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Here is the outline of my presentation.
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From a general perspective, an electric power system is usually understood as a very 
large network that links power plants (large or small) to loads, by means of an electric 
grid that may span a whole continent, such as Europe or North America. A power 
system thus typically extends from a power plant right up to the sockets inside 
customers’ premises. These are sometimes referred to as full power systems as they 
are autonomous.
Smaller power systems could be made of part or sections of a larger, full system.
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Power plants convert the energy stored in the fuel (mainly coal, oil, natural gas, 
enriched uranium) or renewable energies (water, wind, solar) into electric energy. 
Conventional modern generators produce electricity at a frequency that is a multiple 
of the rotation speed of the machine. Voltage is usually no more than 6 to 40 kV. The 
power output is determined by the amount of steam driving the turbine, which 
depends mainly on the boiler. The voltage of that power is determined by the current 
in the rotating winding (i.e., the rotor) of the synchronous generator.
The output is taken from the fixed winding (i.e., the stator). The voltage is stepped up 
by a transformer, normally to a much higher voltage. At that high voltage, the 
generator connects to the grid in a substation.
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Central Generation or CG is the electric power production by central station power 
plants that provide bulk power. Most of them use large fossil-fired gas or coal boilers, 
or nuclear boilers to produce steam that drives turbine generators. In some cases, 
large hydro is also used. These enormous plants require costly management of large 
infrastructures. CG plants are susceptible to unreliability and instability under 
unforeseeable events, and are often vulnerable to attacks. Their limitations, in terms 
of efficiency and environmental impact as well as stability to sustain them, have given 
rise to renewable energy resource options for researchers and policy-makers.
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DG is not a new concept. A number of utility consumers have been using DG for 
decades. Over the last 10 years, the DG market has been somewhat turbulent. In the 
late 1990s, new regulations/subsidies, such as net metering and renewable portfolio 
requirements, and the development of new DG technologies, have sparked broader 
interests in distributed generation. DG is power generation built near consumers. DG 
sources include small-scale, environmentally-friendly technologies (e.g., photovoltaic 
and wind) installed on and designed primarily to serve a single end user’s site. But 
when reliability and power quality issues are critical, DG most often includes more 
traditional fossil fuel fired reciprocating engines or gas turbines. 

5/6/2018

7



The limited generation in the power sector has continually been exacerbated by load 
growth, power demand, limitations in the ability to site new transmission lines, 
limitations in the ability to construct large scale generation due to increased 
environmental regulation, and lack of technology development to meet the new 
requirements. Manpower is required to achieve the development of a sustainable, 
secured, and economically-viable society and infrastructure. The growth in developed 
and developing countries has created an energy divide in terms of wealth. The major 
disparities of energy consumption per capita are reflected in developing countries. 
The universal electrification challenge to meet the world’s population growth in order 
to attain its current per capita electricity consumption will require massive increases 
in electricity generation capacities.
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In some cases, properly planned and operated DG can provide consumers, as well as 
society, with a wide variety of benefits. These include economic savings because of 
government subsidies and improved environmental performance. Many utilities have 
installed DG on their systems and support federal funding of research to develop new 
technologies. The interconnection of DG with the electric grid continues to pose 
genuine safety and reliability risks for the utility. DG could reduce the demand for 
traditional utility services. DG also poses an economic risk to incumbent utilities and 
their consumers unless appropriate rate structures or cost recovery mechanisms are 
put into place. 
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Though a small scale power plant, DG is environmentally friendly due to its “friendly” 
technologies. These “friendly” technologies include: photovoltaic’s (PV), fuel cells, 
small wind turbines, or more conventional technologies such as: micro turbines and 
reciprocating engines that are fueled by renewable fuels, for instance, landfill gas. DG 
encompasses generation built near to a consumer’s load despite size or energy 
source. The latter definition could include diesel-fired generators with significant 
emissions.
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The most compelling feature of a microgrid is the ability to separate and isolate itself 
from the utility’s distribution system unintentionally during events (i.e., faults, voltage 
collapses, black-outs).It may also intentionally disconnect during grid maintenance 
and also when the quality of power from the grid falls below certain standards. 
Microgrids can be reconnected to the utility grid without any interruption to critical 
load once the utility is recovered. 
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49 kVA Islanded natural gas generator in Matlab 
Power, Terminal Voltage, Rotor speed wrt time
Power Electrical ([Real, Reactive], Mechanical), Field voltage
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45 kW Grid connected natural gas generator in Matlab 
Power, Terminal Voltage, Rotor speed wrt time
Power Electrical ([Real, Reactive], Mechanical), Field voltage
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Based on Utility data
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Where:
𝐼_𝑝ℎ is the solar-induced current:
𝐼_𝑝ℎ=𝐼_𝑝ℎ0∗𝐼_𝑟/𝐼_𝑟0 
𝑊ℎ𝑒𝑟𝑒:

𝐼_(𝑟 )is the irradiance (light intensity) in 𝑊/𝑚^2  falling on the cell.
𝐼_(𝑝ℎ0  )  is the measured solar-generated current for the irradiance 𝐼_𝑟0.

𝐼_𝑠 is the saturation current of the first diode.
𝐼_𝑠2 is the saturation current of the second diode.
𝑉_𝑡 is the thermal voltage, 𝑘𝑇/𝑞 ,
Where:

𝑘 is the Boltzmann constant.
𝑇 is the Device simulation temperature parameter value.
𝑞 is the elementary charge on an electron.

𝑁 is the quality factor (diode emission coefficient) of the first diode.
𝑁_2 is the quality factor (diode emission coefficient) of the second diode.
𝑉 is the voltage across the solar cell electrical ports.
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Change figures
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Change figures
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Wind speed does fluctuate a lot with the gradient of temperature. So, during Morning 
and Late afternoon wind speed change dramatically but during night and winter, we 
usually get smooth wind speed. 
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Relation among rotor diameter; wind speed and generated power, Relation

among hub height, wind speed and generated power; Estimated annual wind

energy and Wind power curves at University of Wisconsin Milwaukee(UWM)

have shown.
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Where:
𝐼_𝑝ℎ is the solar-induced current:
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𝑉 is the voltage across the solar cell electrical ports.
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Change figures
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Fig2:Output power is scaled down to 1/15 th times of its original value
Fig3:Output power is scaled down to 1/200 th times of its original value
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Figure: The PV array and MPPT function.
Solar irradiation profile and output power (For perfect day)[Time is scaled down to 
1/8 th times of its original value] The solar irradiation profile and output power of the 
PV array.
Voltage, current and output power variation with irradiation
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Duty cycle generation using MPPT (For perfect day):
Implementation of MPPT (For perfect day):[Incremental conductance & Integral 
regulator**
**Time is scaled down to 1/8 th times of its original value
]
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Duty cycle generation using MPPT
Implementation of MPPT (For cloudy day):Incremental conductance & Integral 
regulator
MPPT Controller
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The parameters R1 , R2 , C and Vo can be represented in terms of polynomial equation 
to represent the nonlinear phenomenon in the battery 
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AC-AC Converter (480 V AC-208 V AC):
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AC-DC Converter (480 V AC-350 V DC):

5/6/2018

77



DC-AC Converter (350 V DC-208 V AC):
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DC-DC Converter (350 V DC-120 V DC):
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Circuit 1: Transformer model using core geometry and BH curve:
***fault occurs at phase A.
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Circuit 2: using Inductance Matrix Type Transformer model
***fault occurs at phase A.
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Based on Utility data
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Based on Utility data
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The primary control is found in the lowest layer of the control architecture of the 
Microgrid, it is mainly used for load sharing among controllable and dispatchable fast-
response units. The most widely used primary control strategy is droop control, which 
is shown in Figure 2
Secondary control is the middle level control at the microgrid, it is used to eliminate 
frequency and voltage deviations caused by lower control layers (primary control)
Tertiary control is the upper most level of the control system; it ensures the optimal 
operation of the microgrid by determining the set points of generation
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