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Abstract 
Objectives: This study is aimed at analyzing the characteristics of an 11 kV microgrid system when connected to a 
combination source of fuel cell and battery storage. Methods/Statistical Analysis: To do so, Matlab Simulink software 
was used as simulation platform. Three types of connection were simulated which are first; fuel cell to grid, second; 
battery storage to grid and lastly; combination of fuel cell and battery storage to grid1. Findings: For each connection type, 
parameters such voltage, current, active power and reactive power are recorded when the grid is either in connected or 
disconnected mode. Simulation results have shown positive values of active power and reactive power which flows from 
the source to the grid side in both modes. Application/Improvements: This implies that the combination of fuel cell and 
battery storage is a reliable source for a particular constructed microgrid system to be successful. If implemented in real 
application, the suggested microgrid system will be a dependable alternative to supply electricity to rural areas which are 
too remote and unfeasible to be connected to a conventional grid system.

1.  Introduction

1.1  Microgrid
MG is systems that connect houses, factories and other 
buildings to power central sources2. A normal grid or tra-
ditional grid will connect to the houses, factories or other 
building but when there is maintenance works need to be 
done, all of the connected building will be cut off from 
receiving the supply. This is a situation that can be cor-
rected by connecting the building using MG.

1.1.1 Microgrid Configurations
MG is systems that have low voltage or medium voltage 
distribution network that surround by DG, energy storage 
systems and loads, operating as a single controllable sys-
tem3. Basically MG can be power on in case of emergency 
such as lightning strike or storms, without disturbing the 
supply to the loads. This is due to the connection of the 

load with the DG. DG is a used for capacity support, volt-
age support and regulation, and line loss reduction3.

DG usually made of many new technologies such as 
fuel cell, photo-voltaic systems and several kinds of wind 
turbines. This DG will be the backup whenever the load is 
cut off from the main grid as shown in Figure 1. 

1.1.2 Microgrid Operation

Figure 2 shows the MG operation. In the figure, it shows 
a group of feeders connecting to each other. There is a 
single point of connection to the main distribution utility 
called point of common coupling (PCC). PCC is the point 
in the electric circuit where a MG is connected to a main 
grid4. There is also a point called SD that is Separation 
Device which can disconnect MG immediately whenever 
fault happens in the distribution grid. The figure below 
shows in feeders 1 and 2, it has local generation which is 
require because it have sensitive loads. There is also loads 
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Figure 1.  A microgrid overview3.

Figure 2.  Operation of microgrid4.
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that do not have any local generation that is traditional 
load, connected to Feeder 34.

1.2  Fuel Cell
Fuel cell is a device that converts chemical energy from 
fuel into electricity. Electricity was form through a chemi-
cal reaction of positive charged hydrogen ions with oxy-
gen or other oxidizing agent5. Fuel cells was first invented 
in 1838, but, the world only know its existence until more 
than a century later through NASA space programs which 
to generate power for satellites and space capsules. Ever 
since then, fuel cells were broadly used in many applica-
tions which focused as a primary and backup power for 
industries, residential and commercial buildings. The 
ability to be installed in remote and inaccessible areas 
makes it possible for the used in powering vehicles such 
as forklift, buses, boats, submarines, automobiles and 
motorcycles.

1.2.1 Fuel Cell Modelling
Fuel cells have variety of different types as shown in 
Figure 3. Each of it consist of an anode, a cathode and 
electrolyte which allow positive charged hydrogen ions to 
move between the two sides of fuel cell. To generate posi-
tive hydrogen ions and electrons, each anode and cathode 
contains catalysts which caused the fuel to oxidize. After 

the oxidation reactions, the hydrogen ions are drawn 
to the electrolyte. Simultaneously, through an external 
circuit, electrons are also drawn from the anode to the 
cathode. This helps produced direct current electric-
ity. Hydrogen ion, electrons, and oxygen react with each 
other at the cathode to form water6.

The two half reactions occur in the fuel cell are:

At anode:

H2 (g) → 2H+ + 2e - � (2.1)

At cathode:

2

1
O2 (g) + 2H+ + 2e- → H2 O� (2.2)

Overall reaction:

H2 (g) + 
2

1
O2 (g) → H2 O� (2.3)

1.2.2 Fuel Cell Characteristic
There are many types of fuel cell line such as Alkaline 
Fuel Cell (AFC), Proton Exchange Membrane Fuel Cell 
(PEMFC) and Phosphoric Acid Fuel Cell (PAFC). These 
fuel cells generate direct current. According to the power 
rating, there are numerous way of a fuel cells was chosen. 
1KW fuel cells has the output voltage range 25-50V while 
30KW and above of fuel cells can have output voltage 
range 200-400V. Fuel cells are in a development stage as 
stated in7. Below are the assumptions about the operating 
characteristics:

1.	 Fuel cell with type of PEMFEC has low temperature 
and have partial oxidation, it takes minor time to 
start-up while a high temperature fuel cell will take 3 
to 4 hours to start up. This show that fuel cell with low 
temperature is more suitable for start-stop operation 
since the start up time takes small amount of time.

2.	 Although fuel cell can do nearly instant load changes, 
it has a limit in the fuel processing system which has a 
certain time of lag due to the chemical reactions occur.

3.	 As the numbers of moving parts are low, fuel cells have 
the potential for high in reliability. Life length of fuel 
cells is given as 40000 h for the stack and at least twice 
the number of hours for the system.Figure 3.  Construction of fuel cell6.
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1.3  Battery Storage
In recent years, due to large integration of Renewable 
Energy Sources like microturbine and fuel cell unit into 
the MG, the supplication of Battery Storage (BS) has surge 
greatly. The BS has considerable interest and advantages 
in the MG-based applications such as short term power 
supply, power quality improvement, facilitating integra-
tion of Renewable Energy Sources and providing neces-
sary support to the primary activities service8. 

1.3.1 Operation of Battery
From the article in9, it said that the battery is initially 
charged with the help of DG and Battery Management 
System (BMS). The article9 explained the operation of the 
battery storage by using Photovoltaic (PV), one of type of 
DG, as the source for charging. In the Figure 4 shown BMS 
is used for observing the charging and discharging level of 
the battery. Therefore, the battery span time can be length-
ening. By using three levels of universal bridge inverter, 
a power electronics converter interfaces the energy stor-
age unit with MG and the communication line between 
the Microgrid Central Controller (MGCC) and Battery 
Energy Storage System (BESS) management. The MGCC is 
also one of the observing blocks, which monitors the grid 
voltage and frequency. The power generated by PV system 

is not sufficient to meet the local load means the load will 
import the power from the MG and the battery is charged 
because the inverter act as converter. If the power gener-
ated is in excess, PV system export the power to the MG. 
If the grid voltage is in abnormal condition, local load is 
disconnected from the MG and it operates as island mode.

1.3.2 Types of Battery Storage
The first battery in market was the flooded lead-acid bat-
tery which was used for establish, centralized applica-
tions. The valve-regulated lead acid (VRLA) battery is the 
current commercially convenient option. Other lithium-
based batteries are under progression10. Batteries are pro-
duced in a wide assortment of capacities ranging from 
less than 100watts to modular configurations of several 
megawatts.

1.3.2.1 Lead-Acid Battery
Lead Acid batteries are barely economic but they have 
big space and maintenance necessity. The usage of bat-
tery below than 30% will drain the charge quickly. This 
results in the reduction of energy density amounting to 
increased capital costs. They are commonly installed in 
uninterruptible power supply (UPS) systems as well as in 
renewable and distributed power systems.

Figure 4.  Structure of battery storage9.
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1.3.2.2 Valve Regulated Lead Acid Battery 
(VRLA)
VRLA use the same basic electrochemical technology as 
flooded lead-acid batteries, but these batteries are closed 
with a pressure regulating valve, so that they are basically 
sealed. The major advantages of VRLAs are less cost in 
maintenance and the battery cells can be packaged more 
tightly because of the sealed construction and immobi-
lized electrolyte, reducing the footprint and weight of the 
battery10.

1.3.2.3 Lithium Ion Battery
Lithium-ion batteries have a high energy density (energy 
in relation to volume) as well as power density (rate at 
which energy changes) compared to other batteries. This 
allows them to take up minimum physical space while 
providing high energy and power11.

2.  Microgrid System Design

2.1  Fuel Cell Circuit Design
Designation of fuel cell is done by referring to the 
Simulink library. From the library, the design can be 
drag to the drawing column. Figure 5 shows the fuel cell 
stack. The Fuel Cell Stack block appliance a generic model 
parameterized correspond to most popular types of fuel 
cell stacks fed with hydrogen and air. The block represents 
two versions of the stack model: a simplified model and 
a detailed model. In this research, the option chooses for 
the stack is simplified model by switching the detail level 
in the block dialog box.

2.1.1 Simplified Model
In this project, the drawing for the circuit is using simpli-
fied model as shown in Figure 6. The simplified model 
corresponds to a particular fuel cell stack operating at 
nominal conditions of temperature and pressure. From 
the simplified circuit, the graph shows in Figure 7 can 
be divided into three parts which are activation region, 
ohmic region and mass transport region. The first region 
represents the activation voltage drop due to the slow-
ness of the chemical reactions taking place at electrode 
surfaces. The second region represents the resistive losses 
due the internal resistance of the fuel cell stack. Finally, 
the third region represents the mass transport losses 
resulting from the change in concentration of reactants 
as the fuel is used.

Figure 6.  Simplified model.

Figure 7.  Fuel Cell I-V polarization curve7.

2.1.2 Fuel Cell Simulink Model
There are few types of fuel cell in the Simulink library 
model, in this project PEMFC is choose based on the Figure 5.  Fuel cell stack7.
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characteristic value of power and dc voltage that higher 
than the other type. Figure 8 shows a basic circuit from 
the Simulink library. From the Figure 9, the parameters 
are set as shown. PEMFC type is chose based on the value 
of Vdc. It is better to have 625Vdc since it will experi-

ence voltage drop until 415Vdc, which is a suitable value 
of voltage to supply to the load. The model detail level 
is fixed to simplified circuit. The simplified model repre-
sents a particular fuel cell stack operating at nominal con-
ditions of temperature and pressure. The output of fuel 

Figure 8.  PEMFC 50KW 625Vdc circuit.

Figure 9.  Block parameter for fuel cell stack.
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cell is in dc so the converter and inverter is used to con-
vert dc to ac. To connect the circuit with grid, transformer 
is used to step down the voltage from the grid to the fuel 
cell system. The circuit in Figure 10 shows the connection 
of the fuel cell with main grid.

2.2  Battery Storage Circuit Design
Designation of battery storage is done by referring to 
the Simulink library. From the library, the design can be 
drag to the drawing column. Figure 11 shows the bat-
tery storage stack. In this research, the type of battery 
storage chose is Lead-Acid based on the explanation in 
literature review section. Lead-Acid is the most used for 
uninterruptable power supply since it has bigger storage 
than others. Figure 12 shows the parameters of the bat-
tery storage. In this project the value of battery capacity 
is 50Ah. Ah is the value for Ampere times hour which 
means one-amp hour is equal to one ampere of current 
drawn for one hour of time. The output of voltage that 
operate the system is 400V.

From Figure 13, the battery is connected to the con-
verter and inverter to change from dc to ac. After getting 
the value of ac voltage and current, the value is step up 
using transformer to connect it with grid.

Figure 11.  Battery storage stack11.

Figure 12.  Block parameter for battery storage.

Figure 10.  PEMFC circuit connected with grid.
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2.3 Microgrid System Circuit Design
After designing fuel cell and battery storage, both plants 
are connected together with grid. Figure 14 has shown 
the connection for the microgrid. Figures 15, 16 shows 
a breaker is put at the grid to compare the value of volt-
age, current, active power and reactive power before and 

after opening the breaker. Opening the breaker will lead 
the system to be in islanded mode which is the system is 
operating without the power supply from the grid. In this 
paper, grid-connected mode is referring to the normal 
condition that is the supply of power is comes from grid 
and grid-disconnected mode is referring to the islanded 
mode.

Figure 13.  Battery storage circuit connected with grid.

Figure 14.  Microgrid system circuit design.
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Figure 15.  Breaker connected at grid in opened mode.

Figure 16.  Breaker connected at grid in closed mode.

3.  Result and Discussion
3.1  Result of Fuel Cell
Figure 17 shows the fuel cell voltage and current. The 
voltage basically starts with 625V and decreased to 415V. 
This is due to the chemical reactions that take part during 
start up. The value of the current and voltage below are in 
dc since fuel cell is operating the system with the output 
of dc. The analysis for fuel cell is done for voltage and cur-
rent at the fuel cell side only since the design is in separate 
circuit with battery storage.

The value of dc is then changed to ac using inverter. 
Figure 18 is the result for ac voltage of fuel cell. The value 
from the graph is shown in Figure 19 is achieving 600V 
this is due to the value from the dc voltage of fuel cell 
that is 625V. As a DG for three phase supply the value of 
the voltage is 415V so the voltage is step down to 415V 
using transformer. The value of current obtained is 25A 
as shown in Figure 20. Both voltage and current obtained 
are in Vpp value. 

Figure 17.  Voltage and current of fuel cell.
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3.2  Result of Battery Storage
From the circuit shown in Figure 21, the analyzing of the 
voltage and current is observed after the inverter is con-
nected to the battery storage. The value of voltage obtain 
is in phase to phase voltage, Vp-p, that is 415V. The analy-
sis for battery storage is done for voltage and current at 
the battery storage side only since the design is in separate 
circuit with fuel cell.

For current, the value obtained is 15A. The value of 
current is also after connecting the inverter with battery 
as in circuit shown in Figure 22.

Figure 21.  Voltage of battery storage.

Figure 22.  Current of battery storage.

Figure 18.  AC voltage of fuel cell.

Figure 19.  AC voltage of fuel cell after step down.

Figure 20.  Current of fuel cell.
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3.3  Results of Microgrid 
To form a microgrid system, fuel cell system and battery 
storage are connected to a grid through a step up trans-
former. This microgrid system is using a breaker at the 
grid and the simulation is done with the breaker in closed 
mode and open mode. The simulation with breaker in 
closed mode is referring to grid – connected mode while 
simulation with breaker in opened mode is referring to 
grid – disconnected mode. The analysis will be included 
voltage, current, real power and reactive power.

3.3.1 DG Results in Grid – connected Mode
The value of voltage obtain at the DG side is 415V. The 
value obtained in Figure 23 shows the voltage from com-
bination of fuel cell system and battery storage system. 
The value of current show in Figure 24 obtained is 35A 
and the value of active power show in Figure 25 obtained 
is 7000W.

The value of reactive power as shown in Figure 26 is 
-9000Var. The value for reactive power is negative. The 
negative show the flowing power is from grid to DG since 
DG the power generates by DG is not enough.

3.3.2 Grid Results in Grid – connected Mode
This section showing the value of voltage, current, active 
power and reactive power at the grid in grid – connected 
mode. Figure 27 shows the voltage achieved are 11kV. The 
value of current show in Figure 28 obtained is 1.4A and 

Figure 23.  Voltage of DG in grid – connected mode.

Figure 24.  Current of DG in grid – connected mode.

Figure 25.  Active power, P of DG grid – connected mode.

Figure 26.  Reactive power, Q of DG in grid – connected 
mode.
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the value of active power show in Figure 29 is 600W. The 
negative from active power showing the flow of the power 
is flowing from DG to the grid. 

The value of reactive power as shown in Figure 30 is 
-18kVar. The value of reactive power is high and in nega-
tive value since the value of active power is low and the 
generating power is not enough hence the negative value 
shows the draw of power from DG to the grid.

3.3.3 DG Results in Grid – disconnected Mode
This section shows the results obtained when the simula-
tion is run in grid – connected mode that is when open-
ing the breaker at the grid. From Figure 31, the voltage 

Figure 27.  Voltage at grid in grid – connected mode.

Figure 28.  Current at grid in grid – connected mode.

Figure 29.  Active power at grid in grid – connected 
mode.

Figure 30.  Reactive power at grid in grid – connected 
mode.

Figure 32.  Current of DG in grid – disconnected mode.
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obtained at DG side is 415V. The value of current show in 
Figure 32 obtained is 5A.

The value obtained for active power show in Figure 33 
in DG connected in grid - disconnected mode is 1400W. 
The negative value showing the flow of the power from 
the grid to the DG. The value of reactive power show in 
Figure 34 of DG in grid – disconnected mode is 3000Var.

3.3.4 Grid Results in Grid – disconnected Mode
This section showing the results obtained at the grid side 
when running the simulation in grid – disconnected 
mode which is opening the breaker. The voltage shows in 
Figure 35 obtained is 6000V lower than 11kV as obtained 
in grid – connected mode. The value of current show in 

Figure 31.  Voltage of DG in grid – disconnected mode.

Figure 33.  Active power of DG in grid – disconnected 
mode.

Figure 34.  Reactive power of DG in grid – disconnected 
mode.

Figure 35.  Voltage of grid in grid – disconnected mode.

Figure 36.  Current at grid in grid – disconnected mode.
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Figure 36 is 4.5mA and the value of active power show in 
Figure 37 obtained is 14W.

The value obtained for the reactive power as shown in 
Figure 38 is -40Var. The value is in negative since it has no 
supply to generate the power itself, so the power is draw 
from the DG.

3.4  Analysis between the Grid – connected 
Mode and Grid – disconnected Mode
From the Table 1, the voltage value when closed the 
breaker is normal at 415V in DG and 11kV in grid. 
However, the value of voltage at grid is low, reduced to 
6000V. The value of DG in grid-connected mode is main-

tained as in grid-connected mode since it has to stay gen-
erating in stand – alone system. The value of current also 
reduced from 35A to 5A in DG and 5A to 4.5mA in grid 
source since the source is no longer supplying the power. 
The value of both power, active and reactive for the DG 
in grid – connected mode are in positive value shows that 
the direction of the flowing power is from grid to the gen-
erator. Even when in grid-disconnected mode, the value 
is still positive since it operates in stand – alone. The situ-
ation is different from grid source; the value of reactive 
power is both in negative shows the flowing of power is 
from DG to the grid.

Table 1.  Comparison between opened breaker and 
closed breaker

System Parameters
Condition of 
Breaker
Closed Opened

Distribution 
Generator(DG)

Voltage(V) 415 415
Current(A) 35 5
Active Power, P(W) 4300 3000
Reactive Power, 
Q(VAR) 25000 1500

Grid Source

Voltage(V) 11000 6000
Current(A) 5 4.5x10-3

Active Power, P(W) 600 14
Reactive Power, 
Q(VAR) -18000 -40

4.  Conclusion 
From studying the operation of DG, MG and battery 
storage in the system network, it would be best to have 
microgrid system implemented in small area like hospital 
to have continuous power supply without interruption. 
All the circuit of fuel cell, battery storage and MG sys-
tem are successfully design by using MATLAB Simulink 
software. By analyzing the performance of fuel cell and 
battery storage system of microgrid by using MATLAB 
Simulink Software, it shows that the performance of the 
system is reduced in grid-disconnected mode than in 
grid-connected mode. In addition, I would recommend 
the MG system to be improved by implement control sys-
tem. Other than that is the DG system is not only limited 
to two types of DG in one MG system, it can be more 
than two so the MG system can be improved by adding 
different type of DG or substitute fuel cell with another 
type of DG.

Figure 37.  Active power at grid in grid – disconnected 
mode.

Figure 38.  Reactive power at grid.
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