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Abstract  

During the movement control order (MCO), most of the citizen 

stay at home. Thus, it increased electricity consumption 

tremendously. The uncontrolled consumption of electricity 

happened when a lack of awareness among residents to practice 

home energy efficiency. Due to that reason, this study presents 

a real case of the MCO electricity energy waste during the early 

MCO stage. In contrast, sustainable home energy management 

with 5Core procedures was introduced to overcome the issue. 

The method was applied to manage people's activities inside 

the house, where the best arrangement of the energy efficiency 

approach has been used accordingly. Through the proposed 

process, energy consumption has significantly reduced while 

avoiding the spike of the electricity bill during the post-MCO 

of Pandemic COVID-19. The sustainability of the post MCO 

for the energy consumption among residential could contribute 

to the low CO2 emission while securing the factor of the cost-

effectiveness for the electricity bill. It is hoped that the 

proposed method will be the guideline for the consumers to 

manage the consumption of the electricity, where the 

combination of the human factor will be the advantages.  
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I. INTRODUCTION  

Pandemic Covid-19 has spread globally, while the movement 

control order (MCO) has been introduced to cessation the virus 

chain. In Malaysia, the MCO method has been applied to most 

of the outdoor social activities that were prohibited. The 

campaign during MCO, such as‘ stay at home’ has brought 

much impact to residential energy consumption. The surge of 

energy consumption among residential happened when less 

awareness of the social and technology synchronization of 

energy efficiency practice [1]. Under the energy efficiency (EE) 

program, so-called energy management has been introduced in 

the international organization for standard (ISO) procedure 

such as ISO 50001 is purposely to encourage any organization 

in best practicing EE up to standard [2]. The ISO 50001 was 

inspired by the appropriate arrangement of the organization 

management to ensure efficient energy consumption while 

supporting the synchronization of good practice worldwide. In 

ASEAN, there was introduced of ASEAN Energy Management 

Scheme (AEMAS) to help sustainable energy management 

schemes improve the procedure of ISO 5000. The AEMAS 

consists of the assessment for the targeted energy consumption 

saving with the star rating to the recognize organization. 

Meanwhile, certified the person who involve in managing the 

energy management system [3].  

In Malaysia, the AEMAS was implemented in individual 

commercial buildings, mostly in government hospitals, while 

the certified energy manager under the scheme was increasing 

every year [4]. However, most of the energy management 

procedures include ISO 50001 was focusing on the 

organization rather than household consumers. The study of the 

home energy management under the EE program was less 

presented in the past literature, while the majority of the 

references focusing on the demand response program that 

integrated the load scheduling to the price based program such 

as TOU tariff as explained in [5], [6]. The providers introduced 

TOU, while consumers join the plan to reduce the cost of the 

electricity bill. In this case, energy consumption reduction was 

not a priority, while consumers can shift their activities to the 

low-cost price tariff zones [7]. In the meantime, the generation 

gained benefits through the mitigation of the peak demand as 

well as reduce generation stress [8]. 

Unlike sustainable home energy management (SHEM), the 

main goal of the practice is to reduce energy consumption. At 

the same time, most of the activities could reduce CO2 

emission and save the environment congruently [9]. Before the 

SHEM implementation, the energy audit work was proposed 

[10]. The method of the audit procedure was adopted from the 

building assessment with the small scale of the scope. As the 

output recommendation from the audit was less synchronize, 

the arrangement of the sufficient SHEM would not be made 

accordingly. At the same time, there was less SHEM procedure 

(EE program context) in past studies. Hence, the improved 
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energy management procedure is required so that the efficiency 

program would be sustained. The conceptual framework of the 

energy policy and the government commitment towards 

implementation of better SHEM in Malaysia has been 

explained in [11]. For example, the appliances of energy 

efficiency labeling project with stars rating. The government 

encourages the household to buy five-star appliances so that the 

home energy consumption could be reduced tremendously. 

However, the method was less effective when the family uses 

the devices without the excellent practice of SHEM procedure. 

Meanwhile, the impact of the energy consumption surge would 

have happened during critical conditions such as MCO of 

pandemic COVID-19. To the best of the knowledge, there was 

a lack of the effectiveness of SHEM, such as during MCO of 

the pandemic. In this study, a novel of the SHEM by using the 

5Core Procedure method has introduced. Meanwhile, the 

effectiveness of the technique has been tested in real MCO 

conditions. The ability of the proposed method is applicable in 

all situations, while most of the practical results could be 

achieved in a short period. In explaining the details of the 

proposed method and the test impact, the arrangement paper is 

presented as follows. Section 2 presents the proposed 5Core 

Procedure of SHEM, while Section 3 discusses the case studies 

derivation. Meanwhile, Section 4 demonstrates the analysis and 

discussion of the proposed method were implemented. Lastly, 

Section 5 concludes the overall research.  

 

II. SHEM WITH 5CORE PROCEDURE 

SHEM with 5Core procedure has been formatted based on real 

experiences of the Pandemic MCO in Malaysia. The step of the 

procedure in supporting of EE program has been explained as 

followed. 

Core-Awareness: The first step of the awareness that there is 

forecasted that electricity bill surge during MCO will have 

happened tremendously. Apart from that, the awareness 

procedure should stress the importance of environmental 

sustainability when electricity is not effectively consumed. The 

knowledge about the relationship between energy consumption 

and the impact of global warming, increase of the global 

temperature, natural disaster, and the increase of the sea level 

must be encouraged appropriately. When all these have been 

addressed, the household understands ‘why’ the next step 

should be taken immediately.  

Core-Preparation: Prepare sharing space for many activities 

for the household. Prepare to open the window so that natural 

lighting could support the space area while wind flow could 

quickly help to reduce the in-house temperature.   

Core-Systematic: The systematic part refers to how efficient 

the appliances have been used to avoid waste of energy. The 

systematic of the switch ON and OFF of the appliances and the 

setting up to meet the optimum requirement of the household 

condition. An example of that is the increased air-conditioning 

temperature for the long run condition (24 Celsius is the best).  

Timer setting should be applied for the night mode condition. 

Another example was charging the appliance or gadget such as 

phone, laptop, tablet during regular hours so that the full charge 

capacity would be monitored. Thus, the overcharging condition 

would be avoided and reduce the possibility of the energy 

wasted happen.  

Core-Supervise: Supervision is vital for energy efficiency or 

energy management to be successful. For the best practice, it 

has been suggested that the household identify a person that can 

monitor all the activities. This supervisor will make sure all the 

appliances are switch-off when not use, such as doing 

housekeeping. For those households that have been installed by 

Smart Meter, the supervisor would refer to the load profile of 

the electricity consumption so that a simple analysis of the 

consumption status would be defined.  

Core-Repeating: To sustain the efficiency of the SHEM 

method, the repeating part of the procedure 2.1 until 2.4 must 

be a regular practice. If there is an unsuitable condition for the 

household activities, the setting condition shall be applied when 

other solutions would become the best solution specific to the 

household activities during MCO. Meanwhile, the appropriate 

electricity bill increase, the flow of the SHEM should back to 

the awareness step. Hence, Fig. 1 summarizes the flow of the 

SHEM method accordingly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Flow of the proposed SHEM method for the residential 

electricity consumers 
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III. CASE STUDY 

The case study has been arranged as follows: 

Case 1: The case of the baseline of the MCO without Awareness 
and SHEM method 

Case 2: The case with awareness without proper SHEM method 

Case 3: The case with SHEM method 

The case has referred to the household with the capacity of 
appliance installation, as in Table 1 accordingly. The incoming 
was a single line connection with a 240V supply. The average 
of the maximum demand was 4kW. The average baseline 
energy consumption was 42.8kWh, and the peak period was 
divided into two allocations: 03:00 PM to 04:00 PM and 09:00 
PM to 12:00 AM, respectively. The built-up area of the house is 
1,600sqft. Thus, Fig. 2 shows the baseline energy consumption 
profile for the home type in Melaka, Malaysia.  

Table 1. List and capacity of the electrical appliances in 
the house that has been operated during MCO 

Appliances Units 
Power rated 
(kW)/unit 

Consumption 
(hours) 

Ceiling Fan 4 0.012 20 

Wall Fan 3 0.010 20 

Downlight (LED) 7 0.012 10 

T5 Lighting 
(LED) 

4 0.018 8 

T8 Lighting 
(LED) 

1 0.028 5 

Chandelier Light 3 0.036 5 

Freezer 1 0.920 24 

Washing 
Machine 

1 0.800 4 

Water Heater 1 3.330 1 

Microwave 1 1.200 1.5 

Water Dispenser 1 0.950 24 

Television 1 0.150 10 

Internet WIFI 
router 

1 0.001 24 

Laptop 1 0.250 8 

Desktop 1 0.350 10 

Phone (Charging) 1 0.001 4 

Air Filter 1 0.250 8 

Air-conditioning 
(1HP) 

2 1.100 12 

Air-conditioning 
(1.5HP) 

2 1.400 8 

 

Fig. 2. Case 1 baseline energy consumption profile during MCO 
(average of the two weeks profile without awareness and SHEM 

The general formulation that has been applied in finding the 

output of the study is presented below. The energy 

consumption E (kWh) and Ec (kWh/MYR) are written as  

E = PT              (1) 

Ec = PT*S             (2) 

Where P is the power drawn with time (T), and “S” represents 

the price per unit energy consumption based on the Ringgit 

Malaysia (MYR). The average based tariff has been adopted 

when dealing with part of the analysis of the results—the 

limitation set to follow flat tariff calculation instead of block 

tariff by energy provider in Peninsular Malaysia.  

 

IV. RESULT 

The test results have been collected throughout the practice of 

the SHEM in the home, where the activities were set up to 

support the proposed method. Fig. 3 presents the comparison of 

the cases that represent the weekly average load profiles. It was 

observed that, when it was compared to Case 1, the topology of 

the energy consumption for Case 2 and Cases 3 were gradually 

reduced. In Case 2, there was the participation of the awareness 

program has contributed to reducing the peak energy 

consumption by approximately 13.3% (from 9:00 to 10:00 PM). 

Meanwhile, the waste of energy in the evening session was 

almost avoided when the consumption of the air-conditioning 

system was changed to the free flow of natural wind from 

outside. This action has been taken when doors and windows 

have been opened throughout the day. In Cases 3, when SHEM 

practice has participated in the house with the proper 

arrangement, the peak energy consumption was reduced for 

about 30.7 to 40% compared to the Case 2 and Case 1, 

respectively. It was observed that the daily load profiles for 

those Cases 3 that were applied by the SHEM method were 

sustained. Thus, this condition proves that the performance of 

the SHEM practice for the residential was valid while 

contributed to avoiding energy waste that was critically 

contributed by the household during MCO.  
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Fig. 3. Energy consumption profile during MCO for the total of 6 weeks 

 

 

Fig. 4. Comparison of the average energy consumption topology between Case 1, Case 2 and Case 3 

 

Inline to tabulated load profiles for those cases, Fig. 4 

demonstrates the regression analysis of the average weekly 

load topology within 24 hours. The R2 for Case 3 has proven 

the significant correlation between every single hour of energy 

consumption that those energy wasted was avoided accordingly. 

Meanwhile, Case 2 shows the unstable condition of the 

awareness without proper planning where the consumption of 

the energy could be up and done irregularly. In this comparison, 

the SHEM technique can compute the excellent output of 

energy efficiency stability while promoting continuity factors 

for future improvement to avoid energy waste.  

As the measurement of the SHEM method performance, Table 

2 demonstrates the summary of the energy reduction, cost 

reduction, and the CO2 emission that could be achieved. The 

yearly performance has been forecasted base in the real case to 

show the significant achievement when SHEM with 5Cores 

procedure is applied, especially during the MCO of pandemic 

condition. Yearly energy consumption reduction is predicted to 

achieve approximately 46%. Meanwhile, the spending 

electricity cost will be get mitigated for about 18% congruently.  
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Table 2. Comparison of the energy consumption reduction, cost benefit and CO2 emission of the SHEM program 

Results Consideration Case 1  Case 2  Case 3  

Total Weekly Energy Consumption (kWh)  299.45 198.72 161.06 

Total Average Daily Energy Consumption (kWh) 42.78 28.389 23.01 

Average hourly consumption (kWh) 0.89 0.59 0.48 

Yearly Energy Consumption Reduction (%) 

  

  

  

  

33.64 46.22 

Yearly Cost Saving (MYR) 2,069.45 2,843.21 

Yearly Cost Reduction (%) 13.25 18.21 

Yearly CO2 Emission reduction (KgCO2) 1,223.81 1,681.39 

VI. CONCLUSION 

The SHEM technique follows the good practice of energy 

efficiency, which is a combination of human effort to control 

energy waste. Simultaneously, SHEM considers the 

comfortable factor during the MCO of the pandemic, such as 

COVID-19 spreading in the country. Through the propose of 

SHEM, a non-technical person could adopt the simple 5Cores 

practice while the usage of the smart metering would be fully 

utilized. Future research could be integrated into the demand 

response program while the individual load profile to the 

energy needs analysis that reflects each other could be 

promoted. The TOU tariff offered by energy providers should 

be the advantage to the residential consumer where load 

management activities could contribute to the energy waste 

avoided and financial sustainability concurrently.  
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