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Abstract—Smart home systems have achieved great 

popularity in recent years as they increase the comfort and 

quality of life. Significant developments on Internet of Things 

have captured the electronic industry and has become one the 

most important applications of smart home systems. One of the 

IoT-based systems used in smart homes is smart lighting. Smart 

lighting is widely used and refers to lighting technology with 

increased level of functionality such as dimming or on/off control 

remotely to enhance user comfort and save energy. In this study, 

the effects of smart LED bulbs used in smart lighting systems on 

energy efficiency are investigated. Then, power consumption on 

different colors produced by smart LED bulb is investigated. It is 

seen that different colors produced by the smart LED bulb have 

different power consumption. Also, three case studies are 

considered with a comprehensive comparison between halogen, 

CFL, LED and smart LED in terms of energy saving. It is seen 

that smart LED bulb has the lowest energy consumption only 

when it is dimmed and is remotely controlled. 

Keywords—energy efficiency; internet of things; lighting 

comparisons; power consumption; smart home; smart lighting 

I.  INTRODUCTION  

The concept of smart home refers to a convenient home 
technology where appliances and devices can be automatically 
controlled remotely from anywhere with an internet 
infrastructure using a mobile phone, laptop or other networked 
device [1]. There are many alternative names for “Smart 
Home” in the literature and on the web such as “Intelligent 
Buildings”, “Automated Homes or Home Automation”, 
“Domotics”, “Smart House”, “Adaptive Home”, “Aware 
House”, “Integrated Home Systems”, “Connected Home” and 
“Green Building”, etc. A lack of clarity in the terminology and 
the difference of these definitions, especially “smart” and 
“intelligent” are discussed in [2-3-4].  

Smart homes are equipped with advanced automatic 
systems for multiple preprogrammed tasks and operations such 
as heating, ventilation and air conditioning (HVAC) systems, 
lighting, plugs, and temperature controls, etc. [5]. The 
organization of this study is prepared as follows: Section II and 
Section III describe the smart home applications and IoT-based 
smart home, respectively. Section IV presents the smart lighting 
systems with detailed explanations. Section V shows the 
experimental works and results. Finally, conclusion remarks 
with the possible future studies are given in Section VI.  

 

II. SMART HOME APPLICATIONS 

Smart homes are generally classified into four main 
functional areas of services as security & safety, health care, 
energy efficiency & management and entertainment [6-7-8].  

A. Efficiency and Energy Management 

According to the IEA 2017 report, the energy used for 
heating and cooling in industry and buildings accounts for 
approximately 40% of the total energy consumption. Besides, 
approximately 65% of this demand is met from fossil fuel 
sources. Energy consumption in the buildings is about one third 
of the total energy consumption in the world. Moreover, 
lighting accounts for 19% of electricity consumption 
worldwide [9]. It is estimated that energy consumption will 
increase in the future. Smart homes are seen as an opportunity 
to reduce energy consumption in the buildings. Some research 
has revealed that smart home technologies can save up to 30% 
energy in homes and buildings [10]. Smart sensors in the 
buildings allow users to monitor and control their energy 
consumption in real-time such as lighting, heating, and cooling. 
Users can monitor the distribution of energy consumption of 
their homes and optimize their systems. Smart plugs, smart 
thermostats and smart lighting systems are also used for energy 
management within the scope of smart homes. Smart homes 
can save energy by encouraging users to change their habits 
and behaviors or by automatically managing their systems in 
order to provide comfort at the desired setting. The main part 
of the efficiency and energy management are to reduce 
consumption and cost of the energy of the households/users 
without compromising the user’s comfort and well-being. 

B. Security and Safety 

In line with the needs of the households/users, smart home 
has the ability to collect information about movements of users 
through the cameras and sensors.  Smart home is equipped with 
multiple indoor and outdoor cameras, smart sensors, video 
surveillance, alarming and remote monitoring. It can also be 
controlled both internally and externally via these systems. 
Security systems can be customized according to users’ 
preferences.  

Security systems and services can be used to detect and 
track both homeowners and unwanted visitors. These systems 
protect against undesirable visitors, damage and danger. The 
purpose of monitoring the homeowners is often used for 
detecting occupational fall accidents instantaneously in real-
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time. When smart sensors detect abnormal conditions such as 
gas and water leaks, controllers can shut down the appropriate 
devices, trigger the alarm and inform the homeowners remotely 
[11].  

C. Health Care 

Sustainability of healthy life is undoubtedly of great 

importance to people. With increasing age, the need for 

medical support and medical service also increases, which can 

lead to frequent unplanned visits to doctor. Recent advances in 

Internet of Things (IoT) and wearable technology play a 

significant role in designing appropriate healthy systems for 

the elderly and people in need of nursing care. These 

technologies have the potential to increase and improve the 

quality of life of the elderly population while reducing the 

burden on the healthcare systems and minimizing operating 

costs. Research around the IoT in healthcare system has been 

focused on monitoring patients with specific, chronic 

conditions that have a strong impact on quality of life as 

patients’ age, such as those with Parkinson’s disease and 

diabetes [12-13]. Moreover, IoT and wearable technologies 

have features such as preventing a fall, detecting a fall and 

monitoring the elderly people or people in need of nursing 

care. 

 

D. Entertainment 

Smart homes provide users with a smart entertainment 

experience that connects and automates all audio and video 

devices with a single remote control [14]. Users can watch 

their favorite TV show or a movie with the press of a button. 

They can easily control their music and/or entertainment from 

all of their favorite devices. Besides, smart homes allow users 

to deliver superior sound, stunning 4K video and remarkable 

entertainment experience in every room throughout the house 

without the clutter. For example, a scenario such as “after 

working long hours at work, all you have to do is go home, 

dim your lights and play your favorite movie, TV show or 

favorite songs, all from a single screen” can be created for 

smart homes. 

III. IOT-BASED SMART HOMES  

The Internet of Things (IoT) is a system of interconnected 

devices, home appliances, mechanical and digital machines 

and other objects provided with unique identifiers (UIDs) and 

embedded with sensors, software, switches and connectivity 

and the ability to transfer data over a network without 

requiring human-to-human or human-to-computer interaction 

[15]. There were an estimated 22 billion IoT connected 

devices in use around the world by the end of the 2018. It is 

estimated that around 50 billion IoT connected devices will be 

use around the world by 2030 [16]. 

IoT applications change people’s lives and make their lives 

easier, simpler and comfortable. IoT provides a flexible and 

scalable platform that can support many different applications. 

Since the sector and area covered by IoT is huge, IoT has wide 

applications in different sectors such as commercial, 

industrial, medical and consumers. The most popular IoT 

applications can be listed as smart home, wearable technology, 

smart city, smart grid, industrial IoT, connected car, connected 

healthcare, smart retail, smart supply chain and smart farming. 

Smart homes are the most attractive sector among the listed 

sectors due to energy efficiency, cost effectiveness and 

comfort.  

IV. IOT-BASED SMART LIGHTING 

 Smart lighting system is a system that is connected to a 

network and can be controlled and monitored from any 

centralized system or via a cloud remotely [17-18]. The use of 

the smart lighting systems has been increasing rapidly in 

recent years and has potential to be an infrastructure enabling 

IoT technology. Smart lighting systems in buildings, offices 

and industries can significantly reduce energy costs. However, 

in order to achieve this reduction in costs, it is necessary to 

perform the following five important steps. 

A. LED Lighting 

By connecting the lighting system to IoT, it will be 

possible to control lighting systems from users’ devices. 

B. Sensors and Controls 

Smart lighting system is a system that combines sensor and 

control technologies. With the help of sensors such as 

temperature, motion, occupancy and daylight harvesting 

sensor or control techniques such dimming and turning off/on 

the lights, energy efficiency and safety can be increased while 

energy costs can be reduced. 

C. Connectivity 

The data obtained by connecting the sensors to the 

platform can be stored and used when necessary. 

D. Analytics 

Based on the data collected by the sensors, different 

scenarios can be created for home energy management, as 

well as measures can be taken to maximize cost-reduction, 

energy efficiency. 

E. Intelligence 

Smart lighting systems can be enhanced by artificial 

intelligence. Thus, in addition to analyzing the outcomes of 

the data obtained from the devices, the defects in lighting 

usage can be identified. In this way, it will be possible to 

predict future consumption and defects in the lighting usage. 

The benefits of the IoT-based smart lighting are listed as 

faster deployment, reduction in maintenance cost, 

enhancement of public safety and conservation of energy. 

V. MATERIALS AND METHODS 

In this study, halogen, compact fluorescent lamp (CFL), 

light emitting diode (LED) and two different smart LED bulbs 

were selected and used for internal lighting. A PF9811 

analyzer was used for electrical energy quality measurements 

and energy quality verification. PF9811 can not only measure 

the basic electrical parameters, it can realize the THD analysis. 

An integrating sphere (also known as an Ulbricht sphere) with 

1 m diameter was used with an auxiliary lamp to correct the 
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deformation of the flow due to the presence of the test body 

and bulkheads inside the sphere. The illuminance was 

recorded with a Photo-2000Z multiphotometer (lux meter). It 

is widely used for illuminance, luminous flux and luminance. 

A. Experimental Results of Smart LED Bulbs 

In the first part of the study, some measurements were 

carried out for different case scenarios using 2 different smart 

LED bulbs. 4 different case scenarios are shown below. 

 Lamps are “ON” but “not connected” (1) 

 Lamps are “ON” and “connected” (2) 

 Lamps are “ON” and “connected with 50% of dim” (3) 

 Lamps are “OFF” (4) 

While the first smart LED bulb has a power of 10 W, 

luminous flux of 800 lm and color temperature of 2700 K - 

6500 K, the second smart LED bulbs has a power of 9 W, 

luminous flux of 806 lm and color temperature of                   

2700 K-6500 K. Since both smart LED bulbs have 16 million 

colors for choice, their color temperatures can vary between 

2700 K and 6500 K. Measurements in different case scenarios 

are shown in Table 1. 

TABLE I.  EXPERIMENTAL DATA FOR TWO DIFFERENT SMART LED 

BULBS 

  

The First Smart LED Bulb 

 

The Second Smart LED Bulb 

(1
) 

(2
) 

(3
) 

(4
) 

(1
) 

(2
) 

(3
) 

(4
) 

Power 

[W] 

 

9.71 

 

9.73 

 

5.47 

 

0.94 

 

8.87 

 

8.99 

 

2.88 

 

0.68 

Lum. 

Flux 

[lm] 

 

920.12 

 

920.74 

 

476.6 

 

- 

 

784.34 

 

784.41 

 

261.2 

 

- 

Efficacy 

Factor 

[lm/W] 

 

94.76 

 

94.62 

 

87.13 

 

- 

 

88.43 

 

87.25 

 

90.69 

 

- 

Power 

Factor 

 

0.857 

 

0.857 

 

0.795 

 

0.78 

 

0.579 

 

0.58 

 

0.511 

 

0.388 

 

When the nominal data of the smart LED bulbs are compared 

with the experimental data shown in Table 1, it is possible to 

verify that the power is almost the same. However, luminous 

flux is slightly different from the nominal data for two bulbs. 

Although two bulbs are completely turned off remotely or 

manually, it is seen that the power consumption of the first 

smart LED bulb is 0.94 W and the power consumption of the 

second smart LED bulb is 0.68 W. When the lamp is not 

emitting light, the power is still connected as the lamp 

switches to a standby mode waiting for a signal from the end-

user to switch-on again. This means that the smart bulbs are 

consuming energy even when they are not emitting light.  

If “connectivity” for the smart devices is made through a 

cellular network/wireless technology, devices can cause extra 

power consumption even if they are completely turned off 

[18]. When the smart LED bulbs were dimmed by 50%, it can 

be seen that the efficacy factor decreases from 94.76 lm/W to 

87.13 lm/W for the first smart LED bulb and increases from 

88.43 lm/W to 90.69 lm/W for the second smart LED bulb. In 

addition, it is seen that the power factor decreases slightly 

when two smart LED bulbs are dimmed by 50%. 

B. Power Consumption on Different Colors Produced by 

Smart LED Bulb 

The smart LED bulbs used in this study offer users over 16 

million color options to set the perfect mood. Users can 

choose one of 16 million variations of colors including warm 

to cool white light to create an ambiance that suits any mood. 

In the second part of this study, the effects of power 

consumption on different colors produced by smart LED bulb 

were examined. 15 out of 16 million colors of a single smart 

LED bulb are shown in Fig.1. 

 

 
Fig. 1. 15 colors of a single smart LED bulb. 

It is found that some colors consume almost the same amount 

of power, while others consume more power. Red, green or 

blue is chosen, smart LED bulb consumes about 4.3 W, while 

orange or purple is chosen, smart LED bulb consumes 4.77 W 

and 6.76 W, respectively. White color is chosen, smart LED 

bulb consumes 9.71 W. Since white light is the combination of 

all the colors of the spectrum, it consumes the most power. It 

can be said that, different colors produced by the smart LED 

bulb have different power consumption. 

C. A Comparative Analysis on Energy Saving 

Compared to traditional incandescent bulbs, energy-

efficient bulbs such as halogen incandescents, compact 

fluorescent lamps (CFLs) and light emitting diodes (LEDs) 

consume about 25%-80% less energy and can last up to 3-25 

times longer. Especially CFL and LED bulbs are highly 
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energy-efficient technologies. The biggest benefit of LED 

lighting compared to CFL lighting is its lifespan. LED bulbs 

can last 5 times longer than CFL bulbs. Comparison of 

lighting technologies used in indoor applications is shown in 

Table 2. 

TABLE II.  COMPARISON OF LIGHTING TECHNOLOGIES 

 

Characteristic 

Properties 

Halogen 

 

CFL 

 

LED 

 

Smart LED 

 

Power [W] 45.13 13.50 8.39 9.73 

Luminous Efficacy 

[lm] 
802.32 849.30 785.29 820.12 

Efficacy Factor 

[lm/W] 
17.77 62.91 93.5 84.28 

Dimming Yes No No Yes 

Color Temperature 

[K] 
2800 2700 2700 2700-6500 

Lifespan [h] 2000 10000 25000 25000 

Power Factor 1 0.599 0.569 0.857 

 

When Table 2 is examined, it is seen that LED bulb has the 

highest efficacy factor and the lowest power consumption. 

Although smart bulbs have a lower efficacy factor and higher 

power consumption than LED bulbs due to the connectivity 

infrastructure, more energy saving can be achieved by using 

the dimming and remote control features of the smart LED 

bulbs. In order to validate the effectiveness of the dimming 

and remotely control of smart bulb on energy saving, three 

different case studies were conducted. In the base case, it is 

assumed that each bulb is used between 07:00-08:00 and 

19:00-24:00 for a total of 6 hours. According to the base case, 

the daily total energy consumption on an hourly basis is 

shown in Fig.2. 

 

 
Fig. 2. Energy consumption for the base case. 

According to the Fig.2, smart LED bulb offers an energy 

saving of approximately 72% compared to halogen and 7% 

compared to CFL. However, LED bulb has the lowest energy 

consumption compared to smart LED bulb. 

In the second case, dimmable halogen and smart LED 

bulbs are dimmed down to 50% for three hours at night. 

According to the second case, the daily total energy 

consumption on an hourly basis is shown in Fig.3. 

 
Fig. 3. Energy consumption for the second case. 

According to the Fig.3, smart LED bulb saves energy up to 

70% and 25% compared to halogen and CFL bulb, 

respectively. Although smart LED bulb is dimmed down to 

50% for three hours, LED bulb still has the lowest energy 

consumption. 

In the third case, in addition to the second case, it is 

assumed that the users forget the turn off the lights when they 

leave the house at 8 a.m. For this reason, the halogen, CFL 

and LED bulbs are on between 8 a.m. and 7 p.m. However, 

smart LED bulb is turned off remotely by the users. According 

to the third case, the daily total energy consumption on an 

hourly basis is shown in Fig.4. 

 

 
Fig. 4. Energy consumption for the third case. 

According to the Fig.4, smart LED bulb offers an energy 

saving of 91.32%, 75.55% and 57.44% compared to halogen, 

CFL and LED bulb, respectively. It is seen that smart LED 

bulb has the lowest energy consumption only when it is 

dimmed to a certain extent and is remotely controlled. 

VI. CONCLUSION 

Energy consumption increases globally due to the ever 

increasing demand in the developed and developing countries. 

Energy consumption in the buildings is about one third of the 

total energy consumption in the world and IoT-based smart 

devices are seen as an opportunity to reduce energy 

consumption and energy saving in the building. One of the 
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IoT-based devices used in smart homes is smart LED bulb. A 

smart bulb is an internet-capable LED light bulb that allows 

lighting to be customized, scheduled and controlled remotely. 

According to the measurements performed on two smart 

LED bulbs, when these devices are turned off, it is observed 

that they both consume 1 W since they both have Wi-Fi 

modules. 

It is seen that the power consumption of a smart LED bulb 

is dependent on the adjusted color setting or combination of 

colors. According to the results, red, green or blue is chosen, 

smart LED bulb consumes about 4.3 W, while orange, purple 

or white is chosen, smart LED bulb consumes 4.77 W, 6.76 W 

and 9.71, respectively. Since white light contains all the 

wavelengths of the visible spectrum, it uses the most power. 

Three case studies have been conducted with a 

comprehensive comparison between halogen, CFL, LED and 

smart LED in terms of energy saving.  According to the 

results, smart LED bulb contributes to additional energy 

savings compared to conventional LED bulbs of around 

57.44% when it is dimmed and is remotely controlled. When 

smart LED bulb is dimmed and remotely controlled, it offers 

an energy saving of 91.32%, 75.55% and 57.44% compared to 

halogen, CFL and LED bulb, respectively. 

REFERENCES 

[1] Stojkoska, Biljana L. Risteska, and Kire V. Trivodaliev. "A review of 
Internet of Things for smart home: Challenges and solutions." Journal of 
Cleaner Production 140 (2017): 1454-1464. 

[2] Buckman, Alex H., Martin Mayfield, and Stephen BM Beck. "What is a 
smart building?." Smart and Sustainable Built Environment (2014). 

[3] Hoy, Matthew B. "Smart buildings: an introduction to the library of the 
future." Medical reference services quarterly 35.3 (2016): 326-331. 

[4] Amamata, Zakari, Bashir Faizah Mohammed, and Badiru Yunus Yusuf. 
"Are Smart Buildings Same as Green Certified Buildings? A 
Comparative Analysis." International Journal of Scientific and Research 
Publications 4.11 (2014): 1-5. 

[5] Granzer, Wolfgang, et al. "Security in networked building automation 
systems." 2006 IEEE International Workshop on Factory 
Communication Systems. IEEE, 2006. 

[6] Wania, Christine E. "Towards an Understanding of College Students’ 
Perceptions of Smart Home Devices." International Conference on 
Human-Computer Interaction. Springer, Cham, 2019. 

[7] Park, Geunil, Bumryoung Kim, and Moon-seog Jun. "A design of secure 
authentication method using zero knowledge proof in smart-home 
environment." Advances in Computer Science and Ubiquitous 
Computing. Springer, Singapore, 2016. 215-220. 

[8] Zehnder, Michael. "Energy saving in smart homes based on consumer 
behaviour data." (2015). 

[9] Rehman, Muhammad Muneeb Ur, Muhammad Adeel Pasha, and 
Naveed Ul Hassan. "Clean consumer energy technologies in developing 
countries: A case study of energy efficient lights in Pakistan." 2015 
International Conference on Smart Grid and Clean Energy 
Technologies (ICSGCE). IEEE, 2015. 

[10] NEEP (Northeast Energy Efficiency Partnerships), “ Opportunities for 
Home Energy Management Systems (HEMS) in Advancing Residential 
Energy Efficiency Programs, August 2015. 

[11] Ali, Waqar, et al. "IoT based smart home: Security challenges, security 
requirements and solutions." 2017 23rd International Conference on 
Automation and Computing (ICAC). IEEE, 2017. 

[12] Linkous, Lauren, Nasibeh Zohrabi, and Sherif Abdelwahed. "Health 
Monitoring in Smart Homes Utilizing Internet of Things." 2019 
IEEE/ACM International Conference on Connected Health: 
Applications, Systems and Engineering Technologies (CHASE). IEEE, 
2019. 

[13] Pal, Debajyoti, et al. "Internet-of-things and smart homes for elderly 
healthcare: An end user perspective." IEEE Access 6 (2018): 10483-
10496. 

[14] De Silva, Liyanage C., Chamin Morikawa, and Iskandar M. Petra. "State 
of the art of smart homes." Engineering Applications of Artificial 
Intelligence 25.7 (2012): 1313-1321. 

[15] Karimi, Kaivan, and Gary Atkinson. "What the Internet of Things (IoT) 
needs to become a reality." White Paper, FreeScale and ARM (2013): 1-
16. 

[16] Number of internet of things (IoT) connected devices worldwide in 
2018, 2025 and 2030, Statisca 2020, Feb.2020. [Online]. Available: 
https://www.statista.com/statistics/802690/worldwide-connected-
devices-by-access-technology/ 

[17] IoT Based Smart Lighting – Intelligent and Weather Adaptive Lighting 
in Street Lights for Efficient Use of Power 

[18] Onaygil, Sermin, and Emre Erkin. "Smart Lighting Solutions for 
Residences Using IoT Infrastructure: Advantages, Disadvantages and 
Effects on Energy Saving." 2018 Seventh Balkan Conference on 
Lighting (BalkanLight). IEEE, 2018. 

 

Authorized licensed use limited to: UNIVERSITY OF CONNECTICUT. Downloaded on August 15,2020 at 11:25:50 UTC from IEEE Xplore.  Restrictions apply. 


