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Distributed Generation: The generation of energy at or very near the location it is consumed.
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1 Introductory Material

1.1 ACKNOWLEDGEMENT

If a client, an organization, or an individual has contributed or will contribute significant
assistance in the form of technical advice, equipment, financial aid, etc, an
acknowledgement of this contribution shall be included in a separate section of the
project plan.

1.2 PROBLEM STATEMENT

Alliant Energy has tasked our team with creating a spreadsheet that will calculate the
amount of distributed energy needed to meet the kWh demands of a small town in Iowa.
This town is miles from the grid and requires long transmission lines to provide power to
the town, so it might be more cost effective to turn it into a microgrid.

We will be calculating the effectiveness of incorporating a combination of solar panel
generation and battery storage into this town. Once this optimal combination of solar and
battery is found, we will examine the effects of externalities such as latitude and longitude,
average sunlight, and variable kWh demands on the efficiency of the microgrid.

1.3 OPERATING ENVIRONMENT

Our end product will be an excel spreadsheet that will have variable inputs and outputs
which model a microgrid environment. This will be used in an office setting by Alliant
Energy and shared with their clients.

1.4 INTENDED USERS AND INTENDED USES

The end user of our product is Alliant Energy, specifically for their distribution team. They
will be able to use this spreadsheet to estimate the efficiency of a microgrid and create bid
sets off of. This will be shared with clients to demonstrate the economic value of a
microgrid.

1.5 ASSUMPTIONS AND LIMITATIONS

Assumptions

e We will not need to factor in the economics of the system
e We will not need to factor in the reliability of the system
e  We will be using a combination of solar and battery

e kWh and peak demand info is not exact

Limitations
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e The effects of longitude/latitude can only be estimated
e Daylight is only an estimate based on past daylight

1.6 EXPECTED END PRODUCT AND OTHER DELIVERABLES

At the cumulative end of the project Alliant Energy will have a spreadsheet tool in
excel that will allow them to manipulate inputs and outputs relating to their desired
microgrid. This excel document will also be programmed to simulate a microgrid
environment based on the inputs and outputs entered. We have an external simulation
tool, MATLAB, that we will be using to build our simulation within excel. Alliant Energy
will not be using this as a project deliverable since they don’t desire a MATLAB license
and the excel simulation is easy to understand for their clients. Alliant Energy will also be
receiving an instruction manual for operating the excel file as an additional deliverable.

2 Proposed Approach and Statement of Work

2.1 OBJECTIVE OF THE TASK

The objective of the task is to have a spreadsheet which calculates an estimate of the
quantity of solar panels and batteries needed to meet the requirements of a given system
and simulates the environment of any microgrid.

2.2 FUNCTIONAL REQUIREMENTS

Understand power system analysis when using equations to calculate system
requirements.

Compare different specifications of solar and battery models to find the most efficient
applications for this project.

Upload project related materials to course website to organize project and meet course
requirements.

2.3 CONSTRAINTS CONSIDERATIONS

Constraints and Non-Functional Requirements

e  Weekly meeting with client and advisor Tuesdays at 4pm
e Upload all project materials to a google folder, and all relevant material to the
project website.
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As for standard protocols within our team, we will consult one another, our advisor, and
client when making decisions. We will also only use credible online sources and
information given to us from the client.

2.4 PREVIOUS WORK AND LITERATURE

http://www.outbackpower.com/applications/global/micro-grid

A basic design we might want to implement if we decide that a residential instead of
utility system is preferred.

http://www.microgridinstitute.org/about-microgrids.html

Has good defintions of different types of systems under the microgrid image to determine
what type of system we want.

https://en.wikipedia.org/wiki/Microgrid

Info under the Microgrid control section I think is most important, help us determine
what sort of control systems we want in place for our system.

https://building-microgrid.lbl.gov/examples-microgrids

The examples on the left are very helpful. I haven't read thorugh them all yet but I will
check them out tomorrow to see which fits our needs the closest.

https://building-microgrid.lbl.gov/about-microgrids

Images on the right just have a very basic idea of what we are trying to accomplish, good
to visualize the components we need to address.

https://www.researchgate.net/profile/Alimul Khanz/publication/271831897 A Noble Des
ign Of DC Micro Grid For Rural Area In Bangladesh/links/54d2f8cqocfoboc6146¢7296

A-Noble-Design-Of-DC-Micro-Grid-For-Rural-Area-In-Bangladesh.pdf

I believe the flow chart on page 7 will help us address the various components.
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2.5 PROPOSED DESIGN

A combination system of solar panel generation and battery storage. We will have
solar generation providing most of the power and having backup battery storage along
with supplemental generators when needed. The quantities of photovoltaic panels,
batteries, and generators are determined based off of the simulation environment. The
user is able to control the variables being input to create the simulation, and the
simulation is used to calculate quantities and costs of the microgrid system which will be
visualized in a table and diagrams.

We are utilizing MATLAB as a means to build this simulation in excel. The end-
product design will only require the user to input a few things to run the simulation, but
we are piecing the extensive calculations and information for the simulation together
manually. This is a very long process and not at all feasible for an end product. Therefore
we will be simulating large numbers of data points automatically in MATLAB as opposed
to constructing the whole simulation in excel off of manually generated variables. This will
also give us a greater accuracy in the simulation design since we will be able to run the
simulation hundreds of times more in MATLAB than excel.

The diagrams are still in progress, so what is currently available are screenshots of the
inputs tab and the 31 day simulation diagram.
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Figure 4:

31 Day Simulation Results
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2.6 TECHNOLOGY CONSIDERATIONS

The strengths of the current technology are that local solar generation and battery
storage already exists on small and large scales. We will be able to use current examples of
local generation and storage for our own design.

The downside is that the technology for solar generation is evolving rapidly and
there are no perfect ways to store energy.

One major technology consideration to take into account is our use of excel. Excel
is a great tool for laying out information in a user friendly way, which is why our team and
Alliant chose this as our deliverable. However, our team needs to be able to run extensive
simulations to create the microgrid and we have our limitations in excel, the biggest being
that our team isn’t able to code in the language that excel runs on. This is why we will be
using MATLAB to build the simulation in excel. MATLAB is a tool designed for large
quantities of data points and we are well acquainted with this tool.

2.7 SAFETY CONSIDERATIONS

No safety concerns to consider.
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2.8 TASK APPROACH

Describe any possible methods and/or solutions for approaching the project at hand. You

may want to include diagrams such as flowcharts to, block diagrams, or other types to
visualize these concepts.
2.9 POSSIBLE RISKS AND RISK MANAGEMENT
Possible risks include,
e Using less efficient solar and battery systems than are available
¢ Confusion with representing information in an intuitive spreadsheet
2.10 PROJECT PROPOSED MILESTONES AND EVALUATION CRITERIA
Milestones
e Initial combination of solar and battery capable of supplying enough power
¢ Implementing supplemental generation and 100%, 90%, and 80% power supply
calculations
e Duration of distributed generation
e Future changes to system to keep up with increasing kWh demand

e Use Nichols, IA as a basis for design of other similar microsystems
e Model all Milestones in excel

2.11 PROJECT TRACKING PROCEDURES

We will be using this project plan and our internal google folder to track the overall
progress of our project.

2.12 EXPECTED RESULTS AND VALIDATION

The desired outcome of our project is a satisfied customer and project advisor.

We will consume the effectiveness of our project on a high level by testing our spreadsheet

with many different scenarios for microgrids.

2.13 TEST PLAN

Input variable load demands to account for all possible scenarios.
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3 Project Timeline, Estimated Resources, and Challenges

3.1 PROJECT TIMELINE

The below Gantt chart is an early estimate of our project timeline based on the objectives

our client gave us. We've listed the primary objectives below and gave them each a

designated window that we expect to have them finished by. This is an early estimate and
is subject to change as the client’s needs and the project scope change.

design system with combination of solar and battery capable of supplying enough power
Implementing a supplemental generation system

100%, 90%, and 80% power supply calculations

Impmement multiple durations of distributed generation

Future changes to system to keep up with increasing kWh demand

Use Nichols, [A as a basis for design of other similar microsystems

Model all Milestones in excel

3.2 FEASIBILITY ASSESSMENT

January Febuary March

April

SUMMER August

September October Movember December

A realistic end-project will be an excel spreadsheet that estimates the efficiency of a solar
and battery microgrid. It will be challenging to make an all-encompassing spreadsheet, so
we will base our calculations off of our microgrid design for Nichols, lowa and extrapolate
this information to other potential locations. We only have load data from Nichols, lowa
for half of a year, so we will be simulating the second half of the year. This will be feasible
as we will be using similar load profiles from other towns to estimate the hourly load at
any given time of year. This will not be 100% accurate, as it is a future projection. It will
not be feasible to use this design as an exact estimate for costs seeing that accurate cost
projections aren’t available without a full-year load profile from Nichols, lowa. The initial

cost of photovoltaic and battery technology also changes frequently enough to make a

long term cost projection likely obsolete.

3.3 PERSONNEL EFFORT REQUIREMENTS

Milestone Nick Joe Taylor Remo Minoru

System Understand Use the specs | Use the specs | Model the Research to

combination | and from the from the equations fill any
communicate | clientand client and used and the | information
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of solar and the Minoru to Minoru to inputs/output | gaps and to
battery process/outco | design an design an s in an excel find efficient
me with client | efficient efficient spreadsheet to | solutions
and advisor generation generation send to the
through and storage and storage client
weekly status | system for system for
reports and Nichols, IA Nichols, IA
other course
material
Implementing | Understand Use the specs | Use the specs | Model the Identify
a and from the from the supplemental | possible
supplemental | communicate | client and client and generations supplemental
generation the Minoru to Minoru to effect on the generation
system process/outco | design an design an microgrid solutions. (ex:
me with client | efficient efficient through excel | diesel vs
and advisor supplemental | supplemental natural gas)
through generation generation
weekly status | system system
reports and
other course
material
Power Supply | Understand Use a Use a Model the Find
Calculations and combination | combination | power supply | economical
communicate | of solar, of solar, as a variable differences
the battery, and battery, and input based between
process/outco | supplemental | supplemental | on the different
me with client | generation to | generation to | amount of levels of
and advisor meet the meet the power supply | power supply
through different different being
weekly status | levels of levels of delivered by
reports and power supply | power supply | the microgrid

other course

material
Durations of | Understand Find out how | Find out how
distributed and long the long the
generation communicate system will be | system will be
the operable operable
process/outco under normal | under normal

me with client

and extreme

and extreme
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and advisor

conditions in

conditions in

through the system the system
weekly status location location
reports and
other course
material
Future Understand Come up with | Come up with | Model future | Look at the
changes with | and solutions to solutions to estimates for | possible
increasing communicate | combat the combat the inputs/output | constraints to
demand the increasing increasing in excel growth with
process/outco | demand on demand on our current
me with client | the microgrid | the microgrid design
and advisor system system
through
weekly status
reports and
other course
material
Use Nichols, Understand Design the Design the Distinguish in | Find any
IA as a basis and microgrid microgrid the excel chart | externalities
for design communicate | system to system to the microgrid | on the system
the meet the kWh | meet the kWh | design for coming from
process/outco | requirements | requirements | Nichols vs any | Nichols, IA
me with client | sent from sent from other systems | and its
and advisor client client surrounding
through environment
weekly status
reports and
other course
material
Model all Understand Work with
milestones in | and Nick to ensure
excel communicate that the excel
the spreadsheet
process/outco accurately

me with client
and advisor
through
weekly status

represents our
microgrid
design in an
intuitive way
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reports and for the client
other course to handle.
material

3.4 OTHER RESOURCE REQUIREMENTS

No other resources will be required.

3.5 FINANCIAL REQUIREMENTS

There are no financial requirements for our project.

4 Closure Materials

4.1 CONCLUSION

Ultimately, we will be providing a spreadsheet that allows Alliant Energy to see the
costs/benefits of creating a microsystem in Nichols, IA. The spreadsheet may also be used
for other similar systems, but Alliant is addressing Nichols because it is a far distance from
interconnection and has promise of being a candidate for a microgrid.
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4.3 APPENDICES

No appendices at this time.
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