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There has appeared to be a heightened awareness of the 

importance of energy to our social welfare for two reasons: 

first, there is an awareness of the finite supply of fossil fuels 

stored beneath the surface of our planet, and that one day 

we will have to make do with sustainable sources of energy. 

The other is the fact that use of these fossil fuels releases 

carbon back into the atmosphere, leading to possible 

changes in heat transfer from the surface of the earth to 

space with attendant climate change.  
 

In addition, electric power is being used for a wider range 

of applications. Virtually all rail transportation employs 

electric propulsion; hybrid electric automobiles have become 

important items of commerce and promise to become part of 

our energy future. Reduction of the need for energy requires 

enhanced efficiency and effectiveness of the use of energy, 

and very often that involves the use of electricity. 
 

Therefore, our research focuses on building the power 

systems of the future. 

Energy,  

Power  

and 

Electronics 

Our laboratory is located in 10-050 and 10-061. In 10-050, three students work on experiment for DC breakers, lab-

scale microgrid, and high-torque machine to provide more reliable power and accommodate distributed generators. 

Two students design distribution power systems and building power systems using simulation programs for reliable and 

efficient system operation in 10-061.  

Y. J. Kim et al., “Coordinated control of a DG and voltage control devices using a dynamic programming 

algorithm,” IEEE Trans. Power Syst., 2012. 

To present an alternative power system for a commercial building with a 

rooftop PV generator and multiple PHEVs in its parking lot, which actively 

participates in frequency regulation. 

Smart Building 

10-050 10-050 

Laboratory for Electromagnetic and Electronic System 

(EFRI-SEED: Framework for Advanced Sustainable Building Design) 

DG Integration 

A new graphic method is proposed to visualize the 

interaction between DG and feeder voltage profile, and 

six key factors affecting the voltage profile are 

identified. In addition, demand response strategies for 

DG voltage regulation are proposed and estimated in 

terms of cost-effectiveness and fairness. 

Electricity Market 
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Demand response bidding mechanisms considering 

wholesale electricity pools and renewable energy 

resources are proposed to reduce market uncertainty 

and improve market efficiency. 

(Masdar Institute of Science and Technology) 

(Masdar Institute of Science and Technology) 

Experimental 

Microgrid 

An experimental microgrid is being constructed. It 

has a grid connection along with two synchronous 

power sources to emulate a diesel generator and a 

wind turbine, and one inverter-based source to emulate 

a solar farm. Five different load types (capacitive, 

inductive, resistive, induction motor and phase 

controlled) can be connected and disconnected to 

obtain the typical power consumption on a microgrid. 

(Masdar Institute of Science and Technology) 

The main goal of the project is study transient effects 

in fault conditions, and the impact of control methods 

and energy storage in stability. 

Connection side Diesel generator set-up 
Waveforms:  

grid and DG 

Control interface 

Wind turbine emulation topology 

Voltage-effective power flow and voltage profile on a DG-integrated feeder 

Optimal market timeframe 

A new algorithm has been developed to guarantee 

the convergence of the proposed bidding mechanism, 

and the conflicting interests between generation and 

demand sides has been qualified based on cost 

functions for the first time. 

High Torque  

Density Machine 

To enhance flux density wave patterns to produce useful torque with 

multiple spatial and temporal frequency interaction, and hence to improve 

the torque density of the machine significantly (e.g., robotic arms and 

actuators) 

The proposed design resulted in 20% weight reduction. 

Sinusoidal and 3rd harmonic (5.4 % torque increase)  All harmonic interactions (24% torque increase) 

Arijit Banerjee et al. “Fine grain commutation: integrated design of permanent-magnet synchronous machine 

drives with highest torque density” ICEM., 2012. 

Frequency deviation decrease 

(Defense Advanced Research Projects Agency) 

Distribution 

System Utilization 

(Masdar Institute of Science and Technology) 

Contingency support neighborhood for distribution 

system substations is redefined, and an optimization 

model of substation  utilization rate is then proposed to 

improve reliability on both system- and customer-side 

and to decrease capital investment in distribution 

systems.  

DC Breaker 

To open DC switch without an arc requires forcing 

current to zero through the switch prior to opening 

it. Solid-state switches are built with thyristors with 

circuits used to commutate them.  We are investigating 

an arrangement of passives that creates a low-

frequency (inductive) path through the device and a 

high-frequency (capacitive) path in the opposite 

direction.  

Z-source breaker  modification for optimization study 

Z-source breaker prototype Thyristor voltage waveform  

Specific strategies in detecting, isolating or clearing 

the fault have been formulated in the present work. We 

have optimized and modeled an existing z-source 

breaker, and have demonstrated the effective use of 

the z-breaker. 

(Office of Naval Research) 


