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1.2 PROBLEM AND PROJECT 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 OPERATIONAL 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 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 

● Our microgrid location is Nichols, Iowa 

● The microgrid is to be designed with the intent of being completely self-sufficient 

● We will be using Seraphim SRP-6MA solar panels 

● We will be using Ideal Power SunDial Plus battery/inverters 

● The reliability of the system will be tested for 31 day and 365 periods 

● We will assume worst-case scenarios when making calculations 

● Any load not supplied by the solar panels and batteries will be supplied by a 

natural gas turbine  

● Our demand is based off of a load information gathered by Alliant Energy. 

● We will be using the finished Nichols, Iowa microgrid design to test the effects of 

varying geological locations, average sunlight, variable kWh demands, and 

consumer growth. 

● There will be no more than three consecutive days of low solar radiation. 

Limitations 

● We will not be factoring in mechanical failure rates of the equipment 

● The effects of sunlight on the system is an estimate based off of past sunlight 

patterns and isn’t entirely predictable  

● The load growth on the system is estimated based off of past rates of growth in 

Nichols, Iowa 
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● Our current system’s demand is based off of daily peak demands and isn’t a 

comprehensive demand schedule 

 

1.6 EXPECTED END PRODUCT AND DELIVERABLES 

On April 17th, Alliant Energy will be given the final prototype of the spring for 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 in the second semester of the project. By the end of the second semester, 

December 2018, Alliant Energy will be given the final design for the excel spreadsheet 

and simulation for their use in the Distribution Engineering department. 

2. Specifications and Analysis 

2.1 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. The inputs tab is used to either 

manually or automatically enter in daily environment variables to run through the 

simulation. Figure 3 below shows the first week of the full year simulation as well as the 

results of the first 10 hours of simulation in days one and two. Figure 4 is a one month 

chart of the solar generation, load, storage, and unsupplied demand. 
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Figure 3: Section of the simulation with highlighted inputs 

 

 
 

 

 

 

Figure 4: 31 Day Simulation Visual 
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2.2 DESIGN ANALYSIS 

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. 

3 Testing and Implementation 

3.1 INTERFACE SPECIFICATIONS 

For testing the different systems we design for Nichols, we will be creating a 

simulation program to test different levels of solar radiation generation and load profiles 

for many different scenarios. We will be designing the program to simulate year-round 

profiles, as well as low, medium, and high solar environments. This simulation will be 

used in the final design that outputs quantities and visuals for the microgrid system.  

The user will be able to manually or automatically enter load information into the 

spreadsheet, which will then be simulated by the design. 

3.2 HARDWARE AND SOFTWARE 

For testing our system, we will be using Excel to simulate a real-world profile of a 

day’s load, and solar generation. This software will be using hourly load profiles, as well 

as high, medium, and low solar generation throughout the day. After the load and solar 

generation is manually or automatically entered in, the program will track the solar power 

generated, battery power consumed, and supplemental power generated throughout 

each hour during the day. MATLAB will also be used, not in the final product deliverable 

however, to assist in creating an accurate simulation environment within excel. Using 

MATLAB will allow our design to be tested quickly with many variable environments. 

Our project will have no physical hardware being that it is a software tool to 

estimate the specifications of a microgrid system. 

3.3 FUNCTIONAL TESTING 

In the simulation Excel document, we will be tracking the system to see the 

amount of solar generation, and then the needed battery and supplemental generation 

power needed. Because we are given the city’s usage in kWh, we will be tracking all 
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variables with kWh. After simulating the system with different profiles, we will be 

accepting the system based on the excess demand. Accepted designs will have an 

excess demand within 5% of the demand. The design will be functionally tested by using 

data from Nichols, Iowa to test the simulation and calculate a quantity of equipment. The 

quantities and subsequent load data will be represented as calculations and visual 

representation. 

3.4 NON-FUNCTIONAL TESTING 

In addition to testing the performance of the system under normal conditions, we 

will be testing the system under intense profiles of high load, and low solar generation. In 

terms of usability, if the system can supply enough power to minimize the excess 

demand within 5%, the system will be compatible with Nichols. The design will be non-

functionally tested by assessing the output information in the form of visual charts. The 

simulation will output the amount of power generated, variable by the user, and 

compared to the demand. This will be visually represented and clearly seen by the user 

after simulation. 

 

3.5 PROCESS 

Be begin testing by loading the kWh demand information into the microgrid 

design. The simulation then generates a year of low, medium, and high solar radiation 

days. We then reverse engineer the design by manually controlling the quantity of solar 

panels and batteries used to supply to load. By the end of the project this will be done 

automatically. We then continue to change the quantities of solar panels and batteries 

through trial and error to get within 5% of the peak demand in the winter supplied with 

power. Our simulation then prints the hourly outputs of the system for a full year and 

plots the excess demand (demand not met). If the excess demand is within 5%, it is 

successfully designed. 

3.6 RESULTS 

 After load information was input into the microgrid design from Nichols, we 

repeatedly ran the simulation with many different combinations of solar panels and 

batteries. In each trial, the excess demand increased as solar radiation decreased. This 

causes the system to require an increase in solar panels. In the case of three 

consecutive days of low solar radiation being common, we had to increase the quantity 

of batteries. 
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4 Closing Material 

4.1 CONCLUSION 

Our goal for this project is to provide Alliant Energy with a functional spreadsheet 

which will model and simulate a microgrid system with any given demand and 

environmental conditions. Our plan of action, or solution, for this design is to approach it 

with a test-fail approach. Because weather conditions are so unpredictable, we will be 

designing this system with the worst case scenarios in mind. When a system is 

connected to the grid, it has backup power readily available. However, an isolated 

microgrid doesn’t have backup grid connection. We must be confident that our design is 

reliable and efficient. Our simulation will be able to demonstrate the responsiveness of a 

microgrid to weather and demand conditions. 

After testing our design by incorporating the load data and demand from Nichols, 

we found that the number of solar panels and batteries are highly dependant on the 

amount of consecutive days with low solar radiation. We have been able to design the 

microgrid system to provide the load within 5% of peak winter demand when there are 

less than three consecutive days with low solar radiation. It is rare that there will be four 

or more days with low solar radiation, but still possible. Therefore our design assumes 

that there will not be four consecutive days of low solar radiation and generation for the 

sake of an accurate design at the end of the semester with the load data we currently 

have. This also reflects the assumption that Alliant makes when estimating solar 

radiation. When the second semester begins, we will have summer load data to include 

and by the end of the year, almost a full year of data. The data that is collected will allow 

us to more accurately quantify the number of solar panels and batteries needed because 

the solar radiation variability in the summer and fall are different than the winter and 

spring. 
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