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ABSTACT
Around the world, conventional power system is facing the problems of gradual depletion of fossil fuel resources, poor
energy efficiency and environmental pollution. These problems have led to a new trend of generating power locally at
distribution voltage level by using non-conventional/renewable energy sources like wind power, solar photovoltaic cells,
fuel cells, microturbines, and Sterling engines and their integration into the utility distribution network. Power control is
important in the operation of dc microgrid, particularly for the power sharing between different types of power sources
including PV, wind power generation systems. In this paper, an effective control scheme for dc microgrid with energy
storage system (ESS) is proposed. The power sharing scheme using two ESSs in a dc microgrid for stable operation is
proposed. The simulation model is developed in MATLAB/Simulink containing photovoltaic array, wind turbine generator
(PMDC generator), battery storage, grid and energy managementblocK..
Keywords–Distributed energy sources, energy storage, energy management system.

INTRODUCTION
In a dc microgrid, the key point is the power electronics interfacing converter control, particularly for a power
sharing between different energy sources such as renewable energy sources, utility, and storage devices. There
are many technical issues related to dc microgrid operation, including interconnection schemes between dc
microgrids and the main grid such as voltage control and power control. In the previous literatures, several
control methods have been proposed to achieve proper power sharing in a parallel converter system[1]
With the increased concerns on environment and cost ofenergy, the power industry is experiencing
fundamental changes with more renewable energy sources (RESs) or microsourcessuch as photovoltaic cells,
small wind turbines, andmicro turbines being integrated into the power grid in the form of distributed
generation (DG). These RES-based DG systems are normally interfaced to the grid through power electronics
and energy storage systems [1].
Distributed generation (DG) systems and microgrids are becoming more and more important when trying to
increase the renewable energy penetration. In this sense, the use of intelligent power interfaces between the
electrical generation sources and the grid is mandatory [2].
During recent years, the utilization of renewable energysources has been promoted quickly to fulfill increasing
energy demand and deal with global climate change. Since the distributed power generation by renewable
energy has different characteristics with conventional power generation by fossil fuels, novel configurations,
topologies, and control techniques are employed to integrate renewable energy sources with utility grid. As
the cost decreases continuously, photovoltaic(PV) generation has become one of the most important
renewable energy sources and has been widely used[4].
Traditionally, this function is performed by an energy storage system such as battery. The energy storage
system is considered to be an effective solution to balancegeneration and demand supporting the
renewable energy deficit when necessary, and storing the primary energy excess when possible.
All renewable sources and energy storage are connected together to a central dc bus by means of power
converters such as choppers. These converters are designed to deliver energy from the energy sources,
ensuring stable, sustainable and reliable operation. The effective utilization between various distributed energy
sources and fulfil the load requirement, energy management system plays an important role. An energy
management system is a system of computer-aided tools used by operators of electrical utility grids to
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monitor, control and optimize the performance of generation system. EMS plays vital role in microgrids due
to presence of intermittent sources of energy.
Relevant literature on microgrid is increasing day by day [5-8]. Reference [2] introduces the concept, benefits
and features of microgrid and gives a review of researchers and activities of microgrid technologies. Operation
and control of a dc microgrid in both grid connected and isolated modes are explained in [3]. A generalized
formulation is presented in [9], [10] to determine the optimal operating strategy and cost optimization scheme
for microgrid.
At present, there are some literatures that describe the energy management research. One research based on
the central controller and hierarchical control of energy management strategy and analysis two kinds of
market policy in operation was proposed in literature. One research based on the photovoltaic, wind power
andbatterysingle-phase AC of energy management strategy and the cost of optimize the system operation and
service lifeof battery was proposed in literature. A distributed power supply side model was proposed in
literature .

Fig. 1 Schematic Block diagram of DC microgrid with EMS.
Fig. 1 shows the developed block diagram of dc microgrid with energy management system, which consists of
various renewable energy sources like photovoltaic arrays (PV), wind turbine generator system (WTGS),
battery storage (BS), utility grid (UG) and load. All energy sources and load are connected to the 48V dc bus.
PV is connected to the bus through closed loop boost converter, which gives 48V constant outputs. WTGS is
also connected with the same closed loop boost converter. Battery system of 180Ah is taken to supply energy
for back up and resistive load is considered.
DEVELOPED ENERGY MANAGEMENT SYSTEM
1.Microgrid model
Fig. 2 shows the developed simulation model of dc microgrid consists of a string of photovoltaic array, wind
turbine generator (PM DC generator), battery storage system, grid and load. PV array and wind turbine
generator system each of 1 kW with constant voltage closed loop boost converter that step up the PV array
voltage from 36V to 48V are connected to the dc bus of 48V. Lithium ion battery of 180 Ah, 48V is used for
energy storage system with charging and discharging controller. The rectified voltage of grid is connected to
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the dc bus through static switch to supply power when renewable energy sources and battery do not have
sufficient energy to supply load. Resistive load of 1.5kW is supplied from dc bus out of which 500W of
critical load.
The mathematical model of Energy Management System based on optimal scheduling of generation and load
is developed. The input signals are generated power of PV array, wind turbine generated power, SOC of
battery and load. The output signals are g1 for battery charging, g2 for battery discharging, g3 for grid on/off
and g4 for load on/off.

Fig.2 Simulation model of microgrid
2.Energy management System formulation
The total energy generated from renewables is,
PP + PW = PE
(1)
where, PP is power generated by PV and PW is power generated by WTGS
and total load,
PL1 + PL2 = PL
(2)
where, PL1 is critical load and PL2 is manageable load. After comparing PR and PL,
if PE > PL
then charge battery through renewable energy sources by triggering charging controller, that is giving signal
g1 = 1, otherwise g1 = 0,
if PE < PL
then discharge battery to supply extra load which is not available to renewables, by triggering discharging
controller that is giving signal g2 = 1 if SOC of battery is greater than 0.6, otherwise g2 = 0,
if SOC < 0.6
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then check PG to supply extra load
if PG > 0
then give signal g3 = 1 otherwise g3 = 0,
when PG do not have an extra power to supply, in this condition switch off some manageable load by giving
g4 = 0 otherwise g4 = 1.
3. RESULTS & DISCUSSION
Results and Discussion Simulation results are illustrated for variable generation and load, in which the data of
solar irradiation and wind are assumed to be variable for the day and taken equivalent 0.1 seconds for
simulation. The generated power from PV and WTGS are plotted on the same axis, with solar radiation
variable from 500 to 1000W/m2 and wind speed varies between 25 to 60 rad/sec. The simulation is run for 0.1
s. Different cases are considered for illustration as shown in table I, case 1, is the condition where PV
generation is considered maximum and WTGS generation is at minimum. PV output is considered to be
variable from 700 watts to 800 watts and wind turbine generation is from 250 watts to 450 watts. Load is also
variable from 500 watts to 1700 watts as shown in fig. 3. It can be seen from the graph that, whenever
generated power from renewable is more than connected load, battery charges
otherewise discharges whenever it lacks. The SOC, battery voltage and battery current is shown in fig. 4. At
simulation time 0.03 to 0.068 battery discharges becouse load exceeds generation and from 0.068 second it
starts charging as load decrese to below generation.
Table 1. DIFFERENT CASES OF SCHEDULING GENERATION AND LOAD
Generated power (
Cases
Connected Load
Battery state
PV+WTG )
PV Maximum
Charging/
Case 1
500-1700 W
WTGS Minimum
Discharging
PV Minimum
Charging/
Case 2
500-1700 W
WTGS Maximum
Discharging
Case 3

Both minimum

400-1700 W

No Action

Fig.3 Case 1 total power generated and connected load

Fig.4 Case 1 battery parameters while PV at maximum

while PV at maximum and WTGS at minimum

and WTGS at minimum
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Case 2, in which WTGS generation is maximum and PV generation is at minimum. WTGS output is
considered to be variable from 500 watts to 800 watts and PV is from 400 watts to 500 watts. load is variable
from 500 watts to 1700 watts as shown in fig. 5. As like previous condition where battery charges and
discharges acconrding to the generated power and load requirement. The SOC, battery voltage and battery
current is shown in fig.6.

Fig.5.Case 2 total power ganerated and connetced load Fig.6 Case 2 battery parameters while PV at minimum and
while PV at minimum and WTGS at maximumWTGSatmaximum

In case 3, the renewables are at lower to supply and battery also having less state of charge, therefore this is
considered the condition of grid insufficient to supply load or load scheduling in the grid, the power required
by the load in this condition is not available at renewable, battery and grid, therefore it is needed to shut down
some load of microgrid. Only fixed (critical) load will be supplied by the battery and rewable energy sources
as available.
Fig. 7 shows the generated power and load for case 3, at 0.04 second load exceeds generation by renewable
and battery state of charge is also at minimum, grid is having load scheduling, therefore it is needed to shut
down some load ofmicrogrid. At 0.06 again load decreases and renewable now able to supply the load.

Fig.7 Case 3 total power generated and connected load
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4.
Conclusion
The generation and load scheduling is done with proposed energy management system. Generation among
various renewable sources and load are considered to be variable. For every source or load, static switches are
used which are controlled by the gate signals generated by the energy management system. Further scope of
work is incorporating bidirectional power flow with utility grid.
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