
Introduction 
• Solid Oxide Fuel Cells (SOFC) are devices that produce energy based off 

of oxidizing the fuel from the cells equipped.  The SOFCs are an efficient 

use of power generation, as they have a low cost and are considered clean 

energy.    

• Using high temperatures during the operation of SOFCs eliminates the need 

for precious-metal catalyst, which reduces cost, and is environmentally  

     friendly. 

• The SOFC intakes a low DC voltage and is boosted with a DC/DC 

converter, therefore increasing its capabilities.  Following, it is then 

converted in a DC/AC inverter, where the energy is then connected to the 

smart grid in order to be distributed to the general masses. 

• The focus of this project is to simulate a Grid Tie Inverter control with 

multiple inverter systems using a droop based control structure. 

 

Real and Reactive Power 
In order for power to be delivered to the smart grid system and distributed for 

commercial use, both real and reactive power must flow through the Grid-Tie 

Inverter.  Below are the implementations of both of these parameters  

[P=Real Power, Q= Reactive Power] 

[E=Inverter Output Voltage magnitude, V=Grid Voltage magnitude] 

[Z=line impedance, X= line reactance] 
 

Proper inverter control can be determined by the phase angle of the inverter 

and the modulation signal. For an efficient theoretical model of the three 

phase Grid-tie inverter, the flow of real power is linearly dependent on the 

phase angle difference.  The difference in the angles determines the direction 

of the power flow, which is typically a small value.  Therefore, the real power 

flow can be used to control the phase angle of the inverter. As for the flow of 

reactive power, it is linearly dependent on the voltage magnitude difference   

(E-V).  The resulting value determines the amplitude of the modulation 

signals.   
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Bloom Energy 
Who: 

•Bloom Energy prides itself in being able to “produce clean, reliable, affordable power… 

practically anywhere... from a wide range of renewable or traditional fuels.” 

•They have a unique on-site power generation system that utilizes innovative new fuel           

technology 

Why: 

•Bloom Boxes are “power plants in a box.” 

•They provide cheap, clean energy in a practical way. 

•One day, Bloom Energy hopes to replace the electrical grid with their boxes. 

How they work: 

•Thin fuel cells are bundled and packaged into an outdoor safe case. 

•The fuel cells soak up oxygen on one side and fuel on the other. The oxygen and fuel 

combine to create a chemical reaction that produces electricity. 

•There is no need for burning, combustion, or power lines from an outside source  

•The Bloom Box allows customers to choose their own form of fuel such as  fossil fuels, 

renewable fuels, bio-gas and solar. 

Challenges: 

•A recurring problem with fuel cells is that their thermodynamic time constant is unable to 

handle instantaneous changes in load sharing to the smart grid. 

•There is a need to optimize the efficiency of the grid-tie inverter by analyzing the DC-to-AC 

conversion. 
 

Analysis & Future 

• The droop control method distributes power efficiently between 

inverters without external communication. 

• Inverters are connected in parallel to provide system redundancy and 

high reliability for high power and/or low cost applications. 

• The main problem with inverters connected in parallel is the load 

sharing. This is due to unshared reactive power and constant changes in 

the voltage amplitude. 

• The droop control method effectively limits the deviations in frequency, 

and the voltage amplitude is regulated within a certain margin.  

• This allows real and reactive power to be shared equally. 

Reactive Power Real Power 

Droop Control 

The fuel cells to the left of the simulation serve as the DC input (5 kW 

each, 8 stack resulting in 40 kW input). In the model, the controller is a 

three-arm bridge, which has six pulses with a 4860 Hertz frequency.  

The power from these fuel cells enters the 12 DC/DC converters in 

parallel, from which the output enters the pulse-width modulated (PWM) 

Insulated Gate Bipolar Transistor (IGBT) inverter. The inverter 

completes the DC/ AC conversion process, after which the AC output is 

fed into the utilities and measured at the 12.5 kW load (to the right). At 

this point, real and reactive power (P and Q respectively) are measured 

and compared to the inputted DC value.  

 

Further work for this project to aid Bloom Energy in creating a Three 

Grid-Tie Inverter would be to understand the behavior of two 

independent Standalone inverters working in parallel on a single output. 

The goal of this would be to make the DC-to-AC conversion more cost 

effective, as well as energy efficient.  These factors are important for the 

long term development of smart-grid control structures. 

 

 

Modeling 


