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Abstract—Renewable energy resources such as photovoltaic (PV) or wind energy are essential to endure an approaching energy crisis 
in the near future. However, an effective idea of control needs to be well structured in advance so that the accumulated energy 
generated from these resources can be managed in an appropriate way. In this paper, a numerical model that computes an optimized 
value of energy consumption based on weekly forecast has been performed in order to provide stable energy that is highly 
uninfluenced by the fluctuating weather. A smart energy control method for Home Energy Management System (HEMS) that is 
capable of increasing the energy consumption in sunny days while maintaining a minimum consistent value of energy in bad weather 
conditions is proposed. The simulated system succeeded in supplying at least 10 Ah of energy to the load in most cases during the 
rainy/cloudy days. Plus, the number of insufficient day, (NID) were reduced significantly to 0 day in most years from the year 2000 
to 2010 when the battery capacity was further expanded from 30 to 35 Ah. 
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I.   INTRODUCTION 
Nowadays, the depletion of the fossil-fuel-based energy 

resources such as coal, oil and gas is approaching a critical 
level. In order to fulfill a rapid energy demand of human 
beings from all over the globe, several alternatives have been 
discovered by thousands of researchers. One good example of 
renewable energies that can replace these harvested resources 
is photovoltaic (PV). Up to now, several studies have been 
conducted regarding to the Energy Management System 
(EMS) which is commonly focused on control of PV 
generators, energy consumption visualization or battery 
storage systems [1-2]. The EMS is further diverged into 
several particular applications such as Home Energy 
Management System (HEMS) for family-unit range [1-3], 
Building Energy Management System (BEMS) for 
commercial-buildings [4], Factory Energy Management 
System (FEMS) for industrial activities [5], and integrated 
smart community, Community Energy Management System 
(CEMS) [6].  

Even though, the implication of PV generation use does 
not contribute hazardous emissions to the environment, it is 
highly sensitive to the fluctuation of weather since it totally 
depends on sunshine as primary energy resource which leads 
to the instability of generated output power. Thus, one of the 
conventional solutions that can be considered in order to 
suppress this unsteady output power is to integrate PV panels 
with parallel-connected rechargeable batteries. Generally, a 
lithium-ion secondary battery is commonly used due to its 
characteristics of high energy density, good power output, 
high coulombic efficiencies, good cycle life with a broad cycle 

range and comparatively low heat output [7-8]. Theoretically, 
increasing the battery capacity will definitely stabilize the 
output power to the system for several more days but it is not 
really cost-efficient type because of the high price of 
commercially available lithium-ion batteries. Therefore, it is 
desirable to establish an effective control method in an 
economic way by fixing the maximum battery capacity at 
certain value while keeps providing energy to the load 
endlessly and preventing the number of insufficient days 
(NID) in the future [9].  

In order to stabilize the daily supplied energy from the PV 
generator to the load continuously, it is essential to know the 
amount of the generation for the next several days in advance. 
This step can be done by referring directly to the weather 
forecast and hence, simulating the generation using the 
forecasted meteorological element data such as relative 
humidity, temperature etc. as input parameters. For example, 
J. Han et al. has also included this kind of estimation in their 
HEMS application but, since their systems are not equipped 
with batteries for energy storage, the focus is more of saving 
electricity cost by monitoring the home energy use in real-
time only [1]. Although the generated energy is fully utilized 
in the proper way, no further analysis regarding energy 
shortage or NID is discussed in their work. The energy 
shortage can be avoided if an appropriate preparation scheme 
that includes future weather data is structured beforehand. 

In this investigation, the consumption process is done at 
night and battery charging is performed during daytime. This 
model optimizes the energy to be consumed at night based on 
deep consideration from one-week forecasted energy to be 
generated for these days in advance while keeps supplying 
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energy above certain level in spite of bad weather conditions. 
In other words, our approach is to supply energy at least 10 
Ah per day even in the rainy days and strive to maximize the 
energy usage during sunny days while reducing the feasibility 
of the NID's occurrence in the future, chronologically from 
our previous work [9]. Also, the original size of battery 
capacity used in this study will be marginally reduced and 
increased in order to reveal how optimum its value needs to 
be so that the generated energy can be fully stored enough for 
future back-up. 

II.   MODEL DESCRIPTION 

A.   Model Description 
The physical structure of this model is simply represented 

as Figure 1. Basically, a PV panel with maximum output 
voltage of 100 V is connected directly to a 30 Ah storage-sized 
lithium-ion battery pack where SW1 and SW2 are the control 
switches of generation and consumption, respectively. Then, 
a DC output current from the batteries is inverted to an AC 
current via inverter and the output power is loaded to the 
power outlet eventually. 

B.   Input Data 
The location of this investigation is in the suburban area 

of Hitachi, Ibaraki prefecture, Japan. The generation which 
has been used as an input data is derived primitively from an 
observed solar radiation. The time range for this investigation 
covers all four seasons from year 1982 to 2010 and the daily 
measured horizontal solar radiation database can be easily 
accessed from the Hitachi City Weather Division's website 
[10]. In general, the solar radiation varies through a year due 
to the rotation of the earth around the sun. Also, the daily 
variation of the radiation is due to the weather, and it is a 
random process. It is well known that this seasonal variation 
is considerably levelled by tilting the PV panel toward the 
south depending on the latitude of the place [9]. 

Thus, the corrected solar radiation, S can be modified from 
the horizontal solar radiation, S0, as follows; 

 

  (1) 
and 
 β = cos-1(– tan θ tan ϕ), (2) 
 
where θ and ϕ are the latitude (Hitachi is 36.6O) and the 
declination of the earth's axis toward the sun, respectively. 
The term sin β in Eq. (1) is replaced with 1 for β ≥ 90O. 

The absorbed solar radiation is then converted to electric 
energy, denoted by G, by the PV panel. From our previous 
work [9], a good correlation is observed between daily 
generation, G and solar radiation, S as described by 

 
 G = 1.25 x S (3) 
 
where the units of G and S are ampere-hour (Ah) and MJm-2, 
respectively. Later on, this G value will be primarily used as 
an input data in this numerical scheme. 

 

 
 

Figure 1. The model structure for simple PV system. 

III.   CONTROL METHOD 
The daily generation of energy through the PV system is 

absolutely dependent on the climate change since it is totally 
correlated to the solar radiation as well. As power is harnessed 
directly from the sunlight, the desired power amount might 
not be generated continuously all the time due to the 
dependency on various meteorological elements such as 
relative humidity, cloudiness, precipitation, aerosol, 
atmospheric pressure, air temperature etc. [11-15]. These 
factors lead to the degradation of the solar radiation that is 
transmitted to the atmosphere before it reaches the land 
surface. Thus, we propose a control system that is able to cope 
with this situation so that the available energy in the storage 
batteries can be managed properly. 

Chronologically, the battery pack will be initialized with a 
charging process until it reaches the full capacity or until the 
sun is set off. Then, the generation, G values for the next day 
till the 7th day will be analyzed based on daily weather 
forecast data before the consumption process is performed 
next up to deep night. From this calculation, the amount of 
consumption, C will be decided for the current day use and 
also for another 6 days in advance. The same process is 
repeated for the following day and the C value on that day will 
be renewed as the weather forecast report is updated. However, 
since the source data of solar radiation used in this simulator 
are actual measured values, the forecasted G values are 
assumed to be completely accurate to the measured one. 

The amount of capacity remains in the battery or also 
known as state-of-charge (SOC) [15-16], can be expressed as 
Eq. (4). Conventionally, the actual units of SOC are indicated 
in percentage points (0\% = empty, 100\% = full). However, 
in order to make a clear understanding related to the 
charged/discharged amount of energy in the battery during 
generation/consumption process, SOC is expressed in 
ampere-hour (Ah) unit in this study. The SOCG and SOCC 
must be less than 30 Ah and more than 0 Ah, respectively. If 
these two criteria are not satisfied, the generation's SOC, 
SOCG and consumption's SOC, SOCC will be automatically 
reset to 30 Ah and 0 Ah, respectively.  

  (4) 
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Figure 2. The mechanism of Control 2. Red color represents the consumption 
and green color is the state-of-charge, SOC. Doted line and solid line are the 
initial and adjusted values, respectively. 
 
where SOCGi is the SOC of total generation for the i-th day 
and SOCCi is the SOC of total consumption for i-th day. 

Here, we can understand that supplying the energy above 
certain level of SOC in spite of bad weather conditions is a 
fundamental of this model. Thus, three main purposes can be 
specified as; 

•   By determining the amount of C needs to be used in 
the previous day from the forecasted G in advance, 
the total of actual G for the next day will not be wasted 
much since the batteries will be charging efficiently. 

•   To increase the amount of C day by day from the 
forecasted G. 

•   To maintain supply of energy to the outlet at least 10 
Ah although the forecasted G for the next day exhibits 
value less than 10 Ah. But, if the SOC remain less 
than 10 Ah, the energy will be fully-consumed until 
its SOC becomes 0 Ah. The day where the energy 
cannot be supplied at least 10 Ah is defined as NID. 

Four different types of control methods will be introduced 
further as Control 1, 2, 3 and 4. 

A.   Control 1 
In this system, the C is set to use 10 Ah everyday 

regardless to the forecasted value of G. The advantage of this 
scheme is the identical energy amount can be provided to the 
outlet everyday endlessly. It does not need a sophisticated 
arrangement to integrate with forecast data at all. Literally, it 
is originally from our previous work [9]. 

B.   Control 2 
This method performs the estimation of G for the whole 

week in advance to maximize the C value for these days 
exactly in the same amount   while avoiding the feasibility of 
NID occurrence during this period. Initially, the C for each 
day is set to 10 Ah, same like the Control 1. Later, this C value 
is increased by each 0.1 Ah gradually from 10 Ah to become 
like 10.0, 10.1, 10.2,.... etc. The increment will be fully-
maximized as soon as the C value for each day does not cause 
insufficient SOC. Besides, the precautionary SOC level of 
battery shortage is underlined at 2.5 Ah. However, if the 

energy cannot be consumed at least 10 Ah due to the 
remaining SOC level at only 2.5 Ah, the batteries will be used 
till empty level (0 Ah). The mechanism of this scheme can be 
simply interpreted in Figure 2. 

The similar steps will be repeated for the following day 
and its C value on that day will be updated as latest forecast 
data is broadcasted. In other words, as the new data is added 
to the system, the amount of C on that day will be recalculated 
even it has already decided on the previous day. Literally, the 
C value is varying everyday even in those days in the 
mentioned week before since the new weather data keep 
changing regularly and old data will not be referred to 
anymore. 

C.   Control 3 
Ordinarily, the system will cut off instantaneously the 

charging process when the battery reaches its maximum 
capacity to prevent it from damage even the sunlight is still 
available for another several hours. Consequently, the energy 
that will be possibly generated for the remaining hours cannot 
fully benefit the system itself since the battery has become full 
already. This type of energy is defined as unused energy. This 
unused energy can be perfectly utilized if the large storage of 
batteries is equipped but it contradicts our economic concept. 
Thus, it is important to structure a smart mechanism that is 
able to cope with this situation. In this case, one of the 
solutions that can be considered is to increase more energy 
consumption at night before so that the remaining SOC before 
charging starts at morning will be minimized to provide more 
empty space for generation. 

Unlike Control 1 and 2, in Control 3, the C value for each 
day is not fixed to the one certain ampere-hour unit but it 
differs by day condition. Though the estimation of C for a 
whole week is performed in advance, the used one is the C 
value for the first day only, similar to the Control 2 and also, 
the C value that is decided at the past will not be used anymore. 
Furthermore, as the forecast error of generation G is 
considered, the lowest SOC is set to 5 Ah but generally 10 Ah 
is reserved as control margin. Nonetheless, if the C of 10 Ah 
cannot be completed due to this SOC reservation, the 
remaining energy will be used for C as priority. Besides, in 
order to reduce the SOC level to less than 10 Ah, for instance, 
6 Ah, the forecasted G should be around 24 Ah. The 
mechanism of Control 3 is divided into two cases. One case is 
for normal days and the other in a data series that requires that 
the condition G ≤  10 Ah happens continuously for two days 
or more. 

 
Case 1: For normal days; 
 

Firstly, the C amount for each day can be derived from 
averaged forecasted G for one-week. 

  (5) 
The SOC transition from the repeated consumption and 

generation in Eq. (4) is further inspected using the C value in 
Eq. (5). During this inspection, if there is someday when SOC 
reaches 30 Ah or the total generation exceeds the battery 
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capacity, the extra energy (i.e. over limit in Figure 3) will be 
added in equal proportion to the previous two night's 
consumption. On the contrary, if the SOC is less than the 
reserved energy, the C of 0.1 Ah will be deducted gradually 
from each previous day until the SOC reaches the reserved 
level. 
 
Case 2: If G ≤ 10 Ah happens continuously for 2 days or more; 
 

Here, the period when several days generate energy less 
than 10 Ah continuously due to bad weather conditions is 
defined as the number of continuous bad days, NCD. To begin 
with, the days of the week are split into 3 periods as shown in 
Figure 4. Hence, the value of SOC needed to meet the 
minimum consumption of 10 Ah in the second period will be 
analyzed further. The consumption, C in this period is fixed at 
10 Ah and the required state-of-charge, SOCneed can be 
expressed as shown in the equation below; 

 SOCneed = 10 x (NCD + 1) – CG + SOCmrg, (6) 

where SOCneed ≤ 30 and CG is the total generation of NCD. 
Meanwhile, SOCmrg is the margin of SOC which equals to the 
amount of reserved control margin. From this equation, the 
SOC for 10 Ah’s consumption in those days is determined. 

On the other hand, the mechanism applied in the first 
period is exactly the same as that in the Case 1 of Control 3 to 
determine the power consumption and also, the first period's 
final SOC value, SOCf. Furthermore, the difference between 
SOCneed and SOCf, indicated as SOCd needs to be fixed as 0 
Ah in order to determine the amount of consumption. Three 
states of SOCd are considered.  
 
(i) SOCd  = SOCneed - SOCf  > 0; 

Increasing the SOCf will bring the SOCd close to 0. The 
quotient, SOCd /N1st is deducted from the C value for each 
value in the first period to obtain the new C values. N1st is the 
number of days in the first period. 

 
(ii) SOCd  = SOCneed - SOCf  < 0; 

On the contrary, the SOCneed value needs to be increased 
in order to achieve the condition SOCd = 0. So, the SOCd 
/NCD+1 will be added to the fixed C values in the second period 
(10 Ah). 
 
(iii) SOCd  = SOCneed - SOCf  = 0; 

Since the SOCd value equals to 0, no adjustment will be 
made at this level.  
 

Finally, in the third period, the consumption is derived 
from the final SOC value of second period and the adjustment 
is made exactly as in Case 1. 

D.  Control 4 
Unlike Control 1, 2 and 3, only the next day forecast will 

be applied to this scheme instead of weekly forecasted data. 
Regardless of any feasible weather condition for the whole 
week, the consumption amount totally depends on the 
forecasted generation for the next day only. If  the  generation  

 
 

Figure 3. The mechanism of Control 3 for the case of normal days. 
 

 
 
Figure 4. The mechanism of Control 3 when G ≤ 10 Ah happens continuously 
for 2 days or more. SOCneed and SOCf are the necessary SOC to adjust the C 
value to 10 Ah and the final SOC value of first period, respectively. 
 
exceeds 30 Ah, the full battery capacity of 30 Ah will be 
supplied to the outlet. Besides, the minimum consumption is 
set to 10 Ah or the remaining SOC (≤  10 Ah), even during the 
rainy days. 
 

E.   Control 4 
Unlike Control 1, 2 and 3, only the next day forecast will 

be applied to this scheme instead of weekly forecasted data. 
Regardless of any feasible weather condition for the whole 
week, the consumption amount totally depends on the 
forecasted generation for the next day only. If the generation 
exceeds 30 Ah, the full battery capacity of 30 Ah will be 
supplied to the outlet. Besides, the minimum consumption is 
set to 10 Ah or the remaining SOC (≤  10 Ah), even during the 
rainy days. 

IV.   VARIATION OF BATTERY CAPACITY 
Until the previous section, all controls, Control 1, 2, 3, and 

4 are performed based on 30-Ah capacity-sized battery pack. 
Generally, if the maximum capacity is expanded, more energy 
that is generated through the PV panels will  be  accumulated  
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Figure 5. The number of insufficient days (NID) for all controls from 1982 to 
2010. NID are the days when the targeted consumption power cannot be 
performed due to the power shortage from the batteries. In this study, the 
target is 10 Ah. 
 
to the storage batteries. In other words, the total of unused 
energy will be reduced since more empty space for energy 
storage is provided. Although the cost of this modification will 
slightly increase but still, it is also essential to study how the 
battery capacity influences the entire system. In our previous 
work [9], the battery capacity was fixed at 20 Ah whereby half 
that amount was supplied to the load every day while the other 
10-Ah was reserved for insufficient supply days which usually 
occurred during cloudy or rainy days. Nevertheless, the 
experimental result concluded that mandatorily the NID 
cannot be reduced to 0 since the reserved energies can back-
up only for one-day extra. Apparently, it can be suggested that 
larger battery capacity is necessary to reserve more energy for 
several more days. Thus, the most ideal battery capacity needs 
to be revealed so that the storage efficiency can be fully 
optimized.  

In this section, the best and the worst controls determined 
by the previous section will be further examined using various 
sizes of battery capacity. Here, the total capacity of the 
original batteries (30 Ah) is varied from 20 Ah to 40 Ah with 
5 Ah intervals while the other constants such as precautionary 
SOC and minimum consumption are kept at the same values. 
Plus, the data range for this time is shortened to 10 years of 
period only from the year 2000 until 2010.  

V.   RESULT AND DISCUSSION 
In this investigation, only the data with no errors is used 

from the year 1982 to 2010. Since there are defects on 
measured solar radiation on 1984, 1985 and 1997 database, 
this data is excluded from this simulator and the total period 
of data used in here is 26 years. At the beginning, the initial 
SOC is set to the full battery level, 30 Ah. Furthermore, 
several crucial points such as number of insufficient days, 
total of unused energy and averaged energy consumption will 
be discussed next. In addition, since the source data of solar 
radiation in Hitachi is extracted directly from the actual 

measured values, the forecasted G values used in this 
simulator are assumed to be as accurate as possible.  

Figure 5 exhibits the number of insufficient days (NID) 
that occurred from each control over 26 years of period. As 
the result, the NID for all controls are same for all years except 
Control 4. Overall, most years except 1991 and 1995, produce 
NID less than 5 days using the Control 1, 2 and 3. 
Impressively, these three controls have succeeded to reduce 
the NID to 0 for 9 years period. Nevertheless, since the 
minimum consumption is technically adjusted to 10 Ah per 
day, the total NID of Control 1, 2 and 3 cannot be reduced 
below than this number anymore. In other words, this is the 
best NID value that can be produced by each control. On the 
contrary, the NID produced by the Control 4 is the worst. 
Since the consumption amount is set to be equal to the 
forecasted generation, the problem will occur when the bad 
weather continues for several days which cause the remained 
SOC to reduce uncontrollably. From the aspect of NID, it can 
be said that the Control 1, 2 and 3 are practical to provide 
stable energy continuously to the system. From Figure 6 the 
averaged value of yearly unused energy for Control 1, 2, 3 and 
4 are estimated as 3270 Ah, 1427 Ah, 607 Ah and 30 Ah, 
respectively. For the case of Control 4, since the used SOC 
during the consumption process at night has always been 
replaced by the amount of generation on the next day, the total 
of yearly unused energy is equal to the exceeded amount from 
the full battery capacity (30 Ah). Thus, it is apparent that the 
Control 4 is the successful system to reduce the amount of 
yearly unused energy. In contrast, the Control 1 wastes a lot 
of unused energy as the system consumes only 10 Ah per day 
regardless to the remained SOC or generation. On the other 
hand, the yearly unused energy of Control 2 and 3 reduce as 
much as approximately 55% and 80%, respectively, compared 
to the Control 1.  

Additionally, the averaged energy consumption from the 
year 1982 to 2010 is presented as Figure 7. The best curve is 
derived by the Control 4, followed by the Control 3, 2 and 1. 
Also, if the averaged value over this 26 year period is taken, 
the Control 4 leads with 18.2 Ah while the other controls, 
Control 3, 2 and 1 are calculated as 17.4 Ah, 15.1 Ah and 10.0 
Ah, respectively. Here, we can clearly understand that the 
Control 4 can provide more energy consumption every day 
with the same reason like mentioned before in the previous 
section. Moreover, if we make a comparison between the 
curves of Control 2 and 3, the averaged consumption for 
Control 3 differs to the Control 2 by the increment of about 2 
Ah in every year. So, it can be suggested that the Control 3 
also possible to perform well since its averaged value is just 
slightly different from the Control 4. Thus, in order to keep 
supplying the stable energy endlessly, the most essential thing 
is the NID. The Control 4 is less practical in this study because 
it fails to provide enough energy during the bad weather 
conditions even though it fully-used the generation very well 
during night consumption. Obviously, the best management 
system is the Control 3. While reducing the possibility of the 
NID occurrence, the Control 3 have succeeded to provide 
much more energy consumption than the other controls 
regardless to the climate change. 
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Figure 6. The unused energy for all controls from 1982 to 2010. 
 

 
 
Figure 7. The averaged energy consumption for all controls from 1982 to 2010. 
 
 

 
 
Figure 8. The NID for Control 3 from 2000 to 2010 based on battery capacity 
of 20, 25, 30, 35 and 40 Ah. 
 

 
 
Figure 9. The NID for Control 4 from 2000 to 2010 based on battery capacity 
of 20, 25, 30, 35 and 40 Ah. 
 
 

 
 
Figure 10. The unused energy for Control 3 and 4 from 2000 to 2010 based 
on battery capacity of 20, 25, 30, 35 and 40 Ah. 
 
 

Hence, the next step is to vary the battery capacity from 
20 Ah to 40 Ah using the best control, Control 3 and the worst 
control, Control 4. Figure 8 and 9 demonstrate the result of 
NID for Control 3 and 4 from 2000 to 2010, respectively. 
Obviously, the NIDs in Control 3 and 4 seemed  no  different 
based on the capacity of 20 Ah for this 11-year period. 
Overall, it can be said that the NID reduced by around 1 day 
for every 5-Ah increment when the capacity exceeded 30 Ah 
using Control 3. Furthermore, the NID was completely 
eliminated at the time the capacity reached 40 Ah for all years 
except 2007. On the other hand, the NID produced by Control 
4 remained unchanged in most years even the battery capacity 
was varied from 30 to 40 Ah. Thus, it can be strongly 
suggested that in order to suppress the frequency of NID 
significantly, the minimum capacity of storage batteries that 
needs to be fixed is at least 35 Ah.  
 



A S MOHD SHAH et al.: NUMERICAL MODEL OF ENERGY CONTROL FOR LITHIUM-ION BATTERIES 

DOI 10.5013/IJSSST.a.15.06.07 73 ISSN: 1473-804x online, 1473-8031 print 

 
 
Figure 11. The averaged energy consumption for Control 3 and 4 from 2000 
to 2010 based on battery capacity of 20, 25, 30, 35 and 40 Ah. 
 

The total unused energy caused by implementing the 
Control 3 and 4 based on various battery capacities is shown 
as Figure 10. Remarkably, Control 4 dominated all capacities 
with lowest amount of unused energy in all years. Plus, 
Control 4 performed well as they used all the energies 
throughout the 11-year period with the battery capacity of 40 
Ah. Meanwhile, Control 3 with the capacity of 35 and 40 Ah 
showed no difference as both cases still unused energy not 
more than 1 Ah every day. Although the 40-Ah's capacity was 
used in the Control 3, the unused energy still cannot be 
suppressed to 0. Unlike Control 4, the amount of energy 
consumption decided in some particular day is not equal to the 
same amount of forecasted energy generation on that day 
since it is considered by whole generation for one-week. Even 
if larger capacity (40 Ah) is applied using this control, there 
must be certainly at least a little amount of energy (≤ 0.7 Ah) 
that is unused every day, for instance.  

Besides, Figure 11 exhibits the averaged energy 
consumption performed by these two controls based on five 
different capacities. It can be clearly understood that the best 
curves are dominated by Control 4 in all cases. However, no 
significant difference of averaged consumption can be seen 
between Control 3 for 35 and 40-Ah's capacities and Control 
4 with 30, 35 and 40-Ah's capacities as their 11-year's 
averaged values slightly varied from 19.4 to 20.5 Ah. 
Eventually, it is apparent that the suitable size of battery 
capacity that should be chosen in order to completely 
eliminate the NID using Control 3 is definitely 40 Ah. But, the 
capacity of 35 Ah is also good enough to be used since the 
NIDs were reduced to 0 day in most years except 2000, 2006 
and 2007 during this 11-year's period and also, this is the key 
point where the total amount of unused energy dramatically 
decreased from 2.2 to 1.0 Ah per day when it was expanded 
from 30 Ah. Therefore, it can be also suggested that the most 
optimum battery capacity that can be implemented for further 
controls in future research is 35 Ah. 

VI.   CONCLUSION 
In this work, the numerical model of energy control for 

Lithium-Ion Batteries based on PV system that yields an 
optimized capacity of energy consumption based on weekly 
forecast has been performed clearly. The location of this 
investigation is in the suburban area of Hitachi, Ibaraki 
prefecture and the time range covers all four seasons from year 
1982 to 2010. Since the solar radiation data is extracted 
directly from the actual measured values, the forecasted G 
values used in this simulator are assumed to be as accurate as 
possible. Hence, four types of control methods have been 
deeply analyzed and the most practical scheme, Control 3 has 
succeeded to increase the energy consumption in normal days 
and maintains to provide the stable energy of 10 Ah during 
bad weather conditions. Also, the most optimum battery 
capacity that can be implemented for further controls in future 
research is 35 Ah since the NIDs were eliminated in most 
years and the total of unused energy was reduced significantly 
throughout those years. Thus, it can be suggested that this idea 
could lead to a high-efficient HEMS system in the future. 
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