International Journal of Complex Systems – Computing, Sensing and Control
Vol. 3, No. 1, pp. 79-92, 2015
Copyright © 2015, TSI® Press
Printed in the USA. All rights reserved

MICROGRID ENERGY MANAGEMENT SYSTEM USING FUZZY
LOGIC CONTROL
LYDIE ROINÉ1*, KAMBIZ THERANI2,
YASHAR SAHRAEI MANJILI3, MO JAMSHIDI3

1
Department of Electrical Engineering, Esigelec, Rouen, France,
Irseem, Department of Electrical Engineering, Esigelec, Rouen, France,
3
Department of Electrical and Computer Engineering, University of Texas at San Antonio, USA
*
l.roine.10@groupe-esigelec.fr
2

ABSTRACT—A microgrid is a small-scale grid designed to provide power to local
communities and be able to connect or disconnect from the main grid, is studied.
Considering solar panel and wind turbine as generators, the load is assimilated to a
residential demand. The aim of this paper is the regulation of the energy management for
a regular day in summer via intelligent control. The command approach used for fuzzy
logic rules, considering electricity prices, renewable production, load demand as
parameters. Furthermore, the command rules are developed in order to ensure a reliable
grid taking into account the financial aspect to decide the load modification’s level. We
show the theoretical and simulation results in this paper.
Key Words: Microgrid Network, Energy Management, Fuzzy Logic, Solar Panel, Load
Demand, Load Modification, Variable Electricity Price.

1. INTRODUCTION
Nowadays, more than ever, the power engineering domain is facing enormous challenges. The
worldwide population continues to increase as way of life of the emergent countries, implying a
considerable energetic demand rise. While, the growing interest in intermittent renewable energies
is imposing a major of technical limitations and increases the vulnerability of power systems. An
update of the actual grid is waiting to meet the future demand and electric needs to connect everyone
to abundant, high quality environment and reliable electric power.
Smart Grid is the future power system. It is an intelligent network which supports intermittent
low-carbon energy sources and provides consumer participation on load management. The structure
connects every grid’s users to affordable, efficient and reliable electric power. It could be adapted
both for small and large area.
To control the power flow among the elements consisting a multi energy system (MES), an
energy management system (EMS) must be designed. The EMS offers a flexible and low cost energy
[1, 2]. The EMS is usually a central controller that drives all the elements [3, 4].
Customers taking part of it as power providers through interactive loads to adapt consummation
to grid safety, ensure the best grid conditions, avoid blackouts and decrease environment impact at
least cost.
The microgrid is adapted to a small islanded area interconnected with a larger one. They are
independent but can interact together to maintain system reliability. The structure is for low voltage
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distribution system with intermittent energies, supported by energy storage. When the production is
greater than the consumption, power could charge the battery or is sold to the connected grid.
In recent years, different methods have been proposed by the authors in the field of microgrid
like this [5-6]. In this paper, the energy management and the modelisation of a microgrid system are
studied. Subsequently, in Section 2 the energy resources models for a solar panel and a wind turbine
are developed. The electricity consumption is simulated via a residential load. In Section 3 the
control strategy structure is explained. The control approach used in this paper is fuzzy logic
considering the evolution of prices during the day, the energy demand, the production and time. In
Section 4 the model and the control are assembled to estimate the power flow evolution during the
day and how his management could be improved and the results obtained are shown, there are
analyzed in Section 5. Finally, a conclusion is developed in Section 6.

2. SYSTEM MODEL
A microgrid is a small-scale grid designed to provide power to local communities and be able
to connect or disconnect from the main grid in order to operate in both grid connected or islanded
mode. The proposed model is composed of a wind turbine and a solar panel as renewables energy
resources and a generator in association with a load.

Figure 1. General Structure of Microgrids.

Considering that the system studied operates synchronously and in parallel with the main grid.
The power flow comes from the main grid to the microgrid and vice-versa. It means that if the
power exchange is from the main grid to the micro grid, the micro grid is consuming the main grid’s
energy; and therefore it must pay to the grid for each kilo-watt/hour. However, if the micro grid has
more power than it needs, it can sell it to the main grid.
The connection to the main network is a three phase connection. It composes of a slack
generator; carries out different level of power without any voltage drops. The slack bus computes
voltage magnitude, intensity, active and reactive power. The transmission line is modelled by a
resistance which simulates the distance traveled, and an inductance, smoothing the current. The
electric bus represents distribution lines.

2.1 Solar Model

A solar panel is constituted of PV modules names cells. Also, the equivalent circuit of a PV cell
is represented below is composed of a current source, a diode, a series resistance and a shunt
resistance. Conventionally 𝑅𝑅𝑆𝑆 RS is very large and RSh is very small. Considering the cell as ideal,
resistances are neglected.
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Figure 2. Equivalent circuit of PV cell.

The mathematical model is given as:
I = 𝐼𝐼𝑃𝑃𝑃𝑃 − 𝐼𝐼𝑆𝑆 �𝑒𝑒𝑒𝑒𝑒𝑒 �

𝑞𝑞(𝑉𝑉+𝐼𝐼𝑅𝑅𝑆𝑆 )
𝑘𝑘𝑇𝑇𝐶𝐶 𝐴𝐴

� − 1� − (𝑉𝑉 + 𝐼𝐼𝑅𝑅𝑆𝑆 )/𝑅𝑅𝑆𝑆𝑆𝑆

(1)

Determination of Model Parameters [1]:
The photocurrent 𝐼𝐼𝑃𝑃𝑃𝑃 is defined in function of the solar insolation and the cell’s working
temperature.
(2)

𝐼𝐼𝑃𝑃𝑃𝑃 = �𝐼𝐼𝑆𝑆𝑆𝑆 + 𝐾𝐾1 �𝑇𝑇𝐶𝐶 − 𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 ��𝜆𝜆

where 𝐼𝐼𝑆𝑆𝑆𝑆 is the cell’s short-circuit current at 25°C and 1kW/m², 𝐾𝐾1 is the cell’s short-circuit current
temperature coefficient, 𝑇𝑇𝐶𝐶 is the cell’s working temperature °C, 𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 is the cell’s reference
temperature °C and 𝜆𝜆 is the solar insolation in kW/m². The saturation current is defined in function
of the solar insolation and the cell’s working temperature:
3

𝑞𝑞𝐸𝐸𝐺𝐺 �
𝑇𝑇
𝐼𝐼𝑆𝑆 = 𝐼𝐼𝑅𝑅𝑅𝑅 � 𝐶𝐶�𝑇𝑇 � 𝑒𝑒𝑒𝑒𝑒𝑒 �
𝑅𝑅𝑅𝑅𝑅𝑅

1
1�
𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 _ �𝑇𝑇𝐶𝐶 �
𝑘𝑘𝑘𝑘

�

(3)

where 𝐼𝐼𝑆𝑆 is the cell saturation, 𝐼𝐼𝑅𝑅𝑅𝑅 is the cell’s reverse saturation current, q is the electron charge,
1.6 × 10−19 𝐶𝐶, k is the Boltzmann’s constant, 1.38 × 10−23 𝐽𝐽/𝐾𝐾, A is the Ideal factor dependent on
PV technology and 𝐸𝐸𝐺𝐺 is the Band-gap energy of the semiconductor used in the cell.
𝐸𝐸𝐺𝐺 = 𝐸𝐸𝐺𝐺,0 −

𝛼𝛼𝑇𝑇𝐿𝐿²

(4)

𝛽𝛽+𝑇𝑇𝐿𝐿

where, 𝐸𝐸𝐺𝐺,0is the Band gap at 0K, 1.1695 eV, 𝑇𝑇𝐿𝐿 is the temperature in Kelvin,𝛼𝛼 and 𝛽𝛽 are constants
respectively 4.7 × 10−4 eV/K and 636K.
A solar panel is organized as in PV cells connected in series-parallel configuration.
The mathematical representation becomes:
𝐼𝐼 = 𝑁𝑁𝑃𝑃 𝐼𝐼𝑃𝑃𝑃𝑃 − 𝑁𝑁𝑃𝑃 𝐼𝐼𝑆𝑆 �𝑒𝑒𝑒𝑒𝑒𝑒 �

𝑞𝑞𝑞𝑞

𝑁𝑁𝑆𝑆 𝑘𝑘𝑇𝑇𝐶𝐶 𝐴𝐴

� − 1�

where, Np is the number of parallel cell and NS is the number of series cell.

(5)
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Figure 3. Equivalent model of solar panel.

At reference temperature and when the current output value is zero, the short-circuit current is
supposed equal to the photocurrent. Consequently, the expression can be rewritten as follows:
𝐼𝐼𝑅𝑅𝑅𝑅 =

𝑒𝑒𝑒𝑒𝑒𝑒�

𝐼𝐼𝑆𝑆𝑆𝑆
𝑞𝑞𝑉𝑉𝑂𝑂𝑂𝑂
�−1
𝑁𝑁𝑆𝑆 𝑘𝑘𝑘𝑘𝑇𝑇𝐶𝐶

(6)

Furthermore, it is possible to change the characteristic of the cell by changing the values of Ns,
Np, V and the temperature of the cell. However, we can modify the localization of our solar farm
by changing the insolation curve. So, this model is adaptable to different environment.

2.2 Wind turbine

The wind turbine respects usual model, as presented in block diagram in Figure 4.

Figure 4. Model of Wind power system.

The wind model could be carried out as a constant input or in function of the observing wind
speed at 10m [2]:
𝐻𝐻 𝑥𝑥

�𝑣𝑣��𝐻𝐻� = 𝑣𝑣
������
𝐻𝐻10 × � �

(7)

𝑣𝑣𝑤𝑤 (𝑡𝑡) = 𝑣𝑣𝑤𝑤𝑤𝑤 + 𝑣𝑣𝑤𝑤𝑤𝑤 (𝑡𝑡) + 𝑣𝑣𝑤𝑤𝑤𝑤 (𝑡𝑡) + 𝑣𝑣𝑤𝑤𝑤𝑤 (𝑡𝑡)

(8)

10

where, 𝑣𝑣
���𝐻𝐻� is the average wind speed (m/s), 𝑣𝑣
������
𝐻𝐻10 is the average wind speed at 10m, (m/s), H is the
height (m) and X, an exponent depended on the roughness of the ground. It could be expressed
through turbulence, gust and ramp components [3]:
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where,𝑣𝑣𝑤𝑤 is the wind speed at time t, 𝑣𝑣𝑤𝑤𝑤𝑤 the average value of the wind speed, 𝑣𝑣𝑤𝑤𝑤𝑤 is the ramp
component, 𝑣𝑣𝑤𝑤𝑤𝑤 the gust component and 𝑣𝑣𝑤𝑤𝑤𝑤 is the turbulence component.
The turbine considered is composed of three blades of radius R, which are driving a generator
through a transmission model. The wind power extracted from the wind is expressed as:
1

𝑃𝑃𝑤𝑤 = 𝜌𝜌𝜌𝜌𝑣𝑣𝑤𝑤 3

(9)

𝑃𝑃𝑚𝑚 = 𝑃𝑃𝑤𝑤 × 𝐶𝐶𝑝𝑝

(10)

𝐶𝐶𝑝𝑝 = (𝛾𝛾 − 0,022𝛽𝛽 2 − 5,6)𝑒𝑒 −0,17𝛾𝛾

(11)

2

where, 𝑣𝑣𝑤𝑤 is the wind speed (m/s) 𝜌𝜌 is the air density equal to 1,225 kg/m2 at sea level at T=288K
and 𝐴𝐴A is the area swept by the rotor (m²). The power captured by the turbine, Pm, is explicit in
function of the power coefficient Cp
The power coefficient represents the aerodynamic ratio of the wind turbine.
1
2

where, 𝛽𝛽 is the Pitch Angle (°) and 𝛾𝛾 the tip speed ratio of turbine assimilates to:
𝛾𝛾 =

𝑅𝑅𝜔𝜔𝑏𝑏
𝑣𝑣𝑤𝑤

(12)

𝜔𝜔𝑏𝑏 is the rotor angular speed (rad/s), R is the radius of the blade (m).

3. THE SYSTEM MANAGEMENT
The microgrid model is managed through Fuzzy logic concept. Results are not black or white
values but multiple shades of grey. Fuzzy logic is certainly not a logical but a vague sense that
adapts to the human being leaving a space between the certainty of the true and the false certainty.
So, they are different level of power interaction with the main grid. The control strategy used is
implemented on a block called fuzzy load management containing all the management commands,
fuzzy rules. His role is to determine the amount of power exchange to the main grid in function of
input’s level in 15 minutes period.
The aim is to manage the load and power interaction with the grid in function of the actual state
of the model considering the electricity price, time of day, load, excess demand and generation
amount depending on weather forecast.
Our inputs are electricity price (EP, $ per kWh), time of day (T, hour), excess demand (ED,
kW), load (L, kW per hour), wind power (Wnd, kW) and solar power (Sol, kW).
The time parameter is the output current simulation time at specified rate. During the day, the
load profile could be modified in function of the electricity demand and power production. To
represent this notion, the “excess demand” variable is included and defined by the following
formula:
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

(13)

If the Excess Demand > 0

(14)

Its principle is explained below:
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When ED is positive, extra power is required at the micro grid which should be provided using
the main grid.
If the Excess Demand < 0

(15)

When the variable is negative, extra power is available on the micro grid side.
Furthermore, the outputs are MP (modification percentage of the load profile), LD (load drop),
ML (modified load) and Exchng_P (power exchange between micro grid and main grid). These
variables are defined as following:
LD = L × MP
(16)
ML = L × (1 – MP)
(17)
Exchng_P = (ML – Sol – Wnd)
(18)
The membership functions are defined on [0; 1], fuzzy set inputs and output are represented on
Figure 5:
•
•
•
•

EP: Low (L), Medium (M), High (H)
T: Day (D) (8 am to 2 pm to 8 pm), Night (N) (7 pm to 2 am to 9 am)
ED: Negative Large (NL), Negative Small (NS), Zero (Z), Positive Small (PS), Positive
Large (PL)
MP: Extremely High (EH), Very High (VH), High (H), Medium (M), Low (L), Very Low
(VL), Extremely Low (EL)
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(a). Electricity Price input.
Fonctions for inputs variables: T
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(b). Time input.
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(c). Excess demand input.
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Fonctions for outputs variables: MP
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(d). Modification Load Profile outputs
Figure 5. Fuzzy Membership function for inputs and outputs fuzzy controller.

Artificial intelligence follows our human conception, and our capacity to take decisions. Inputs
combination corresponds to one output defined by fuzzy rules. Also, the load profile modification
could be extremely high, very high, high, medium, low, very low and extremely low in order to
regulate the power exchange. The control strategy will be able to limit meteorological impacts on
production and grid reliability.
To explicit the concept, one of the command rules is:
IF the excess of demand is Negative Small AND the electricity price is Low AND during the
Day THEN the modification percentage of the load profile is Very High.
In this situation, the production is lower than the electricity demand. The microgrid requires
more power and prices are low. So, the modification load profile will be less important than if the
prices were high. On a financial point of view, it will be more profitable to buy power from the main
grid than interrupt load which decreased users’ comfort and used reserves. If the situation is
reversed, this would be better to disconnect loads, so as to decrease the excess demand and take
back to a reliable state. The time parameter takes in account the demand conditions, on the day the
consumption and earlier at night are critical points. The load could be stopped more easily after
midnight than around 7pm. The load management will have less impact on users during business
hours and night. A second case could be:
IF the excess of demand is Positive Small AND the electricity prices are Low AND during the
Night THEN the modification percentage of the load profile is Low.
The power production is greater than the demand and the electricity prices are low. In this
situation, the excess power could be sell to the grid or the number of load could increase to adapt to
the production. Therefore, the fuzzy logic control strategy orders right load schedule to ensure the
grid reliability though users and suppliers interactions.
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4. SIMULATION RESULTS
The system under concerns is the same as presented in Section 2. The power flow evolution
between the microgrid and the main network is developed considering a photovoltaic generator and
a wind turbine associated with a load. To achieve simulation real data measures came from the
Western Regional Climate Center website and more precisely from a weather station in San Antonio.
It’s assumed that the data point vary during the day. The main consumption peak point is shown on
Figure 8 around and 8pm. Capacity to regulate a load via control strategy using fuzzy rules is
examined.
The power consumption is supplied by the solar panel and wind turbine, which are connected
to the main grid to compensate if the production is lower than the demand.
Wind speed and solar radiation are shown in Figures 6 and 7 respectively.
In Figure 8, the profile of electricity price shows that there are two peaks, one around 10 am
and the second one corresponding to the consumption peak around 8 pm. As expected, the solar
production reaches his maximum when the sun is at its zenith around 3 pm. Following the excess
demand description, when the variable is negative, the production is greater than load demand and
vice versa when the value is positive.
Wind speed
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Figure 6. Wind speed.
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Figure 7. Solar Irradiance.
Profiles of Load,Electricity price and Renewable production
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Wind turbine power Production
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Figure 9. Wind turbine active power production.
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Excess demand and Electricity prices

1

Excess demand
Electricity price
0.5

Normalized data

0

-0.5

-1

-1.5

-2

0

5

10

Time of Day

15

20

25

20

25

Figure 11. Excess demand and electricity prices.
Modified load pourcentage
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Figure 12. Modified load percentage.

5. RESULTS ANALYSIS
Regarding the excess demand of the microgrid, it is forced to assume that when the demand is
lower than the production until 3pm, the excess demand is negative and the prices are higher on this
period. Also, the load modification is more important on this section than earlier in the morning.
Considering the excess demand, the curve is positive when the photovoltaic panel stops
producing. While electricity price from the main grid are higher. So, the objective is to keep a
reliable network, the less expensive possible. Figure 12 shows that under these constraints the load
modification is smaller in order to ensure the consumer comfort contrary to the first case, where
producers are rather restricted to modify the grid parameters.
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5. CONCLUSION
In this paper, a typical microgrid is studied. The model of two generating power, solar panel
and wind turbine are developed. Also, an energy management’s control strategy is presented with
electricity prices, consumption and renewable production as inputs parameters. The approach used
in this paper is fuzzy logic; the output depends on rules’ combinations which optimize the load
consumption in order to ensure an affordable grid. As aforementioned on the simulation results, the
fuzzy logic rules is a conclusive solution to regulate the load profile taking in account exterior
parameters, supply and demand to reduce costs.
The proposed work could consider the atmospheric pollution input to make the model more
realistic. The energy storage could be implemented via a battery to study the microgrid in an
islanded. Also, the smarter load management will be developed. This will be the subject of a future
work.
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