation by 
Hamid et al. (2017):

where ENernst is the thermodynamic voltage of the cell, Vact 
is the voltage drop associated with the activation of anode 
and cathode, Vohmic is the voltage drop resulting from the 
resistance of the conduction of proton through the solid 
membranes and the electrons through its path, and Vcon is 
the voltage drop associated with the reduction in the concen-
tration of reactants gases or mass transportation of reactants

(7)2H2 ⟷ 4H+ + 4e−

(8)O2 + 4H+ + 4e− ⟷ 2H2O

(9)2H2 + O2 ⟷ 2H2O + Electricity + Heat

VSOFC = ENernst − Vact − Vohmic − Vcon

2.3 � Modeling of Ni‑MH battery system

Ni-MH Battery converts chemical energy into electrical 
energy. The intermitted power source in the proposed HPS is 
supplemented with backup power from Ni-MH battery. The 
equivalent circuit of the proposed Ni-MH battery is shown 
in Fig. 4. The main parameter which decides the proper 
functioning of battery is SOC (state of charge). The state of 
charge (SOC) of the battery is the amount of energy reserve 
and is expressed in terms of percentage as given in Eq. (12):

where ib is the Battery Current, and Q is the battery capacity.
Here the term Voc represents open circuit voltage, R1, 

R2, Ro represents resistances. The equivalent circuit of the 
Ni-MH battery shown in Fig. 4 is implemented in MATLAB 
for building the HPS.

3 � Energy management strategies

The energy management strategy of the proposed HPS meas-
ures the power produced by the sources viz PV (Ppv), SOFC 
(Pfuel), Battery (PBat) and the power consumed by the load 
as power is defined as the amount of energy produced/con-
sumed per unit time. The flowchart of the proposed EMS 
is depicted as shown Fig. 5. Total power production (Phyd) 
of the proposed HPS is computed as the sum of power pro-
duced from PV and SOFC (Ppv + Pfuel).The performance of 
the EMS is categorized under the following cases:

3.1 � Case 1: when total power production 
(Phyd) = power consumed by the load (PLoad)

When the power consumed by the load matches the power 
produced by PV and fuel cell. The load requirement is 

(10)SOC = 100

[

1 − ∫
ib

Q
dt

]

,

Table 1   Parameters of the proposed PV system

Maximum power 400 W
Open circuit voltage (Voc) 49.4 V
Short circuit current (Isc) 10.49 A
Voltage at maximum power (Vmpp) 40.8 V
Current at maximum power (Impp) 9.81 A
Shunt resistance 550 Ω
Series resistance 0.055 Ω

Ra

Ca

Rk

Ck

Rohmic

Fig. 3   Equivalent circuit of SOFC

R1 R2 Ro

c1 c2

+

-

Voc

Fig. 4   Equivalent circuit of Ni-MH Battery
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met with ease and no power is utilized from the battery 
(PBat = 0). Under this condition, the battery is idle and the 
utilized mode is referred to as mode 0.

3.2 � Case 2: when total power production 
(Phyd) < power consumed by the load (PLoad)

When the power consumed by the load is more than that 
produced from PV and SOFC. The deficit load demand is 
met using the power produced from the battery (PBat) if 
SOC is greater than SOCMin. Power drawn from the bat-
tery is the difference between hybrid power and power 
consumed by the load as given in Eq. (13):

This mode is referred as Mode 1. If in case the load 
demand is high and if SOC < SOCmin, the battery enters 
into charging mode and some of the non-prioritized load 
demands are curtailed. This operational mode is referred 
to as Mode 2.

(11)PBat = PHyd − PLoad.

3.3 � Case 3: when total power production 
(Phyd) > power consumed by the load (Pload)

This case applies when consumed by the load is less than 
that of power produced from PV and SOFC. The EMS ana-
lyzes the SOC of the battery. If the power produced from 
the sources is in excess quantity and if SOC < SOCmax, 
then the excess power starts charges the battery to meet up 
with future requirements. This mode is referred to as Mode 
3.In the other case, if the power produced is in excess 
quantity than demand requirements and if SOC > SOCmax, 
then Charging of the battery doesn’t happen (Pbat = 0). This 
operational mode is referred to as Mode 4.

4 � ANFIS control

A network, in general, is a system that works on inputs 
received, processes it and provides the desired output. A 
neural network is a computer based system that does the 
function of system as per the algorithm written for the 
desired task Nagalakshmi and Kamraj (2013). A fuzzy 
logic inference system (FIS) is one that works on multiple 
inputs and provides a single output. The integration of 
fuzzy logic with neural network resulted in adaptive neuro 
fuzzy inference system (ANFIS) which is highly preferred 
for non-linear applications. It is because they have got the 
capability of highly modifying the membership functions 
to achieve the desired performance was also discussed by 
Mehmet and Erol (2017). The ANFIS structure in general 
uses two pass learning cycles, namely the forward pass 
and backward pass. It also provides a mechanism to keep 
the past observations into memory and stores it in the clas-
sification process.

The ANFIS model just possesses the benefits of both 
neural networks and fuzzy logic. The incorporation of this 
method is a two level technique where at the first level, 
an initial fuzzy model along with its input variables are 
derived with the help of the rules extracted from the input 
output data of the system modelled. In the next level, neu-
ral network is used to fine tune the rules of initial fuzzy 
model that leads to the final ANFIS model of the system. 
The main advantage of using ANFIS in the proposed HPS 
is its fast convergence time to meet with the varying load 
demands. Fast convergence is highly critical in Power sup-
ply demand management.

The main advantages achieved by using ANFIS control 
for the proposed HPS is found be better than the conven-
tional control techniques which is very much evident from 
the results got from the proposed model.

Fig. 5   Flowchart of the proposed energy management system (EMS)

RETRACTED A
RTIC

LE



6122	 S. Subha, S. Nagalakshmi 

1 3

5 � Effect of fuel cell inclusion to HPS

The nonlinearity in the proposed HPS arises due to the 
erratic load, dynamic solar radiation and inconsistent tem-
perature. These issues are eliminated if fuel cell is connected 
in parallel to the PV source to cope up with dynamic load 
variations,the output voltage of which is shown in Fig. 6. 
SOFC presents a challenging control issue during load fol-
lowing due to its sluggish dynamics, nonlinearity and strict 
operating constraints and it plays a vital role in reducing 
battery current overshoot and undershoot. In the case of 
load variations, immediately after a short transient period, 
the ANFIS controller quickly achieves the stable condition 
compared to the PI controller as shown in Fig. 6a–d which 
refers with the load power met with PI and ANFIS controller 
and Table 2 lists out the transient response values of SOFC. 
As this system is greatly characterized by nonlinearity,the 
response of the system with and without fuel cell using PI 
and ANFIS controllers is shown in Fig. 6a–d.

It is also very well seen that the presence of SOFC very 
much reduces the amount of power drawn from the battery 
in both the cases of PI and ANFIS.

It is evident from Table 2 that PI controller has higher 
overshoot and undershoot values which is eliminated by 
adding SOFC in parallel.

Fig. 6   Fuel cell voltage. a Battery power without SOFC voltage using PI controller showing overshoot and undershoot values. b Battery current 
drawn in presence of SOFC (PI). c Battery current drawn in presence of SOFC (ANFIS). d Battery current drawn in absence of SOFC (ANFIS)

Table 2   SOFC transient response

Controller Battery load current (A)

Without 
SOFC volt-
age

With 
SOFC 
voltage

Over shoot (s) Under shoot (s)

PI 166.80 43.53 0.05 0.55
ANFIS 124.20 38.76 0.04 0.14
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6 � Results and discussions

The performance of the stated HPS and proposed control-
lers used for energy management is evaluated using MAT-
LAB Simulink. In the designed HPS, a PV of 450 W, Fuel 
Cell of 100 kW along with backup sources 6.5 Ah batteries 
are modeled for the dynamic load. The ambient tempera-
ture and solar irradiance used for the analysis are shown in 
Fig. 7. The irradiance level varies over the 12 h (300 s) cycle 
depending upon the appearance of the sun. The irradiance 
level increases and a maximum irradiance level of 1000 W/
m2 is obtained during 1.25–1.75 s. The MPPT for the PV 
system tracks the MPP by keeping the slope close to zero. To 

analyze the performance of the PI controller, it is also used 
to track the MPP of the PV system. The PI controller also 
tracks the PV MPP, but unable to cope up when there occurs 
a sudden change in atmospheric conditions.

The power profile of the HPS with PI and ANFIS control 
is shown in Fig. 8a, b. As seen from the graph it is clearly 
evident that initially when power from PV is less from 
0–100 s time interval,the power from the battery is used to 
keep up with the load requirements.As the PV power slowly 
rises up,the power utilized from the battery goes down which 
is shown in the time interval between 100–200 s. During the 
same instance,when there is a step change in load from 100 
to 200 s, the battery power goes down as power from PV is 
high at this instance.From 200 to 300 s, there is a sudden 
drop in load and PV power together and the battery power is 
again utilized to meet with the load demands.It is observed 
from the power profile Fig. 8a, b of PI and ANFIS control-
lers that ANFIS controller gives better response with less 
sluggishness.

The PI and ANFIS load current profiles are shown in 
Fig. 8c, d which also reveal that ANFIS controllers are supe-
rior in performance to PI controller.

The power generated from renewable energy sources 
i.e., fuel cell and PV is initially used to satisfy the load. 
In the absence of renewable power, other sources of stor-
age participate accordingly to satisfy the load. If the load 
requirement is met by PV and fuel cell, no power is taken Fig. 7   Solar irradiance

Fig. 8   a Power profile of HPS with PI control. b Power profile of HPS with ANFIS control. c Load current-PI control. d Load current-ANFIS 
control
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from the battery. Any excess power in the system is utilized 
by charging the battery to keep the system stable. The solar 
irradiance is step by step varied from 0 W/m2 to a peak value 
of approximately 1000 W/m2 and then again decreases to 
0 W/m2 in time duration from 0 to 300 s.

Table 3 gives the values of power produced from PV, 
fuel cell, battery for specific insolation. It also gives a clear 
picture of the better performance of ANFIS controller. The 
bar graph representation of PV, fuel cell and battery power 
for PI and ANFIS controller comparison is shown in Figs. 9 
and 10.

6.1 � Transient analysis of the proposed HPS

At each hour, the load required power is essentially satisfied 
by the power extracted from the generating sources used 
in the hybrid power system. The performance of the con-
trollers is analyzed in terms of load current, battery power 
and load power for both PI and ANFIS. ANFIS controller 
also decreases overshoot, undershoot and settling time as 
compared to PI controller as analyzed in Table 4. It is clear 
from the table that ANFIS controller provides performance 
characteristics.

According to Table 4, although the overshoot and under-
shoot in the case without control are less than with the PI 
control, the steady-state error is much higher than with PI 
control.

6.2 � Total harmonic distortion (THD) analysis 
of the proposed HPS

Power quality evaluates the fitness of electric power to con-
sumer devices and is measured in terms of voltage regula-
tion, current and total harmonic distortion. To ensure power 
quality, assumptions are applied according to the IEEE 1547 
standard. The voltage and current fundamental frequency are 
in their acceptable limits for both ANFIS and PI controllers, 
which ensures the system stability and quality power. From 
Figs. 11a–d to 12a–d, it is observed the voltage and current 
THD is 8.54% for PI controller and 5.89% and 5.90% for 

ANFIS respectively as tabulated in Table 5. It is clear from 
Table that the maximum deviation of Current and voltage 
THD is less in case of the ANFIS compared to PI controller. 
The bar graph

Representation of THD for PI and ANFIS controller is 
shown in Fig. 13 which clearly states ANFIS is a better 
choice than PI.

7 � Conclusion

India has a large potential of renewable energy sources and 
the effective use of these sources would help in less usage 
of fossil fuels. The efficient trapping of energy from these 
renewable resources in a SG depends on the measurement of 
energy from supply and load side of the conventional electri-
cal grid. It becomes the responsibility of the proposed EMS 
to initiate and control further action based on the parameters 
measured. The efficient EMS used in SG helps in efficient 
information transfer between supply and load side there 
by load shedding which is a major problem in India due to 
power shortage and faults is minimized.

Table 3   Simulation result of step change in irradiation

Time (s) Insolation PV + SOFC power 
(W)

Battery power (W)

PI ANFIS PI ANFIS

0–25 100 225 290 11,110 10,950
25–50 200 1170 1294 9716 10,150
50–75 400 3193 3299 7759 8140
75–100 600 5185 5304 5185 6112
100–125 800 7259 7313 7706 8034
125–175 1000 9315 9323 5704 6046

Fig. 9   HPS power comparison

Fig. 10   Battery power comparison
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A hybrid power system in SG provides a lot of advan-
tages with integrated renewable energy sources in terms of 
various factors like High system availability, less cost, Low 
maintenance, better load matching and higher fuel efficiency. 
The proposed EMS used in the HPS offers the mentioned 
advantages together with efficient control action incorpo-
rated for faster control action to cope up with dynamic load 
variation in spite of unstable supply from PV. The proposed 
energy management system proves better in performance 
with ANFIS control than PI control. This is verified using 
controller parameter comparison. The transient analysis of 
the HPS using the proposed Energy management is done for 
PI and ANFIS which also reveals that ANFIS control has 

less THD for both current and voltage than PI. Also it was 
proved that for a given load power, ANFIS control settles in 
a shorter span of time with less overshoot and undershoot.

The usage of ANFIS controller pertaining to these advan-
tages increases the efficiency of the proposed EMS. Also, 
the usage of SOFC in the system makes it more effective in 
performance. This factor has been verified in the proposed 
HPS by examining the performance of the system both in 
presence and absence of SOFC. In presence of SOFC, only 
very little amount of power was drawn from Ni-MH bat-
tery. SOFC being more efficient, in turn increases the overall 
efficiency of the system. Thus the proposed EMS proves 
more efficient in terms of load matching with the presence 

Table 4   Comparative analysis 
of controllers

Controller Max. power Load current Over shoot Under shoot Settling 
time (s)

Load current (A) with PI – 17.5 114.7 0.43 61
Load current (A) with ANFIS – 17.5 105.0 2.00 8
Battery power (W) with PI 10,950 – 12,490 4696 64
Battery power (W) with ANFIS 10,950 – 13,350 7050 20
Load power (W) with PI 10,110 – 14,250 6539 50
Load power (W) with ANFIS 10,110 – 0 0 5

Fig. 11   a Load current. b Load current-THD with PI control. c Load voltage. d Load voltage-THD with PI control
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of dual combination of SOFC and ANFIS Control. Since the 
gap between power supply and demand is increasing every 
year, the use of the proposed EMS helps in minimizing volt-
age and frequency fluctuations, scheduled and unscheduled 
power cuts and restrictions on load. This helps in uninter-
rupted functioning of any industries connected to the grid 
there by increasing the business profits indirectly improving 
the economy of the nation.

Fig. 12   a Load voltage. b Load voltage-THD with ANFIS control. c Load current. d Load current-THD with PI control

Table 5   THD comparison Parameter PI ANFIS

Voltage 8.54 5.89
Current 8.54 5.90

Fig. 13   THD representation
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