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Preface 

The 2nd International Conference on Smart Grid and Smart Cities (ICSGSC 2018) will be held in 

Kuala Lumpur, Malaysia during August 12-14, 2018. These proceedings consist of the selected 

papers that will be presented at ICSGSC 2018. These papers address diverse topics related to 

recent trends in smart grid, green energy and smart cities. We hope the proceedings will 

provide readers with an opportunity to explore the state-of-the art developments in smart grid, 

green energy and smart cities, and learn about future directions of research in these fields. 

 

These conferences covered developments and recent trends made in the fields of smart grid, 

green energy and smart cities. For the past few years, smart grids have been one of the main 

interests for professionals and researchers in academia, industry, and government. The smart 

grid is envisaged to be the next generation of electric grids for smart cities. It enables the smart 

integration of conventional power generation, and distributed generation with energy storage, 

transmission, distribution and demand management. The benefits of smart grid include the 

enhanced reliability and resilience, higher intelligence and optimized control, decentralized 

operation, higher operational efficiency, more efficient demand management, and better power 

quality. However, all these prospected transformations also bring with them numerous 

challenges and opportunities. 

 

Towards this end, a total of 28 papers were selected from 50 original contributions after a 

rigorous review process reflecting a high rejection rate of more than 40%. With this selection the 

Technical Program Committee has assembled a comprehensive program offering 4 keynote 

speeches from renowned scientists in the field from around the world. The program also 

includes 4 parallel technical sessions and 1 poster session, allowing for 32 oral presentations 

and 3 poster presentations.  

 

We would like to thank all members of the conference committees, the reviewers for their 

advice which have certainly helped to improve the quality, accuracy, and relevance of each 

paper selected for the conference program and this volume. We extend our thanks to every 

author and participant who contributed to the success of the conference. 

 

Prof. Om Malik, University of Calgary, Canada 

Prof. A. R. Al-Ali, American University of Sharjah, UAE 
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Abstract—This paper presents the energy management for the 

home with the grid connected PV-battery system. The fuzzy 

logic controller is employed to control the power flow delivered 

to the loads. The objective is to minimize the electricity cost by 

managing the energy penetration from the PV-battery system 

to the grid. The fuzzy logic controller is developed in 

distributed scheme where each load has its own controller. The 

fuzzy rule is designed by considering the availability of PV 

power, the state of charge of the battery and the total loads 

power consumption. The simulation results show that the 

proposed system achieves a cost reduction of 13.9% compared 

to the system without the fuzzy logic controller. 

Keywords-energy management; grid connected; PV-battery; 

fuzzy logic controller 

I.  INTRODUCTION  

Recently the smart grid, a new technology in electricity 
system, becomes the popular and challenging topics. The 
smart grid integrates the information communication 
technology, electronics, sensors, control system, renewable 
energies into the electricity system. The main components of 
smart grid are [1]: a) power grid; b) renewable energy 
generation; c) energy storage; d) demand side management. 

From the view point of residential consumer, the smart 
grid enables us to manage the home energy consumption by 
considering the electricity costs, the availability of renewable 
energy and energy storage, and the characteristic of 
households. In [1], the Lyapunov optimization technique was 
employed to reduce the electricity cost for residential 
customer. The idea is by saving the surplus energy from PV 
to battery, charging the battery when the electricity price is 
low, and discharging the battery when the electricity price is 
high. 

The energy management system for grid-connected 
hybrid PV-battery system was developed in [2]. The method 
consists of two control strategies, i.e. the open loop and 
closed loop. The open loop optimal control is employed to 
manage the hourly power flow over a day in order to 
minimize the electricity cost. The optimization problem is 
solved using the linear programming. The closed loop model 
predictive control is employed to handle the disturbances of 
predicted load demands.  

A day-ahead energy management system was proposed 
in [3] for minimizing the total operating costs in the day-

ahead. The optimization problem is formulated using a 
mixed-integer nonlinear programming. The optimal solution 
is formed by load shifting and controlling the battery 
charging/discharging. 

A method to predict the load power consumption and PV 
generation was developed in [4]. The prediction is employed 
in the house with storage controller for minimizing the peak 
load. The global approach is used to figure out the next 
charging/discharging scenario. To compensate for the 
prediction error, the local approach is adopted. 

The energy management based-on the fuzzy logic 
controllers (FLCs) were proposed in [5-10] as summarized in 
Table 1. 

TABLE I.   FLC-BASED ENERGY MANAGEMENT SYSTEMS 

No. Objective Fuzzy input variables 

Fuzzy 

output 

variable 

Ref. 

1 Manage energy 

from  PV 

according to load 
priority 

Difference between PV 

power and consumption 

power, and state of 
charge (SOC) of battery 

Probability to 

start the 

loads 

[5] 

2 Control power 

delivered from 

grid, PV and 
energy storage 

Difference between 

generated power and 

consumption power,  
SOC of battery, and 

electricity price 

Amount 

power 

extracted 
from grid 

[6] 

3 Minimize 
electricity cost 

while smoothing 

the peak load 

Day, time, electricity 
consumption in the past, 

inside temperature in the 

past, outside 
temperature in the past, 

and predicted 

temperature. 

Short term 
load 

consumption 

[7] 

4 Maximize  

energy 

consumption 
from PV and 

reducing energy 

supply from grid  

Electricity price and 

load power 

Signal 

control to 

switch-on/off 
grid and PV 

[8] 

5 Optimize 
charging/ 

discharging time 

Electricity price and the 
SOC of battery 

Rate of 
battery 

charging/ 

discharging 

[9] 

6 Reducing peak 

demand, 

minimizing  
electricity cost 

and increasing 

the comfort level 

The scheduled time of 

appliances and the 

consumer feedback 

The new 

scheduled 

time 

[10] 
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As discussed previously, there is no general approach to 
apply the FLC in the home energy management system. 
Generally the FLC is developed according to the particular 
situation and the specific objective. In this paper, we deal 
with the home energy management system with the grid 
connected PV-battery system based-on the FLC. Our 
framework is similar to [5], however instead of controlling 
the group of loads according to the category, our approach 
treats the load individually. It provides more flexibility to 
control the load in the distributed control architecture. 
Fortunately, the FLC might be implemented in a low cost 
hardware mounted on each load.  

The rest of paper is organized as follows. Section 2 
presents the proposed system. Section 3 discusses the 
simulation results. Finally, conclusion is covered in Section 4. 

 

II. PROPOSED SYSTEM 

A. Overview of Proposed System 

The architecture of our proposed system is illustrated in 
Fig. 1, in which only the electrical parts are shown. It 
consists of the grid, the PV-battery system, the grid-tie 
inverter, the loads, and the power switches. In this work it is 
assumed that the grid is always connected to the AC bus. 
The objective of energy management is to minimize the 
electricity cost by controlling the power from the PV-battery 
system. As shown in the figure, the PV-battery system 
adopted here is the cascade configuration, where the PV 
cannot inject the energy to the grid directly, but it is used to 
charge the battery. Then the battery delivers the energy to the 
grid through a grid-tie inverter. 

The loads consist of the refrigerator, the lighting, the 
washing machine, the iron, the fan, and the TV. Since the 
operation time of refrigerator and lighting cannot be shifted, 
they are not controlled. Thus there are no power switches 
from the grid to them. As shown in the figure, there are five 
power switches, i.e. four power switches for controlling the 
power flow from the grid to the loads and one power switch 
for controlling the power flow from the battery to the grid. 

 
 

 

 

 

 

 

 

Figure 1.  Architecture of proposed system – Electrical part. 

The main idea of our proposed energy management is 
described as follows. In the grid connected PV-battery 
system, the energy from the battery is used to reduce the 
electricity cost from the grid. Since the battery is charged by 
the PV system, the battery charging/discharging should be 
controlled properly. For example, when the weather is sunny 
and all loads consume the power, i.e. all loads are switched-
on, then the control decision should be made whether to 
charge the battery or discharge the battery. To accomplish 
this task, we employ the FLC as described in the next section. 

B. Proposed Fuzzy Logic Controller (FLC) 

The proposed FLC is illustrated in Fig. 2. In this work we 
only consider six loads as shown in Fig. 1. However the 
approach could be extended accordingly. As shown in the 
figure each module has its own FLC. The input variables of 
the FLC are the SOC of battery and the load power, while 
the output variable of FLC is the status of power switch. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Architecture of proposed FLC. 

The membership function of SOC variable is shown in 
Fig. 3. All SOC variables in the system (FLC #1 to FLC #5) 
use the same membership function. The membership 
function of PV power and S_BAT variables are shown in Fig. 
4 and Fig. 5 respectively.  

 
 
 
 
 
 
 

Figure 3.  Membership function of SOC variable. 

 
 
 
 
 
 
 

Figure 4.  Membership function of PV power variable. 
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+PIR+PFAN 
 

 

S_BAT 
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Figure 5.  Membership function of S_BAT variable. 

TABLE II.  FUZZY RULE FOR FLC #1 

PV power 
SOC 

Low Med Big 

Low None Med High 

Med Med Med High 

Big Med High High 

 
The fuzzy rule for FLC #1 is given in Table 2. The rule is 

defined according to the objective as described previously. 
For examples:  

 IF PV power is Low AND SOC is Low THEN S_BAT 
is None.  
It means that when there is not enough power from 
the PV and the battery capacity is low (or empty) 
then the battery will be disconnected from the grid, 
i.e. power switch will be OFF. 

 IF PV power is Low AND SOC is Big THEN S_BAT 
is High.  
It means that when there is not enough power from 
the PV and the battery capacity is high (or full) then 
the power switch will be ON, i.e. battery is 
connected to the grid. 
 

Since the FLC #2 to FLC #5 are developed in the similar 
fashion, only the FLC #2 is described here. The membership 
function of (PRFG+PLG+PWM+PIR+PFAN) and S_WM variables 
are shown in Fig. 6 and Fig. 7 respectively. The 
(PRFG+PLG+PWM+PIR+PFAN) variable is the total power 
consumed by the loads, except the TV. It is noted here that 
the power of TV is not considered as the input variable due 
to the fact the TV is a non-essential load.  

The fuzzy rule for FLC #2 is given in Table 3. Some 
rules are discussed below: 

 IF (PRFG+PLG+PWM+PIR+PFAN) is Low AND SOC is 
Big THEN S_WM is High.  
It means that when the total power consumption is 
low and the battery is full then the washing machine 
will be switched on. 

 IF (PRFG+PLG+PWM+PIR+PFAN) is Big AND SOC is 
Big THEN S_WM is Med.  
It means that when the total power consumption is 
high and the battery is full then the probability to 
switch on the washing machine is medium because 
in this condition if the battery is connected to the 
grid then it will be discharged quickly due to the 
high power consumption. 

 
 

 
 
 
 
 
 

Figure 6.  Membership function of (PRFG+PLG+PWM+PIR+PFAN) variable.  

 
 
 
 
 
 
 

Figure 7.  Membership function of S_WM variable. 

TABLE III.  FUZZY RULE FOR FLC #2 

PRFG+PLG+PWM 

+PIR+PFAN 
SOC 

Low Med Big 

Low None Med High 

Med None Med Med 

Big None None Med 

 

III. SIMULATION RESULTS 

The proposed system is simulated using MATLAB 
Simulink. In the simulation, the data of load profiles are 
given in Table 4. It is assumed here that for simplicity the 
iron is operated one hour every day. The capacities of the 
grid system, the PV system and the battery are 1300 Watt, 
500 Watt and 100 Ampere hour (Ah) respectively. Three 
scenarios are used to verify the algorithm, where Scenario-1, 
Scenario-2 and Scenario-3 use the profile of PV power as 
given in Table 5, Table 6 and Table 7 respectively. In each 
scenario, we conduct two methods as below: 

 Without FLC: The system runs without the FLC. 
The loads are assumed to be operated as follows. 
The washing machine (WM) is operated from 05:00 
to 06:00. The iron is operated from 05:00 to 06:00. 
The fan is operated from 10:00 to 18:00 (80 Watt per 
hour). The TV is operated from 17:00 to 24:00 (40 
Watt per hour). In this method, the PV will deliver 
the energy to the grid whenever available. 

 With FLC: The system runs with the FLC. The 
operation times of the controlled loads are 
determined automatically by the FLC. 

It is noted here that the refrigerator and the light are 
always switched on according to the specification given in 
Table 4. They are not controlled by the FLC. However their 
power consumptions are considered in the fuzzy inference. 
The starting time of the washing machine, the iron, the fan 
and the TV are determined by the FLC according to the 
current condition of the PV power, the SOC and the total 
power consumptions. However the duration of operation 
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follows the specification given in the table. In addition, the 
power consumed by the fan is determined by the FLC. In 
this case, it is divided into three conditions: low power (40 
Watt), medium power (60 Watt) and high power (80 Watt). 

TABLE IV.  LOAD DATA 

Load name 

Consumption 

power 

Duration 

of 

operation 

Time range 

of 

operation 

Refrigerator 100 Watt 24 hours 00:00-24:00 

Lighting 200 Watt 12 hours 18:00-06:00 

Washing machine 400 Watt 1 hour 05:00-21:00 

Iron 350 Watt 1 hour 05:00-21:00 

Fan 40 – 80 Watt NA 00:00-24:00 

TV 40 Watt NA 00:00-24:00 

 
To simplify the calculation of electricity cost, we only 

consider the cost of electricity, where the price of 1Watt 
hour is IDR 1.467. The calculation of electricity costs are 
given in Table 8, where the costs are calculated during a day. 

TABLE V.  THE PROFILE OF PV POWER IN SCENARIO-1 

Time 
PV 

Power 
Time 

PV 

Power 
Time 

PV 

Power 

1 0 Watt 9 200 Watt 17 50 Watt 

2 0 Watt 10 300 Watt 18 0 Watt 

3 0 Watt 11 400 Watt 19 0 Watt 

4 0 Watt 12 600 Watt 20 0 Watt 

5 0 Watt 13 500 Watt 21 0 Watt 

6 0 Watt 14 400 Watt 22 0 Watt 

7 0 Watt 15 300 Watt 23 0 Watt 

8 100 Watt 16 100 Watt 24 0 Watt 

TABLE VI.  THE PROFILE OF PV POWER IN SCENARIO-2 

Time 
PV 

Power 
Time 

PV 

Power 
Time 

PV 

Power 

1 0 Watt 9 200 Watt 17 0 Watt 

2 0 Watt 10 300 Watt 18 0 Watt 

3 0 Watt 11 400 Watt 19 0 Watt 

4 0 Watt 12 400 Watt 20 0 Watt 

5 0 Watt 13 300 Watt 21 0 Watt 

6 0 Watt 14 300 Watt 22 0 Watt 

7 0 Watt 15 200 Watt 23 0 Watt 

8 100 Watt 16 0 Watt 24 0 Watt 

TABLE VII.  THE PROFILE OF PV POWER IN SCENARIO-3 

Time 
PV 

Power 
Time 

PV 

Power 
Time 

PV 

Power 

1 0 Watt 9 200 Watt 17 0 Watt 

2 0 Watt 10 200 Watt 18 0 Watt 

3 0 Watt 11 200 Watt 19 0 Watt 

4 0 Watt 12 200 Watt 20 0 Watt 

5 0 Watt 13 200 Watt 21 0 Watt 

6 0 Watt 14 200 Watt 22 0 Watt 

7 0 Watt 15 0 Watt 23 0 Watt 

8 100 Watt 16 0 Watt 24 0 Watt 

TABLE VIII.  CALCULATION OF ELECTRICITY COST  

 

Scenario-1 Scenario-2 Scenario-3 

No 

FLC 
FLC 

No 

FLC 
FLC 

No 

FLC 
FLC 

Energy 

Consumption 

-a day (Wh) 

6470 6570 6470 6310 6470 5810 

Energy from 

Grid - a day 

(Wh) 

4860 4370 5190 4470 5370 4950 

Energy from 

PV-Battery - a 

day (Wh) 

1610 2200 1280 1840 1100 860 

Total Cost 

(IDR) 
7130 6410 7614 6557 7878 7262 

Cost 

Reduction 

(%) 

NA 10.1 NA 13.9 NA 7.8 

 
From Table 8, it is obtained that the electricity costs of 

methods with the FLC (FLC) in three scenarios are lower 
than the ones without the FLC (No FLC). The highest cost 
reduction is achieved in Scenario-2, i.e. 13.9%. It is 
interesting to note that the energy consumption of the 
method with FLC conforms to the power generated by the 
PV. In the sense that when the energy from the PV 
decreases, i.e. from Scenario-1 to Scenario-3, then the 
energy consumption will decrease accordingly. It is done by 
switching off the TV (non-essential load) and lowering the 
power consumption of the fan. The result indicates that the 
proposed FLC works properly in minimizing the electricity 
cost. 

The profiles of energy consumptions, the generated 
energy from the PV and battery, and the SOC of battery of 
Scenario-1 to Scenario-3 are illustrated in Fig. 8 to Fig. 10.  
Since the refrigerator and the lighting are not controlled by 
FLC (the energy consumptions are fixed), their profiles are 
not drawn in the figure. 

By examining the figures, we can see that the washing 
machine and the iron are switched on once the SOC of 
batterry is enough to discharge, thus it will reduce the power 
extracted from the grid. For example in Fig. 8, it occurs at 
10:00. The ability of the FLC for controlling the power 
shiftable load (the fan) is clearly shown in the figures, where 
the power consumption of the fan varies according to the 
availability of PV power. In Fig. 10, since the TV is 
considered as the non-essential load, it is many switched off 
due to the fact that the energy from the PV is lower 
compared to the ones in Fig. 8 and Fig. 9.  

 

IV. CONCLUSION 

The home energy management system using the FLC is 
presented. The FLC is an effective method to handle the 
optimization problem such as for minimizing the electricity 
cost in the grid connected PV-battery system. The 
optimization could be made due to fact that the operation of 
some loads could be shifted in the time or the power rating. 
To manage such condition, the fuzzy rule is developed. From 
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the simulation, it is obtained that the objective of the home 
energy management could be achieved by the proposed FLC. 

In future, the approach will be extended to the larger and 
complex systems. Further the real implementation will be 
carried out. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  Energy consumption profile of Scenario-1. 

 
 
 
 
 
 
 
 
 
 
 

Figure 9.  Energy consumption profile of Scenario-2. 

 
 
 
 
 
 
 
 
 
 
 

Figure 10.  Energy consumption profile of Scenario-3. 
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