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ABSTRACT 
 

        This paper presents an intelligent energy management 

and power distribution panel (IEMPDP) that uses a 

fundamentally different approach to increase energy 

efficiency and reduce renewable energy costs. By 

automating the key component of the local electric 

distribution system, it establishes an intelligent gateway to 

the power grid, local power distribution, and an energy 

management center. With integrated and comprehensive 

monitor and control, it reduces renewable energy system 

cost, enables local grid tied PV system to provide more 

stable and predictable power, allows consumers to more 

efficiently use energy, and helps utility power grids to be 

more robust and reliable. 
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1 INTRODUCTION 
 

          For decades, utility power has been connected to 

residential homes through a basic service panel (or a load 

center) where all connections are static and inflexible.  This 

significantly limits the potential for energy efficiency. By 

automating the key component of the local electric 

distribution system, the hardwired service panel, with 

patent pending technologies, the IEMPDP will not only 

increase energy efficiency but also reduce the cost of 

renewable energy systems. 

 

     For example, currently most solar photovoltaic (PV) 

systems installed in residential homes are grid tied PV 

systems without energy storage due to the prohibitive costs 

when the energy storage system is included. The problems 

with grid tied PV systems without energy storage are: 1) to 

prevent islanding they cannot operate during a power 

outage; and 2) they may cause unstable and unpredictable 

power flow from the local electric system to the utility grid 

because of solar power fluctuations due to weather 

variations. The IEMPDP solves these problems by 

simplifying the structure of grid tied PV systems.  This is 

accomplished through the integrated and comprehensive 

control to the local electric system and to the connection 

with the power grid. With the IEMPDP, the sub service 

panel and any additional wiring are no longer needed when 

installing a PV system with battery backup. It will also 

simplify the structure of grid tied PV systems that 

include energy storage. The capabilities of 

automatically monitoring and controlling the main and 

branch power lines will also enable consumers to more 

efficiently use energy and reduce electricity cost. 

These will not only reduce the PV system cost but also 

bring more value to consumers.      

         Why is the IEMPDP better than current power 

distribution panel technologies used in intelligent 

power distribution systems and building automation?  

The main difference is the approach that is used to 

solve these problems. Figures 1-3 illustrate how the 

current technologies work. Figure 1 is a block diagram 

of the intelligent power distribution panel (IPDP) [1]. 

It consists of numerous intelligent circuit breakers 

(ICB) that can communicate with a remote controller 

via power line communications or by other means. 

Figure 2 shows a block diagram of the ICB [1]. Each 

ICB includes a microprocessor or microcontroller and 

the means to monitor and control the connected power 

line as well as to communicate with a remote 

controller.  Figure 3 shows an application environment 

using this technology [1]. These figures illustrate that 

current technologies use a top down approach to 

increase energy efficiency.  Since this approach is 

effective at managing energy consumption in 

commercial and institutional buildings, it has been 

Figure 1 
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widely used in building automation [2].  This top down 

approach, however, is not effective in residential buildings 

because of several drawbacks.  

      One drawback is the cost. Each ICB includes a 

microcontroller and communication interface plus a sensor, 

a circuit breaker, switches, etc. (see Figure 2). Each ICB 

costs about $160-$600 depending on the features that are 

included. This makes it very expensive for residential home 

owners. When adding the remote controller, the panel box, 

and accessories, the cost is too high given the benefits.  

 

 

      Another drawback is the disconnection between 

what the technology provides and what consumers 

want. Technologies that use the top down approach 

empower utilities to monitor and control power 

consumption or the usage of appliances in residential 

home. This enables utilities to reduce the stress on the 

power grid during peak hours, and therefore increase 

energy efficiency.  But utilities cannot monitor and 

control the usage of the appliances inside the houses 

without consumers’ consent, and most consumers are 

not comfortable giving this control to utilities and 

therefore do not buy into such systems.  

 

      The third drawback is that a top down approach has 

limited capability. The microcontroller in each ICB can 

only ‘see’ the condition on the branch power line that it 

is connected to, and therefore to coordinate any actions 

a controller is required to oversee the entire local 

electric system.  When quick decisions are required 

(e.g., dynamically distributing the power according to 

different situations), the remote controller has to 

receive information and then send commands via the 

internet (broadband or wireless).  This takes too much 

time and is therefore not reliable.  

 

     For these reasons electric power distribution 

systems in residential homes are still using decades old 

technology.   A different approach is necessary to 

upgrade the local electric system to be robust, 

intelligent, and more reliable.  

 

 

2 ADVANTAGES OF THE IEMPDP 
 

      In contrast, the IEMPDP discussed here uses a 

bottom up approach to increase energy efficiency [3]. 

Figure 4 shows a block diagram of the IEMPDP. The 

IEMPDP includes a central control unit (CCU), a 

programmatically controlled circuit breaker panel 

(PCCBP), and an interface unit (IU). The CCU 

communicates and controls each PCCB and IU 

through electronic signal connections. Each PCCB in 

the PCCBP includes a sensor, an AC switch, and 

control logic. The AC switch can be controlled by the 

sensor through control logic to provide over current 

protection, and by the CCU directly. PCCBs are 

responsible for automatically monitoring and 

protecting the branch power lines. Based on the 

information received from all of the sensors, including 

the sensors in each PCCB, the CCU can make 

informed real-time decisions. If energy storage is 

implemented, the CCU coordinates with the charge 

controller to regulate the usage of the energy storage 

system based on an assessment of the current dynamics 

of the electrical ecosystem.  For example, a super 

capacitor and battery hybrid energy storage system 

(HESS) [4][5][6][7] would be monitored and 
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controlled by the charge controller and CCU. The super 

capacitors are charged and discharged to absorb power 

fluctuations and maintain the SOC of the batteries at the 

optimum level.  The batteries in the HESS might be 

discharged once a day during peak hours to help reduce the 

stress on the grid. When there is a problem on the grid, the 

local electric system will be disconnected from the power 

grid and the inverter will be switched from grid connected 

mode to standalone mode to enable the PV system to 

continue to operate if it is daytime. Through the IU, the 

CCU can communicate with the remote servers of the 

electric utility, smart appliances, and mobile devices. 

 

     The IEMPDP effectively integrates the intelligent 

gateway to the power grid, local power distribution, and the 

energy management center into one system. This allows for 

a more comprehensive and integrated control while 

reducing cost by eliminating the components shared by 

these three systems.  This also simplifies the structure of 

local grid tied PV systems or other renewable energy 

systems, reduces unnecessary power consumption, and 

improves the quality and reliability of the power grid.   

 

     The ICB costs $160-$600 compared to the PCCB used 

in IEMPDP that will cost only $20-$30. Since the CCU can 

monitor and control the local electric system in real-time, it 

will not only automatically control the thermostat and 

switches, but dynamically distribute the power and 

automatically manage the energy storage. The IEMPDP 

opens up great potential for energy efficiency and reduces 

local renewable energy system cost because it simplifies the 

structure of the local electric system and reduces the 

installation cost of local renewable energy systems.  

          The CCU monitors and controls residential 

electric systems locally, and communicates with 

utilities with commonly used protocols. This provides 

a convenient way for consumers to monitor and control 

the usage of their appliances according to their 

preferences and schedule. Since consumers control 

their system information they can protect any sensitive, 

private information, but also share data with utilities to 

help improve the quality and reliability of power grids. 

 

3   FEASIBILITY 
 

        The key feature of the IEMPDP is to 

automatically monitor and control the main and each 

branch power line in real-time, reliably, at modest cost. 

This provides the foundation for it to intelligently 

interact with the power grid, to dynamically distribute 

power, and to coordinate with the charge controller to 

effectively regulate the usage of the energy storage 

system. The circuit topology and control algorithm are 

the main components that influence this key feature. 

The IEMPDP is feasible since it uses technologies that 

have been successfully used in buildings and industrial 

automation.   

 

        We have developed a proof of concept prototype 

to ensure that the IEMPDP concept works.  The 

prototype includes one channel and is tested under 

120VAC with the current limit at 12A condition. The 

test circuit is shown in Figure 5. The PCCB represents 

a proof of concept prototype. The prototype can 

automatically monitor and control the power line 

reliably.  Figure 6 displays the waveforms captured 

during testing. It illustrates that the prototype senses 

the current correctly and could be controlled 

automatically by a control signal.  The switching, 

which occurs at the zero crossing point, introduced no 

interference into the power line. 

Figure 4 
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       This confirms that main component of the IEMPDP, 

the PCCB works well. The next step is to develop a 

prototype with one main entry and several channels using 

the prototype PCCBs to test the control algorithm of the 

IEMPDP. The main function of the control algorithm is to 

monitor and control the power line. Once this is established 

many other features can be added. For example: scheduling 

a task to run automatically at a specified time period; 

communicating with an inverter and interacting with the 

power grid; connecting to an energy storage system (e.g., a 

super capacitor only, batteries, or a HESS) to coordinate 

with the charge controller to smooth out solar power 

fluctuations due to weather or store surplus energy; etc. 

Using the internet or mobile devices, a user can access their 

system easily from anywhere on the planet. The IEMPDP 

will unlock great potential for energy efficiency, saving 

people time and money, and producing a more reliable and 

robust power supply.   

      

4 FUTURE DEVELOPMENT 
 

The IEMPDP will transform the local electric system 

into a more robust, intelligent, reliable, and efficient 

system. Since the IEMPDP uses well established 

technologies and methods, we are confident that it will 

work.  The main challenge is to make it robust and reliable. 

The IEMPDP must reliably detect any problems, robustly 

fix these problems, and smoothly recover from any faults.  

These features must be incorporated early on in the design 

stage. This will be challenging but very rewarding. 
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