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Executive Summary 

 

For those who are not so familiar with the concept of home automation, a smart home refers to 

a home that is comprised of smart appliances which are programmed to be controlled through 

a gateway (central system) via the use of Infrared, Bluetooth, Wi-Fi, Z-Wave or ZigBee. As of 

recent years, more and more people have begun to adopt the idea of a smart home. They are 

filling their home with smart appliances and are utilizing smart technology to increase their 

quality of life in terms of control, convenience, and efficiency. In the case of home automation, 

the higher the number of smart appliances you own, the more convenience you gain as it 

increases the number of aspects in your home that you have control over. Moreover, this type 

of infrastructure ecosystem allows for a variety of possibilities and configurations that enhance 

the comfort of your home, for example through being able to control the temperature of your 

air conditioner, the brightness of your lighting system, the volume of your audio system, etc. 

from a single smartphone. It can also reduce the electricity consumed through the use of 

various different sensors. For example, your fan will be turned on instead of air conditioner 

once a certain time or room temperature has been reached. Therefore, it is no doubt that 

home automation and the switch to smart appliances has the potential to drastically improve 

the convenience and efficiency of one’s life. 

 

Figure 1: Smart Home Ecosystem 

 
 

But as Nicholas Negroponte said, “when we talk about the Internet of Things, it’s not just 

putting RFID tags on some dumb thing so we smart people know where that dumb thing is. It’s 

about embedding intelligence, so things become smarter and do more than what they were 

proposed to do”1. The big questions are how can smart appliances do more than what they 

were intended to, how can they help us further smarten our lifestyles and energy consumption 

patterns? Smart appliances foster a smart home environment, which we can use to monitor 

electricity more efficiently and accurately.  

 

We measure electricity from the plug level and it calculates the total amount used per 

household, so currently there is no electricity reporting standard available in the IoT appliance 

module which means that people have no way or option to monitor how much electricity their 

appliances use on an individual basis. While some newer methods have allowed for the 

monitoring of household electricity through the use of smartphones, it is still not good enough 

to monitor just the plug level. Since the increased usage of smart home appliances has 

allowed for more configurations, the monitoring of electricity used by individual appliances can 

now be possible. This paper will highlight the benefits of and the need for an electricity 

                                                
1https://www.cybrary.it/channelcontent/top-10-quotes-about-the-internet-of-things/ 
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reporting standard at appliance level in order to more accurately and conveniently monitor 

electricity usage. 

 

Smart Home Market Trend 

 

The age of technology has enabled us to make significant advancements in the field of 

internet connectivity and we are still improving. At the moment, there are around 4.39 billion 

internet users globally2 and according to an intelligence report by GSMA, smartphones will 

account for two out of every three mobile connections globally by 20203. The reason 

smartphone statistics are valuable in the field of smart home automation is because they are 

becoming increasingly integrated with smart home products and acting like a control center for 

these devices and appliances via smart applications. Being a key market driver of smart home 

market, the increasing popularity of smartphones has influenced smart home manufacturers to 

ramp up their innovation and production capabilities as the craze of smartphones can be 

utilized to advocate and influence an innovational change and promote a smarter home and 

lifestyle. 

 

The global green movement can also be considered one of the key drivers of the demand for 

smart home appliances. Using occupancy sensors can reduce lighting energy use and cut 

lighting costs by as much as 50%4. Moreover, programmable thermostats can ensure energy 

saving, for example by automatically switching off the air conditioner once an appropriate 

temperature has been reached or based on pre-programmed time. When a significant portion 

of a household is connected to the internet, it becomes much more convenient to manage 

specific appliances even when away from home and it also allows for reduced electricity 

consumption of the whole household. The drop in energy usage and cost that comes with a 

smarter home has influenced people to adopt this technology and reap its benefits. As 

appliances are still becoming smarter and smarter than before, it is no doubt that their demand 

will further increase in the foreseeable future. 

 

Figure 2: Household Penetration Rate of Global Smart Home 

 
Source: https://www.statista.com/outlook/279/100/smart-home/worldwide#market-users 

 

Globally speaking, the smart home market’s household penetration rate is poised to grow 

exponentially from 7.7% in 2019 to 18.1% in 20235 and an estimated 477 million smart home 

devices will be shipped globally while the internet of things will generate revenue exceeding 

                                                
2https://wearesocial.com/blog/2019/01/digital-2019-global-internet-use-accelerates 
3https://www.gsma.com/newsroom/press-release/smartphones-account-two-thirds-worlds-mobile-market-

2020/ 
4https://www.smarthome.com/sc-save-energy-the-smarthome-way 
5https://www.statista.com/outlook/279/100/smart-home/worldwide#market-users 
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$300 billion in 20206.  These figures reflect a strong growth in the smart home market and 

represent the high market confidence in the demand of smart home devices and appliances. 

In conclusion, there seems to be a bright future ahead for the adoption of smart home 

appliances as the demand and supply are both steadily increasing. 

 

This trend highlights that there is a demand and an appropriate amount of Internet of Things 

(IoT) connected infrastructure available for a smart ecosystem that will allow for the monitoring 

of electricity consumption. Be it of the lights or of the video entertainment system, through the 

use of IoT solutions, we can potentially monitor individual appliances to see how much energy 

they are consuming in real-time. What the current challenge should be for IoT innovators and 

researchers is how to maximize energy usage and allow its monitoring by the consumers for 

an even smarter ecosystem. Such a function will be immensely useful in reducing and 

adjusting electricity consumption to appropriate levels. 

 

Current Electricity Monitoring Systems 

 

The current method of monitoring electricity is primarily through the use of electricity meters 

that are set up and installed by electric companies. These meters measure electricity 

consumption at the grid panel level and reflect the overall electricity consumption of the 

household. But this type of monitoring is outdated and inefficient as it lacks a lot of 

functionality that newer smart meters have. Understanding this, the UK government has been 

involved in a mass smart meter roll-out plan that they call the Smart Metering Program, under 

which they require energy suppliers to take all appropriate steps to deliver and install smart 

meters in place of traditional ones by the end of 20207. According to The Guardian UK, the 

introduction of this smart meter roll-out plan is estimated to cost consumers £11 billion through 

increased bills yet these smart meters are expected to only be able to cut electricity by 3% or 

less8. 

 

Figure 3: Modernization of Electricity Meters 

 

 
 

Similarly, CLP Power Hong Kong Ltd. in Hong Kong, plans to “provide customers with a range 

of digitalized services and solutions to encourage energy saving and further improve supply 

reliability” through a mass roll out of updated and modernized smart meters for all its 

customers over a span of 7 years. According to Managing Director of CLP Power, Mr T K 

Chiang, the full implementation of a smart meter program is a critical step in supporting the 

conversion of Hong Kong into a smart city. The Advanced Metering Infrastructure (AMI) 

scheme will allow CLP Power to provide timely data on the use of electricity as well as other 

associated services to clients. 

                                                
6https://safeatlast.co/blog/smart-homes-infographic/ 
7https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/555971/

2016_Q2_Smart_Meters_Report_FINAL.pdf 
8https://www.theguardian.com/money/2016/oct/01/smart-meter-energy-saving-revolution-cut-bills-gas-

electricity 
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Other than CLP Power, there are other companies that also recognize the need for a better 

and modernized electricity monitoring system. One such company is Sense Labs Inc (Sense), 

a company based in the US and primarily focusing on Canadian and US market. “With two 

clamp-on current sensors, the Sense Home Energy Monitor takes current and voltage 

measurements over 1 million times every second. From this incredibly high-resolution data, it 

derives the electrical signatures of individual devices”9. 

 

Figure 4: Sense Home Energy Monitoring Kit 

 
Source: Sense Labs Inc. 

 

While Sense has the capabilities of identifying individual appliances, it still operates on the grid 

and plug level to accumulate data and it relies on installing a set of Sense Home Energy 

Monitoring systems across the US and Canada so that their machine learning algorithms will 

have more data to generate models from. Therefore, it may take some time to identify specific 

patterns and pinpoint which device is consuming energy. Even then it may not be as accurate 

as an appliance level monitoring system. 

Apart from smart grid and meter limitations, another problem with the current electricity 

monitoring system is the fact that even with these systems, the act of reducing electricity is still 

manually done. For example, assuming you are able to identify which appliances is needlessly 

consuming more electricity than it should, you would still have no option to reduce its 

consumption unless you turn it off by itself or you replace the unit. But when it comes to 

appliance level system, you are both able to identify consumption patterns and are able to 

program the appliances to turn on only during specific times, switch off once the appliance has 

used more energy than you allow it to, etc. Thus, an appliance level system integrates the 

concepts of intelligence and convenience, allowing you to observe and save electricity without 

lifting a finger. 

 

While smart grid and meter systems have more tricks up its sleeves than traditional meters 

such as collecting the overall household electricity consumption data, displaying electricity 

consumption information on smartphones, and identifying appliances, it is still not enough for 

consumers to reduce electricity consumption efficiently and significantly because the users 

may not able to accurately pinpoint which appliance is using the most electricity and there is 

not enough automation due to the fact that these systems still rely on manual reduction of 

electricity consumption through the acts of switching off appliances or changing to less 

consuming appliances. In a world that is moving rapidly towards automation, these systems 

fail to automate electricity reduction and are still lacking. 

 

 

 

 

 

                                                
9https://sense.com/technology 
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Regulation of Ghost Electricity 

 

Naturally, appliances are switched off to reduce electricity consumption, as according to 

assumptions, appliances do not consume electricity once they are switched off. However, that 

is a misconception. Many appliances continue to circulate electricity even after being switched 

off and such electricity is referred to as “ghost electricity”.  

 

Figure 5: Standby Power Draining Appliances & High Consumption Appliances 

 

 
Source: The New York Times 

 

The New York Times report that some appliances continue to consume at least 50% of 

operating electricity even when they are switched off10. One of the proposed changes to the 

Ecodesign Regulation (EC) No 1275/2008 of the European Union, was to lower the 

standby/off mode requirements for certain household appliances to 0.3W from 0.5W11. This 

regulation seeks to reduce the use of electricity in passive standby and off modes for 

household appliances but does not state anything about power consumption in operating 

mode. Figure 3 shows that there are many small but high consumption appliances so in 

addition to regulating and monitoring standby power, we believe that the next generation of 

smart appliances have a pressing need for the regulation and monitoring of electricity 

consumed during normal operating mode. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
10https://www.nytimes.com/2016/05/08/science/just-how-much-power-do-your-electronics-use-when-they-

are-off.html?register=email&auth=register-email 
11https://www.ecostandbyreview.eu/ 
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Mandatory Monitoring & Reporting of Appliance Electricity Consumption 

 

Figure 6: Future of Electricity Monitoring System 

 

 
 

The trend of embedding intelligence in household objects is being adopted worldwide and as a 

result, increasing numbers of households are being more intelligent, fostering a smart 

environment with endless possibilities. As Bill Gates said “The first rule of any technology used 

in a business is that automation applied to an efficient operation will magnify the efficiency”12. 

Similarly, automatic reporting and controlling of electricity in a home will only enhance the 

efficiency of a smart home by getting rid of the manual effort that goes into dealing with 

monitoring and reducing electricity consumption using the current electricity monitoring 

systems.  

 

In conclusion, the monitoring and reporting of electricity consumption at the appliance 

level becomes critical as the growth of smart home technology allows for the incorporation 

or embedding of IoT technology in home appliances. The step towards smart metering 

already proves that there is a growing concern of electricity consumption and this concern can 

be appropriately diminished through an appliance level electricity reporting standard which will 

allow the consumers to monitor both operating and standby power consumption levels of 

individual appliances in real-time. Moreover, countless other configurations will be possible in 

order to customize the way you want your home and appliances to save electricity. We hold 

the opinion that the Bluetooth SIG Smart Home Subgroup - part of Home Automation 

Workgroup or the Wi-Fi Alliance, for which Remotec has been a contributor of, can be a 

platform to openly discuss and set mandatory standard of operating mode electricity 

consumption monitoring and reporting.  

                                                
12https://www.brainyquote.com/quotes/bill_gates_104353?src=t_automation 
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