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ABSTRACT

Vehicle-to-Home (V2H) has been identifi ed as an interesting area of research because of its public services, which have 
incorporated new technologies and new devices for a better quality of life. The main goal of developing a smart home is 
to produce more effi cient energy and achieve an optimal economy. To do this, hybrid electric autonomous systemswhich 
provide a required load demand are considered as an option to achieve effective energy production without interruption. 
In this context, a specifi c V2H simulation system integrating PEMFC technology (energy exchange membrane fuel cells), 
solar power and a Supercapacitor is described and developed. To balance between energy demand and supply, a unidi-
rectional energy fl ow transfer is performed between the PEMFC hybrid electric vehicle and the home by providing the 
appropriate H2 amount. Indeed, the electric vehicle intervenes occasionally through its fuel reserve to boost the energy 
recovery processwhen the PEMFC andSupercapacitoroperation come across a problem.Therefore, an intelligent energy 
management approach (IEM) devoted for the V2H system is studied and evaluated. The proposed IEM serves for limit-
ing energy consumption through the smart control of household electrical systems exploitation and equipment state in 
order to sustain the requirements. The obtained results are discussed and tested using the MATLAB / Simulink software. 
Indeed, given the Tunisian meteorological database andhome consumptionreports (on/ off appliances)extracted for 4 
consecutive days, the proposed V2H technology provides an energy recovery rate of 17% and improves the system 
effi ciency to 31%.
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INTRODUCTION 

The rapidly growing energy demand rates of the world, 
which are coupled with the environmental impacts of 
this energy consumption, have raised concerns in vari-
ous communities. This fatal problem is considered as an 
attracting research issue [1-2]. In recent times, smart 
home and smart grid have become the most important 
solution proposed which are presented as being a set 
of existing and emerging appliances and technologies, 
standards-based and interoperable, working together 
to develop the existing power grid [3-4]. In addition to 
renewable energies (such as: solar energy, wind power), 
the role of vehicles in the supply of domestic energy is 
seen as an opportunity for effective investigation. Using 
newly introduced technologies, vehicles (especially elec-
tric vehicles (EVs)) can be used as potential sources of 
energy for the home [5-6].

Various projects on the smart home, have considered 
V2H a novelty in a sophisticated home energy system 
since the V2H has been described as an energy system 
in which the battery of an electric vehicle is used to pro-
vide electricity to the home [7]. The proposed V2H was 
intended to provide the energy consumption required 
during peak periods when demand is highest. In addition 
to renewable energy sources such as solar energy, wind 
turbines, etc., can also be considered as an energy source 
for vehicles to meet the energy demand for the home 
[8]. Otherwise, several methods and platforms have been 
studied and developed for the smart home, such as Intel-
ligent Sensor Technologies, Home Network, and Smart 
Home Appliance [9]. 

However, the full potential of smart homes is still pre-
sent, due to the complexity and diversity of systems, as 
well as repeated control strategies without the problem of 
optimal level. Intelligent home energy management was 
aimed at controlling the application and data acquisition, 
the production, transmission and the network electricity 
[10-11]. Indeed, this intelligent management has attracted 
more interest from the research community to apply a mod-
ern automation technology in the smart promises house.

In this article, we aim to present and develop a pre-
cise home vehicle design using a PEMFC hybrid power 
system. To provide the necessary power to the automa-
tion of the house during the peak period, an intelligent 
energy management (IEM) is proposed. The proposed 
energy management aims to:

• Synchronize between the domestic energy demand 
and the energy storage of the electric vehicle.

• Regularize the proposed residential load and sur-
plus of an electric vehicle (EV).

In the next section, we present a brief review of the pub-
lished articles, almost classifi ed according to thematic 

areas. The paper is organized as follows: Section 2 is 
devoted to survey the related works and contributions; 
Section 3 presents the description of the system and its 
components. Aproposed Intelligent Energy Management 
(IEM) approach is developed and detailed in Section 4. 
Simulation results are shown and evaluated in Section 5. 
Finally, the conclusion is made in Section 6.

Literature Review and Important Contributions

Literature review

To clarify contributions of our work, a survey on 
reported research on Vehicle –to-home applications and 
home energy management in smart households is out-
lined and detailed. In the literature, several studies have 
presented different applications on V2H. The proposed 
confi gurations were examined to prove that the power 
supplied to the electrical load is suffi cient depending on 
the application or the power of the load. To establish 
energy demand during peak periods, energy EV is used 
here as a backup power.

For example, the authors in [12-13] presented a (V2H) 
system using Plug-In Electric Vehicle (PHEV) which can 
be recharged by connecting to an external power supply. 
Indeed, the proposed system aims to provide the neces-
sary power in case of lack of energy. 

In order to maximize the backup time and optimize 
the proposed model, an effi cient algorithm has been 
developed and discussed. Subsequently, the proposed 
V2H design was extended to domestic vehicles (Vs2Hs) 
that combined several homes, solar power systems and 
electric vehicles. To balance the demand and the supply 
of energy, a new Vs2Hs algorithm has been suggested. 
The obtained results prove the effectiveness of the Vs2Hs 
under different scenarios. The authors of [14-15] have 
proposed smart home energy management that opti-
mally plans for appliances based on real-time electricity 
price forecasts. The results obtained prove the effective-
ness of the proposed algorithm to cooperate between the 
load request and the load. In [5-6], the battery energy 
storage system (BESS) was programmed in a coordinated 
way and the household appliances with high solar pene-
trations. in [16-17], a chosen load engagement platform 
was proposed to minimize household operating costs. 

The authors in [18-19-20] proposed a renewable hybrid 
power system for home supplying using V2H technology. 
The proposed system deals to explore the role of V2H 
technology in Home in meeting energy needs for a build-
ing nets zero energy consumption. To this end, an optimi-
zation analysis is fi rst performed choose the best design 
options for energy effi cient building in the economic 
and environmental constraints. Then, solar photovoltaic 
sources are used to provide the rest of the building energy 
demand and reduce dependence on the building grid.
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Context and Problematic

The recourse to renewable energies exploitationbecomes 
a national and international challenge to limit the use 
of the fossil resources that provokes harmful effects to 
the environment. Moreover, because of its exhaustive-
ness, theseresources can no longer be trusted to meet 
the energy needs in an unlimited way. Thus, the renew-
able energies integration can help compensating the 
energy requirement and reach the proper suffi ciency. 
So, nowadays, with the computer revolution and electri-
cal systems evolution, the world more particularly, the 
country is being front the problem of electrifi cation ser-
vice development. In this context, home automation and 
smart management seemto be a promising solution for 
streamlining energy consumption and providing more 
comfortable services to the user. On this basis, the idea 
of developing a smart home electrifi cation system via 
V2H technology has been emerged to ensure the critical 
house need through the vehicle fuel reserve. Compared 
with research and scientifi c works presented in the lit-
erature, our work aims to highlight the hydrogen use as 
a main factor to manage the energy recovery process 
instead of batteries.

Contributions

Compared to previous related work, the main contribu-
tion expected from this work is to develop an accurate 
smart home using a Vehicle–to-home technology with 
an intelligent approach energy management based on 
the following improvements:

• System components protection be facing the deep 
Supercapacitor discharge and heavy fuel con-
sumption.

• Energy demand satisfaction whatever the condi-
tions: confront fuel and energy lacks.

System design and description

The objective of this work is to present a house electri-
fi cation system capable of ensuring the energy require-
ments of the lighted up appliances. The described system 
deals with two main duties: 

• The energy storage when the production exceeds 
the demand.

• The energy recovery when an energy lack is 
occurred. 

In this context, the study and the development of an 
energy recovery system is highlighted. The proposed 
system consists of a set of equipment as Fuel Cell and 
Supercapacitor used to compensate the energy when the 
demand exceeds the production. In addition, the system 
uses the hydrogen fl ow issued from an electric vehicle 

“V2H” in order to reward the critical energy need during 
the insuffi ciency moments and the lack of fl ows neces-
sary for consumption (See Fig.1). Moreover, an Intelli-
gent Energy Management “IEM” is presented in order to 
control the system operation to protect it against heavy 
H2 fuel consumption and deep Supercapacitor discharge.

• The energy production: constitutes the energy 
issued from the photovoltaic module located at 
the house roof. the expression of the PV generated 
current is described as [21]:

(1)

• The energy consumption: is defi ned by the total 
installed appliances consumption. this energy may 
be used for lighting, heating, leisure,...

(2)

Fuel Cell Equipment: It is a generator which, in the pres-
ence of hydrogen, generates an electric current in order 
to assist in the load demand satisfaction. The hydrogen 
consumption is described according the Faraday law as 
[22]:

(3)

• Supercapacitor equipment: it is an electrical 
device that through its discharge can accomplish 
theenergy recovery process. So, to ensure its pro-
tection against the deep discharge, the Superca-
pacitor is controlled by its state of charge described 
by the following expression [23]:

(4)

• H2 Station: It is equipment dedicated to the stor-
age of the produced hydrogen fl ux. The storage 
process made under high pressure follows the law 
described by the equation below [24]:

(5)

• Electric Vehicle: It is an electric vehicle based on 
fuel cell that requires hydrogen as fuel to be run-
ning.
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Intelligent Energy management proposed system uses 
an intelligent management strategy based on a theoretical 
application of a V2H system.Indeed, the V2H technology 
relies on energy satisfaction from the electric cars.

The basic idea of IEM halts on the measurement of 
some control parameters as energy consumption, the 
generated solar roof electricity and the terms of use of 
the vehicle based of component state of charge control. 
Hence, a model is used to forecast and estimate the energy 
required and the expected consumption fl ows. To better 
understand the functioning of the presented management 
strategy, an algorithm represented by a Petri nets model 
followed by a control fl ow chart is given by Fig. 2.

Where, PD represents the defi cit period; while PACR defi nes 
the component activation period.

Finding and Results

To evaluate the system performance and to demon-
strate its reliability to be against any unexpected events, 
numerous simulation tests have been made under Mat-
lab/Simulink environment. Indeed, to accomplish the 
simulation process,experimental consumption profi les 
have been restored to describe the estimated electric-
ity delivered to meet the required domestic appliances 
energy. Additionally, the present profi le treats the house 
energy consumption for a 4 days period (96 hours). 
Thus, the Fig.3illustrates the energy production and con-
sumption balance. As seen, the system is located under 
six different defi cit periodsthat by referring to them, the 
system reactionwill be analyzed and studied.

For the fi rst defi cit time, it is impossible to start up 
the fuel cell to cover the energy demand due to the 
hydrogen lack (SOCH2=0) then the condition TD2 is not 
validated. Since the condition TD3 is crossed, the system 
uses SCap to compensate the need. During the second, 
third and fourth defi cit periods, the fuel cell is activated 
to satisfy the requirements. Thus, the system proceeds to 
state SD2. However in the fi fth period, the system enters 
under state SD3that activates the SCap after the valida-
tion of the condition TD5. In the last period, it seems 
that the fuel cell and the SCap are located under their 
critical states due tothe full hydrogen consumption and 

(6)

The recovery rate by component can be used to inform 
about the equipment intervention ratio during the recov-
ery process. Thus, it is described by the ratio between 
the number of activation periods per component and the 
total number of defi cit periods.

(7)
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SCap discharge. Thus, the system requests the vehicle 
assistance through its hydrogen reserve to complete the 
recovery process: state SD4.

The given Fig. 4 represents the generated currents 
during defi cit energy cases while the Fig. 5 summarizes 
the transition between states in these periods. It is found 
that the fuel cell generates a recovery current as long 
as the quantity of hydrogen in the station appears suf-

fi cient to be converted into a load requirement or when 
the quantity is provided by the vehicle. 

Moreover, the Fig. 6 shows the relative hydrogen 
quantities estimated to be consumed (QREC), the possi-
ble consumption amount (QC) as well as the quantity 
required to be delivered by the V2H (QV2H) system respec-
tively. According to the result found, it is well noticed 
that the system complains of a critical hydrogen need for 

Figure 1. V2H System Design: (a) General Design; (b) Matlab/
Simulink Prototype
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Figure 2. State Operation Conditions

Figure 3. Energy Balance between Demand and Generation

Figure 4. Energy Recovery Generation
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Figure 5. Component Activation versus Simulation Time

Figure 6. System Flows Consumption

the last defi cit period during which neither the SCap nor 
the fuel cell can intervene since SOCSC=0 and SOCH2=0 
(see Fig. 7). The recovery rate per component during the 
simulation test is given by Fig.8. As shown, the fuel cell 
is ranked fi rst among the participating components by 
50% followed by the SCap with 33% while the V2H sys-
tem possesses the lowest recovery rate of 17%.

Finally, we have studied the system mean effi ciency 
whose obtained result is depicted in Fig.9. Indeed, the 
system reaches a 31% as overall effi ciency value. How-
ever, the SCap outperforms the fuel cell effi ciency by 
78% versus 42%.

The table above summarizes the obtained performance 
of the system under study as the average of energy gen-
eration and consumption as well as the energy recovery 
rate.

CONCLUSION

In this paper, a model of energy recovery system based 
on V2H technology is proposed and detailed. This sys-
tem permits to promote energy supply during high 
consumption periods in which the defeat of PEMFC 
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Figure 7. System Control: Components States of Charge

Figure 8. Energy Recovery Rate Per Component

Table 1. The massive energy consumption and the high electricity 
demand have led to investigate optimal energy management 
methods to organize consumption activities and to strike a balance 
between production and demand. In this context, the State Operation 
Conditions

Actual State Transition Next State Energy Flows

Startup TD1:IDEM>IGEN SD1: Defi cit Process IREC=IDEM-IGEN

SD1 TD2:SOCH2> SOCCR
H2 SD2: FC Recovery IFC=IREC

TD3:SOCH2=0 SD3: SCap Recovery ISC=IREC

TD2:SOCSC=0 SD4: V2H Recovery QV2H=QCR

SD2 TD5:SOCH2<SOCCR
H2 SD3: SCap  Recovery IREC=IFC+ISC

SD3 TD6:SOCSC<SOCCR
SC SD4: V2H Recovery IREC=IFCG+ISC
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Figure 9. Energy Recovery Rate Per Component

and SCap is confronted to boost the energy recovery 
process.Furthermore, the proposed system has resorted 
to hydrogen use to involve the energy supply and to 
improve its performances in term of effectiveness and 
the reliability. Thus, to manage the energetic fl ows and 
to ensure the power distribution, an intelligent energy 
management approach is presented and described. Then, 
a Matlab/ Simulink prototype of the proposed system is 
made to test its performances. So, the obtained results 
show the ability of the system to deal with the changes 
and their impact on the equipment’s operation.As a 
future work, we tend to develop the overall system with 
the energy storage part (excess of power case) based on 
vehicle charging by produced hydrogen from the house 
(H2V).
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