
HOUSEHOLD ELECTRICITY SIMULATION: DEMAND, THE ELECTRICITY 

GENERATION AND DEMAND-SUPPLY CONTROL METHODS 

 

Takuya Fujimoto
1
, Yohei Yamaguchi

1
, and Yoshiyuki Shimoda

1
 

1
Division of Sustainable Energy and Environmental Engineering, 

Graduate School of Engineering, Osaka University 

2-1, Yamadaoka, Suita, Osaka, 565-0871, Japan 

 

 

 

ABSTRACT 

This paper describes a simulation of household 

electricity demand and an integrated system of 

photovoltaic and electric storage batteries. To 

realistically model the behaviour of the electricity 

demand, the simulation model stochastically 

estimates the behaviour of occupants. This paper 

describes a case study that evaluated the extent to 

which surplus electricity and fluctuations in the 

electricity load for the grid can be reduced by the 

following two methods: 1) shifting the operation 

hours of the heat-pump water heater from midnight 

to daytime and 2) utilizing storage batteries. 

Furthermore, how these methods alter the 

characteristics of the energy demand is discussed. 

INTRODUCTION 

Photovoltaic (PV) has been regarded as a key 

technology for global warming mitigation in Japan. 

In recent years, the Japanese government and several 

local governments have launched promotion policies 

for the popularization of PV. The installed capacity 

of PV has been rapidly increasing in residential areas. 

However, increasing installed capacity could cause 

problems that threaten the stability and quality of the 

electric power system. On a clear day, during 

daytime, the generated electricity might exceed the 

electricity demand; this is because residential 

electricity demand is low owing to a smaller number 

of occupants at home. In such a case, the electricity 

surplus returns to the electric power grid. The surplus 

electricity potentially increases the voltage of the 

local electricity distribution system beyond the 

regulated voltage level of 107 V. In addition, a short 

pitch fluctuation in the load for the electric power 

grid due to change in meteorological conditions 

disturbs the stability of the frequency of electricity. 

This could result in flickering lighting or at worst, 

electric power interruption (Taniguchi H., 2001). 

To resolve these two issues that may be caused by 

the large-scale diffusion of PV, energy management 

of residential areas is important. There are two 

approaches for energy management: 1) shifting the 

time for operating home appliances or equipment, 

such as washing machines and electric water heaters 

and 2) utilizing an electric storage battery system that 

absorbs both, fluctuation and the surplus electricity. 

Grietus et al. (2010) simulated an electric battery 

system with PV to cover the electricity demand of 

seven houses. Their study revealed that the electric 

battery system significantly decreases the required 

capacity of PV for covering the entire electricity 

demand. In the present study, the measured 

electricity demand was used and the key 

characteristics such as terminal voltage, voltage 

limitation and cycle life of the electric storage battery 

system were ignored. Hatta et al. (2008) and Asari et 

al. (2009) evaluated the shifting of the operation time 

of a heat-pump water heater (CO2HP) in addition to 

the utilization of an electric storage battery system, 

for reducing the surplus electricity generated by PV.  

These studies are relevant for understanding the 

general benefits of implementing the 

abovementioned approaches for energy demand and 

supply. However, the models used in the studies deal 

with electricity demand and generated with a one-

hour time interval. This is a critical shortcoming 

because electricity demand and electricity generated 

by PV fluctuates more frequently.  

Thus, it is important to develop a model that can 

handle electricity demand and supply for a shorter 

time interval. This paper presents a simulation model 

of household electricity demand with a five-minute 

time interval, which considers a variety of elements 

that affect electricity demand such as family 

composition, occupants’ behaviour, physical property 

of the house and meteorological conditions. 

Moreover, the model can handle an electric storage 

battery system and the CO2HP. After introducing the 

model, a case study that determines the extent to 

which the surplus electricity and the fluctuation in 

the load can be controlled by the following energy 

management methods is presented: 

1) Shifting the operation hours of the CO2HP to 

daytime. It is usually operated earlier than 6 am for 

using electricity with off-peak rates.  

2) Utilizing storage batteries. 

SIMULATION MODEL 

Residential energy end-use model 

Figure 1 shows the simulation procedure of the 

residential energy end-use model (Shimoda Y., 2007). 

A variety of sub models and databases were used to 

estimate the energy demand, as listed in Figure 1. 
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The model first determines the behaviour of 

occupants by using the time-use database (TUD) 

developed by the Broadcasting Culture Research 

Institute of Japan (2006) on the basis of their survey 

on time use of 12,600 Japanese residents. TUD 

contains average duration and its standard deviation 

during which residents perform 27 kinds of activities 

(such as sleep, work and watching TV) as well as the 

probability distribution of each activity for 24 h on 

weekdays, Saturdays and holidays. A set of discrete 

behaviours during the following 24 h are determined 

using the duration and variance of all behaviours. 

Then, the determined behaviours are displaced by a 

day. This modelling approach was originally 

proposed by Tanimoto et al. (2008).  

In the model, each living activity is linked with the 

usage of home appliances, equipment, end-use 

demand for water heating and the location of the 

occupants. For example, if one or more family 

members are watching TV in the living room during 

an evening, the TV as well as the lighting are 

estimated to be operating and the heating/cooling 

demand is estimated via a dynamic thermal 

simulation.  

It is assumed that all occupied rooms (except when 

the occupant is asleep) and corridors are illuminated 

during the night. In the daytime, occupied rooms are 

classified as rooms that are always illuminated, 

rooms that are never illuminated and rooms in which 

the lighting depends on brightness of the daylight. 

The ratio of these categories is determined on the 

basis of the result of a questionnaire survey 

conducted by the authors. The brightness of daylight 

is calculated from the terrestrial meteorological 

observation data. 

The energy demand for water heating is estimated on 

the basis of the amount of hot water, the hot water 

temperature and the city water temperature. The city 

water temperature is given as a function of the 

outdoor air temperature. For the heating and cooling 

model, dynamic heat load simulations are conducted 

using both, building data and meteorological data. 

Ventilation and heat conduction between rooms was 

analysed using a thermal circuit network method. 

The internal heat gain is calculated using the energy 

consumption by home appliances and occupants’ 

behaviour.  

All calculations are performed for a five-minute time 

interval in order to estimate the electricity demand 

profile with a time step sufficiently short for the 

evaluation of the energy management measures.  

 

  
Figure 1 Residential energy end-use model 

PV model 

Electricity generated by PV (EP [kW]) is defined as 

follows:  

    SCAASp GTKHPE 251  ・・・ , (1) 

where PAS [kW] is the capacity of PV, HA [kW/m
2
] is 

the amount of slope solar radiation, K [–] is the 

performance ratio (= 0.78), α [–] is the temperature 

correction factor (= –0.005), TC [°C] is the PV 

temperature and GS [kW/m
2
] is the solar radiation 

intensity under standard test-cell conditions (= 1 kW/ 

m
2
). 

The PV temperature is defined as follows (Yukawa 

M., 1996): 
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where TA [°C] is the outdoor air temperature, A and 

B [–] are factors for calculating temperature (A = 50, 

B = 0.38) and U [m/s] is wind velocity.  

CO2HP model 

Figure 2 shows the 

simulation procedure 

of the CO2HP model. 

The specifications of 

the CO2HP considered in this study are shown in 

Table 1.  

Before conducting the simulations, the capacity of 

the CO2HP tank (Ctank [ℓ]) is determined on the basis 

of the annual hot water demand of the household. 

The capacity of the CO2HP tank satisfies the 

following equation:  

  186.40.85 maxtanmax  Wkday TCQ , (3) 

Table 1  

CO2HP specification 

Tank capacity 200–460 ℓ

Water temparature 65–90 °C

Rated capacity 4.5kW
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where Qdaymax [kJ] is the maximum daily hot water 

demand; TWmax [°C] is the daily water temperature for 

the day with the maximum daily hot water demand; 

The CO2HP usually operates before 6 am in order to 

utilize electricity with off-peak rates. Therefore, the 

time to stop the operation of the CO2HP was set to 6 

am. 

The hot water temperature (TH [°C]) is determined in 

the range of 65–90°C in order to satisfy the daily hot 

water demand. The hot water temperature satisfies 

the following equation: 

   16.01186.4tan  WHkday TTCQ , (4) 

where Qday [kJ] is the daily hot water demand and TW 

[°C] is the daily water temperature. 

The time to start the operation of the CO2HP is 

determined by the daily hot water demand and the 

time to stop operation. Then, the electricity 

consumption of the CO2HP and the amount of 

accumulated heat in the storage tank are estimated 

for every time step by using the coefficient of 

performance (COP) of the heat pump defined as 

follows:  

 94.2051.0  ATCOP .  (5) 

The radiation heat loss from the storage tank and the 

pipeline were set to 16% per day and 7% per day, 

respectively. 

 
Figure 2 CO2HP model 

Storage battery model 

Figure 3 shows the simulation procedure of the 

model of the electric storage battery system. We 

assumed that the electric storage battery is charged 

only by the surplus electricity. The electricity 

discharge is given by the difference between the 

demand and the discharge threshold value of 0–1.5 

kW. If the electricity demand is smaller than the 

discharge threshold value, the electric storage battery 

system does not discharge current.  

The electric current charge or discharge is restricted 

by the internal resistance of the electric storage 

battery. The electric storage battery does not charge 

or discharge current if the current is larger than the 

power threshold value. The power threshold value is 

set between 0 kW and 3 kW according to the 

Electrochemical Society of Japan (2010). 

The installed electric battery system contributes to 

smoothing the load of the electric power grid and 

reducing the peak of the grid load. Table 2 shows the 

specifications of the battery system and the 

variability range considered in this study. In general, 

electric storage batteries rapidly deteriorate if their 

state of charge (SOC) frequently fluctuates between 0 

and 1. SOC is the ration of the electric charge in the 

storage battery to the capacity. The electric storage 

battery installed in a hybrid vehicle is usually 

operated at an SOC of approximately 30–40% and 

that in a plug-in hybrid vehicle is operated at an SOC 

of approximately 60%. 

 
Figure 3 Storage battery model 

Table 2 Storage battery specifications 

 

The terminal voltage of the storage battery (Vt [V]) 

during electricity charge or discharge is calculated 

using equation (6). Figure 4 shows the equivalent 

circuit of a storage battery (Shimada T., 2005). 

 gdt VVEV  .   (6) 

where E [V] is the apparent electromotive force, Vd 

[V] is the voltage drop due to the current and Vg [V] 

is the voltage increase at the end of charging. 

 

Figure 4 Equivalent circuit of battery 

Figure 5 shows the estimated terminal voltage for a 

single storage battery (capacity: 70 Ah) at 25°C. CA 

is the unit of the charging or discharging current (I 

[A], positive value means that the storage battery 

system is discharging), that is, the ratio of the 

charging or discharging current to the capacity of the 

single storage battery. Therefore, +0.1 CA indicates 

that 7 A of current is discharged. Charging or 

discharging current [A] is calculated from electricity 

Storage battery specifications
Standard
condition

Variety in the specifications
assumed in this study

Norminal voltage 2 V -
Capacity of single storage battery 70 Ah -
Efficiency of inverter 90% -
Self-discharge rate 0.1 %/day -
Discharge threshold value 0 kW 0-1.5 kW
Power threshold value 3.0 kW 0.5-3.0 kW

SOC operation range 0.0-1.0
0.0-1.0, 0.1-0.9

0.2-0.8 or 0.3-0.7
Storage battery capacity 3 kAh 0-5 kAh
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charge or discharge [W] divided by terminal voltage 

[V].  

 
Figure 5 Terminal voltage of storage battery at 25°C 

ELECTRICITY DEMAND SIMULATION 

First, we show the simulation results of electricity 

demand and the electricity generated by PV by 

assuming a detached household equipped with PV 

and CO2HP located in Osaka, Japan. The total floor 

area of the detached house is 113 m². The insulation 

level of the detached house is set to the 1999 level 

standard and the thermal resistance of the insulation 

material of the exterior wall set to 1.1 m²K/W. The 

capacity of PV is assumed as 4 kW. 

We assumed three family compositions, a couple 

(working husband and stay-at-home wife), a four-

member family (parents and two children) and a six-

member family (parents, grandparents and two 

children). 

Simulation results for the four-member family 

Figure 6 shows the simulation result of occupants’ 

behaviour for a four-member family on 11 May 

(Wed) and 12 May (Thu). Each coloured square 

shows an activity and its duration. As shown in the 

figure, each occupant has different characteristics in 

their behaviour. For example, the mother stayed 

longer in the house as she is a stay-at-home wife and 

her behaviour varied frequently.  

 

 
Figure 6 Occupants’ behaviour for a four-member 

family 

Figure 7 shows the simulation result of the electricity 

demand and generation for each end use of a four-

member family on 11 May and 12
 
May. Energy 

consumption of the refrigerator and the standby 

electricity consumption of television and other 

appliances can be observed throughout the day. 

Electricity demand for television, appliances, lighting 

and cooking appliances arises when occupants’ 

behaviours corresponding to the use of these 

appliances occurs. As shown in the figure, the 

estimated electricity demand varies significantly. The 

electricity demand for the CO2HP arises a few hours 

before 6 am. The CO2HP consumes approximately 1 

kW of electricity. The electricity generated by PV 

also varies frequently depending on meteorological 

conditions. The difference between the demand and 

the generated electricity is the surplus electricity, 

which is the inverse load for the electric power grid. 

 

Figure 7 Electricity demand and generation for each 

end use of a four-member family 

Electricity demand of the three family 

compositions 

Figure 8 shows the simulation result of the load for 

the electric power grid of the household with the 

three family compositions on 11 May and 12
 
May. 

There, we assume that the working husband, wife 

and children have same behaviour among the family 

compositions. The power system load varied due to 

the difference in family composition. The household 

with a larger number of family members has larger 

load. 

 

Figure 8 Power system load for three family 

compositions 

To understand the behaviour of the electric load for 

the grid, we define the fluctuation of the load as a 

function of the deviation between the grid load and 

its moving average as follows:  

      






2/
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tLtD  ,  (7) 

where L(t) [kW] is the grid load and m [–] is the time 

step for calculating the moving average interval that 

is set to 30 minutes (i.e. m = 6 because the time step 

of this model is 5 minutes). Figure 9 shows the 

histogram of the fluctuation calculated for the three 

family compositions. As shown in the figure, the 

fluctuation frequency is higher and has a large value 

for a larger number of family members. 

1.6

2.0

2.4

2.8

3.2

0 0.2 0.4 0.6 0.8 1

T
e

rm
in

al
 v

o
lt

ag
e

 [
V

]

State of charge [–]

–0.5 CA

–0.4 CA

–0.3 CA

–0.2 CA

–0.1 CA

+0.1 CA

+0.2 CA

+0.3 CA

+0.4 CA

+0.5 CA

C=70 Ah

T=25 °

discharge

chargeC

Sleeping Outings Eating Watching TV
Bathing Cooking Reading Other activities

11 May

12 May

Child2

9:00 12:00 15:00 18:00 21:00

9:00 12:00 15:00 18:00 21:00

Mather

Child1

0:00

0:00

Father

Mather

Child1

Child2

3:00

3:00 6:00

6:00

Father

0.0

1.0

2.0

3.0

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

El
e

ct
ri

ci
ty

 d
e

m
an

d
, 

El
e

ct
ri

ci
ty

 g
e

n
e

ra
ti

o
n

 [
kW

]

11/5                                                      12/5

CO2HP Refrigerator Television

Appliance Lighting Cooking

Electricity generation

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00P
o

w
e

r 
sy

st
e

m
 lo

ad
 [

kW
]

11/5                                                12/5

Couple Four member Six member

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 999 -



 

Figure 9 Fluctuation in the load for the three family 

compositions 

Figure 10 shows the simulation results of the annual 

electricity demand, the annual surplus electricity and 

the standard deviation of fluctuation in the grid load 

for three family compositions. The difference in the 

annual electricity demand, annual surplus electricity 

and the standard deviation of the fluctuation in the 

load between a family of only a couple and a six-

member family are 3,600 kWh/year, 700 kWh/year 

and 0.05 kW, respectively. 

 

Figure 10 The annual electricity demand, the annual 

surplus electricity and the standard deviation of 

fluctuation in the load for the three family 

compositions 

EVALUATION OF CHANGE IN THE 

OPERATION OF THE CO2HP 

Figure 11 shows the simulation result of the 

electricity demand and the electricity generation for a 

four-member family. Here, the operation of the 

CO2HP was determined by the following rule: if the 

amount of surplus electricity between 9 am and 3 pm 

is less than 4 kWh, the operation of the CO2HP stops 

at 6 am. Otherwise, the operation stops at 3 pm. The 

CO2HP electricity demand is indicated in green. 11 

May was a clear day, whereas 12
 
May was cloudy. 

Therefore, the operation time is different for both the 

days and the CO2HP was operated during the day on 

the 11th and in the morning on the 12th.  

 

Figure 11 Electricity demand and electricity 

generation considering the surplus electricity for the 

different operation times of the CO2HP 

Figure 12 shows the histogram of the grid load 

estimated with and without the change in the 

operation time of the CO2HP. As mentioned earlier, 

negative load means that the generated electricity 

was more than the electricity demand and resulted in 

surplus electricity. As shown in the figure, the 

frequency in the range between –1.5 and –0.5 

decreased because of the change in the operation 

time.  

 
Figure 12 Histogram of power system load with and 

without change in the operation time of the CO2HP 

Figure 13 shows the result of the annual surplus 

electricity and the standard deviations of the 

fluctuation in the load for the three family 

compositions. By changing the operation time of the 

CO2HP, the annual surplus electricity decreased in 

many households. More importantly, the amount of 

decrease is larger in households with larger families. 

The decreased amount ranges from 280 kWh/year to 

530 kWh/year. This is because the operational hours 

of the CO2HP are larger because the hot water 

demand is higher in larger families.  

As shown in the figure, the change in the operation 

time of the CO2HP does not significantly vary the 

standard deviation of the fluctuation in the load.  

 
Figure 13 Annual surplus electricity and standard 

deviations of fluctuation in the load with CO2HP 

control methods 

SIMULATION OF ELECTRIC STORAGE 

BATTERY 

Simulation assuming a four-member family 

Figure 14 shows the simulation result of the grid load 

estimated for the four-member family on 11
 
May and 

12 May by assuming the utilization of the electric 

storage battery system under the standard conditions 
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listed in Table 2. The change in the operation time of 

the CO2HP examined in the previous section is also 

considered.  

The negative grid load (i.e. surplus electricity) 

occurred from 6 am to 12 am on 11 May when the 

electric storage battery system is not considered. On 

the other hand, the surplus is stored in the electric 

storage battery when considering the battery system. 

However, after 12 am, the electricity surplus cannot 

charge the battery because the battery is already fully 

charged. Hence, there was negative grid load even 

after the battery was installed. After 5 pm, the battery 

is discharged to satisfy electricity demand until 

approximately 0 am.  

As shown in the figure, for 11 May, not only the 

positive grid load but also the negative grid load 

decreased. However, on 12 May, which was a cloudy 

day, the positive power system load did not decrease 

because the storage battery was discharged. 

 
Figure 14 Power system load for the installed 

storage battery under standard conditions 

Influence of the specifications of the battery 

Figure 15 shows the simulation result of the annual 

surplus electricity and the standard deviation of the 

fluctuation in the load for a 4 member family, for 

different storage battery properties such as the 

discharge threshold value, the power threshold value, 

the SOC operation range and the capacity of storage 

battery as listed in Table 2. The blue bars show the 

average of the annual surplus electricity and the red 

line shows the standard deviation of the fluctuation in 

the grid load. The error bars on both sets of data 

show the maximum and minimum value of the 

average and standard deviation obtained by changing 

one of the properties of the storage battery system. 

As shown in the figure, these properties significantly 

alter the surplus electricity and the fluctuation in the 

grid load. The discharge threshold has the most 

significant influence, followed by the capacity of the 

storage battery, the power threshold and finally the 

SOC operation range.  

 

Figure 15 Annual surplus electricity and standard 

deviation of fluctuation in the load for the different 

storage battery properties 

CASE STUDY: ESTIMATION OF THE 

OPTIMUM CAPACITY OF THE 

ELECTRIC STORAGE BATTERY 

SYSTEM 

Method 

In this section, we introduce a case study for 

estimating the optimum capacity of the electric 

storage battery system under two operating 

conditions. The first condition is to reduce the 

amount of annual surplus electricity to 100 kWh/year. 

In the other condition, we assumed to reduce the 

fluctuation in the grid load until the fluctuation of 

electricity demand, i.e., that estimated for the 

households without PV.  

The purpose of this case study is to understand the 

extent to which household energy demand influences 

the efficiency of an electric battery system in 

absorbing the surplus electricity generated by the 

installed PV and the fluctuation in the grid load. To 

this end, we assumed a variety of family 

compositions as listed in Table 3. In addition, 

variation in the size of the house was also considered. 

The conditions of the floor area are listed in the last 

line of Table 3. The capacity of PV is determined by 

the roof area. For a larger house, PV with a higher 

capacity can be installed on the south side of the roof 

on which the largest amount of electricity can be 

generated by PV because of insolation condition. 

Figure 16 shows the capacity of PV assumed to be 

installed on the roofs of detached houses in four 

different directions.  

 
Figure 16 Capacity of PV in four directions 

0

0.2

0.4

0.6

0.8

1

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 St
at

e
 o

f 
ch

ar
ge

 (
SO

C
) 

[-
]

P
o

w
e

r 
sy

st
e

m
 lo

ad
 [

kW
]

11/5                                              12/5

Without storage battery Installed storage battery SOC

0

0.1

0.2

0.3

0

500

1,000

1,500

2,000

Without
storage
battery

Discharge
threshold

value

Power
threshold

value

SOC
operation

range

Capacity
of storage

battery

St
an

d
ar

d
 d

e
vi

at
io

n
 o

f 
fl

u
ct

u
at

io
n

 in
 t

h
e

 lo
ad

 [
kW

]

A
n

n
u

al
 s

u
rp

lu
s 

e
le

ct
ri

ci
ty

[k
W

h
/y

e
ar

]

Surplus electricity Standard deviation of fluctuation

0.0

1.0

2.0

3.0

4.0

40 50 70 90 113 146

C
ap

ac
it

y 
o

f 
P

V
 [

kW
]

Total floor area of detached house [m²]

North

West

East

South

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 1001 -



Table 3 Family composition and total floor area 

considered in the case study 

 

Results 

Figure 17 shows the optimum capacity of the electric 

storage battery system estimated for the first 

condition of reducing the surplus electricity to 100 

kWh/year. For larger number of family members as 

well as larger floor areas, the optimum capacity is 

smaller. This is because the electricity demand is 

larger for these households. However, for household 

with a single person or a working couple, the 

installation of storage battery does not reduce surplus 

electricity to 100 kWh/year, although a 5.0 kAh 

electric storage battery system is installed. This is 

owing to the small electricity demand of these 

households, especially during mid-seasons. 

Electricity demand is low during these times because 

there are no heating and cooling demands and the 

electricity generated by the PV is large because of the 

good insolation condition. At these times, the 

generated surplus electricity often exceeds the 

capacity of the electric storage battery system. With 

the exception of these family compositions, the 

optimum capacity ranges from 1.0 kAh to 5.0 kAh.  

 

Figure 17 Optimum capacity of the storage battery 

for the surplus electricity 

Figure 18 shows the optimum capacity of the storage 

battery for reducing the fluctuation value in the grid 

load until only the fluctuation of the electricity 

demand. As shown in the figure, similar to the 

previous condition, a larger family with a larger floor 

area has less optimum capacity ranging from 0.5 kAh 

to 2.0 kAh. 

 
Figure 18 Optimum capacity of storage battery for 

fluctuation in the load 

CONCLUSION 

This paper presented an energy demand model that 

includes an occupant behaviour model to realistically 

simulate the behaviour of household electricity 

demand. The results of the demand profile were used 

to evaluate the energy management performance of 

the following two measures: change in the operation 

time of the heat-pump water heater and utilization of 

an electric battery storage system. The case study 

showed that the energy demand profile significantly 

affects the performance of these energy management 

measures. Thus, models capable of handling high-

resolution energy demand profiles for residential 

buildings are useful for analysing or designing local 

electricity systems or energy management measures.  

Although this study successfully addressed the 

interaction between energy demand and the 

performance of energy systems, the validation of the 

model regarding the capability of modelling high-

resolution electricity demand has not been performed. 

This is one of our future projects.  

In the electric-storage battery-system model, a 

number of electric specifications are considered. The 

result of this study showed that the specifications of 

the storage battery system significantly influenced 

the overall performance. The model is potentially too 

simple for the performance of the electric storage 

battery system and the home electric system. 

Enhancement of the storage battery system model is 

also one of our future projects. 
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