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Abstract: This paper presents a comprehensive study on the enhancement of electrical appliance 

performance in buildings through the integration of nominal power flow management and 

illumination engineering principles. By leveraging synergies between these two domains, 

buildings can achieve significant improvements in energy efficiency, occupant comfort, and 

overall sustainability. Through an extensive review of literature, case studies, and data analysis, 

this research provides practical insights and recommendations for building professionals seeking 

to optimize building performance. A variety of optimization and control tactics are being utilized 

to reduce energy consumption in buildings nowadays. This paper presents a critical review of 

energy management in commercial buildings and a comparative discussion to improve building 

energy efficiency. 
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I. Introduction: 

Modern buildings are confronted with increasing energy demands, emphasizing the importance 

of optimizing electrical appliance performance for sustainability and cost-effectiveness. This 

paper investigates the integration of nominal power flow management and illumination 

engineering to enhance appliance efficiency and overall building performance. By analyzing the 

interplay between these two domains, this study aims to provide actionable insights for building 

professionals. Due to rising energy demands, the industrial revolution has brought with it a slew 

of new issues. This phenomenon fosters the development of more resource-efficient control 

approaches. The building sector has a huge potential to mitigate energy demand using intelligent 

energy management systems. 

To address the gaps, this study presents a full investigation of the controllers and optimization 

for BEMS in terms of SDGs. The main contributions of this review are listed as follows: 

-This work summarizes optimizing algorithms and various control strategies in achieving energy 

reduction, together with their benefits and drawbacks. 

-This paper also presents the importance of commercial building load classification and 

categorization, energy policy, data privacy, and security to DSM. 

-The subject of passive and active design solutions for energy efficient retrofitting to ZEB is 

highlighted. 
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-The study implies the development of an efficient BEMS that connects to the UN SDGs for 

achieving future sustainability through low carbon emissions, sustainable cities, green jobs, cost-

effective energy supplies, and healthier living. 

The rest of the paper is organized as follows. In Section 2, a summary of load classification in 

commercial buildings is described. Conventional energy management techniques are discussed 

in Section 3. A thorough discussion of current and advanced methods in BEMS is included in 

Section 4. Furthermore, optimization control strategies in BEMS are described in Section 5. A 

summary of future trends and issues is presented in Section 6. Finally, a discussion and 

conclusions are drawn in Section 7 

 

II. Load classification in commercial buildings: 

Nominal Power Flow Management Efficient distribution of electrical power within buildings is 

crucial for optimizing appliance performance and minimizing energy waste. This section 

explores techniques such as load profiling, smart grid integration, and distributed generation to 

manage nominal power flow effectively. Real-world case studies demonstrate the 

implementation and impact of these strategies. 

In the US, small and medium-sized building loads, specifically HVAC systems, dominate energy 

consumption, followed by lighting and plug loads [5]. Lighting and cooling are the most 

common electrical loads in commercial buildings, accounting for more than half of total 

electricity use, as shown in Figure 1, and they are also responsible for the majority of 

commercial electricity costs. 

 

Figure 1. Energy usage data of commercial buildings in the US 
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2.1. HVAC Loads 

Heating, ventilation, and air-conditioning (HVAC) systems are utilized to regulate the 

temperature, moisture content, circulation, and purity of the air within a place to achieve the 

intended effects on the occupants of the space or the manufactured items and equipment stored 

there. They are used in commercial buildings all year. 

A significant amount of energy consumption, which is associated with three factors that lead to 

excess electricity consumption, such as an HVAC sizing capacity that does not meet consumer 

needs accordingly, unnecessary usage, and lack of best practices in installation. In European 

countries, space cooling constitutes 40% to 60% of total building energy use. In the US, HVAC 

systems contribute to 50% of the energy use in buildings which is about 20% of their total 

energy consumption. Cooling systems in the Middle East utilize more than 70% of all building 

energy. Fan and supply air cooling account for 60% of HVAC energy use in Singapore and it is 

predicted to reach 70%. Inefficiencies such as unneeded HVAC activity and exaggerated 

temperature settings waste a total of 10–40% of this electrical energy. 

2.2. Lighting Loads 

When it comes to energy use, commercial buildings are crucial and utilize over one-third of the 

total primary energy needs of the US. Undoubtedly, artificial lighting is one of the most common 

sources of power in commercial buildings, accounting for around 17% of overall energy usage. 

When office buildings were analyzed separately, it is found that lighting energy demand 

accounted for 25–35% of total energy usage. As a result, reducing the lighting load in 

commercial buildings can have a significant impact on lowering power demands, which in turn 

helps to reduce the carbon footprint, and is currently a major emphasis for energy engineers. 

Various countries, international, and regional organizations advocate specific energy-saving 

criteria for lighting systems. Manual lighting controls are mostly based on human behavior, 

occupancy patterns, and general energy conservation awareness. Different types of switching 

systems can be used to control lighting at the user level. In addition, a large number of 

investigations show how to improve lighting efficiency from control schemes, which involve 

maintaining optimal lighting conditions while using as little energy as possible. 

2.3. Plug Loads 

Water heaters, refrigerators, freezers, and clothes dryers are important energy consumers, 

accounting for roughly 18% of total building energy consumption. Around 36% of building 

energy demand is spread across a variety of systems, the bulk of which are electric. For example, 

computers, televisions, imaging equipment (e.g., printers and multifunction devices), audio/video 

equipment, telephone devices, kitchen, and household appliances, as well as kitchen ventilation 

are all included in commercial building plug loads. 
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2.4. Plumbing and Sanitation 

Multi-story buildings are constructions having more than one story, but in the context of 

plumbing, a multi-story building is one that can’t be fed entirely and effectively by the municipal 

water supply due to inadequate pressure. A normal two-story building can be supplied by water 

main pressures of 8–12 m (25–40 feet), while higher buildings may require pressure booster 

systems. Multi-story structures also necessitate drainage, sewage, and ventilation systems that 

can accommodate a large number of people living in a vertical. layout. Drains from plumbing 

fixtures are connected to vertical drain stacks in a multi-story building’s drainage system, which 

transport waste and sewage to below the building’s lowest floor. All plumbing fittings below 

ground level should be pumped into the sewer or a drainage system that leads to the sewer. 

2.5. Fire Protection 

Electrical fires in commercial and industrial facilities can result in significant losses in terms of 

business continuity, opportunity costs, assets, and output loss. Electrical fire risks from 

overcurrent, overvoltage, and the overheating of electrical appliances can be decreased if an 

electrical design adheres to requirements, including International Electrotechnical Commissions 

(IEC) standards and national regulations, and uses compliant equipment. 

Electrical installations, on the other hand, can deteriorate with time owing to environmental 

conditions such as heat and humidity. It is critical to comprehend the operation of fire alarm 

systems. Different systems work in different ways, but they all have the same goal: to detect a 

fire and protect the structure, its residents, and valuables. The energy consumption of Tianjin 

Tiejian Tower for fire protection equipment is 2.8%, which ensures that consumption growth 

will increase in the upcoming years. 

2.6. Data Networks 

Network access has become practically ubiquitous, and the energy consumption of the 

equipment necessary to provide it is increasing. Edge devices such as PCs, servers, and other 

sources and sinks of Internet Protocol (IP) traffic are notably excluded from this category, which 

comprises devices that primarily switch and route IP packets from a source to a destination. A 

case study was conducted on networks on a campus, in a medium-sized commercial building, 

and in a typical residence. It was estimated that network equipment in the US consumed 18 TWh 

in 2008, or about 1% of total building power, and that consumption would rise at a rate of 

roughly 6% per year to 23 TWh in 2012; global usage in 2008 was 51 TWh. Furthermore, 

network switches in office buildings and residential equipment are the two most energy-intensive 

groupings, accounting for 40% and 30% of total energy consumption, respectively. 

2.7. Transportation 

The transportation and building sectors are two important areas for electrification. Light-duty 

electric vehicle (EVs) adoption for consumer ownership dominates transportation electrification. 
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Light-duty EVs for personal use are driving transportation electrification and are frequently 

classified into plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs). In 

2018, about 1 million EVs (around 0.5% of all vehicles) were registered in the US. By 2021, 

another 1 million EVs were estimated to be registered. EV sales currently account for 1–2% of 

the light-duty market, and they are predicted to grow consecutively. EV sales projections vary 

widely, but realistic estimates include 7–12% adoption by 2030 and 11–48% adoption by 2050. 

The 0.58 million EVs sold in the US utilized around 1 TWh of electricity in 2017. By 2025, 

electricity consumption is expected to reach 33 TWh per year, rising to 551 TWh by 2040. In the 

near future, transportation, in particular, is predicted to have the greatest impact on power usage. 

Uncontrolled EV charging is a huge barrier to grid operations, but control solutions offer a way 

to boost efficiency. 

2.8. Miscellaneous 

Lifts and escalators are also included in commercial buildings, which consume 3.3% of the entire 

building consumption. There is potential to conserve energy by using automation based on 

occupancy presence along with a variable voltage variable frequency drive (VVVFD) as an 

induction motor. A power factor improvement will be required to minimize the operating costs. 

In addition, people are encouraged to use the stairs if the lift and escalator are less conveniently 

located, which may help meet the LBC’s “Health” petal. In addition, street lighting, garden 

lighting, safety, and security (e.g., CCTV and RFID) equipment are also responsible for 

consuming electricity in commercial buildings. 

 

III. Conventional BEMS Techniques 

Building control systems are critical components in achieving energy efficiency and long-term 

sustainability in buildings. A few traditional control systems for load monitoring, such as (i) 

thermostats, (ii) proportional–integral (PI), and (iii) proportional–integral–derivative (PID), have 

been extensively used in conventional BEMS. These control systems have also been used in a 

variety of applications and disrupted environmental situations, and they have consistently 

performed poorly and do not provide an optimal control approach. 

Illumination Engineering Principles Effective lighting design plays a vital role in energy 

efficiency and occupant satisfaction. Illumination engineering principles such as luminous 

efficacy, uniformity, and daylight harvesting are discussed in detail. Case studies highlight the 

application of LED lighting, daylight sensors, and adaptive controls to optimize lighting systems. 

3.1 Thermostat 

ON/OFF is one of the most basic and often-used control modes. This mode can be used in 

building HVAC, lighting, and shading systems. A thermostat is a device that regulates the 

temperature within a user-defined range. When the temperature falls below the set point, the 

thermostat turns off the power, and then restores it when the temperature rises above the set 
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point. Thermostats can be found in water heaters, ovens, refrigerators, and HVAC systems and 

are often used for heating or cooling to a fixed-point temperature. In BEMS, the thermostat is 

used to minimize power fluctuations, lower cooling electricity costs, control space heating, 

improve thermal comfort, and increase energy efficiency. 

3.2. PID Control 

All three types (proportional, integral, and derivative) of action are utilized in most digital 

controllers to incorporate advantages such as removing offset and speeding up the response of 

the control function. In a nutshell, the integral control function tends to destabilize the system, 

whereas the derivative control function tends to reinforce it. The integral function is frequently 

used to reduce or eliminate the offset of proportional control and to provide more precise control. 

3.3. Energy Efficiency 

In the context of global initiatives for sustainable development, a commitment to energy-

efficiency improvement is becoming increasingly crucial, and buildings have a lot of potential in 

this area. Energy efficiency allows you to use less energy while maintaining the same level of 

service. To permanently minimize demand during peak and off-peak periods, energy efficiency 

measures are implemented as part of normal operations. Energy efficiency in buildings is often 

achieved through efficient building designs, energy-efficient equipment, and efficient building 

operations. Since efficiency measures are a long-term feature of normal operations, they are 

usually distinguished from demand response (DR), which involves only short-term changes to 

normal operations. The following two types of energy efficiency measures, such as passive and 

active strategies, are used in buildings: 

3.3.1. Passive Methods 

The use of energy in many buildings can be greatly decreased by implementing passive 

techniques. These methods may not necessitate additional financial resources. For example, an 

integrated building rehabilitation approach that incorporates passive approaches can reduce a 

building’s energy usage while also compensating for the higher cost of new technologies. 

Passive energy conservation strategies aim to reduce energy demand by maximizing the use of 

natural heating, cooling, and lighting resources, as well as limiting energy losses through the 

building envelope. 

3.3.2. Active Methods 

Active energy-saving technology has also been widely employed to lower the energy 

consumption of buildings. Active measures include enhancing HVAC systems, energyefficient 

appliances, lighting systems, and the use of renewable energy, as well as distributing energy as 

efficiently as possible while ensuring occupant comfort [67]. The active systems were also 

designed to take advantage of various renewable energy sources, such as solar thermal, free 
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cooling with night air, or geothermal heat, by utilizing thermal energy storage systems to shift 

heating and cooling loads. 

In summary, active and passive techniques each have their own set of benefits and drawbacks, 

and neither can be considered a replacement for the other. To take advantage of the benefits of 

both tactics, a growing number of passive strategies are being coupled with active strategies or 

used actively. As a result, a combination of passive and active technology is both promising for 

energy savings and good interior environment assurance. 

 

IV. Current and Advanced Methods in BEMS  

Integrated Approach to Building Performance Enhancement The integration of nominal power 

flow management and illumination engineering offers synergistic benefits for building 

performance optimization. Advanced building management systems and control platforms enable 

dynamic adjustment of power distribution and lighting levels. Case studies illustrate successful 

implementations and outcomes of integrated approaches. 

Intelligent automated control systems are introduced in current and advanced methods of BEMS, 

and are capable of minimizing energy usage while respecting the comfort and actions of building 

occupants. The control of energy-related smart devices and appliances in a building is referred to 

as smart energy building control. It is based on a predetermined strategy and policy, as well as 

user choice if desired. These control systems are centralized, integrated hardware and software 

networks that monitor and regulate the indoor climatic conditions in buildings. These control 

systems are typically used to safeguard buildings’ operational performances as well as the safety 

and comfort of their residents. Finding the optimal trade-off between occupant comfort and total 

energy usage is a fundamental challenge for building control. Several building control systems 

and methods for building energy and comfort management have been presented, both in the 

research and commercial fields, with the goal of attaining energy savings through intelligent 

control. 

4.1. Automation 

Energy management is a fundamental function of building automation systems. Building 

automation concepts and applications are not new. The term “Building Automation System” 

(BAS) also known as “Building Management System” (BMS) refers to a collection of systems 

that control the operation of a structure. Notably, a BAS is one of the most important intelligent 

building systems. The system is also referred to as an Energy Management and Control System 

(EMCS) or a BEMS, rather than a BAS or BMS, if the main reason for installing it is to save 

energy. As a result, an EMCS or BEMS is typically included in a BAS or BMS. EMCS or BEMS 

can be implemented as the monitoring and control systems for building service (HVAC systems, 

electrical systems, lighting systems, fire systems, security systems, and lift systems are all 

examples of building services) systems that have a substantial impact on building energy usage. 
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4.2. Intelligent Devices 

Intelligent devices are referred to by a variety of names, including intelligent instruments, 

intelligent sensors, smart sensors, and smart transmitters. However, because there are no 

universal definitions for these terms, devices with similar characteristics but from different 

manufacturers may be called by different names. The objective of intelligent buildings is to 

integrate intelligence directly into manufactured building equipment and components, allowing 

them to transmit information via standard protocols for intelligent system operations (control, 

maintenance, and service). Most building components, including individual lights, sensors, 

compressors, valves, heat exchangers, pumps, freezers, and dishwashers, could eventually be 

connected with embedded intelligence. Remote diagnostics and pricing estimates for appliance 

repairs could be provided by service providers. Reduced downtime, service costs, and utility 

expenses are the most important advantages of automated fault detection and diagnostic systems 

for heating, ventilation, and air conditioning and refrigeration (HVAC&R) equipment. Even 

though major commercial buildings use computer control and monitoring systems, they do not 

currently have many diagnostic capabilities. 

4.2.1. Advanced Metering Infrastructure (AMI) 

Smart meters, communications networks, and data management systems are all part of the AMI, 

which allows utilities and customers to communicate in real time. The system can automatically 

and remotely assess electricity usage, connect and deactivate service, detect tampering and theft, 

identify faults and outages, and monitor voltage, among other features that were previously 

unavailable or required manual intervention. 

4.2.2. Smart Thermostat 

HVAC&R smart controlling management has become a major concern for both residential and 

commercial buildings. A smart thermostat is a device that learns user temperature preferences 

and is utilized in thermostatically regulated loads. It also makes things easier for customers by 

allowing remote access and communication with AMI based on price indications. The smart 

features of programmable thermostats include sensing, machine learning, and a network 

connection. These thermostats are equipped with proximity and motion sensors, and their 

learning algorithm adapts to the user’s past preferences at various times of the day. 

4.2.3. Smart Lighting 

For intelligent lighting control, the study in presents a low-cost, wireless, simple to install, 

adaptive, and smart LED lighting system that adjusts the light intensity automatically to save 

energy while retaining consumer pleasure. The system uses Zigbee connectivity to combine 

motion and light sensors in a low-power wireless solution. To conduct a daylight adaptive 

closed-loop control, researchers suggested a smart lighting control approach that incorporated 

linear optimization and neural networks. 
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4.2.4. Smart Plugs 

A smart plug is an electric device that transforms regular household equipment into smart 

devices. In addition, a smart plug is able to determine the type of connected home appliance 

based on the appliance’s energy consumption profile. It can connect to a wireless home network 

using inbuilt wireless communication protocols so that a user can measure energy usage and 

control the electronic device which is plugged into the smart plug over the internet. 

4.2.5. Smart Appliances 

Inbuilt controllers or communication abilities in smart appliances use IoT technology to 

communicate with smart devices such as smartphones and tablets, giving the homeowner remote 

access [107]. These appliances can also communicate with the smart meter wirelessly and help to 

reduce energy use by automatically adjusting to changes in power availability and dynamic 

tariffs. 

4.3. Uses of IoT in BEMS 

Any device that can be controlled and monitored over the internet is referred to as an IoT-based 

load, and it can be implemented in BEMS to monitor and control loads, thereby saving energy 

that is purposefully wasted by human behaviors. Achieving smarter buildings by deploying IoT 

devices is called home automation. The open-source software known as building energy 

management open-source software (BEMOSS) was introduced, which can run on a single board 

computer such as Odroid to control and monitor IoT devices in buildings. BEMOSS allows the 

user to access the supported IoT devices remotely via the web or an app to seamlessly control 

and monitor them in realtime  

4.4. Demand Response (DR) 

DR is a set of actions that reduce or shift electricity to improve electric grid dependability, 

manage electricity costs, and provide systems that incentivize load shifting or shedding when the 

grid is near capacity or electricity prices are high. The development of DR has been highlighted 

as a critical national goal for improving electricity markets and system dependability. The 

purpose of DR solutions is to reach the electric shed savings targets while minimizing any 

negative consequences for building occupants or processes. Direct load control (DLC) and 

indirect load control (ILC) are the two main categories of DR approaches (ILC). DLC is a 

program in which utility companies reward customers for having direct control over their chosen 

loads. The ILC technique, on the other hand, allows AMI to participate in the optimization 

process. With distributed decision makers, the utility grid shares either the day-ahead load profile 

projection, the dynamic energy retail price, or both. All consumers have access to this 

information, and by using it, they might strive to enhance their benefit (i.e., lower their 

consumption cost) cooperatively or competitively. 
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V Future Trends and Issues 

Most high-rise buildings are constructed in city/urban areas rather than rural areas where there is 

an increased density of buildings and no outer space to use the solar energy. 

The following are future trends and issues which may have the potential to increase the building 

energy efficiency for both existing and new buildings: 

5.1. Building Integrated Photovoltaics (BIPVs) 

The current global power demand is roughly 15 TeraWatt (15 _ 104 W), or 104 times less than 

solar power incidents on the earth. The solar energy received in less than an hour is thought to be 

enough to cover a year’s worth of the global energy budget. Therefore, photovoltaic (PV) 

technology is one of the most attractive options for making efficient use of solar energy. BIPVs 

are photovoltaic modules that are incorporated into the building envelope, therefore replacing the 

traditional components of the building envelope. PV modules are used as roofs, facades, and 

skylights in this application. In comparison to non-integrated systems, BIPVs have a significant 

benefit because land allocation and standalone PV systems are not required. Photovoltaic foils, 

photovoltaic tiles, photovoltaic modules, and solar cell glazing are some of the different types of 

BIPV buildings that use BIPV technology to become energy producers rather than consumers. 

5.2. Net Zero Energy Building Concepts 

The primary enabler of a future smart building is the energy performance of buildings, which 

leads to energy flexibility, generation, and interaction between users. Energy retrofitting for net-

zero energy buildings (NZEBs), in conjunction with passive control strategies, energy-efficient 

technologies, and RER integration, creates a balance between demand and generation while also 

taking grid integration into account. Smart home energy retrofitting strategies are adapted for the 

improvement of existing buildings along with key performance indicators for measuring the 

performance and success of acquiring sustainability in intelligent buildings. A ZEB or NZEB 

implies the integration of renewable resources if weighted supply and weighted demand are 

equal to zero, focusing on energy storage systems and materials, energy routers, renewable 

resources, and plug-and-play interfaces. 

VI Discussion and Conclusions 

Following existing main issues in current research on BEMS, the corresponding suggestions are 

given, which can stimulate further research. 

-Finding the best location for PV installation in terms of building density may not be optimal for 

mutual occlusion, reflecting the congestion of buildings in urban areas. 

Hence, BIPV technology can be implemented in buildings. In addition, it is required to focus on 

monitoring and controlling loads in real-time to save the significant energy consumption 

deliberately wasted by human behavior, along with an increasing awareness of energy utilization. 
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-Many researchers discussed the application of the IoE to BEMS but did not mention the 

assessment of cyber-attacks with an increasing threat to national security. Therefore, further 

studies can be conducted for multi-storied buildings because there will be many sub-controllers 

based on the central controller, handling large amounts of data to preserve privacy and security. 

-An in-depth investigation is required to optimize the IEMS according to occupant comfort, 

considering all indoor air comfort index parameters such as thermal, visual, acoustic, and air 

quality properties. 

-Many authors provided an overview of artificial intelligence (AI) and deep learning techniques, 

whereas they did not provide the outline of the best configuration in terms of computational time 

and error in BEMS. More research is required to profoundly improve the performance of 

optimization algorithms with less computation time and error that might respond accordingly to 

consumer needs over time. 

-Passive design solutions are undeniably important for reducing energy use and improving 

human comfort. Many green architects use passive design as part of their sustainable design 

strategy. However, because of temperature and density, passive design should be cautiously 

applied in existing building retrofits in hot–humid climates with crowded urban environments, 

taking into account cost and effectiveness.  

-As renewable energies are intermittent, more emphasis should be given to finding the optimum 

sizing of RER and battery storage to minimize the initial and maintenance costs, which is the key 

way to approaching consumers for the encouragement of adopting BEMS. 

This review paper has comprehensively extracted the contribution of BEMS to curtail load 

profile with optimization control, by introducing energy policies. As a result, significant energy 

savings may lead to sustained initiative, and the installation of new power plants, as an emerging 

technology that can perform decarbonization in an intelligent building with the optimization of 

self-generation and self-scheduling, and introduction of the prosumer. However, the impact of 

optimizing building energy management on SDGs must also be assessed as SDGs address global 

concerns. Building energy-saving strategies can save a significant amount of energy, which is 

beneficial to reducing a building’s negative environmental effects and enhancing its 

sustainability. Therefore, the primary data, findings, analysis, and recommendations gleaned 

from this evaluation could be quite useful in building and implementing an optimum controller in 

the case of BEMS to design energy-efficient buildings. 
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