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ABSTRACT 

Compelled by environmental and economic reasons and facilitated by modern technological advancements, the share of 

hybrid energy systems (HES) is increasing at modern smart house (SH) level. This work proposes an intelligent hybrid 

energy management system (IHEMS) for an SH connected to a power network that allows a bidirectional power flow. The 

SH has electrical and thermal power loops, and its main components include renewable energy from wind and 

photovoltaics, electric vehicle (EV), battery energy storage system, a fuel cell which serves as a micro-combined heat and 

power system, and a boiler. The proposed IHEMS models the components of the SH, defines their constraints, and 

develops an optimization model based on the real coded genetic algorithm. The key features of the developed IHEMS are 

highlighted under six simulation cases considering different configurations of the SH components. Moreover, the standard 

EV charging techniques are compared, and it is observed that the charging method which is flexible in timing and power 

injection to the EV is best suited for the economic operation of the SH. The simulation results reveal that the proposed 

IHEMS minimizes the 24-hour operational cost of the SH by optimally scheduling the energy resources and loads. 

KEYWORDS: EV, IHEMS, Renewable Energy, Hybrid Energy Systems. 

INTRODUCTION 

As electric distribution technology steps into the next century, many trends are becoming noticeable that will change the 

requirements of energy delivery. These modifications are being driven from both the demand side where higher energy 

availability and efficiency are desired and from the supply side where the integration of distribute generation and peaks 

having technologies must be accommodated. Power systems currently undergo considerable change in operating 

requirements mainly as a result of deregulation and due to an increasing amount of distributed energy resources (DER). In 

many cases DERs include different technologies that allow generation in small scale (micro sources) and some of them 

take advantage of renewable energy resources (RES) such as solar, wind or hydro energy. Having micro sources close to 

the load has the advantage of reducing transmission losses as well as preventing network congestions. Moreover, the 

possibility of having a power supply interruption of end-customers connected to a low voltage (LV) distribution grid (in 
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Europe 230 V and in the USA 110 V) is diminished since adjacent micro sources, controllable loads and energy storage 

systems can operate in the islanded mode in case of severe system disturbances. This is identified nowadays as a 

microgrid. Figure 1.1 depicts a typical microgrid. The distinctive microgrid has the similar size as a low voltage 

distribution feeder and will rare exceed a capacity of 1 MVA and a geographic span of 1 km. Generally more than 90% of 

low voltage domestic customers are supplied by underground cable when the rest is supplied by overhead lines. The 

microgrid often supplies both electricity and heat to the customers by means of combined heat and power plants (CHP), 

gas turbines, fuel cells, photovoltaic (PV) systems, wind turbines, etc. The energy storage systems usually include batteries 

and flywheels. The storing device in the microgrid is equivalent to the rotating reserve of large generators in the 

conventional grid which ensures the balance between energy generation and consumption especially during rapid changes 

in load or generation . From the customer point of view, microgrids deliver both thermal and electricity requirements and 

in addition improve local reliability, reduce emissions, improve power excellence by supportive voltage and reducing 

voltage dips and potentially lower costs of energy supply. From the utility viewpoint, application of distributed energy 

sources can potentially reduce the demand for distribution and transmission facilities. Clearly, distributed generation 

located close to loads will reduce flows in transmission and distribution circuits with two important effects: loss reduction 

and ability to potentially substitute for network assets. In addition, the presence of generation close to demand could 

increase service quality seen by end customers. Microgrids can offer network support during the time of stress by relieving 

congestions and aiding restoration after faults. The development of microgrids can contribute to the reduction of emissions 

and the mitigation of climate changes. This is due to the availability and developing technologies for distributed generation 

units are based on renewable sources and micro sources that are characterized by very low emissions. There are various 

advantages offered by microgrids to end-consumers, utilities and society, such as: improved energy efficiency, minimized 

overall energy consumption, reduced greenhouse gases and pollutant emissions, improved service quality and reliability, 

cost efficient electricity infrastructure replacement. Technical challenges linked with the operation and controls of 

microgrids are immense. Ensuring stable operation during network disturbances, maintaining stability and power quality in 

the islanding mode of operation necessitates the improvement of sophisticated control strategies for microgrids inverters in 

order to provide stable frequency and voltage in the presence of arbitrarily varying loads. In light of these, the microgrid 

concept has stimulated many researchers and attracted the attention of governmental organizations in Europe, USA and 

Japan. Nevertheless, there are various technical issues associated with the integration and operation of microgrids. 

Protection system is one of the major challenges for microgrid which must react to both main grid and microgrid faults. 

The protection system should cut off the microgrid from the main grid as rapidly as necessary to protect the microgrid 

loads for the first case and for the second case the protection system should isolate the smallest part of the microgrid when 

clears the fault. A segmentation of microgrid, i.e. a design of multiple islands or sub microgrids must be supported by 

micro source and load controllers. In these conditions problems related to selectivity (false, unnecessary tripping) and 

sensitivity (undetected faults or delayed tripping) of protection system may arise. Mainly, there are two main issues 

concerning the protection of microgrids, first is related to a number of installed DER units in the microgrid and second is 

related to an availability of a sufficient level of short-circuit current in the islanded operating mode of microgrid since this 

level may substantially drop down after a disconnection from a stiff main grid. In the authors have made short-circuit 

current calculations for radial feeders with DER and studied that short- circuit currents which are used in over-current (OC) 

protection relays depend on a connection point of and a feed-in power from DER. The directions and amplitudes of short 

circuit currents will vary because of these conditions. In reality the operating conditions of microgrid are persistently 
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varying because of the intermittent micro sources (wind and solar) and periodic load variation. Also the network topology 

can be changed frequently which aims to minimize loss or to achieve other economic or operational targets. In addition 

controllable islands of different size and content can be formed as a result of faults in the main grid or inside microgrid. In 

such 4 situations a loss of relay coordination may happen and generic OC protection with a single setting group may 

become insufficient, i.e. it will not guarantee a selective operation for all possible faults. Hence, it is vital to ensure that 

settings chosen for OC protection relays take into account a grid topology and changes in location, type and amount of 

generation. Otherwise, unwanted operation or failure may occur during necessary condition. To deal with bi-directional 

power flows and low short- circuit current levels in microgrids dominated by micro sources with power electronic 

interfaces a new protection philosophy is essential, where setting parameters of relays must be checked/updated 

periodically to make sure that they are still appropriate. 

LITERATURE SURVEY 

The popularity of distributed generation systems is growing faster from last few years because of their higher operating 

efficiency and low emission levels. Distributed generators make use of several microsources for their operation like 

photovoltaic cells, batteries, micro turbines and fuel cells. During peak load hours DGs provide peak generation when the 

energy cost is high and stand by generation during system outages. Microgrid is built up by combining cluster of loads and 

parallel distributed generation systems in a certain local area. Microgrids have large power capacity and more control 

flexibility which accomplishes the reliability of the system as well as the requirement of power quality. Operation of 

microgrid needs implementation of high performance power control and voltage regulation algorithm [1]-[5]. To realize 

the emerging potential of distributed generation, a system approach i.e. microgrid is proposed which considers generation 

and associated loads as a subsystem. This approach involves local control of distributed generation and hence reduces the 

need for central dispatch. During disturbances by islanding generation and loads, local reliability can be higher in 

microgrid than the whole power system. This application makes the system efficiency double. The current implementation 

of microgrid incorporates sources with loads, permits for intentional islanding and use available waste heat of power 

generation systems [6]. 

Microgrid operates as a single controllable system which offers both power and heat to its local area. This concept 

offers a new prototype for the operation of distributed generation. To the utility microgrid can be regarded as a controllable 

cell of power system. In case of faults in microgrid, the main utility should be isolated from the distribution section as fast 

as necessary to protect loads. The isolation depends on customer’s load on the microgrid. Sag compensation can be used in 

some cases with isolation from the distribution system to protect the critical loads [2]. The microgrid concept lowers the 

cost and improves the reliability of small scale distributed generators. The main purpose of this concept is to accelerate the 

recognition of the advantage offered by small scale distributed generators like ability to supply waste heat during the time 

of need. From a grid point of view, microgrid is an attractive option as it recognizes that the nation’s distribution system is 

extensive, old and will change very slowly. This concept permits high penetration of distribution generation without 

requiring redesign of the distribution system itself [7]. The microgrid concept acts as solution to the problem of integrating 

large amount of micro generation without interrupting the utility network’s operation. The microgrid or distribution 

network subsystem will create less trouble to the utility network than the conventional micro generation if there is proper 

and intelligent coordination of micro generation and loads. In case of disturbances on the main network, microgrid could 

potentially disconnect and continue to operate individually, which helps in improving power quality to the consumer [8]. 
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With advancement in DGs and microgrids there is development of various essential power conditioning interfaces and their 

associated control for tying multiple micro sources to the microgrid, and then tying the microgrids to the traditional power 

systems. Microgrid operation becomes highly flexible, with such interconnection and can be operated freely in the grid 

connected or islanded mode of operation. Each micro source can be operated like a current source with maximum power 

transferred to the grid for the former case. The islanded mode of operation with more balancing requirements of supply-

demand would be triggered when the main grid is not comparatively larger or is simply disconnected due to the occurrence 

of a fault. Without a strong grid and a firm system voltage, each micro source must now regulate its own terminal voltage 

within an allowed range, determined by its internally generated reference. The microsource thus appears as a controlled 

voltage source, whose output should rightfully share the load demand with the other sources. The sharing should preferably 

be in proportion to their power ratings, so as not to overstress any individual entity [9]. 

The installation of distributed generators involves technical studies of two major fields. First one is the dealing 

with the influences induced by distributed generators without making large modifications to the control strategy of 

conventional distribution system and the other one is generating a new concept for utilization of distributed generators. The 

concept of the microgrid follows the later approach. There includes several advantages with the installation of microgrid. 

Efficiently microgrid can integrate distributed energy resources with loads.Microgrid considered as a ‘grid friendly entity” 

and does not give undesirable influence to the connecting distribution network i.e. operation policy of distribution grid 

does not have to be modified. It can also operate independently in the occurrence of any fault. In case of large disturbances 

there is possibility of imbalance of supply and demand as microgrid does not have large central generator. Also microgrid 

involves different DERs. Even if energy balance is being maintained there continues undesirable oscillation [10]. 

Existing System 

A hybrid ac/dc micro grid to reduce the processes of multiple dc–ac–dc or ac–dc–ac conversions in an individual ac or dc 

grid is used in existing systems. The hybrid grid consists of both ac and dc networks connected together by multi-

bidirectional converters. AC sources and loads are connected to the ac network whereas dc sources and loads are tied to the 

dc network. Energy storage systems can be connected to dc or ac links. Uncertainty and intermittent characteristics of wind 

speed, solar irradiation level, ambient temperature, and load are also considered in system control and operation. 

Disadvantages 

1. Has feeder based losses 

2. voltage sagging. 

Proposed System 

The concept of microgrid is considered as a collection of loads and micro sources which functions as a single controllable 

system that provides both power and heat to its local area. This idea offers a new paradigm for the definition of the 

distributed generation operation. To the utility the microgrid can be thought of as a controlled cell of the power system. For 

example this cell could be measured as a single dispatch able load, which can reply in seconds to meet the requirements of 

the transmission system. To the customer the microgrid can be planned to meet their special requirements; such as, 

enhancement of local reliability, reduction of feeder losses, local voltages support, increased efficiency through use waste 

heat, voltage sag correction .The main purpose of this concept is to accelerate the recognition of the advantage offered by 
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small scale distributed generators like ability to supply waste heat during the time of need. The microgrid or distribution 

network subsystem will create less trouble to the utility network than the conventional micro generation if there is proper 

and intelligent coordination of micro generation and loads. Microgrid considered as a ‘grid friendly entity” and does not 

give undesirable influences to the connecting distribution network i.e. operation policy of distribution grid does not have to 

be modified  

 

Figure 1: A Hybrid AC/DC Microgrid System Bock Diagram. 
 

 

Figure 2: Hybrid AC/DC Microgrid System Circuit Diagram. 
 

The configuration of the hybrid system is shown in Figure 4.1 where various AC and DC sources and loads are 

connected to the corresponding AC and DC networks. The AC and DC links are linked together through two transformers 

and two four quadrant operating three phase converters. The AC bus of the hybrid grid is tied to the utility grid. Figure 2 

describes the hybrid system configuration which consists of AC and DC grid. The AC and DC grids have their 



An Intelligent Hybrid Energy Management System for a Smart House                                                                                                14 

Considering Bidirectional Power Flow and Various EV Charging Techniques 

 

 

NAAS Rating: 2.73 – Articles can be sent to editor@impactjournals.us 

 

corresponding sources, loads and energy storage elements, and are interconnected by a three phase converter. The AC bus 

is connected to the utility grid through a transformer and circuit breaker. In the proposed system, PV arrays are connected 

to the DC bus through boost converter to simulate DC sources. A PMSG wind generation system is connected to AC bus to 

simulate AC sources. A battery with bidirectional DC/DC converter is connected to DC bus as energy storage. A variable 

DC and AC load are connected to their DC and AC buses to simulate various loads. PV modules are connected in series 

and parallel. As solar radiation level and ambient temperature changes the output power of the solar panel alters. A 

capacitor C is added to the PV terminal in order to suppress high frequency ripples of the PV output voltage. The 

bidirectional DC/DC converter is designed to maintain the stable DC bus voltage through charging or discharging the 

battery when the system operates in the autonomous operation mode. The three converters (boost converter, main 

converter, and bidirectional converter) share a common DC bus. A wind generation system consists of doubly fed 

induction generator (PMSG) with back to back AC/DC/AC PWM converter connected between the rotor through slip rings 

and AC bus. The AC and DC buses are coupled through a three phase transformer and a main bidirectional power flow 

converter to exchange power between DC and AC sides. The transformer helps to step up the AC voltage of the main 

converter to utility voltage level and to isolate AC and DC grids. 

SIMULATION RESULTS 

A hybrid microgrid is simulated using MATLAB/SIMULINK environment. The operation is carried out for the grid 

connected mode. Along with the hybrid microgrid, the performance of the doubly fed induction generator, photovoltaic 

system is analyzed. The solar irradiation, cell temperature and wind speed are also taken into consideration for the study of 

hybrid microgrid. 

 

Figure 3: Circuit design. 

 

 

Figure 4: Solar panel output wave form. 
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Figure 5: Landsman Converter Output Waveform. 

 

 

Figure 6: Wind System Output AC Voltage Waveform. 

 

 

Figure 7: Wind System Output DC Voltage Waveform. 

 

 

Figure 8: Battery Output dc Voltage Waveform. 
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Figure 9: Three Phase Voltage Source Inverter Input and Output Waveform. 

 

 

Figure 10: FFT Analysis for Grid Current Waveform. 

 

CONCLUSIONS 

The modelling of hybrid microgrid for power system configuration is done in MATLAB/SIMULINK environment. The 

present work mainly includes the grid tied mode of operation of hybrid grid. The models are developed for all the 

converters to maintain stable system under various loads and resource conditions and also the control mechanism are 

studied. MPPT fuzzy algorithm is used to harness maximum power from DC sources and to coordinate the power 

exchange between DC and AC grid. Although the hybrid grid can diminish the processes of DC/AC and AC/DC 

conversions in an individual AC or DC grid, there are many practical problems for the implementation of the hybrid grid 

based on the current AC dominated infrastructure. The efficiency of the total system depends on the diminution of 

conversion losses and the increase for an extra DC link. The hybrid grid can provide a reliable, high quality and more 

efficient power to consumer. The hybrid grid may be feasible for small isolated industrial plants with both PV systems and 

wind turbine generator as the major power supply. 
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