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Executive Summary
Utility consumers have generally been subject to considerable costs for electric service,
including that obtained from natural gas. Central generation is the electrical power production by
central station power plants that provide bulk power. Distributed generation is an approach that
employs small-scale technologies to produce electricity close to the end users of power, thereby
requiring fewer transport services of the transmission and distribution networks. A number of
these consumers, who rely on central generation, do not know of the benefits of distributed
generation, let alone the best distributed generation technology that can be used to meet their
needs. The program, Sirius Power, successfully takes customer and utility data and outputs the
financial return of the most economical distributed generation method that serves the customer’s
electricity needs. The design requirements where successfully executed while adhering to all
relevant constraints and the program has the potential to be expanded for even greater use.
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I. Background of the Project
Utility consumers have generally been subject to considerable costs for electric service,
including that obtained from natural gas. A number of these consumers, who rely on central
generation, do not know of the benefits of distributed generation, let alone the best distributed
generation technology that can be used to meet their needs. Central generation is the electrical
power production by central station power plants that provide bulk power.1 Large central
generators feed electrical power up through generator transformers to a high voltage transmission
network. The transmission system is used to transport the electrical power, often over
considerable distances, and it is then passed down through a series of distributed transformers to
final circuits for delivery to customers. By the time electricity has reached the end consumer the
relative ‘value’ and price of electricity has increased. This increase in the value of electricity is
driven primarily by the added cost of network transmission and distributed services imperative
for the delivery of power from central generators to customers elsewhere in the network.2

Distributed generation is an approach that employs small-scale technologies to produce
electricity close to the end users of power, thereby requiring fewer transport services of the
transmission and distribution networks.3 Distributed generation involves delivering power to
demand at an equivalent value to that of central generation, with the costs of using the network
being avoided. Generating power on-site, rather than centrally, eliminates the cost, complexity,
interdependencies, and inefficiencies associated with transmission and distribution. There are
multiple types of distributed generation: solar, wind, fuel cells, internal combustion engines,
microturbines, steam turbines, etc.
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II. Problem Formulation & Current Status of Art
The goal of this project is to develop a model that will take customer data and output the
financial return of the most economically efficient distributed generation method for meeting the
customer’s electricity needs. The model will take this data output the financial return for the
customer based on the selected distributed generation technology, electric utility, and system
size. The team’s combined skills in engineering economics and power distribution acquired from
earlier courses and work experiences play a major role in the problem formulation and problem
solution.

In terms of current status of art, HOMER Energy is a micro-grid modeling software for
designing and analyzing hybrid power systems, which contain a mix of conventional generators,
combined heat and power, wind turbines, solar PV, batteries, fuel cells, hydropower, biomass
and other inputs.5 For either on-grid or off-grid environments, HOMER helps determine how
variable resources such as wind and solar can be optimally integrated into hybrid systems. The
model also permits comparison between the results to get a realistic projection of capital and
operating expenses, including the economic feasibility. HOMER is a complete model but it is not
an Excel-based system and it does not take into account government incentives
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III. Constraints and Technical Design Requirements
System
Functionality
User Interface

Capabilities
Others

Description
 Perform economic calculations and output user’s avoided cost and
yearly cash flow.
 Allow user to specific electric utility, system technology, and
system size.
 Allow user to export cash flow data to spreadsheet.
 Perform calculations based on built-in database of utility rate
structures and government taxes.
 Accessible to any operation system.
 Ease of use (Can be used on personal computer).

The model will analyze the inputted data thoroughly and output the financial return of the
desired method for distributed generation. The goal is to minimize the cost of electric service by
means of distributed generation, which is subject to constraints pertaining to the resources
available to the customer. For instance, while distributed generation by means of solar energy is
the main focus of this project, the model must consider the possibility of little solar energy being
available to the costumer because of their location.

IV. Solution Generation & Selection of Top Design
Microsoft Excel Model
The first solution approach consisted of two stages. The first stage is the simulation and
optimization of the distributed generation system inside the HOMER software. The second stage
is the financial analysis in a model in the form of an excel spreadsheet. The user would input the
results of the HOMER simulation, as well as other factors into the excel spreadsheet. This
approach was very reasonable because Microsoft Excel allows users to perform economical
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calculations with built-in functions. However, the user interface of this model is very
overwhelming which could potentially deter users from using it.

Sirius Power
The second approach was to replace the Microsoft Excel model with a computer program that
would be coded in C++. This approach allows for a better, less overwhelming user interface.
However, there is still added complexity to the design and development of the program and there
was concern that completion of the program would be delayed.

Decision Design Matrix
Weight
Functionality

5

Ease of Use

4

Complexity in
Development

3

Convenience

2

Cost

1

Design 1
Microsoft
Excel
Complex
User
Interface
Added
Inputs
Works in
Excel
Must
Purchase
Excel

Score

Total
Score

3

15

3

12

3

9

5

10

3

3

Total

Design 2
Computer
Program
Simple User
Interface w/
Instructions
Complete
Redesign
Download
Program
No/Little
Purchase
Necessary

Score

Total
Score

4

20

5

20

2

6

4

8

4

4

49

58

The second approach was chosen as the top design, which still involves two stages. The main
objective of the first stage is to simulate the first year of operation for each DG system, then,
calculate the energy avoided cost, the maintenance and fuel costs, if applicable. In order to do
that, there are inputs to be inserted in HOMER. The first being the utility rate structure, then the
customer hourly load for one year, the technology specifications such as fuel consumption,
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efficiency curve, overhaul frequency, etc. For renewables, the sun incidence is obtained through
the internet inserting the coordinates. The wind speed and direction will be obtained through
specific software. The result for the first stage analysis will be the optimal system size for the
Distributed Generation System, produced energy of the system and also the avoided cost, which
is the revenue of the investment.

The second stage is Sirius Power. In this program, a financial analysis will be performed
considering the installed technology cost, maintenance cost, and fuel cost, if applicable. The
revenue of the project is represented by the avoided cost. Another important input is the
government incentives, usually represented by rebates of installed costs and also a reward
considering the energy generated in the first five years. The depreciation of the system is also
calculated for tax purposes, if the entity is taxable. As a result, Sirius Power will produce the
profitability of the project, including the Net Present Value, Internal Rate of Return, the Leveled
Cost of Energy and the Pay Back period. The figure below shows the diagram of the final
solution approach:
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Inputs

HOMER

Sirius Power

Outputs

Figure 1 - Final Solution Diagram

V. Implementation of the Top Design
In order for this program to be developed, the following tasks must have been completed:
1
2
3
4
5
6
7

Tasks for Implementation
Gather customer daily profiles for each utility
Research utility rate structures
Research federal/state incentive programs
Gather DG technology information
Perform simulations in HOMER for each customer/utility
Develop Sirius Power program using C++
Establish interface between HOMER and Sirius Power

Residential, commercial, and industrial customers were analyzed for two electric utilities: Pacific
Gas & Electric and Xcel Energy.
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VII. Conclusion and Recommendations
To determine the financial return of the most economically efficient distributed generation
solution for industrial, commercial, and residential customers, the program Sirius Power was
proposed. This program was able to take customer information, utility rate structures, technology
specifications, and incentives and use these inputs to determine the financial return of the most
economical method for distributed generation that will meet the customer’s electricity needs.
There was no established budget for the project, but consultations with Howard University
professors and students were necessary for completion of the program. Sirius power successfully
takes customer and utility data and accurately outputs the financial return due to its inclusion of
government incentives. However, further development could be undergone to improve the Sirius
Power-HOMER interface because, for now, users are required to manually input the results from
HOMER into Sirius Power. It is recommended that the program be modified and expanded to
include more electric utilities, government incentives, and distribute generation technology. This
would allow the program to become more versatile and useful to a wider range of customers.
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X. Appendix
A. Final Design Requirement
System
Functionality
User Interface

Capabilities
Others

Description
 Perform economic calculations and output user’s avoided cost and
yearly cash flow
 Allow user to specific electric utility, system technology, and system
size.
 Allow user to export cash flow data to spreadsheet.
 Perform calculations based on built-in database of utility rate structures
and government taxes.
 Accessible to any operation system.
 Ease of use (Can be used on personal computers).
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B. Sourcce Code Listting
The follo
owing is som
me of the cod
de included in
i the develoopment of Siirius Power:

16

17

