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Abstract— Over the last seven years, Gaza Strip is suffering from inveterate crisis in the 
electricity sector and since that time experts working in this area to find solutions that contribute to 
alleviate the problem and commensurate with the available resources. Therefore, Photovoltaic 
(PV) systems are used to overcome this crisis. However, one of the biggest challenges of using PV 
sources is its interconnection with the grid. Without any proper control strategy to interconnect the 
individual systems together, the output power of the distribution system cannot be regulated to 
meet the power demand. This paper proposes a power management device in order to synchronize 
two power resources namely; PV and generator in order to meet the load demand while 
maintaining power quality. Modeling a standalone system is a challenge, and connecting different 
renewable sources together with the utility grid is the main focus of this research. The proposed 
power man-agement device constructed at the Islamic University of Gaza to serve the Electrical 
Engineering Laboratories includes two sources of power; a 5KVA diesel generator and 3KVA PV 
system along with the mains power supply. The proposed control and management system will be 
able to syn-chronize these sources to the distribution bus according to the instantaneous load 
taking on consideration supply priorities and load priorities. 

Index Terms— Photovoltaic, power distribution system, smart micro-grid system. 
 
I. INTRODUCTION  
Smart grid technology for energy distribution is 
widely used in the developed countries. It is 
recognized for integration of renewable energy 
sources and motivation of citizens to rational-
ize energy consumption while contribution to 
energy production. Any small scale electrical 
power generation technology that provides 
electric power near a load site, with or without 
interconnection to any distribution system is 
known as Distributed Energy Resources 
(DERs) or Distributed Generation (DG). They 
can be operated according to customer’s de-
mand and facilities during peak hours as an 
auxiliary power source, thus emphasizing on 
much greener sources of power supply. Of all 
the alternative resources available, photovoltaic 
system, wind turbines, synchronous generators 
driven by turbines and fuel cells are amongst 
the most popular sources. Photovoltaic systems 
derive power from the sun, which depends on 
many factors such as solar irradiation and light 
intensity. These factors in turn affect the effi-
ciency, voltage and output of the system.  
Since most of these factors cannot be con-
trolled individually, renewable energy based 
DGs are usually composed of two or more sys-
tems to compensate one system for other. In 
residential homes and small businesses facility 
people are used to store electric power provid-

ed by the power distribution company by the 
use of lead-batteries and inverter system to use 
the stored energy during power outages. Alt-
hough the use of inverter system is considered 
better than electric generators, this solution 
involves several disadvantages including 
changing the batteries periodically due to lim-
ited life span. Also due to the high price of the 
batteries and their large size, the energy that 
can be stored is limited. Furthermore, the 
stored electric power can only be used in small 
devices such as lighting and computers. Over 
time the solar energy systems appeared on 
market, this technology enabled the user to run 
most of the loads during the day and store lim-
ited amounts of energy in the system batteries 
to be used at night. This system is called (Off-
Grid). The disadvantage of earlier mentioned 
system is the high cost and also the manually 
split of loads.  
In developed countries they had developed less 
expensive and more efficient system which is 
called (On-Grid), this system does not require 
batteries, but the user consume the demanded 
power quantity and pump the overflowing en-
ergy to the distributer rather than storing it. Of 
course the main source of electricity is availa-
ble around the 24. Such technology is unsuita-
ble for Gaza because of the frequent interrup-
tion (disconnect of the energy) of the main 
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source of power. Therefore, we strongly be-
lieve we need a combination of those solutions 
in a smart small network to be installed at 
home as shown in Figure 1. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Circuit diagram of the main distribution 
board. 

 
In literature review, it can be seen that there are 
many researches which include electric genera-
tor, PV solar panels and utility power used to-
gether [1] and the loads are fed with the energy 
obtained and power management conducted 
[2]. The main aim here is to gain maximum 
power according to environmental conditions 
the obtained energy is to be fed by electric gen-
erator or by PV solar panels systems according 
to changing load conditions. Similar to electric 
generator and PV solar panels, there are several 
studies related to energy management and 
power flow in electrical power systems and 
other energy generation units [3]. Energy 
sources such as PV solar panels, wind turbines, 
fuel cell, and diesel generator can be used both 
as standalone or hybrid. There are many studies 
and utilizations such as wind/PV [1], wind/fuel 
cell [4], PV/battery [5], PV/fuel cell [6], and 
PV/grid [7]. The studies aim to increase power 
quality, ensure energy sustainability, and stabi-
lize the amplitude and frequency of the voltage 
on the load side on a definite value. Besides, 
the energy management occupies an important 
part of the studies related to renewable energy 
utilization schemes. Energy management in 
renewable energy systems deals with both 
source and user side control issues to keep the 
overall system running smoothly. In this study, 

a power management system will feed the 
loads from a hybrid power generation system 
consisting of PV solar panels, diesel electric 
generator and grid. The hybrid system is con-
nected to a common DC bus, which is used as a 
power pool for sustainability. PV system is also 
connected to a backup battery unit to be 
charged for emergency usage when additional 
power is needed. In addition to the source side, 
the load side management is also very im-
portant for the renewable energy systems and 
also considered in this study. Besides, energy 
management software can rapidly and continu-
ously respond without being bounded to envi-
ronmental conditions, which keep continuously 
some amount of power in reserve and during 
instantaneous load changes control the system 
efficiently. This study is different from the oth-
ers in its being efficient management approach 
and having different, cheaper, and simpler peak 
power point tracking. 
 
II. POWER SYSTEM PROTECTION 
The primary purpose of power system protec-
tion is to ensure safe operation of power sys-
tems. Furthermore, the tasks is to minimize the 
impact of unavoidable faults in the system most 
protective relays use digital processors to de-
ploy a wide range of functions, and are pro-
grammable to allow more sophisticated criteria 
for initiating interrupt procedures to be applied. 
Modern digital relays have also started to fulfill 
a monitoring function since they can record the 
voltages and currents they measure for a period 
before and after any fault [8]. 
Power plant generators are important compo-
nents of an electrical energy system, they 
should be constantly monitored and protected 
in order to maintain the quality and reliability 
of the power supply, otherwise, generators may 
occur in case of faults or incorrect operation. 
One of them is reverse power condition, re-
verse power flow can be causes important 
problems if it is not considered in the protec-
tion system design. The objective of this study 
is to investigate the reverse power condition of 
the power plants generators for this purpose, 
reverse power data are collected from cogener-
ation power plant generators [8]. 
 
Reverse Power Flow Mechanism 
Radial distribution networks are usually de-
signed for unidirectional power flow, from the 
in feed downstream to the loads. This assump-
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tion is reflected in standard protection schemes 
with directional over current relays. With a 
generator on the distribution feeder, the load 
flow situation may be change. The generator 
used is a synchronous machine which can ei-
ther run as generator or motor depending upon 
the form of input energy. The definition of mo-
tor and generator operation relates to the sign 
of the average power. During the motoring ac-
tion of the generator the power flows from the 
bus-bars to the machine. This condition is 
called as reverse power flow [9]. 
 
Single-phase Directional Relays 
Existing directional relays for use with over 
current and earth fault protection schemes con-
sist of single-phase and poly phase types each 
of which can be of electromechanical or solid-
state design. The solid-state design can be fur-
ther classified into analogue or digital versions 
depending on whether analogue circuits or mi-
croprocessors with numerical techniques are 
used to implement the directional detection 
process. 
Phase type of directional relays is generally 
designed for voltage polarization. Relays with 
different maximum torque angles or relay char-
acteristic angles are used to control the over 
current and earth fault protection relays for 
different system configurations and system 
earthing arrangements. Different applications 
require different operating characteristics and 
the correct types have to be chosen for a partic-
ular application [10]. 

III. VOLTAGE AND CURRENT SENSORS 
The voltage signal will be fed to one of the 
analog input channels of the microcontroller. 
The range of the analog input is from 0 to 5 
volts for the targeted PIC18F microcontroller 
family. Therefore, a signal conditioning circuit 
is necessary to match the line voltage whose 
nominal root mean square (rms) value is 220V 
to fit within the allowable analog input range of 
the microcontroller as illustrated in Figure 2. 
Utilizing the full dynamic range of the analog 
channel helps in achieving the best possible 
resolution of the analog to digital conversion 
process. To this end, the AC voltage signal will 
be converted to have a peak to peak value of 
5V (1.768 V rms) and then shifted 2.5V. Con-
version could be done by a simple voltage di-
vider. However, this approach leads to common 
ground between the microcontroller circuit and 
the line input which has many safety and dis-
turbance concerns. Therefore, a transformer 
will be utilized insuring galvanic isolation be-
tween the controller circuit and the line volt-
age. A standard transformer 220V to 12x2V 
rated 300 mA is modified to have an additional 
winding which produce a maximum of 1.768 V 
rms for the maximum expected line voltage 
which is about 240V rms. The original second-
ary windings of this transformer will be used to 
generate a 12V along with a regulated 5V pow-
er sources necessary for the controller circuit. 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
 (a) (b) 
 

Figure 2: Voltage sensing. (a) AC input. (b) Conditioned signal 
 

As the number of primary winding is unknown 
to us, the required number of turns of the volt-
age sensing windings is determent experimen-

tally and found to be 37.   Now the primary 
number of turns may be calculated for future 
use as . The 
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resulted signal is clamped over a 2.5V DC so 
that the conditioned signal always lay within 
the analog input range of the microcontroller 
which is 0-5 volts.  
For AC current sensing, there are many tech-
niques used in the industry. One may use a 
small series resistor and measure the voltage 
drop across it. This method is not prober here 
as it does not provide galvanic isolation. An-
other method is to use Hall Effect current sen-
sor integrated circuits such as Allegro ACS712 
[ ]. Such chip senses the magnetic field gener-
ated by the current flowing through the sensors 
legs, which in turn outputs an analog voltage 
proportional to the current it senses. While be-
ing efficient and have small footprint, they are 
unavailable in the local market unfortunately. 
The last common method is to use the current 
transformer (CT) technique. Although not 
available in the siege Gaza, we found a way to 
build it locally using a standard 220V to 12x2V 
300 mA transformers. The low voltage winding 
has been totally removed and replaced by 2 
turn winding of an insulated cupper cable 
whose cross sectional area is 4 mm2.  
This 2-turn winding is now the primary wind-
ing of the current transformer. Using a low-
value burden resistor across the 5023 turn sec-
ondary winding, one may estimate the primary 
current by measuring the voltage drop on the 
burden resistor. In order to calculate the value 
of the burden resistor, the maximum current 
that will be measured should be specified. In 
our case this value is 20A rms. The turn’s ratio 
of the CT is 2 to 5023. Therefore, the maxi-
mum current in the secondary winding is 

                (1) 

To maximize measurement resolution, the volt-
age across the burden resistor at peak-current 
( ) should be equal to one-half of the 
analog reference voltage (5V). Therefore, the 
ideal burden resistor is 

                      (2) 

In our implementation we used the nearest 
standard resistor which is Ω . The 
voltage across the burden resistor is clamped 
over a 2.5 V DC to keep the signal within the 
analog input range of the microcontroller. Fig-
ure 3 shows the complete circuit used for volt-
age and current sensing along with the power 
supply unit. Resistors R1 and R2 form a volt-

age divider to obtain the required 2.5 V DC 
shift source and the diodes D1 to D4are used to 
clip any possible spikes that may damage the 
controller. The relay (RL1) allows the control-
ler to disconnect the generator from the grid in 
case of faults. The solid state relay will be ex-
cited by a pulse width modulated (PWM) con-
trol signal to operate a burden load that keeps 
the generator load above a specified threshold.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: AC current and voltage sensing circuit along 
with the power supply unit. 

 
IV. HARDWARE DESIGN  
The device is required to read the instantaneous 
voltage and current signals and use them to 
compute and display the standard electrical 
measurements such as rms voltage, rms cur-
rent, power, and power factor. The device 
should be able to keep the power above a preset 
value through controlling a burden load. More-
over, it should be able to disconnect the genera-
tor from the grid in case of any fault. The de-
vice is better featured with communication 
channels for possible interconnection with oth-
er devices in the grid such as the power inverter 
or a grid management controller. In addition, 
these channels may facilitate uploading the 
expected device firmware updates. To meet 
these requirements, a PIC18F2550 microcon-
troller is selected. It is ideal for low power and 
connectivity applications that benefit from the 
availability of a USB port and an asynchronous 
serial port (EUSART). Has 2 pulse width mod-
ulation (PWM) outputs, rich of analog and 
digital channels, possess large amounts of 
RAM memory for buffering and Enhanced 
FLASH program memory make it suitable for 
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embedded control and monitoring applications. 
The circuit diagram of the controller unit is 

shown in Figure 4. 

 

 
 

Figure 4: the microcontroller section of the device. 
 
Along with the microcontroller chip, a Max232 
integrated circuit is added to convert signals 
from a RS-232 serial port to the TTL signals of 
the microcontroller’s USART serial port. The 
USB port of the microcontroller is ready to use 
after connecting the 200 nF capacitor at pin 14. 
The switch SW1 allows the device to be pow-
ered through the host USB port. This option is 
valuable during software developing and firm-
ware uploading.   

 
V. SOFTWARE ALGORITHM  
The voltage wave form of the generator output 
is sinusoidal with frequency  and peak value 
of . It may be expressed as. 
 

 (3) 

The voltage signal at the analog to digital con-
verter input ( ) is a shifted scaled version 
of the line voltage. The DC shift is half the 
analog to digital reference voltage  and the 
scaling factor ( ) is the voltage transformer 
turns ratio. For our specific case  is 5V and 

 is 37/5023. Therefore, the signal at the ana-
log to digital converter input is expressed as 
follows: 

 (4) 

The analog to digital converter has a resolution 
of 10 bit (1024 levels). Assuming a sampling 
period of and neglecting the quantization 
error, the nth digital samples will equal: 
 

 (5) 

The scaling number comes from the fact that 
when the analog input equals the reference 
value, it is converted to the maximum 10-bit 
digital number which is . In order to 
obtain a digital value equals the line voltage 
along with some DC offset that will be re-
moved later; the converted signal must be mul-
tiplied by the scaling factor . The re-
sultant signal will equal: 

 
(6) 

Using a High Pass Filter (HPF) the DC content 
of the signal is eliminated producing a clean 
digital version of the line voltage signal: 

 
    (7) 

The line current waveform will be also sinusoi-
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dal having the same frequency but with peak 
value of   and a phase shift θ that depend on 
the applied load. The current may be expressed 
as: 
 

 
     (8) 

Using the same procedure carried for the volt-
age, we will obtain a clean digital version of 
the line current signal which equals: 
 

The extracted voltage and current signals are 
multiplied to give the instantaneous power sig-
nal: 

 
Substituting  and  into 
equation 10, the instantaneous power formula 
becomes: 

  
 

    
(1
1) 

The first term is constant and known as real or 
active power while the other term is oscillating 
between the source and load. It is known as the 
reactive power.   In order to extract the active 
power component, the instantaneous power is 
filtered with a low pass filter (LPF). A block 
diagram that illustrates the signal processing 
for power calculation is shown in Figure 5. 

 
 

Figure 5: Signal processing for power calculation. 
 
For the control process the calculated power is 
compared to a preset threshold (about 20% of 
the generator rating) the error signal is used to 
set the duty cycle of the PWM control signal 
that activates the burden load. The duty cycle 
may range from 0 to 255. If not reached its 
maximum and the power is still less than the 
threshold, the duty cycle is increased quickly. 
On the other hand, if not reached its minimum 
and the power is above the threshold, the duty 
cycle is decreased slowly until it reaches 10% 
after which the decrement is performed in a 
much slower rate. Defining a long integer var-
iable DSL that is 100 times the duty cycle DS, 
the proposed algorithm is easily implemented 
using integer arithmetic as follows: 
 

 
VI. EXPERIMENTAL RESULTS 
The device is implemented on an 11x13 cm 
printed circuit board as illustrated in Figure 6. 
The Mikroelektronika USB boot loader is 
downloaded on the microcontroller using a 
chip programmer for once. Later, the USB port 
is used to download the controller software. We 
started be simple software routines to test the 
hardware functionality such as the display, the 
relay, the solid state relay, and the line meas-
urements. Doing this successfully, the control-
ler code is installed and the device is connected 
with the inverter as illustrated in Figure 7.  

 
    (9) 

 

 

 

 

 

 
 

(10) 
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Figure 6: The power management device 

 
For the sake of the generator safety, we pre-
ferred to test the device first with the mains 
supply.  
 

 
 

Figure 7: Device testing first experiment. 
 

The power threshold is set to 300W and the 
experiment is conducted at noon time when the 
inverter was able to inject up to 2400 W into 
the grid.  A variable load is used while running 
connection and disconnection of the inverter 
and the mains circuit breakers.  All scenarios 
are successfully conducted and the controller 
was able to keep the power drown from the 
grid positive.  
The second experiment was to test the device 
for generator protection. Therefore, it’s inte-
grated with our experimental platform illustrat-
ed in Figure 1. The first run of the experiment 
did not go as expected. The generator we are 
using is small size rated 5 KVA.  There was a 
significant tolerance of its frequency especially 
on load variation.  Under no load its frequency 

was 51.6 Hz and this lays outside the allowable 
frequency range for the inverter which is from 
47.5 Hz to 51.5 Hz. Once loaded its frequency 
drops to about 49 Hz. To fix the situation we 
preferred to adjust the generator governor so 
that it has a frequency of 50.5 Hz at no load. 
Moreover, the power threshold is raised to 500 
W instead of 300 W. It is about 10% of the 
generator rating and secures a wide margin for 
transients.  Having done these modifications, 
the system operated properly without any com-
plications. 
 
VII. CONCLUSION 
When connecting an on-grid PV system with a 
power generator, it is expected to share the load 
and help reducing the consumption of genera-
tor fuel. However, if the load is lower than the 
injected PV power, energy will flow in the 
generator disturbing its operation and risking 
its safety. The main objective of this research 
was to design and implement a device that reg-
ulates such a situation. The device is based on 
PIC18F2550 microcontroller and programmed 
to keep the generator running above 10% of its 
rating. The device is tested successfully on an 
experimental platform at the Islamic university 
of Gaza. 
The implemented device will enable institu-
tions which has backup generator to integrate 
renewable systems in their power grid. Howev-
er, a complementary research is expected to 
integrate this device with a higher level con-
troller for the institution. 
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