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Executive Summary 

Renewable energy, such as wind and solar, is a rapidly growing sector in the energy market. 

However, wind and solar energy generation fluctuate with weather. With increasing demand for 

sustainable energy, added battery capacity is necessary to optimize these renewable energy resources to 

provide clean power when wind and solar energy are insufficient and to store energy when wind and solar 

energy generation exceed demand.  

Our product enables the use of clean energy in Ames and sheds load during peak energy demand. 

This product is designed to provide 25 MW of power for 4 hours to ensure energy efficiency and reliability 

to compensate for uncertainty in renewable energy. For this project, our client, Burn & McDonnell, asked 

us to provide approximately 30% of the necessary deliverables to complete this project. This includes, but 

is not limited to, site layout, required materials, one-line diagrams, cable schedule, short-circuit analysis, 

arc-flash analysis, and cable thermal analysis. This project is strictly hypothetical as the cost of fully 

implementing of this design would exceed USD 100 million.  

For our site layout, we selected a flat 15-acre plot of land that has a point for on-site grid 

interconnectivity as well as highway access for expedited construction. We modeled our site layout and 

our one-line diagrams using AutoCAD. The one-line diagrams provide a high-level summary of the 

components, including the transformers, inverters, batteries, and auxiliary power and their connections, 

as well as an abridged bill of materials. After the transformers, batteries, and inverters were selected, 

cables were sized using the NFPA 70 NEC 2020 to tie together components of the BESS.  

Electrical Transient and Analysis Program (ETAP) software was used to complete our system 

studies, including short-circuit, arc-flash, and cable thermal analyses. For cable thermal analysis, our 

cables were modeled and tested under loads to ensure their integrity would hold during worst-case 

loading conditions. After some revision our cable schedule was updated, which provides sizes and lengths 

for each cable. Next, we modeled our short-circuit analysis to confirm whether our protective devices, 

including fuses and relays, had the correct parameters and settings. Finally, our system underwent arc-

flash analysis to provide arc-flash incident energy levels, distances, and boundaries to provide safety 

information for our client.   

Overall, our design met the expectations of our client, even though there are some weaknesses in 

our system. Designing and building a battery energy storage system is a huge endeavor, and our project 

only encompasses the initial design and testing aspects. Much more work remains before this system can 

be constructed, but our team has provided detailed documentation of our work for future engineers to 

reference. 
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Learning Summary 

DEVELOPMENT STANDARDS & PRACTICES USED 
The engineering standards that apply to this project are: 

• NFPA, National Electric Code Article 310 Conductors for General Wiring 

• NFPA 855 Standard for the Installation of Stationary Energy Storage Systems 

• UL 9540A Test Method 

• NFPA, National Electric Code Article 311 Medium Voltage Conductors and Cables 

• NFPA, National Electric Code Article 300 General Requirements for Wiring Methods and Material 

• U/G Thermal Neher McGrath calculation module ETAP 

• ANSI/IEEE C37 & UL489  

• IEEE 1584-2018 

SUMMARY OF REQUIREMENTS 
The requirements for our design include: 

• Follow the National Electric Code for all electrical installations 

• Deliver 25 MW of power for 4 hours (100 MWh) 

• 10% overbuild at BOL (beginning of life) to account for battery capacity loss over time 

• Pass case studies for short-circuit, arc flash power flow, and cable thermal 

APPLICABLE COURSES FROM IOWA STATE UNIVERSITY CURRICULUM 
• EE 456 Power Systems Analysis I 

o In-depth understanding of three-phase systems 

o Load flow analysis 

• EE 457 Power Systems Analysis II 

o Fault studies 

• EE 303 Energy Systems and Power Electronics  

o Basic understanding of three-phase systems 

NEW SKILLS ACQUIRED  
New skills acquired during this project that were not included in the Iowa State curriculum include:  

• AutoCAD 

• Conductor sizing knowledge 

• Understanding how to use the NFPA National Electric Code (NEC) 

• Practical understanding of utility standards and practices 
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1. Introduction 

1.1. PROBLEM STATEMENT 

 Our project attempts to solve one of the primary problems associated with transitioning to 

renewable energy. The power generation from renewable sources is variable and cannot match fluctuating 

demand. In other words, peak windy or sunny hours are inconsistent with when consumers use the most 

energy. The utility-scale battery energy storage system (BESS) we are designing addresses this problem by 

storing excess energy in batteries during peak production times and then released during periods of high 

demand. 

1.2. PROJECT OVERVIEW 

 Our project is to create a design for a BESS that could be constructed in the Ames area. This 

hypothetical project will be located near the Ames substation and support wind and solar energy use and 

increase grid reliability. With the implementation of our project, the local utility landscape will be able to 

rely more on renewable energy and less on fossil fuels. 

Utility scale lithium-ion battery energy storage systems take excess energy from renewable 

energies or conventional power plants to charge the large lithium-ion batteries during periods of low 

demand. The batteries are discharged when demand increases, or generation decreases. Our client has 

specified that we will design a system that can provide 25 MW of power for 4 hours at a time (100 MWh).  

The system will have a 30-year life cycle and two augmentations throughout its lifetime. It will 

also need a 10% overbuild at the beginning of life (BOL). This means that at the beginning of its life, it will 

exceed the power ratings so that it can still meet the requirements at the end of its life. We need to 

account for this because the capacity of lithium-ion batteries naturally decreases throughout their lifetime 

due to their internal chemistry. We will be designing this system on a 15-acre plot of land in Ames, Iowa. 

However, this system could be implemented anywhere in the country by changing the rating of the 

transformer that connects it to the electric grid.  

1.3. INTENDED USERS 

 The primary users of our system include the construction and maintenance teams and the local 

utility engineers. The secondary users are the residents of Ames, Iowa. Each of these three groups will 

interact with our BESS differently, have a variety of needs, and will benefit from it in different ways.  

The construction and maintenance teams will interact with our project during the building phase 

and throughout its lifespan for upkeep. This group includes blue-collar workers and site supervisors. They 

need to work in a safe environment and complete the project and maintenance in a timely manner. To 

satisfy these needs, we will provide a detailed and complete site layout diagram. It should include accurate 

measurements that comply with NEC (National Electric Code) standards. This group will benefit from our 
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project because it will provide them with the opportunity to work on a well-organized, safe, and efficient 

construction project. 

 The local utility will interact with our project through the distribution substation that we are 

connecting to and mainly consists of electrical and civil engineers. This group needs to monitor the loads 

on each of the substation's feeders and the load from our BESS. Connecting to our system may also 

require additional equipment, such as cables and breakers, to be installed in the substation. This will 

require a detailed one-line diagram of our site with equipment sizes and ratings. The local utility will 

benefit from our design because they will be able to monitor the power our system is generating and 

drawing easily, while helping provide green energy to the residents of Ames. 

 The people of Ames will interact with our project only by using electricity. This group includes 

college students, middle-class residents, homeowners, and business owners. They need to be able to work 

and live undisrupted by power outages. Many are also concerned about the environmental impact and 

need to have environmentally friendly options available. However, the primary concern of this group with 

respect to our project is financial, meaning they don't want their utility bills to increase. This group will 

benefit from this project because it will save them money on their utility bills in the long run. Additionally, 

those with environmental concerns will benefit from knowing that more electricity comes from renewable 

sources. 
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2. Requirements, Constraints, and Standards 

2.1. REQUIREMENTS & CONSTRAINTS 

Functional Requirements: 

• Design a battery energy storage system (BESS) capable of generating 25 MW of power. 

• Delivers energy for four hours continuously (100 MWh).  

• 10% overbuild at BOL to compensate for battery degradation. 

• Meets electric and safety standards. 

Resource Requirements: 

• The site may only use 20 acres of land. 

• The land must be flat. 

• The location of the site must have ambient temperatures between -30°C ~ +55°C. 

Constraints: 

• The largest cable size available is aluminum 1000 KCMil 

• The cables must be rated for 40°C. 

• The power factor at the inverter must be 0.95. 

• The construction layout must have roads with a 25-foot turn radius around the equipment. 

2.2. ENGINEERING STANDARDS 

NFPA, NEC Article 300 General Requirements for Wiring Methods and Material 

This code covers general requirements for wiring methods and materials for wiring installation. This 

provided guidelines used in creating our cable schedule document. 

NFPA 70, NEC Article 310 Conductors for General Wiring 

This code provides general requirements for conductors rated up to 2000 volts and their type 

designations, insulations, markings, mechanical strengths, ampacity ratings, and use. We used this when 

selecting the cable sizes and types in the low voltage parts of our system. 

NFPA, NEC Article 311 Medium Voltage Conductors and Cables 

This code covers the use, installation, construction specifications, and ampacities for voltage conductors 

and cables rated from 2 kV up to 35 kV. We used this standard when selecting cables for the medium 

voltage parts of our system. 

NFPA 855 Standard for the Installation of Stationary Energy Storage Systems 

This standard defines the design, construction, installation, commissioning, operation, maintenance, and 

decommissioning of stationary energy storage systems. This was used in the development of our site 

layout to ensure that the design met safety requirements. 
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UL 9540A Test Method 

This method is used to determine the fire and explosion protection required for the installation of a BESS. 

Large batteries carry high risks of thermal runaway leading to dangerous fires and explosions. We used 

the test method outlined in this code to ensure our design meets fire safety standards. 

U/G Thermal Neher McGrath 

This is the specific calculation method used by the cable thermal analysis module in ETAP used to 

calculate the underground cable temperatures and cable ampacity ratings. 

IEEE 1584-2018 

This standard was used for the arc flash tests on the low-voltage side of our system. 

ETAP AC Arc Fault – High Voltage 

This standard is built into the ETAP library and was used for the arc flash tests on the medium voltage 

side of our system. 

ANSI/IEEE-C37 & UL 489 

This standard is used for both low and medium-voltage short circuit analysis. 
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3. Project Plan 

3.1. PROJECT MANAGEMENT/TRACKING PROCEDURE 

 We adopted a waterfall management style for our BESS design. A waterfall management style 

involves detailed upfront planning and sequential phases. This is suitable for our project because there are 

a lot of regulations and requirements in this industry. We determined the system capacity and site 

location in our first planning phase. We needed to know this before completing any of the following tasks. 

 We have been keeping track of our team's projects on Microsoft Teams. This is an easy way for us 

to share documents with our industry advisors, whom we have been working very closely with. It is also 

their preferred platform for our weekly video calls. 

3.2. TASK DECOMPOSITION 

Our project follows very clearly defined sequential steps. 

1. Establish the system's capacity and location. 

a. Our clients already knew the capacity they wanted and the general location. 

b. Decide on a specific location near Ames and adjacent to a distribution substation for easy 

interconnection. 

2. Determine specifications for the main equipment. 

a. Examine documentation on various lithium-ion battery containers and power conversion 

systems (PCS). 

b. Complete calculations to determine how many containers and inverters we will need 

based on the values in the spec sheets of our chosen equipment. 

3. Draw our site layout on AutoCAD. 

a. Download and learn AutoCAD basics since no one on the team had used it prior. 

b. Use the dimensions and quantities of the equipment determined in the last step. 

c. Closely adhere to NEC construction codes. 

4. Create a one-line diagram of our system. 

a. Complete relevant calculations to design the auxiliary power system and determine the 

rating of the main power transformer. 

b. Follow industry standards and reference the training materials provided by our industry 

advisors. 

5. Complete cable sizing calculations. 

a. Reference the equipment datasheets for equipment-rated voltage or power specifications. 

b. Reference completed one-line diagram for voltage levels and currents at different points 

in the system. 

c. Review NFPA NEC Code 2020 for various articles and tables.  
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d. Determine the cable sizes based on calculations and NEC articles 310 and 311 for medium 

and low voltage lines. 

6. Learn how to use the software required to model our system 

a. ETAP (Electrical Transient Analyzer Program) is an industry-standard software used to 

model electrical systems under various conditions. It will allow us to test the reliability 

and safety of our design without a physical system. 

b. Enter the equipment ratings, line impedances, and load profiles to build our system in 

ETAP. 

7. Complete short circuit, arc flash, and cable thermal analysis using ETAP. 

a. Arc flash – This test will show the amount of incident energy that will jump from a 

conductor to a ground point. Our tests make sure that all levels of the one-line diagram 

are safe for personnel and indicate what protective equipment they need. Arc flash can be 

mitigated with fuses and breakers that are properly coordinated and sized. 

b. Short Circuit – A short circuit happens when two electrical components at different 

voltages have direct contact. This can be between two phases from the same line or line to 

ground. It will cause a tremendous current spike that can damage equipment if not 

properly handled. Short circuit can be mitigated with fuses and breakers that are properly 

coordinated and sized. 

c. Cable Thermal – This test shows how hot the cables will become under full loads 

considering soil temperature and ambient heating from nearby cables. Cables have a 

temperature rating that, if overheated, will lead to decreased life or even failure.  

d. Coordination – This test will show if the protective equipment trips in the proper order to 

ensure that expensive equipment will not be damaged. We analyzed time-current curves, 

which shows the amount of time and current that will cause the protective equipment to 

trip, melt, or explode. 

e. Cable thermal analysis calculates the cable temperature and ampacity rating after the 

cables have been loaded long enough to reach steady state. ETAP uses the U/G Thermal 

Neher-McGrath calculation method. This specific method uses user-defined values such 

as a load factor as opposed to other methods that assume a unity load factor (LF=1) 

8. Compile all our work into one report. 

a. This completed report should give the reader a full understanding of both how our system 

works and our team's design process. 
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3.3. PROJECT PROPOSED MILESTONE, METRICS, AND EVALUATION CRITERIA 

 The key milestones for our project align closely with the completion of the previously identified 

tasks. The evaluation criteria for all our steps are approval from our industry partners. They are familiar 

with the standards and regulations related to our project and, therefore, can easily determine if our 

project is up to their standards. When we finish a task, we present the results to our client in our weekly 

meeting. They will either approve of our work or give us specific feedback for improvement. We then 

make changes as directed and present them at the following week's meeting. 

3.4. PROJECT TIMELINE 

 The Gantt chart below is a detailed schedule of our project. It covers the main tasks for the first 

and second semesters of senior design and the time that our team worked on them.  

 

Figure 1: Gantt Chart 

 The first two tasks identified correspond to steps one and two detailed in section 3.2. We spent 

most of our first week familiarizing ourselves with energy storage systems. After meeting with our 

industry partners and signing an NDA, we started discussing the specifics of the project, including finding 

a potential site location. This involved reaching out to engineers at the local utility. While we waited for a 

response from the local utility, we began comparing different manufacturers' battery containers and 

power conversion systems, as these are our system's most crucial pieces of equipment. After we decided 

on a battery container and PCS, we spent about three weeks creating a site layout. We needed the 

dimensions and installation standards for the equipment to create this.  
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 We determined we needed about four weeks to complete our one-line diagram. This involved 

initial calculations, a hand-drawn rough draft, and a final draft created in AutoCAD. Once we had the 

rough draft completed, we were able to start on the cable schedule. This also took about four weeks. The 

last few tasks we completed in the first semester involved compiling our work with technical 

documentation.  

 The work we completed in the second semester of senior design consisted of analyzing our design 

from the first semester using ETAP software. After building our design in the software, we completed 

short circuit, arc flash, and cable thermal studies. Then, if the results of the studies revealed flaws in our 

design, we corrected our design and reran the studies. Lastly, we worked on the technical documentation 

and presentation. 

3.5. RISKS AND RISK MANAGEMENT/MITIGATION 

Table 1: Risk and Mitigation 

Task # Risk Risk Factor Mitigation Strategy 

1 The local utility company may not 

cooperate with us fully, making it 

difficult to find information about 

interconnecting to the grid and the 

nearby substation. 

0 Connect with the faculty advisor 

and or client to gain connections to 

someone who can give us an idea of 

what we will be working with for the 

substation voltage. 

2 The manufacturers might have 

incomplete documentation. 

0.75 Work with our client to get access to 

multiple spec sheets. 

3 The drawing might not fully meet NEC 

standards. 

0.2 Receive feedback from our client 

and reference the NEC code. 

4 The documentation for our one-line 

could be incomplete. 

0.5 Have our clients review our work at 

many steps throughout the process. 

5 The calculations may be inaccurate 

because we make incorrect assumptions 

about our system. 

0.7 Discuss standard cables in this type 

of system with our client. 

6 We may have trouble accessing and using 

the software on campus. 

0.3 Work with our client to ensure we 

can complete the analysis even if we 

have access problems. 
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7 The analyses may reveal severe 

weaknesses in our system. 

0.3 Pay close attention to potential 

problems in our initial design. 

8 The report could be disjointed because 

many people are working on it separately 

at different times. 

0.6 Assign one group member to be the 

document proofreader. They will 

make sure the writing flows in all 

reports before submitting. 

3.6. PERSONNEL EFFORT REQUIREMENTS 

A detailed estimate has been conducted relating to tasks completed for this project. Below is how much 

time has been delegated to each of those tasks. 

Table 2: Time Worked 

Task # Man-Hours Required Explanation 

1 5 hours Site Location: 

The system capacity and site location were discussed during the 

first two of our weekly client meetings. We also emailed an 

engineer at the local utility company. 

2 20 hours Equipment Selection: 

We spent several meetings discussing this as a group before 

deciding on our equipment. Individually, two group members 

spent about three hours comparing spec sheets. 

3 12 hours AutoCAD familiarization: 

This time involves time familiarizing ourselves with AutoCAD, a 

tool we have never used before. It also involved reading NEC 

construction standards and building the layout in AutoCAD. 

4 30 hours One-line diagram creation: 

For this task, we completed training from our client on how to 

draw one-line diagrams and do relevant calculations. We drew 

several rough drafts and received feedback from our clients in our 

weekly meeting after each iteration. Then, we made a final draft in 

AutoCAD. Finally, we added notes and a key to the AutoCAD draft 

and completed technical documentation to justify the values and 

drawing. 
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5 30 hours Cable Sizing and Cable Schedule: 

To complete the cable sizing and cable schedule, we will review 

industry standards. Then we will do calculations based on our one-

line to determine the load on each part of the system. After 

deciding on the cable size for each part of the BESS, we will write a 

detailed report explaining and justifying our decisions. 

6 8 hours ETAP Familiarization: 

Each member of our group will need to be familiar with this 

software, so we will work with our clients to get adequate training 

to run the required simulations. 

7 120 hours ETAP Design: 

We will need to build our BESS in the software and run the 

required analyses. Based on those results, we will complete a 

report highlighting our system's limitations and fault conditions. 

8 50 hours Final Report: 

We will work on our final report as we complete each task.  
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4. Design 

4.1. DESIGN CONTEXT 

4.1.1. Broader Context 

 We are designing a battery energy storage system that could be implemented in Ames, Iowa. This 

section discusses the context of implementing BESS in any community in America. Our project addresses 

the increasingly important need to support a transition to renewable energy. However, there are 

significant public health and safety, environmental, economic, and some cultural and social 

considerations related to installing this large, expensive system. 

Table 3: Broader Context 

Area Description Examples 

Public health, 

safety, and 

welfare 

Our project affects the safety of the 

construction and maintenance teams that 

work on it. 

There are electrical hazards, 

chemical hazards, and physical 

hazards associated with the building 

and operation of this system. 

Global, cultural, 

and social 

Our project's goals reflect the values of the 

community that it provides energy to. 

Many people in the community value 

having reliable and clean energy 

sources. 

Environmental  Our project has both positive and negative 

environmental impacts because of the 

materials used and its impact on the energy 

grid. 

The BESS decreases demand for 

energy from non-renewable sources. 

The mining of certain materials used 

in lithium-ion batteries has negative 

environmental effects. 

Economic Our project has a high initial cost due to 

expensive materials. 

Consumers of electricity in the 

community do not want to pay 

higher utility bills. 

4.1.2. Prior Work and Similar Projects 

 Before beginning the design process, we conducted background research into current 

technologies, resource constraints, and risks associated with integration into the distribution network. We 

referenced a paper in the Journal of Energy Storage from 2021, which provided us with an understanding 

of different battery technologies, various applications, and the main issues these systems have [1]. This 

was essential for us to understand how our system related to these considerations.  
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 Energy storage systems include utility-scale systems and residential systems. Almost all of them 

use lithium-ion batteries because they have high energy density and reasonable cost per KWh. The market 

for utility-scale battery energy storage systems is currently growing rapidly. This is due to decreasing costs 

of lithium-ion batteries and the growth of solar and wind energy generation [1]. Our system, at 25 MW, is 

on the smaller side of utility-scale systems, some of which are as large as 500 MW.  

 There is demand for our system because there are no battery energy storage systems in Ames, and 

the city would benefit from its ability to store excess wind energy. The city of Ames uses 36 MW of power 

from a wind farm near Zearing, Iowa [2]. While there are no similar systems in Ames, MidAmerican 

currently operates a small, 1 MW BESS in Knoxville, Iowa [3]. There is another similar 20 MW BESS in 

northern Illinois operated by Blattner Energy [4]. Our client, Burns and McDonnell, designed several 

battery energy storage facilities in West Texas and California for a total capacity of 60 MW [5]. 

4.1.3.  Technical Complexity 

 Our design consists of several components and subsystems. The subsystems include batteries, 

inverters, cables, auxiliary power system, transformers, and system protection. The design deliverables for 

our project included a site layout, one-line diagram, cable schedule, and system testing. Choosing the 

equipment for our system required utilizing engineering principles to ensure they functioned optimally 

together. Making the site layout also utilized engineering principles because of the many safety codes it 

needed to follow. Creating the one-line diagram and cable schedule required significant use of scientific 

and mathematical principles. We performed detailed calculations to obtain accurate sizing, ratings, and 

power in different parts of the system.  

 Our problem scope matches current industry standards. The 25 MW size is similar to other 

systems, such as the Blattner project in Illinois, mentioned in the previous section [4]. The operating 

BESS systems discussed are also designed to deliver power for four hours.  

4.2. DESIGN EXPLORATION 

4.2.1. Design Decisions  

One major design decision that we made was the battery manufacturer and model. We chose a 

battery from BYD that has around 4700 kWh of energy and pairs well with the inverter we chose. We 

found that the 0.25 C-rate (4-hour charge/discharge) version of the battery worked best with the 

specifications we were given. C-rate is a measure of how fast a battery charges and discharges. 

Using the specification sheet of the battery and the inverters, we decided we would need 22 

batteries to meet our minimum energy needs. We rounded up to 24 so all inverters would have the same 

number of batteries, power, and energy output. Having an even number of batteries and inverters makes 

the design process more straightforward, as instructed by our client.  
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 Another major design decision was the type of transformers we used for the system. Transformer 

cooling system are either liquid-based or air-based. Depending on what type we chose, we would need 

different fuses to follow safety guidelines. We ended up with a liquid-based transformer for our auxiliary 

power. While this type is far better at cooling the air-based transformer, it has many safety and 

environmental concerns. The oil would be detrimental to the environment if it were to leak, so we need to 

have a trough to catch any leaking oil. We also must be aware of the unlikely situation of the transformer's 

oil getting too hot and catching fire. 

 This means we will need both a current limiting fuse (CLF) and an expulsion fuse (EXF) to protect 

the downstream equipment. The names of the fuses describe what they do. A current-limiting fuse will 

limit the current and open the circuit if the current exceeds the rated levels. The expulsion fuse is high-

speed and will almost instantly explode when the requirements, such as lightning strikes, are met to 

protect from surges.  

4.2.2. Ideation  

When determining the technologies we would use, we had to balance several of the factors from 

the different manufacturers and types of batteries. We used a lotus blossom to figure out what was 

essential to the project and decided accordingly. The manufacturers that we considered were BYD, 

Hithium, and LG. To compare these options, we used a spreadsheet to see the relevant specifications side-

by-side. Each manufacturer also had several different models that we had to compare. The BYD models 

consisted of a 0.5 C battery container and a 0.25 C battery container. After considering all the 

specifications and discussing with our client, we decided on the BYD battery rated at 0.25 C. 

4.2.3 Decision-Making and Trade-Off  

We used several methods to narrow the choices when deciding the type of battery and inverter,. First, 

several inverters and batteries would not go together because the battery's output voltage was not within 

the range of the inverters' input voltage. After eliminating the incompatible combinations, we looked at 

the number of batteries it would take to reach the 100 MWh threshold. Some models had lower capacities, 

which would require over 50 containers to meet power requirements. We decided on a range of 4 to 6 

MWh. This led us to the BYD battery models, which all fell within this range. After we found the specific 

container model we wanted, it was a matter of balancing power and energy for each inverter.  
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4.3 FINAL DESIGN  

4.3.1 Overview  

Burns and McDonnell asked us to design a 25 MW/100 MWh battery energy storage system that 

will perform in a moderate climate. It needs to be 10% overbuilt to account for the degradation of the 

system over its 30-year life. It must also be upgrade-ready to account for the two augmentations it will 

sustain in its life. For our project, we first selected the major equipment models. Then, based on the 

equipment spec sheets we created a one-line diagram, site layout, and cable schedule for our BESS. 

The system will be composed of three subsystems: the power conversion system, the batteries, 

and the auxiliary power system. The main power transformer and the substation are located offsite at a 

nearby substation. The batteries can convert electrical energy into chemical energy and back to electrical 

energy when needed. The batteries operate in direct current (DC), and the power conversion system 

changes this to a 60 Hz alternating current (AC) to match grid operation. The last subsection is the 

auxiliary power, where all the monitoring equipment is located. Auxiliary power also provides power to 

the cooling systems of the batteries and the inverters. The high-level block diagram below (figure 2) shows 

how all these systems are connected. It also shows how our system interconnects to the distribution grid.  

Figure 2: High-level block diagram of the battery storage system 
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4.3.2 Detailed Design 

Equipment Selection Process 

We chose to use BYD MC Cube battery containers (figure 3) in our BESS. These power rating of 

these batteries meant we needed 24 containers to meet the total power. This was ideal because it provided 

adequate system reliability while having a small enough footprint. In the case where one battery fails, the 

loss of power is less than 5%. They also had ideal ambient operating temperature range and can operate 

with many different models of inverters.  

Capacity: 5365 kWh  

Nominal Power: 1236 kW 

Output Voltage: 1081.6 to 1497.6 V 

Operational Ambient Temperature Range: −30° C to +55° C 

 
Figure 3: BYD MC Cube Battery Container 

Our BESS will use the Gamesa Electric Proteus PCS (figure 4) to convert to DC output power from 

the batteries to AC power. This power conversion system will perform optimally with the BYD battery 

model that we selected. The DC voltage range of these inverters fits the output voltage range of the battery 

containers. Additionally, the power rating allowed us to connect four battery containers to each inverter, 

so we need 6 PCS skids. 

Output Power: 4607 kW 

DC Voltage: 1075 to 1500 V 

Operational Ambient Temperature Rating: −20° C to +60° C 

 

Figure 4: Gamesa Electric Proteus PCS 
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One Line Diagram 

To show the important electrical connections between the equipment in our BESS, we created a 

one-line diagram (figure 5). A one-line diagram (or single-line diagram) is a simplified representation of a 

three-phase power system, showing a single line for each phase, and standard symbols for different 

equipment. It does not show the physical layout of the system, instead showing the flow of power through 

the system from the top of the page to the bottom. It also shows important information, such as the 

transformers' substation voltage and voltage ratios. This allows us to communicate our design to other 

engineers easily. 

Our one-line diagram shows the point of interconnection (POI) to the power grid at the top and a 

main power transformer (MPT), which are located in the existing adjacent substation. From this, two 

homeruns, or cables, connect the substation to the energy storage system. One of the homeruns connects 

three of the inverters in series, and the second homerun connects the other three inverters and the 

auxiliary power system in series. Each inverter converts AC power to DC power, and vice versa, for four 

battery containers. The auxiliary (aux) power system consists of a step-down transformer, a switch board, 

and the auxiliary power cabinet. 

 
Figure 5: One-line Diagram 
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Main Power Transformer Sizing 

The bidirectional MPT steps voltage down from the high voltage at the POI, which is assumed to 

be 138 kV, to 34.5 kV. It will also step up the voltage when the batteries are discharging. We sized it based 

off the nameplate rating of the site, which is 25 MW. Using factor of 0.69 to determine the minimum 

operation limit, 0.92 for the nominal rating, and 1.15 for the peak operation limit, the transformer can be 

sized to perform optimally in many different conditions. These factors are an industry standard for the 

design of a BESS.  

Minimum operation limit: 0.69 • 25 = 17.25 [MVA] 

Nominal rating: 0.92 • 25 = 23 [MVA] 

Peak operation limit: 1.15 • 25 = 28.75 [MVA] 

MPT Rating: 17.25/23/28.75 MVA 

The feeder breaker connected to the MPT protects the downstream equipment from overcurrent. 

Medium voltage circuit breakers are typically either 1200 A or 2000 A. A 1200 A breaker 4 would be 

sufficient considering the current in this part of the system, but to allows for future expansion, a 2000 A 

breaker was used in our one-line. 

Auxiliary Power System Sizing 

The auxiliary (AUX) power system powers the HVAC equipment, communication devices, and fire 

detection equipment among others in the battery containers and PCS skids. The equipment involved in 

this system operates on 480 V, so a transformer is needed to step down the string voltage of 34.5 kV. In 

this BESS, only one auxiliary transformer and cabinet are necessary.  

The BYD battery model specifies that the auxiliary power system usage is 38 kVA at its peak. The 

total auxiliary power consumption is found with the following equation considering that there are 24 

battery containers. The PCS doesn't need power from the aux system. Its aux system is powered 

parasitically, so it is accounted for in the AC power total value of 4950 kVA in the Gamesa PCS spec sheet. 

The auxiliary transformer is rated based on the power consumption value with a 25% overbuild. In the 

one-line, the transformer rating is 1250 kVA, which is the calculated rating rounded up to the nearest 

standard size.  

Aux power consumption: 38[kVA] • 24 = 912 [kVA] 

Transformer rating: 912[kVA] • 1.25 = 1140 [kVA] 

To protect the aux transformer and downstream equipment, the system uses a surge arrestor, 

current limiting fuse (CLF), and an expulsion fuse (EXF). The surge arrester protects against overloading 

by limiting voltage through discharging surge current. The CLF and EXF work together to protect the 

transformer because the CLF can interrupt very large shorts while the EXF is fast-acting. 

The aux power cabinet contains a switchboard to control the flow of electricity in the BESS and 

protect form overloading and shorts. It consists of a circuit breaker and switches and is sized based on the 
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total current in this part of the system. Considering the aux power consumption and voltage level, the 

current is given below. A 25% overbuild is also necessary here, and so the final switch board rating is 

given as 1500 A in the one-line. This is again due to rounding up to the nearest standard manufactured 

size.  

Auxiliary current: 
912[kVA]

√3•480[V]
= 1100 [A] 

Current with overbuild: 1100[A] • 1.25 = 1380[A] 

The final part of the aux power system that we sized are the feeder breakers, which protect from 

overloading on the cables running to each battery container and PCS's auxiliary power input. There are 30 

of these breakers because is one for each of the six PCSs and 24 batteries. The current rating is found from 

the equipment's rated aux power usage with a 25% overbuild. These feeders are not shown on the 

diagram. Instead, they are numbered 1 to 30 with a note on the bottom.  

Switchboard feeder breaker rating: 
38[𝑘𝑉𝐴]

√3•480[𝑉]
• 1.25 = 46[𝐴] • 1.25 = 58[𝐴] ≈ 60[𝐴] 

Medium Voltage Cable Design 

In our system, the nominal voltage level on the homeruns, which run from the substation to the 

energy storage system, are 34.5 kV. There are two homeruns which will daisy chain the PCS skids and aux 

power system. Using two homeruns limits the current, and daisy chaining avoids connecting too many 

pieces of equipment to one bus, which both increase the system's resiliency.  

 The maximum loading on one string is determined by dividing the power rating of a 1000 KCMIL 

cable by the power of one PCS skid. The AC power of the Gamesa Proteus PCS used is 4950 kVA. 

Considering that the auxiliary equipment needs to be attached at the end of one of the strings, its power 

consumption of 1.25 MVA needs to be factored in as well. 

Maximum number of PCS skids per string: 
30 [MVA]

4.95 [MVA]
= 6.1 ≈ 6 

Number of PCS skids on string with aux equipment: 
30[MVA]−1.25[MVA]

4.95[MVA]
= 5.8 ≈ 5 

 Our calculations show fewer than 6 PCS skids should be on one string. Because the BESS uses six 

PCS skids and one aux power system, three PCS skids will be daisy-chained on one string, and the aux 

power and the remaining three skids will be daisy-chained on the other. This will provide balance to our 

system and limit the power on any one part. 

Power Conversion System and Battery Containers Sizing 

As seen on the one-line, the power conversion is a simplified version of the schematic depicted in 

the Siemens Gamesa Proteus spec sheet. They contain a bidirectional transformer, which steps the voltage 

down from 34.5 kV to 480 V. There are two DC outputs, which allow for easier connection of more battery 
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containers. Because of this, there are two parallel motorized AC circuit breakers, bidirectional inverters, 

and DC fuses. The bidirectional inverter is rated at 2500 kVA and has a DC input voltage of 1500 V. 

 The BYD battery containers in this system have an output DC voltage range of 1081-1498 V and a 

maximum discharge power of 1275 kW. Because each DC input of the PCS skid has a maximum current of 

2227 A and the maximum voltage level is 1500 V, two batteries can be attached to each input. This results 

in four battery containers on each PCS skid. 

Maximum power per DC input: 2227[A] • 1500[VDC] = 3,340[kW] 

Number of battery containers per DC input: 
3340[kW]

1275[kW]
= 2.6 ≈ 2 

Site Layout 

Our BESS site is on a 10-acre plot on Ames on State Ave south of Mortenson Rd. The Ames 

location is ideal because of its proximity to a substation, the availability of land, and its location right off a 

wide paved road allows it to accommodate the large trucks needed to get equipment to the site. The 

AutoCAD drawing of our site below (figure 5) shows the 24 battery containers, six PCS skids, the 

underground cables, and the on-site roads. 

We followed many industry standards to set the location of our equipment. We determined from 

the battery specification sheet that they must be placed 0.5 feet apart on the short side and 6.5 feet apart 

on the broad side. These distancing specifications have several purposes. It will allow the service doors to 

swing freely, provide proper cable space, and follow safety standards. We have chosen to keep the 

inverters 10 feet apart from the batteries. The equipment pad on the SE corner will house the 

switchboard, aux power cabinet, and auxiliary power transformer. The roads on the site are 20 ft wide, 

with the turns having an inner radius of 25 ft and an outer radius of 40ft. Cable location is critical for heat 

dissipation and construction; because of this, we need to know where the cables will be far before 

construction starts.  

 

Figure 6: Site Layout AutoCAD Drawing 



26 

Cable Schedule 

The cable schedule is a document used in the design process that outlines essential characteristics 

of the conductors used. Many documents were referenced from the NEC 2020 version to determine how 

the conductors would be sized for the design of the BESS. Articles 300, 310, and 311 were primarily used 

to determine the sizes and used to determine the insulation, ambient temperature, and cable rating 

temperatures. Assumptions were made in the design process, which helped decide and calculate this 

schedule.  

Additionally, the process for determining the lengths will be detailed in this report. When we 

finally ran our cable system during testing, the cables were sized up accordingly based on minimum cable 

sizes allowed with the library selection in ETAP, as well as to ensure the max ampacity is not exceeded. 

These tests determined the conductor sizes previously calculated would not be able to withstand the load 

current without violating cable temperature limits as set by U/G Thermal Neher McGrath.  

The assumptions we made to create the cable schedule are listed in detail below: 

1. Aluminum lines will be utilized for all wires, medium and low voltage. 

Aluminum lines are much cheaper than copper lines, which was why this material was selected. 

2. Power Factor of 1.0 

Assuming a power factor of 1.0 will ensure the calculations will be sized based on the "worst case" 

scenario. 

3. Cables will be directly buried in Earth. 

Upon researching the NEC 2020 version, the most suitable table to reference would be directly 

buried in Earth [Table 311.60(C)(86)], although conduit was the original ask. The client approved 

the change, so long as it will be honored throughout the rest of the design process. 

4. Ambient temperature of 40 ℃  

When deciding on the ambient temperature, two options were presented: 40 ℃ or 30 ℃. None 

had any advantage over the other, and so the assumption was made to be 40 ℃. One thing is to be 

noted: with the use of this ambient temperature, the NEC article 310 needed to be referenced. 

Table 310.15(B)(1) was referenced to size the conductors by the appropriate correction factor.  

5. Use of minimum voltages in the DC batteries 

The use of minimum voltage requirement listed in the datasheets of the BYD battery was utilized 

in the calculation process to ensure the calculations of the maximum current flow through a 

conductor. This ensures that the size of the conductor will be rated for the maximum current in 

the case of low-voltage operations.  

6. Changes may be necessary to conductor sizes once short-circuit analysis is run 

In the case of a short-circuit fault, a spike in current could become present, making the amperage 

running through the line higher than what it is rated for. In this case, there is a risk of 
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overheating, so resizing the conductors may become necessary to ensure the reliability of the 

system.  

7. No communication or grounding cables will be accounted for currently 

There will not be any sizes calculated for the communication cables to the batteries or inverters, 

and there will be no grounding cables. There is not enough time to determine these sizes, as it will 

need to reference different articles in the NEC and new types of conductors.  

8. Medium voltage cables will be of MV105 

The medium voltage cables used between the inverters, fuses, and aux power will be of MV105. 

This means medium voltage (MV) and 105℃ for the temperature rating.  

9. There will be two circuits of triplexed cables for the medium voltage lines 

This is because we had two home runs. Because of that, we will have two circuits, and they will be 

triplexed. Triplexed cables are commonly used in overhead systems and consist of three cables 

twisted together. As our system for the medium voltage will be three-phase, we will have one 

conductor per phase. 

10. The low voltage cables will be rated for 90 ℃ 

This assumption was made primarily because Iowa's weather fluctuates between hot and cold, so 

rating the cables at the highest temperature allowed per the NEC 2020 version table 310.16 was at 

90 ℃. The ambient temperature correction factor was based on this rated temperature. 

11. The low-voltage cables will be parallel conductors 

Parallel conductors are cables that run parallel with one another, dividing up the current among 

them. The number of parallel conductors will be determined by the calculation process and 

approved by Burns & McDonnell. 

12. Cables will be sized up 3x over the recommended ampacity rating due to violations 

of cable thermal limits 

When calculating the ampacity needed to select conductor sizes, the cables will be sized up three 

times over the recommended selection due to the cable thermal analysis indicating the cables 

were in violation of cable thermal limits, which is the maximum temperature a cable can 

withstand before overheating or degrading. 

13. The auxiliary equipment cables will be the only lines that are copper 

When testing our cable system, we were unable to successfully pass the cable thermal analysis 

temperature rules using the aluminum lines as there was way too much current running through 

these conductors, and so we needed to change this to copper and split the conductors into two 

raceways to meet those requirements.  
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Once the cable assumptions were noted, we were able to begin the calculations for it. We used a 

three-phase power equation to calculate the ampacity running through the medium voltage lines, and a 

power equation for the DC battery cables.  

Medium Voltage Ampacity Equation: 

𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (𝑉𝐴)

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)

√3
 

DC Battery Ampacity Equation: 
𝑃𝑜𝑤𝑒𝑟 (𝑊)

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)
 

To calculate the ampacities, we first started off by calculating the medium voltage cables. Using 

our understanding of power flow, we needed to calculate from the outer PCS skids towards the home run 

cables that connect to the substation POI (Point of interconnection). Using the medium voltage equation 

detailed above, we used equipment specification datasheets to determine the power input, and voltage 

input for one PCS skid, and then using KCL, we continued to add the current from the outer PCS towards 

the home run. From the specification sheets, we found that each inverter has a power of 4.067 MVA, and 

the secondary voltage from the POI we used was 34.5 MV. When calculating the ampacities and size, we 

split it into two sections, right and left side, or home run cable 1 side, and home run cable 2 side. 

Beginning on the right side on the home run cable 2 we used this approach to calculate the ampacities: 

𝐼𝑃𝐶𝑆6 =  
4.067⋅106

34.5⋅103

√3
= 77.097A 

Using the NEC article 311, the cable size that originally was selected was 6 AWG, however, we 

needed to size it up due to the failed cable thermal test and minimum cable size requirements from ETAP, 

we went with a cable size of 1/0. Next, since we used KCL to understand that the current continues to 

increase moving towards the home run cables, the next cable will have double the ampacity as the first 

cable as this cable will support two PCS skids. 

𝐼𝑃𝐶𝑆5  =  2  ⋅  𝐼𝑃𝐶𝑆6  =  2  ⋅  77.097= 154.194 A 

As discussed above we needed to size up these cables as well. The first cable was sized up three 

times over the minimum size listed in the NEC, so the same process was used for this cable. Initially, we 

determined a cable size of 1 AWG would be needed, but after sizing it up, we determined it would be 2/0. 

The next cable will be the home run cable 2, which will support three PCS skids. To calculate the 

ampacity for the home run cable, the same logic from above was used to determine the size 

𝐼𝐻𝑜𝑚𝑒𝑅𝑢𝑛2 =  3  ⋅  77.097  = 231.291 A 

Initially this cable was intended to be 4/0, however, we sized it up to 350 KCMIL. After the right 

side of the home run cables, we moved on to the left side. One the left side, we also needed to calculate the 

ampacity running from the surge arrester cable. To do this, we used the same equation discussed above, 

however with new values determined from the specs sheets we chose for this specific equipment. The 

power input for this was 1250 kVA, and the voltage remained the same as above, 34.5 kV.  

𝐼𝑆𝑢𝑟𝑔𝑒   =  
1250⋅103

34.5⋅103

√3
 = 20.918 A 
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We determined a conductor size of 6 AWG for this cable initially, however, we sized it up to 1/0 to follow 

the same process as before. We continued to follow the same process, adding current on to the total until 

we reached the home run. 

𝐼𝑃𝐶𝑆1  =  20.918  +
4.067⋅106

34.5⋅103

√3
 = 98.016A 

Initially, this cable was 4 AWG, however, we sized it up to 1/0. 

𝐼𝑃𝐶𝑆2 =  20.918 + (2 ⋅ 77.097) = 175.112A 

Initially, this cable was sized to 1/0, but we sized it up to 3/0. 

𝐼𝐻𝑜𝑚𝑒𝑟𝑢𝑛1 =  20.918 + (3 ⋅ 77.097) = 252.209A 

Much like the other home run cable, this was initially 4/0 but sized up to 350 KMCIL following the same 

tread discussed above. 

Next, we calculated low voltage cables: the auxiliary equipment and switchboard cables. To start, 

the auxiliary equipment pad cables had a large amount of current running through them, so we needed to 

create parallel conductors for this. In order to limit the large flow of current, we needed to add more 

conductors per each phase. We also had a maximum cable size of 1000 KMCIL we could not exceed, and 

this is also the reason we needed to add more conductors per phase.  

Since we decided on 40 degrees Celsius for our ambient temperature of the cables, we needed to 

use NEC article 310.15 correction factor to calculate the ampacity correctly. The auxiliary transformer we 

used has a secondary voltage of 480, and the power rating for this XFMR is 1250 kVA. Using these values, 

we calculated the ampacity to be: 

𝐼𝐸𝑞𝑢𝑖𝑝 =  
1250∗103

480

√3
 = 1503 A 

1503 A is much too high of a current to run through a cable that is at or less than 1000 kmcil, so 

we need to break it down to parallel conductors which are two conductors with cables running in parallel 

to one another in order to lower the current so that we can use the maximum allowed cable size. 

Additionally, we selected an ambient temperature of 40 degrees Celsius and so we needed to use the 

correction factor as NEC 310.16 is rated for only 30 degrees Celsius ambient temperature. The reason 

behind the ambient temperature selection can be found above in the assumptions section of this cable 

schedule section.  

In order to do parallel conductors, we need to follow these steps: 

- Chose a conductor size to use: We decided to select 1000 KCMil as that is the largest allowed 

cable size we could use according to our clients' constraints. They suggested this as it is an 

industry standard to follow this constraint. 1000 KCMil is rated for current at 500 A 



30 

- Take the rated current for that line and multiply it by the number of conductors we would need. 

We decided on using 4 conductors per phase as by trial and error, we determined this gave us the 

best results.  

- Use the NEC article 310.15 to find the correction factor. We found ours to be 0.91 

- Multiply the rated current, number of conductors, and the correction factor together to find the 

rated current. Sizing up is important. When we did these calculations we got 500 * 4 * 0.91 = 

1820A. 1820 A is much higher that 1503 A, so that shows us that the cable size and number of 

conductors would work well for us, and we would not exceed the temperature limitations.  

We did however determine we needed to make a lot of change to this cable due to how hot the 

cable would get during a fault. We decided we needed to create parallel raceways and divide the current 

and conductors into different raceways, as well as change the material to copper. This allowed for us to 

stay below the 90 degrees Celsius rating limit we had with these cables.  

Next, we calculated the auxiliary switchboard cables. To do this, we needed to get the power 

rating from the datasheets and determined that it would be 38 kVA and since this is on the secondary side 

of the auxiliary transformer, we will continue to use a voltage of 480 V. These cables will connect to each 

of the DC batteries for protection, and so all 24 cables will be calculated the same way and have the same 

sized cables. 

𝐼𝐴𝑈𝑋𝑆𝑊𝐵𝑅𝐷 =  
38∗103

480

√3
 = 45.707 * 1.25 (Rated Current) = 57.134 A 

 We need to multiply this current by 125%. The reason we need to do this is because of the 

protection system off this cable. Most continuous circuit breakers are not rated for 100% load, and to 

protect the conductors from overheating during a fault, we need to apply the 125% rule so that the 

conductor can cool down. We decided to also size up these cables from 4 AWG up to 1/0 to allow for more 

protection in case of a fault.  

 Once we got the medium and low three phase cables calculated, we needed to calculate the DC 

battery cables. These calculations were a bit easier as we needed to only use ohms law. We also needed to 

do parallel conductors for these cables. We found calculated the power for these batteries by taking the 

kilowatt hour rating found in the spec sheets and dividing it by the 4 hours we need these batteries to 

charge/discharge.  

𝑃 =  
4946 𝑘𝑊ℎ𝑟

4 𝐻𝑟𝑠
 = 1236.5 kW 

 Next, we found the voltage in the spec sheets as well. We needed to use the minimum voltage 

rating for these batteries to maximize the current. This value was 1075 V.  

𝐼 =  
𝑃

𝑉
=

1236.5∗103

1075
 = 1149.767 A 

Much like the auxiliary cables, this current is much too high compared to the rated cable sizes in the NEC, 

and so we need to add more conductors per phase to limit the ampacity in a cable. Furthermore, 
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according to the battery specification sheets, the maximum allowable conductor size will be 500-750 

KCMil as standard wiring for DC batteries need to be at that size or smaller or the cables will not fit 

through the battery window. Following the same process, we chose a cable size of 500 KCMil, which is 

rated for 350 A, decided on 4 conductors per phase, and used the same correction factor of 0.91 to 

determine the ampacity and ensure it will work with the current we calculated. This was sufficent as it 

came to 1274 A, which is higher than the 1149 we calculated so these cables will work. We did not do any 

testing on these cables because our clients advised us to focus on the more critical AC conductors.  

4.3.3 Functionality  

Our system is intended to reduce the energy demand from power plants during peak demand. This is 

achieved by charging the batteries when energy demand is low, typically late at night. The system will 

then discharge when demand is highest. This typically happens in the late afternoon because household 

energy use peaks when people return home from work. Using stored energy results in more consistent 

energy prices throughout the day and better utilization of renewable energy sources. When the grid's 

energy storage is high enough, it can also reduce the need for higher capacity power plants if that capacity 

is only needed for a few days of the year. 

4.3.4 Areas of Challenge 

Since we work very closely with our clients at Burns and McDonnell and meet weekly, we do not stray 

far from the intended design. If the Burns and McDonnell team comes across a problem with our actions, 

they will explain what we are doing wrong and guide us in the correct direction. We still have ample 

freedom in how we complete the project. If there are multiple ways of doing something, we have the 

freedom to choose the direction if it adheres to standards.  

4.4 TECHNOLOGY CONSIDERATIONS  

We are using relatively modern technologies, including the large lithium-ion battery containers 

and DC-to-AC inverters. These two technologies go together very well. They have many advantages and 

disadvantages compared to not storing energy. Some benefits are the need for smaller fossil fuel plants 

and smoothing the cost of energy throughout the day. Another significant advantage is allowing renewable 

energy to be available even when it is dark or there is no wind.  

 Some disadvantages are that a significant portion of the energy cost will be devoted to energy 

storage instead of focusing purely on production. Having an energy storage system raises the cost of 

energy due to imperfect efficiency and maintenance. Another disadvantage is that lithium-ion battery 

capacity degrades relatively quickly. This makes the project more expensive through overbuilding at BOL 

and augmentations throughout its life. 
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5. Testing  

During the design process of a BESS, electrical studies are typically performed after all components 

and wires are selected and sized. The software we used to perform the electrical studies on our BESS 

design was the Electrical Transient and Analysis Program (ETAP). This software is commonly used by 

power system engineers to model different parts of the electric grid. Our clients decided this would be the 

ideal program because they are familiar with it and were able to help us learn how to use it and debug 

problems in our system.  

Our studies examined how our system performs in the worst-case scenario. This consideration 

justifies our equipment selections and confirms that our equipment's safety ratings are adequately 

measured to keep technicians and equipment safe. Consulting regularly with our clients was crucial 

because they are experienced in the design of battery energy storage systems and were able to help us 

interpret results. We performed short circuit, arc flash, and cable thermal studies, which are described in 

the following sections. 

Our testing involved the following steps were to verify our design choices. 

1. Test equipment under worst-case scenario conditions. 

2. Analyze whether design choices are sufficient using results from ETAP. 

3. If equipment selections do not meet requirements, revisit design choices, specifications, 

capacities, and protection equipment selection.  

4. Ensure arc-flash boundaries are sufficient for technicians to service equipment. 

5. Finalize testing parameters and results. 
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5.1. SHORT-CIRCUIT ANALYSIS 

We used short circuit analysis to examine how our system behaves during a fault, including line-

to-line, line-to-ground, and three-phase faults. This determines the fault current levels throughout the 

system, which are used to determine proper protective equipment. The fuses and breakers must be sized 

to handle the maximum fault current to prevent damage to equipment. Based on the results from this 

analysis, we can ensure that system components, including our fuses, breakers, cables, and equipment, 

can withstand and isolate faults. 

Methodology 

In our short circuit analysis, we focused on 3 phase faults. We faulted the medium voltage buses 

(34.5 kV), and the low voltage buses (480 V and 760V) separately at a 0.95 and a 1.05 power factor. To 

perform a short circuit analysis, we sized the transformers, cables, inverters, and batteries based on the 

work we did last semester. Setting up the short circuit study in ETAP involved configuring the settings for 

the test four cases. To do this we needed to open edit study case details and update the faulted buses, 

standards used, and pre-fault voltage.  

We concluded whether our system passes the short circuit test cases by comparing the fault 

currents at each bus to a maximum value. Based on industry standards, the maximum allowable short 

circuit current is 25 kA for medium voltage buses and 65 kA for low voltage buses. We also found the 

maximum allowable short circuit currents for each of our medium voltage cables, including both home 

runs and the cables connecting the PCS skids. The equation for insulated aluminum conductors rated for 

105° C continuous operation is given as follows: 

(
I

A
)

2
t = 0.0125 log (

T2+228

T1+228
)  

Where: 

I = short circuit current (amperes) 

A  = conductor area (circular mils) 

t  = time of short circuit (seconds) - 0.25 seconds 

T1 = maximum operating temperature - 105° C 

T2 = maximum short circuit temperature - 250° C 

This equation can be used to find the minimum conductor for a given short circuit current or the 

maximum short circuit current a given conductor can withstand. We also used this equation to verify our 

cable sizing after completing the short circuit studies. 

Results 

The results from the short circuit studies indicate that our system is properly protected in the 

event of a fault. Table 4 includes the three phase, line-to-ground, and line-to-line fault currents and the 

short circuit withstand ratings for each category of bus in our system. Table 5 shows the worst-case cable 
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fault current withstand ratings for the medium voltage side of our system.  The short circuit current values 

for buses in our system are below the industry standard withstand ratings, as seen in table 4 below. They 

were also below the calculated cable fault current ratings, as seen in table 5. 

Table 4: Worst Case Short Circuit Current Value for AC Terminals 

Equipment (1.05 PF) 3-Phase (kA) L-G (kA) L-L-G (kA) 
SC Withstand 
Ratings (kA) 

Home Run Bus (34.5 kV) 5.744 5.897 5.061 25 

PCS Skid High Side Terminals (34.5 kV) 5.682 5.797 4.986 25 

PCS Skid Low Side Terminals (760 V) 47.071 49.715 41.256 65 

Aux Power System High Side Terminal (34.5 kV) 5.662 5.784 4.979 25 

Aux Power System Low Side Terminal (480 V) 28.604 28.995 24.772 65 

Table 5: Short Circuit Withstand of Aluminum Conductors 

Worst case MV 
Cable ID 

Conductor Size 
Clearing Time 

(cycles) 

Calculated Cable 
Fault Current 

Rating (kA) 

System 3P Fault 
(kA) 

Homerun  
(Cable ID:4) 

350 KCMil 15 31.01 5.74 

PCS 1-2  
(Cable ID: 2) 

1/0 AWG 15 9.39 5.67 
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5.2. EQUIPMENT COORDINATION ANALYSIS 

The protective devices in our system must be coordinated to operate effectively. Coordination 

means the protective device closest to the fault operates first, leaving upstream devices unaffected. This 

prevents unnecessary disconnection of the entire system and minimizes downtime. It may also reduce arc 

flash incident energy because the faults can be cleared faster. Time current curves (TCC) are used to 

visualize the coordination of a system graphically by representing the relationship between the operating 

time of a protective device and the magnitude of current passing through it. By analyzing the positions of 

the curves relative to one another, we can ensure that the downstream devices operate faster than the 

upstream devices. 

Methodology 

To evaluate the coordination of our equipment using the TCC graphs, we compared the positions 

of the curves for the protective devices relative to the damage curves for equipment they protect. The 

graphs axes are on a logarithmic scale and are read from bottom to top and left to right. The curves of the 

protective devices should be to the left of and below the curves of the equipment they protect to ensure 

they are activated before the equipment is damaged by the fault. Initially, our TCC graphs revealed 

Results 

Initially, our TCC graphs revealed several weaknesses in our system. We resized our fuses and 

breakers accordingly and were able to improve our system’s coordination. However, there are still some 

contingencies that our system is not prepared for, but further analysis was out of the scope of our project.   

 
Figure 7: TCC Graph for MPT to PCS 
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5.3. ARC-FLASH ANALYSIS 

An arc flash is a rapid release of energy due to an electrical fault, causing a high-temperature 

explosion that can severely damage equipment and pose serious safety risks to personnel. Compared with 

the short circuit study, arc flash analysis is focused on protecting personnel near the equipment rather 

than the equipment itself. It determines the arc flash boundary; the minimum safe distance personnel 

should maintain to avoid injury from an arc flash event. It also provides guidance on appropriate PPE for 

personnel working within the arc flash boundary. For a utility-scale BESS, this typically involves 

protective clothing, gloves, face shields, and other safety gear. 

Methodology 

To run the arc flash study, we used the fault current values from short circuit analysis as inputs. It 

is also essential to have adequately sized fuses. The current limiting fuses are particularly important here 

because of their ability to rapidly interrupt fault currents and minimize incident energy levels. To set up 

arc fault study in ETAP, we needed to set up two high voltage cases, a 95% and 105% load, and two low 

voltage cases, a 95% and 105% load. These use different standards, so they are evaluated differently in the 

ETAP software. When setting up the cases we had to set the correct buses, arc flash method, standards, 

FCT (fuse clearing time), and pre-fault voltage. It outputs the incident energy, measured in calories per 

square centimeter (cal/cm²), and the arc flash boundary distance, the area within which PPE is required.  

We ran a 3-phase fault at because this typically produces the highest fault current. Additionally, 

running analyses at two different power factors makes our testing more robust. The highest current, at the 

higher power factor, does not necessarily result in the highest incident energy. This is because incident 

energy also increases with the duration of the fault and is a product of I2t, which, depending on the 

settings and coordination of the fuses and breakers, may be faster at a higher current. With these four 

tests, we can ensure that we are analyzing the worst-case arc flash scenario. 

Results 

Table 6 and 7 show the duration of the arc faults, the incident energy, and the recommended 

working distance for the worst case of each bus voltage in our system. The results from the arc flash 

studies reveal very high incident energies, greater than 40 cal/cm2, in some parts of our system. 
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Table 6: Worst Case 3-Phase AC Arc Flash Results at 1.05 PF 

Arc Flash Fault 
Locations (1.05 PF) 

Voltage Bus 𝐈𝐚 (kA) 
Duration 
(cycles) 

Working 
Distance (in) 

Incident Energy 
(𝐜𝐚𝐥/𝐜𝐦𝟐) 

MV Buses 1.05 PF 34.5 kV 5.738 kA 120 15 220.6 

LV Buses 1.05 PF 760 V 47.071 120* 18 38 

LV Buses 1.05 PF 480 V 26.945 1.8 18 1.3 

 

Table 7: Worst Case 3-Phase AC Arc Flash Results at 0.95 PF 

Arc Flash Fault 
Locations (0.95 PF) 

Voltage Bus 𝐈𝐚 (kA) 
Duration 
(cycles) 

Working 
Distance (in) 

Incident Energy 
(𝐜𝐚𝐥/𝐜𝐦𝟐) 

MV Buses 0.95 PF 34.5 kV 5.16 120* 15 197.5 

LV Buses 0.95 PF 760 V 38.2 120* 18 42.8 

LV Buses 0.95 PF 480 V 22.8 1.8 18 13.5 

*Arc flash durations over the human reaction time of 2 seconds (120 cycles) are not considered from IEEE 

1584 
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5.4. CABLE THERMAL ANALYSIS 

Cable thermal analysis is a module in ETAP which uses a U/G Thermal Neher-McGrath calculation 

method to determine the cable temperature and ampacity ratings. It employs a thermal circuit model to 

represent heat flow situations. For this module, it is assumed that the cables have been carrying a load 

long enough that the heat flow has reached its steady state. 

Methodology 

To run a cable thermal analysis in ETAP, we need to know cable sizes, lengths, insulation type, 

minimum coverage for cables buried in a conduit, and we need to know the type of soil and temperature it 

will be buried in. Once this information is gain from the one-line, cable schedule and some assumptions 

given from our clients, we can create a study case for each cable we are testing, a raceway, and a conduit. 

Once we have these, we can add the cables into the conduit and test the cables using the Neher-McGrath 

calculation method in ETAP. We tested each cable/cable ground in a different study case and raceway as 

cable bundles in adjacent raceways can experience mutual heating from each other.  

After initial testing, we needed to size up the cable sizes as the ETAP library we used did not support 

cables less than 1/0, and our cables during the short circuit and arc flash analyses did not pass. We 

needed to recalculate the ampacities and size of the cables three times over the recommended ones. 

Additionally, the auxiliary equipment pad cable had such a high ampacity that we needed to create two 

raceways and split the conductors and ampacity. We also changed the insulation type to RHW2 and used 

copper lines for these conductors instead of the aluminum lines we used for the rest of the system. After 

these changes, we met the temperature requirements to pass the thermal analysis. Full results are 

attached in appendices.  

Results 

Table 8: Cable Thermal Study Cases 

Cable Size 
(kc
mil) 

Ampacity 
(A) 

Insulation Length 
(ft) 

Conductors/P
hase 

Min. 
Coverage 
(in) 

PCS1-2 1/0 98.016 XLPE 53.02 1 36 

PCS2-3 3/0 175.112 XLPE 53.02 1 36 

PCS4-5 2/0 154.194 XLPE 53.02 1 36 

PCS5-6 1/0 77.097 XLPE 53.02 1 36 

Home Run 350 483.500 
(total) 

XLPE 572.05 1 36 

Aux Pad 100
0 

1820 RHW2 40 4 38 

Aux 
SWBRD 

1/0 57.134 XLPE 15 1 30 
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5.5. DISCUSSION OF RESULTS 

The tests we performed on our system allowed us to simulate worst-case real-world scenarios to 

ensure the safety and reliability of our project. The results of our tests indicate that our system meets the 

standards expected, considering the scope of our project.  

The short circuit tests show that the fault currents are well below the short circuit withstand 

ratings and the cable fault current ratings of the conductors. However, the arc flash tests show several 

parts of our system have a very high incident energy, well above 40 cal/cm2. The parts of our system with 

an incident energy greater than 40 cal/cm2 need to be completely deenergized before performing 

maintenance on them, according to IEEE 1584. This is not ideal for the reliability of our BESS. The results 

from the TCC graphs show poor coordination of the protective devices. Due to time constraints, we did 

not go beyond a surface level analysis of the TCC curves. A more in-depth analysis of the protective device 

ratings would improve device coordination and decrease incident energies. While our arc flash and TCC 

graph study results are not ideal, our client was satisfied with the state of our design.  

The cable thermal analysis tested our system's ability to handle steady-state thermal conditions 

without degrading cables or the cables' insulation. We used the Neher-McGrath calculation in ETAP to 

determine heat flow and the presence of mutual heating. This testing revealed many problems with our 

system and required increasing cables sizes and changing the materials for subsequent iterations. 

Implementing the modifications decreased the cable temperatures well below the standard maximum 

rating. 

Overall, while our system is clearly not construction-ready, these tests verify our design decisions 

and provide recommendations for future work. 

6. Implementation 

Our project was hypothetical, so the implementation of our system was limited to testing the 

design by modeling it in ETAP. The scope of our project involved a 30% design of a BESS, which included 

the initial design steps and testing, but no physical implementation. We were able to meet the client's 

requirements, which are similar to what an engineer in industry would complete. In our first semester we 

determined the site layout, equipment selection, one-line diagram, and cable schedule. In our second 

semester we completed arc-flash, short-circuit, and cable thermal studies. We wrote detailed technical 

documents for each of these steps, which could be referenced by other engineers to do further work on the 

BESS.  
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7. Professional Responsibility 

7.1. AREAS OF RESPONSIBILITY 

 For our project, we will follow the IEEE code of ethics. The seven professional responsibilities are 

work competence, financial responsibility, communication honesty, health, safety and well-being, 

property ownership, sustainability, and social responsibility. 

7.2. PROJECT SPECIFIC PROFESSIONAL RESPONSIBILITY AREAS 

Table 9: Area of Responsibilities 

Area of Responsibility Professional Context Team Performance 

Work Competence Our team has been working to provide a 

solution to inconsistencies in renewable 

energy generation. With this project, we 

are contributing to making the world a 

cleaner place while our need for energy 

grows. 

High 

Financial Responsibility We have not been considering the 

financial implications of our design as 

directed by our industry partners.  

Low 

Communication and 

Honesty 

Create the best product we can without 

taking shortcuts. Being open about how 

the team came to conclusions. 

High 

Health, Safety and Well-

being 

Follow all safety and fire codes closely. 

Adhere to our client's specifications. 

High 

Property Ownership We signed an NDA before beginning 

work and are respecting that 

High 

Sustainability Our project uses large lithium-ion 

batteries, which have significant 

environmental impacts. It also decreases 

the need for fossil fuels. 

Medium 

Social Responsibility It benefits the Ames community by 

making the energy landscape more 

sustainable 

High 
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7.3. MOST APPLICABLE PROFESSIONAL RESPONSIBILITY AREA 

The most applicable section to our project is sustainability. Improving the sustainability and 

reliability of the energy grid is the primary reason for building battery energy storage systems. Every 

aspect of the system has an environmental impact. It is crucial that we keep this in mind in every design 

decision we make, from the location of our site to the equipment we select.  
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8. Conclusion 

8.1. SUMMARY OF PROGRESS 

The project team has designed a 25 MW/100 MWh lithium-ion battery energy storage system 

(BESS) for Ames, Iowa, aimed at enhancing renewable energy reliability and grid stability. Key 

deliverables include a detailed site layout, one-line diagrams, a cable schedule, and system analyses for 

short-circuit, arc-flash, and cable thermal analysis. The team utilized tools like AutoCAD and ETAP while 

adhering to NFPA 70 NEC standards. Significant achievements include selecting optimal equipment 

(batteries, inverters, transformers, fuses and breakers) and successfully integrating client feedback 

through iterative design reviews. Testing simulations highlighted the system's safety and efficiency, 

though arc-flash safety requirements require further refinement. 

8.2. VALUE PROVIDED 

The design addresses renewable energy variability by providing a reliable storage solution that 

enhances grid stability and reduces reliance on fossil fuels, aligning with community environmental 

values and lowering long-term energy costs. Detailed deliverables, including one-line diagrams, site 

layouts, and cable schedules, adhere to NEC and NFPA standards, ensuring safety and ease of 

implementation. While improvements to arc-flash protection are needed, the design offers a scalable 

framework for future energy projects, effectively supporting renewable energy integration and sustainable 

energy use. 

8.3. NEXT STEPS 

Arc flash protection is not currently passing for all equipment, but addressing protection and 

coordination issues is beyond the scope of this project. A recommendation for future work would be to 

further analyze the time-current curves for the fuses and breakers. Additional future work could include 

performing a load flow analysis, developing a grounding scheme for the system, and conducting DC arc 

flash and short-circuit analyses. 
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10.  Appendices 

APPENDIX 1: IMPORTANT VISUALS 
Site Layout: 

 

One-line diagram: 
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Siemens Gamesa PCS Configuration: 

 

 

Cable Schedule 
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ETAP Model 
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APPENDIX 2: EQUIPMENT DATA SHEETS 

Siemens Gamesa PCS 

 



48 

BYD MC Cube Battery Container 
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APPENDIX 3: SHORT CIRCUIT ANALYSIS RESULTS 

Low voltage (480-760 V) 95% power factor case 
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Low voltage (480-760 V) 105% power factor case 
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Medium voltage (34.5 kV) 95% power factor case 

 

Medium Voltage (34.5 kV) 105% power factor case 
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APPENDIX 4: ARC FLASH ANALYSIS RESULTS 

Low voltage 95% power factor 
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Low voltage 105% power factor 
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Medium Voltage 95% power factor 

 

 

Medium voltage 105% power factor 
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APPENDIX 5: CABLE THERMAL ANALYSIS RESULTS 

Cable thermal study ETAP setting screenshot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

Auxiliary Cable Thermal Results 
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Auxiliary Pad Cable Thermal Results 

 

 

Home Run Cable Thermal Results 

 

 



59 

 

PCS 1 – 2 Cable Thermal Results 

 

 

 

PCS 2 – 3 Cable Thermal Results 
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PCS 4 – 5 Cable Thermal Results 

 

 

PCS 5 – 6 Cable Thermal Results 
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APPENDIX 6: TEAM 

Team Members 

Oksana Grudanov– Team Leader; Calculated number of battery and inverters needed by determining 

the reactive power necessary, sized conductors and created cable schedule, Cable thermal analysis Lead  

Sarah Ebert– Team Organizer; One-line diagram lead, including research and calculations for 

equipment sizing; ETAP system development; Short circuit and arc flash study lead in ETAP, including 

research and evaluation of short circuit and arc flash study 

James Mendenhall – Documentation Leader; Technical documentation for the project and the status 

report updates; Responsible for the final draft of one-line created in AutoCAD, ETAP system 

development, Cable thermal analysis lead 

Cole Dustin – Client Point of Contact; Responsible for site layout in AutoCAD; ETAP model lead, 

including building the model and managing the software 

Required Skill Sets for Your Project 

• AutoCAD 

• One-line Diagram Analysis 

• Cable Sizing 

• Communication 

• Ability to Implement NEC and IEEE Code 

• Understanding of Electrical Power systems  

• ETAP software 

Skill Set Covered by the Team 

James Mendenhall - AutoCAD, One-line Diagram Analysis, Cable Sizing, Communication, ETAP 

Software, Cable Thermal Analysis 

Cole Dustin- AutoCAD, Cable Sizing, Communication, Ability to Implement NEC Code, ETAP Software, 

Short circuit and arc flash analysis 

Sarah Ebert- AutoCAD, One-line Diagram Analysis, Cable Sizing, Communication, ETAP Software, 

Short circuit and arc flash analysis 

Oksana Grudanov- AutoCAD, One-line Diagram Analysis, Ampacity calculations, Communication, 

Ability to Implement NEC Code, Equipment calculations, Cable Thermal Analysis in ETAP 
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Project Management Style Adopted by the Team 

The management style our team used was a round-table approach. We took feedback from our 

client and worked together to create and update our solution. Team members would specialize in subsets 

of the project to save time. 

Individual Project Management Roles 

Weekly Meeting Times: Thursdays at 2:00 pm in SIC 

Meeting with faculty and industry point of contact: Mondays at 3:00 pm via Teams 

Additional meeting times as necessary: Monday, Tuesday, and Wednesday evenings 

Communication: Day-to-day: Text and email 

Meeting virtually: Microsoft Teams 

Decision-making policy: We will come to a consensus on issues. If we have differing opinions, we will 

work out a compromise that includes everyone's ideas. 

Record keeping: Cole will keep track of what we did in the weekly meetings and record our goals for 

what to complete before the next meeting in a single Google doc. We will all be able to edit this document 

and record notes from work we do outside of the weekly meeting. We will reference this document to help 

keep track of our goals and what each group member is contributing. 
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Team Contract 

Team Members: Sarah Ebert, James Mendenhall, Cole Dustin, Oksana Grudanov 

Team Procedures 

Weekly Meeting Times: Thursdays at 2:00 pm in the library 

Meeting with faculty and industry point of contact: Mondays at 3:00 pm via Teams 

Additional meeting times as necessary: Monday, Tuesday, and Wednesday evenings 

Communication: Day-to-day: Text and email 

Meeting virtually: Microsoft Teams 

Decision-making policy: We will come to a consensus on issues. If we have differing opinions, we will 

work out a compromise that includes everyone's ideas. 

Record keeping: Cole will keep track of what we did in the weekly meetings and record our goals for 

what to complete before the next meeting in a single Google doc. We will all be able to edit this document 

and record notes from work we do outside of the weekly meeting. We will reference this document to help 

keep track of our goals and what each group member is contributing. 

Participation Expectations 

Attendance: Everyone is expected to attend all weekly meetings and meetings with industry point of 

contact. Each team member should make it a priority to keep this time available and work on tasks for our 

project during the meeting (not doing other coursework).  

If you are unable to attend a meeting, give a couple of hours' notice to team members (via text).  

Deadlines: Our team's schedule will allow some flexibility with the exact date we meet our goals. 

Communication with the group via text is expected if a team member is unable to meet a deadline on our 

timeline.  

Communication: Before submitting any work, group members should notify the team for approval. 

Members should keep track of work they do outside of team meetings in the shared team meeting 

document. This will ensure that everyone is aware of other team members' progress. 

Leadership 

James: (Document Reporter) Technical Documentation for the project and status report updates 

Oksana: (Leader) Keeping the team on track and making sure we stick to a timeline we create 

Cole: (Point of Contact/ Communicator) Sending emails, scheduling meetings, Record Keeping 

Sarah: (Organizer, editing, and submitting) Organizing documents, editing final drafts, making 

things look presentable 
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Strategies for effective teamwork 

We will try to work as a team as much as possible and not break the project into tasks we complete 

individually. In meetings, we will make sure that all team members have the opportunity to voice their 

opinions. To recognize the contributions of all team members, we will keep detailed records of our 

individual and team progress.  

Collaboration and Inclusion 

James: I will always respond to others in a timely manner and make sure everyone is heard. I will be as 

flexible as possible with others and their time constraints.  

Oksana: I have taken power classes and have an understanding of the basic concepts needed to succeed 

in this project. I have worked on short circuit and load flow analysis in power classes as well as my 

internship at a utility company. I will respond to everyone in a timely manner and make an effort to be 

inclusive to everyone.  

Cole: I have experience working in teams on multiple types of projects in different environments. I like to 

learn new things, so I am excited to take what I have learned at Iowa State and apply it to this project.  

Sarah: I have experience doing research with lithium-ion batteries, so I have a good understanding of 

their chemistry and operation. I am very detail-oriented and organized. 

To support and encourage ideas from all team members, we will make sure every group member has the 

opportunity to voice their opinions/ideas/concerns by including everyone in every conversation. We will 

also rotate who is presenting/leading meetings every week. 

If collaboration/inclusion issues arise, we will encourage team members to voice their concerns during 

team meetings. 

 

Goal Setting 

Team goals: This semester, we will select appropriate equipment (battery, inverter, cables, etc.), 

complete a one-line diagram, and do the site layout. Next semester, we will complete load flow/short 

circuit/arc flash studies and consider construction logistics. 

Keeping on task: We will create a detailed timeline with dates and goals (minor tasks and major 

deadlines) to keep on task. Oksana will hold us accountable for this and update the dates/goals as needed. 

Cole will be responsible for being the point of contact between the company and setting up meetings. 

Assigning individual and teamwork: To decide who will work on different tasks, we will discuss the 

responsibilities with our point of contact. The work will be divided up based on our roles and availability. 

 



65 

Consequences for not adhering to the contract 

We will be lenient for occasional infractions. We understand that this course will not always be the top 

priority. 

For repeated offenses, problems will be discussed as a team. If behavior does not improve in a timely 

manner, the course instructor will be notified. We will communicate with the entire team before any 

actions are taken. 

************************************************************************************************ 

a) I participated in formulating the standards, roles, and procedures as stated in this contract. 

b) I understand that I am obligated to abide by these terms and conditions. 

c) I understand that if I do not abide by these terms and conditions, I will adhere to the 

consequences as stated in this contract. 

1) Oksana Grudanov DATE: 16 Apr 2024 

2) Sarah Ebert DATE: 16 Apr 2024 

3) Cole J Dustin DATE: 16 Apr 2024 

4) James Mendenhall DATE: 16 Apr 2024 

 

 

 

 

 

 

 

 


	Executive Summary
	Learning Summary
	Development Standards & Practices Used
	Summary of Requirements
	Applicable Courses from Iowa State University Curriculum
	New Skills Acquired

	List of Figures and Tables
	Definitions and Abbreviations Used
	1. Introduction
	1.1. Problem Statement
	1.2. Project Overview
	1.3. Intended Users

	2. Requirements, Constraints, and Standards
	2.1. Requirements & Constraints
	2.2. Engineering Standards

	3. Project Plan
	3.1. Project Management/Tracking Procedure
	3.2. Task Decomposition
	3.3. Project Proposed Milestone, Metrics, and Evaluation Criteria
	3.4. Project Timeline
	3.5. Risks and Risk Management/Mitigation
	3.6. Personnel Effort Requirements

	4. Design
	4.1. Design Context
	4.1.1. Broader Context
	4.1.2. Prior Work and Similar Projects
	4.1.3.  Technical Complexity

	4.2. Design Exploration
	4.2.1. Design Decisions
	4.2.2. Ideation
	4.2.3 Decision-Making and Trade-Off

	4.3 Final Design
	4.3.1 Overview
	4.3.2 Detailed Design
	Equipment Selection Process
	One Line Diagram
	Main Power Transformer Sizing
	Auxiliary Power System Sizing
	Medium Voltage Cable Design
	Power Conversion System and Battery Containers Sizing
	Site Layout
	Cable Schedule

	4.3.4 Areas of Challenge

	4.4 Technology Considerations

	5. Testing
	5.1. Short-Circuit Analysis
	Methodology
	Results

	5.2. Equipment Coordination Analysis
	Methodology
	Results

	5.3. Arc-Flash Analysis
	Methodology
	Results

	5.4. Cable Thermal Analysis
	Methodology
	Results

	5.5. Discussion of Results

	6. Implementation
	7. Professional Responsibility
	7.1. Areas of Responsibility
	7.2. Project Specific Professional Responsibility Areas
	7.3. Most Applicable Professional Responsibility Area

	8. Conclusion
	8.1. SUMMARY OF PROGRESS
	8.2. VALUE PROVIDED
	8.3. NEXT STEPS

	9. References
	10.  Appendices
	Appendix 1: Important Visuals
	Appendix 2: Equipment Data Sheets
	Appendix 3: Short Circuit Analysis Results
	Appendix 4: Arc Flash Analysis Results
	Appendix 5: Cable Thermal Analysis Results
	Appendix 6: Team
	Team Members
	Required Skill Sets for Your Project
	Skill Set Covered by the Team
	Project Management Style Adopted by the Team
	Individual Project Management Roles
	Team Contract



