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ABSTRACT
This paper introduces the active and reactive power
technique for power management using a single phase
inverter connected with the utility grid and maximum
power point tracking (MPPT) for renewable energy
sources, such as Wind-Turbine (WT) and Photovoltaic
(PV) panels. In this study, the dead-beat control algorithm
is utilized to control the active and reactive power injected
into the grid. The dead-beat control algorithm is based on
discretized equations in (α-β) stationary reference frame
transformation. Resistive and inductive loads are
connected with the micro-grid system, and illustrated their
influence on the performance of the inverter. The
maximum power point tracking algorithm is introduced to
insure the most utilization of the available powers to feed
the required loads and the grid power, as a part of the
proposed management system. The overall system has
been simulated and tested for operation with hybrid wind
and PV sources, for different modes of operation under
variations of PV irradiance and wind speed.

Keywords
Renewable energy MPPT, Incremental conductance
(InC), Dead-beat control algorithm, Power Management,
Micro-grid applications.

INTRODUCTION
A micro-grid is a modern Distributed Power System (DPS)
utilizes local sustainable power resources such as
Photovoltaic panels (PV) and Wind turbine (WT) sources
designed through different smart-grid initiatives [1]-[2]. It
also can provide energy security for a local community as
it can be operated without the presence of wider utility
grid. Micro-grid technology aims to reliability,
sustainability and economics such as cost optimizing [3].
Centralized power generation has been nominated in
power system for centuries. Emerging distributed
generation (DG) has recently challenged this situation as a
consequence of increment of public environment
awareness, supply reliability issues, power quality (PQ)
requirements and its economic merits [4]- [5]. As an
important family of DGs, renewable energy such as solar,
wind and small hydro have been enlarged in the percentage
of power generation market due to environment friendly
features [6]-[7].

CIRED 2019

Micro-grid system consists of distributed generation,
loads, energy storage systems, controller, and power
electronic converters [8][9].
The main objective of this paper is to introduce the
utilization of the dead-beat control algorithm proposed
for micro-grid power management applications. The
simulation analysis will be extended to cover the
utilization of hybrid renewable sources including PV and
WT in micro-grid system, with maximum power point
tracking (MPPT) capability.

OVERALL SYSTEM ARCHTECTURE
Fig.1 illustrates the overall architecture of the proposed
micro-grid system that mainly consist of: Wind turbine with MPPT technique through
Boost converter.
 Two PVs with their own MPPT set.
 One control of grid connected inverter operated
by the proposed dead-beat control algorithm.
 AC loads.
 AC grid.
It should be noted that the LCL filter parameter values are
calculated from LCL design procedure algorithm defined
by the authors in [9]

MAXIMUM POWER
ALGORITHM

POINT

TRACKING

The incremental conductance (InC) Maximum Power
Point Tracking (MPPT) is utilized to track the Maximum
Power Point (MPP) for both the photovoltaic panels and
wind turbine generator. It has been implemented and
simulated within Matlab/Simulink based on the flowchart
given in Fig.2. The power of the inverter is controlled
based on the result of this MPPT for all sources. It should
be noted that the proposed algorithm adjusts the duty cycle
(D) of the boost converter to extract maximum available
power of the renewable source and also provides such
value to the grid connected inverter as reference values
(𝑃𝑚𝑎𝑥 ). It should be also noted that for all the carried test,
two main conditions are always considered:𝑃𝑃𝑉1 (𝑚𝑎𝑥) + 𝑃𝑃𝑉2 (𝑚𝑎𝑥) + 𝑃𝑊(𝑚𝑎𝑥) = 𝑃𝑙𝑜𝑎𝑑 + 𝑃𝑔𝑟𝑖𝑑
𝑄𝑖𝑛𝑣 = 𝑄𝑙𝑜𝑎𝑑 + 𝑄𝑔𝑟𝑖𝑑

(1)
(2)
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where, 𝑃𝑃𝑉1 (𝑚𝑎𝑥) , 𝑃𝑃𝑉2 (𝑚𝑎𝑥) and 𝑃𝑊 (𝑚𝑎𝑥) the maximum
available power of PV1, PV2 and WT respectively, 𝑃𝑙𝑜𝑎𝑑
and 𝑃𝑔𝑟𝑖𝑑 the load and grid powers respectively.𝑄𝑖𝑛𝑣 ,
𝑄𝑙𝑜𝑎𝑑 and 𝑄𝑔𝑟𝑖𝑑 the inverter, load and grid reactive powers
respectively.
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Iw

DC/DC
Boost
Converter

+V

w

PMSG
-

D
Iw
Wind

Vw

Wind
MPPT
Controller

Pw (max)

Pinv
LCL Filter
Li

DC

Lg
Rf

Cdc

Cf

AC

Qinv
C.T Ifilter

-

S4 S3 S2 S1

AC
Grid

SPWM

Vfilter

Ifilter

Delay
Eq.(5),(6)

Pload
Qload

Ipv 1

DC/DC
Boost
Converter

Vpv 1

-

Qref

PV(1)
MPPT
Controller

Vpv1

Vαβ(filter)

Iαβ(filter)

AC
Loads

Kq

+

Q(k)
-

Ppv1 (max)

-

Kp

Vpv 2

4A

Nominal string open-circuit voltage

𝑽𝒐𝒄

0.58 V

Current temperature coefficient

𝑲𝒊

0.001 A/K

Voltage temperature coefficient

𝑲𝒗

-0.002 V/K

Number of cells in series

𝑵𝒔

1

Nominal irradiance

𝑮𝒏

(400 W/𝒎𝟐 ) and

-

𝑻𝒏

298.15 K

P(k)

Pmax2 = 400 W

Pmax2 = 400 W
Pmax1 = 1000 W
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Ipv 2
PV-2

+

Pref

D

Value

P,Q
Calculation
Eq.(8)

Power (w)

DC/DC
Boost
Converter

Vpv 2

𝑰𝒔𝒄

Table 1: PV Cell Modeling Parameters.
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+
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Parameter
Nominal string short-circuit current

(1000 W/𝒎𝟐 )

Dead-Beat
Controller
Eq.(9),(10)

D
Ipv 1

PV-1

Qgrid

Parameters of the utilize PV panel are listed in the table 1,
while the system has been tested using Matlab/Simulink,
as the maximum available power of PV is changed from
(400 W) to (1000 W) then to (400 W) corresponding to
variation of irradiance (400 𝑊/𝑚2 ), (1000 𝑊/𝑚2 ) and
(400 𝑊/𝑚2 ) respectively as shown in figures 3.a and 3.b.

+

Vα (ref) (k) Vβ (ref) (k)

+

Pgrid

A. MPPT UTILIZATION FOR PV SOURCE.

PV(2)
MPPT
Controller

Dead-Beat Control Algorithm

Ppv2 (max)

Fig.1 Overall architecture for the proposed micro-grid

(a) Calculated Maximum power of PV at step variation for irradiance.
Current (A)

system.

Power (w)

Voltage (V)

Pmax1 = 1000 W at 1000 W/m2
Pmax2 = 400 W at 400 W/m2
(b) Corresponding I-V and P-V characteristics.

Fig.3 PV MPPT using Boost converter.
From Fig. 3, it can be seen that the MPPT algorithm of the
boost converter has successfully operated the PV at steady
state values corresponding to the maximum available
power under different irradiance variations.
B. MPPT
UTILIZATION
TURBINE SOURCE.

Fig.2 Flowchart of the incremental conductance MPPT
procedure.
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FOR

WIND-

The parameters of the utilized wind turbine with
paramanent-magnet Synchronous Generator (PMSG) are
listed in the table 2. The MPPT technique has been tested
using Matlab/Simulink, when the maximum power is
changed from (500 𝑊) to (800 𝑊) as the wind speed is
changed from (4 m/sec) to (8 m/sec) respectively as shown
in figures 4.a and 4.b.
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Power Wind (W)

𝐼𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) = 𝐼𝑓𝑖𝑙𝑡𝑒𝑟
𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) = 𝑉𝑓𝑖𝑙𝑡𝑒𝑟

Pmax2 = 800 W at 8 m/sec
Pmax1 = 500 W at 4 m/sec
(a) Calculated maximum power of wind turbine at step variation of wind speed.

𝜋
)𝐼
2𝜔 𝛼(𝑓𝑖𝑙𝑡𝑒𝑟)
𝜋
= ( ) 𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟)
2𝜔

(3)
(4)

𝐼𝛽(𝑓𝑖𝑙𝑡𝑒𝑟) = (

(5)

𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟)

(6)

Power Output in Watt (W)

Pmax2 = 800 W
at 8 m/sec

Pmax1 = 500 W

at 4 m/sec

(b) P-Wind characteristics.

Fig.5 Real and imaginary components for filter output
voltage (α-β frame).

Fig.4 MPPT for wind turbine.
From Fig.4, it is clear that the proposed MPPT has also
operated the wind turbine (WT) on maximum available
power for different wind speed operation.
Symbol

Value

Rated Output Power

Parameter

𝑷𝒘

(500 W) and (800 W)

Nominal Wind Speed

𝒗𝒘𝒊𝒏𝒅

(4 m/s) and (8 m/s)

Rated Rotational Speed

𝝎𝒓

300 rpm

Damping Coefficient

𝑩

0.001189 N.m/s

𝑱

0.01197 kg.𝒎𝟐

Stator phase resistance

𝑹𝒔

0.425 Ω

Stator d-axis Inductance

𝑳𝒅

8.2 mH

Stator q-axis Inductance

𝑳𝒒

8.2 mH

Magnets flux linkage constant

𝝀𝒍

0.433 Wb

Number of pole pairs

𝒑

5

Inertia Coefficient

Table 2: Wind Turbine PMSG Parameters.

DIGITAL CONTROL ALGORITHM BASED
ON STATIONARY REFERENCE FRAME
(𝜶 − 𝜷) FOR GRID GRID CONNECTED
INVERTER
A. IMAGINARY PHASE GENERATION.
To generate the secondary orthogonal phase (β), which is
used for produced two-phase system, different methods
have been suggested [10]. In this work, the imaginary
phase is obtained using the transport delay method as
shown in Fig.1. The ordinary phase signals (α) for the
current and voltage are defined in (3)-(4), while the
corresponding imaginary phase signals (β) are produced,
𝜋
𝑇
by delaying the ordinary signal by
= as defined in
2𝜔
4
(5)-(6), where 𝜔 is the fundamental angular velocity. This
method can easily be implemented in digital control by a
ring buffer storing data for a quarter cycle of the real
stationary component (α). The two orthogonal stationary
components waveforms created in the single phase
inverter are as shown in Fig. 5.
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B. ACTIVE
AND
CALCULATION.

REACTIVE

POWER

The instantaneous apparent power in (α-β) stationary
reference frame can be defined as (7)-(8).
∵ 𝑆(𝑘) = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 ∗
(𝑃(𝑘) + 𝑗𝑄(𝑘)) = (𝑉𝛼 + 𝑗𝑉𝛽 )(𝐼𝛼 − 𝑗𝐼𝛽 )

{
∴ (𝑃(𝑘) + 𝑗𝑄(𝑘)) = (𝑉𝛼 𝐼𝛼 + 𝑉𝛽 𝐼𝛽 )(𝑉𝛽 𝐼𝛼 − 𝑉𝛼 𝐼𝛽 )

(7)

where, k is sampling period of the discrete system
From (7), the active and reactive powers in the (α-β)
reference frame can be defined as
𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) 𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟) 𝐼𝛼(𝑓𝑖𝑙𝑡𝑒𝑟)
𝑃(𝑘)
]=[
][
]
𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟) −𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) 𝐼𝛽(𝑓𝑖𝑙𝑡𝑒𝑟)
𝑄(𝑘)

(8)

[

C. THE PROPOSED CONTROL TECHNIQUE.
In the proposed technique, at each sampling period (k), the
reference voltage for the inverter is determined, the power
errors at the next sampling period will be driven to zero as
shown in Fig.6. For this purpose, the active and reactive
powers at next sampling period are predicted. Dead-beat
control algorithm for the active and reactive powers, in
order to produce the reference signal in two stationary
reference frame (α-β), can be redefined, based on
equations (7) and (8) with the modification of adding the
two control gains 𝑘𝑃 , 𝑘𝑄 in order to reduce the steady state
error for the active and reactive powers based on Ziegler
theory [11], where 𝐿𝑔 is grid inductance, 𝑘𝑃 and 𝑘𝑄 are the
proportional gains for active and reactive power
controllers. After the reference inverter voltages calculated
from (9) and (10), 𝑉𝛼(𝑟𝑒𝑓) (𝑘) will provide the reference
value for the SPWM generator as shown in Fig.1. it should
be noted that the main idea of the proposed is to define the
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reference of the inverter power based on pre-defined
available maximum power of the all sources and given by
(11), (12).

Q
inverter
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Qinv (actual)
780 VAR

Qinv (reference)
800 VAR

Qinv (actual)
1150 VAR

Qinv (reference)
1200 VAR

Iα -ref(k)
Iαβref(k)-Iαβ-ref(k+1)

Iαβ

Iαβ-ref(k-1)

Iαβ

Iβ-ref(k)

k-1

k

(a) Inverter Qref and Qactual

k+1

(b) Grid reactive power

1
2

|𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) + 𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟)

2

𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟)
[
| 𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟)

𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟)
]
−𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟)

𝑃𝑟𝑒𝑓 (𝑖𝑛𝑣) ≅ (0.9) × [𝑃𝑊 (𝑚𝑎𝑥) + 𝑃𝑃𝑉(𝑚𝑎𝑥) ]
𝑄𝑟𝑒𝑓 (𝑖𝑛𝑣) = 𝑄𝑔𝑟𝑖𝑑 + 𝑄𝐿𝑜𝑎𝑑

(10)

(11)
(12)

SYSTEM ANALYSIS WITH HYBRID PV
AND WIND SOURCES.
A. OPERATION WITH POSTIVE (+VE) GRID
POWER.
The system has been tested for changing of the connected
RL loads, from (Pload = 300 W and Qload = 400 VAR) to
(Pload = 800 W and Qload = 800 VAR) while the required
power injected to the grid are also changed from (P grid =
550 W and Qgrid = 380 VAR) to (Pgrid = 770 W and Qgrid =
350 VAR) as given in figures 7 and 8.

(c) Load reactive power

Fig.8 Micro-grid simulation results for reactive power of
Hybrid PV and Wind sources (𝑄𝑖𝑛𝑣 > 𝑄𝑙𝑜𝑎𝑑 ),
(𝑄𝑔𝑟𝑖𝑑 (+𝑣𝑒)).
Fig.9 shows the corresponding voltage and current of
inverter and load. It can be seen that the rest of the
available power is fed to the grid through the inverter as
the grid power is positive (+ve), since the available
renewable power is higher than required loads. It can be
seen that the grid current injected to the grid is in phase
with the voltage.

Iload

Current (A)

Irradiance W/m2

Igrid
Irradiance
400 w/m2

Q Load
800 VAR

Q Load
400 VAR

Voltage (V)

𝐶(𝑘) =

(9)

Q Load

Fig.6 Discretized reference and actual current
𝑉𝛼(𝑟𝑒𝑓) (𝑘)
𝑉𝛼(𝑓𝑖𝑙𝑡𝑒𝑟) (𝑘)
𝐿𝑔
∆𝑃(𝑘)𝐾𝑝 + 𝑇𝑠𝑤 𝜔 𝑄(𝑘)
[
]=[
] + ( ) 𝐶(𝑘) [
]
𝑉𝛽(𝑟𝑒𝑓) (𝑘)
𝑉𝛽(𝑓𝑖𝑙𝑡𝑒𝑟) (𝑘)
∆𝑄(𝑘)𝐾𝑄 − 𝑇𝑠𝑤 𝜔 𝑃(𝑘)
𝑇𝑠𝑤

Q grid
350 VAR

Q grid
380 VAR

Q grid

Iαβref(k)-Iαβ-ref(k-1)

Irradiance
1000 w/m2

Wind Speed m/sec

(a) Irradiance step variation from 400 to 800 W/m2
Wind speed
4 m/sec
Wind speed
8 m/sec

P-PV

(b) Wind speed step variation from 4 to 8 m/sec
1000 W

400 W

(c) Active Power of PV

P-wind

500 W
800 W

Fig.9 Micro-grid simulation results for voltage and
current for the inverter and load (𝑃𝑔𝑟𝑖𝑑 (+𝑣𝑒)).
B. OPERATION WITH
GRID POWER.

NEGATIVE

(-VE)

P inverter

(d) Active Power of wind turbine

Pinv (actual)
850 W

Pinv (actual)
1570 W

Pinv (reference)
1600 W

Pinv (reference)
850 W

(e) Inverter Pref and Pactual

P grid

P grid
550 W
P grid
770 W

P Load

(f) Grid active power

P Load
800 W

P Load
300 W

(g) Load active power

Fig.7 Micro-grid simulation results for active power of
Hybrid PV and Wind sources (𝑃𝑖𝑛𝑣 > 𝑃𝑙𝑜𝑎𝑑 ),
(𝑃𝑔𝑟𝑖𝑑 (+𝑣𝑒)).
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The system has been also tested in case the active and
reactive powers required by the AC loads are greater than
the available renewable inverter output power and are
changed from (Pload = 1200 W and Qload = 600 VAR) to
(Pload = 2000 W and Qload = 1000 VAR), while (Pinv = 850
W and Qinv = 300 VAR) to (Pinv = 1570 W and Qinv = 600
VAR), as depicted in figures 10 and 11, while the
corresponding voltage and currents are shown in figure 12.
It can be seen that the rest of the required load power is
provided from the grid, as the grid current direction has
been reversed.
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Irradiance
400 w/m2

Irradiance
1000 w/m2

Wind Speed m/sec

(a) Irradiance step variation from 400 to 800 W/m2
Wind speed
4 m/sec
Wind speed
8 m/sec

P-PV

(b) Wind speed step variation from 4 to 8 m/sec
1000 W

400 W

CONCLUSIONS.

(c) Active Power of PV

P-wind

500 W
800 W

P inverter

(d) Active Power of wind turbine

Pinv (actual)
1570 W

Pinv (actual)
850 W

Pinv (reference)
1600 W

Pinv (reference)
850 W
(e) Inverter Pref and Pactual

P grid

P grid
-350 W

P grid
-430 W

P Load

(f) Grid active power
P Load
2000 W

P Load
1200 W

(g) Load active power

Q inverter

Fig.10 Micro-grid simulation results for voltage and
current for the inverter and load (𝑃𝑔𝑟𝑖𝑑 (−𝑣𝑒)).
Qinv (reference)
300 VAR

Qinv (actual)
300 VAR

Qinv (actual)
600 VAR

Qinv (reference)
600 VAR

(a) Inverter Qref and Qactual

Q grid

Q grid
-300 VAR

Q grid
-400 VAR

Q Load

(b) Grid reactive power
Q Load
1000 VAR

Q Load
600 VAR

(c) Load reactive power

Voltage (V)

Fig.11 Micro-grid simulation results for voltage and
current for the inverter and load (𝑄𝑔𝑟𝑖𝑑 (−𝑣𝑒)).

Current (A)

Igrid

Iload

Iinverter

Fig.12 Micro-grid simulation results for voltage and
current for the inverter and load (𝑃𝑔𝑟𝑖𝑑 (−𝑣𝑒)).
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From results obtained in figures 7 to 12, it can be seen that
the proposed MPPT together with the proposed dead-beat
control of the grid tie inverter can successfully manage the
power to be injected to or from the grid depends on the
value of the available maximum power of both hybrid
sources and the connected loads irrespective of any change
of the PV irradiance, wind speed and load values.

This paper has introduced the active and reactive power
management using grid tie inverter, and MPPT for
different operating source values and conditions, based on
deadbeat control algorithm. The result has focused on
performance of the grid tied inverter for renewable energy
sources modes of operation while RL- loads effect are also
considered. The simulation results confirm the feature of
the deadbeat control algorithm with fast transient response
for all modes of operation and loading conditions,
validating the proposed setup for practical and
experimental
implementation
and
application
requirements, within micro-grid power management
system.
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