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Development Standards & Practices Used

Engineering Standards

● IEEE 80 - Guide for Safety in AC Substation Grounding

● NFPA 70: National Electric Code

● UL1741- Inverters, Converters, Controllers and Interconnection System

Equipment for Use With Distributed Energy Resources

Summary of Requirements

Solar Panel Sizing Designs

● Equipment Selection

● Array Parameter Tool

● Cable List

● Solar Cost Analysis

● Conduit List

● BOM

Design Calculation

● Voltage Drop

● Electrical Ratings

Future Focused Research

● Trench Fill

● Lightning Protection

Design Drawings

● One Line

● Key Plan

● Equipment Plans

● Grounding Plans

● Elevation

● Drawing List

Applicable Courses from Iowa State University Curriculum

● EE 201 - Electrical Circuits

● EE 303 - Energy Systems and Power Electronics

● EE 456 - Power System Analysis 1

● IE 305 - Engineering Economic Analysis

● ENGL 314 - Technical Communication



● ME 433 - Alternative Energy

New Skills/Knowledge acquired that was not taught in courses

● Design and implementation of solar arrays

○ Parameterization of components including solar panel modules,

combiner boxes, and inverter/inverter skids

● Voltage drop calculations

● AutoCad Knowledge

○ Drawings and basic
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List of figures/tables/symbols/definitions

Definitions:

● VOC (Open Circuit Voltage) - The potential difference(voltage) measured

between two different points in a circuit when there is no load present/

● ISC (Short Circuit Current) - The current measured within a circuit when

there is no load present.

● Module - A panel composed of many solar cells connected in series

● String - A set of modules connected in series

● Rack - A mounting system which strings are fixed to running in parallel

● Combiner Box - An electrical panel that combines the current produced within

strings.

● Inverter - An electrical component that takes incoming DC voltage and converts

it into AC voltage.

● Transform - An electrical device that takes incoming voltage and converts it to

either higher or lower voltage, depending on the application.

● Voltage Drop - The amount of voltage consumed within a system due to wiring

and component resistance when a load is not present.

● One Line - A simplified drawing of the working design infrastructure

● Key Plan - A high-level view of the overall design

.



Figure 1: This New Mexico Solar Elevation/Solar Azimuth was used to

determine row spacing



NEC Table 8: Conductor Properties --- Used for voltage drop calculations

https://media.cheggcdn.com/media%2Fdad%2Fdade9b9f-2ce1-4840-9b57-360aa1ea2a6b%2FphpPhODdr.png


1 Team

1.1 TEAM MEMBERS

John Jennison - Project Lead

Logan Miller - Test Engineer & Website Designer

Kyle Neal - Design Engineer

Adilene Prieto - Research and  Test Engineer

Shadoe Rusk - Calculation Lead

Matthew Schindler - Design Engineer

Aayush Shah - Researcher and Calculation Lead

1. 2 REQUIRED SKILL SETS FOR YOUR PROJECT

● Pursuing an electrical engineering degree

● Background knowledge of power systems

● Problem solving

● Communication skills

● AutoCAD experience

● Project management

● Knowledge of solar power

1.3 SKILL SETS COVERED BY THE TEAM

● Pursuing an electrical engineering degree - All team members

● Background knowledge of power systems - All team members

● Problem Solving - All team members

● Communication Skills - All team members

● AutoCAD experience - All team members

● Knowledge of Solar Power - Adilene, John

1.4 PROJECT MANAGEMENT STYLE ADOPTED BY THE TEAM

Waterfall Management Style



1.5 INITIAL PROJECT MANAGEMENT ROLES

John Jennison - Lead the team, created and held the team accountable for the

gantt chart.

Logan Miller - Test Engineer

Kyle Neal -  Co-Led the drawing section of the team

Adilene Prieto - Research Engineer - Brought previous background knowledge

of solar power

Shadoe Rusk - Calculation Lead

Matthew Schindler - Co-Led the drawing section of the team and

communicated with the advisor

Aayush Shah - Calculation Lead - Brought previous internship knowledge

2 Introduction

2.1 PROBLEM STATEMENT

Our team was designated to design a 60MW solar plant and a 115/34.5 kV

substation for the Iowa State University client Black & Veatch. Under supervision

of client contacts Adam Schroeder and Patrick Kester, we are to research and

design a solar field layout, electrical layout, and their respective associated

calculation and drawing deliverables to promote Black & Veatch’s endeavor of a

sustainable energy infrastructure. This project emphasizes the importance of

renewable energy within the electrical utility industry and how solar power could

be used as a viable alternative for current energy production methods.



2.2 REQUIREMENTS & CONSTRAINTS

The main deliverables for this project are solar panel sizing design,

equipment sizing calculation, solar layout drawings, substation electrical layout

drawings, grounding analysis and grounding grid development, and substation

bus calculations. The following items will supplement the main deliverables.

● Grounding Plan

● Key Plan

● DC Schematics

● Wiring Diagrams

● Cable List

● Conduit Plan

● Equipment Plan

● Elevations

● Drawing List

● Vendor Drawings

○ Electrical

■ Layout/Elevations

● Controls

○ Schematics

○ Wiring Diagrams

● Lighting Plan

● Three Line

● AC Schematics

● One Line

● Bus Plan

● Calculations

○ Bus Calc

○ Grounding Calc

○ Lightning Protection

○ AC Calc

○ DC Calc

○ Trench fill

○ Cable tray fill/Trench Fill

○ Voltage drop

2.3 ENGINEERING STANDARDS

● This project will use the following engineering standards:

● IEEE 80 - Guide for Safety in AC Substation Grounding

○ This standard will be used to develop grounding designs for the

solar power station and the substation.

● NFPA 70: National Electric Code

○ This standard will be used for general electrical designs, including,

wiring, conduits, receptacles, lighting, circuit protection, etc.

● UL1741- Inverters, Converters, Controllers and Interconnection System

Equipment for Use With Distributed Energy Resources

○ This standard lays out the required manufacturing and testing

standards which allow a more reliable power grid management

system



Additionally, the following standards will be referenced for the different parts of

the design.

● Inverters

○ NEMA 3R rated UL Standards

○ EN50530 Standards

○ IEC Standards

● Service corridor

○ NEC guidelines

● Recombiner

○ NEC 2011 and 2014 compliant

2.4 INTENDED USERS AND USES

As our project is exclusively design oriented, the main beneficiary of this

project is our client Black & Veatch, a consulting company which specializes in

energy system infrastructure development. With the information collected from

the project, our client will be able to more effectively design future solar plants

and substations. This will not only positively impact the dependency on

consumable resources such as coal and natural gas through sustainable energy

production, but it will allow carbon neutral production of energy for households.

3. Project Plan

3.1  PROJECT MANAGEMENT/TRACKING PROCEDURES

Our group uses the waterfall management style and it has four main parts:

Schedule Management, Design Report Management, Calculations Management,

and Drawings Management. Each team member has a manager assignment for

one part of the project. As manager of a specific part, each team member will be

responsible for delegating work and ensuring quality and timeliness for that part

of the project. The Schedule Manager will track all parts of the project to ensure

quality and timeless of the larger project.

In order to track our progress throughout the year, our team will use Gantt

charts. Each semester we work will have its own separate Gantt chart. Our project

documentation is tracked and organized in a shared google drive. We use discord

to set meetings, communicate online, and share any research found.



3.2 TASK DECOMPOSITION

Our project is decomposed into 3 main deliverables and each deliverable is

decomposed into smaller tasks. Our project tasks are decomposed in the

following table.

Solar Panel String Sizing Design

Initial Equipment Selection

Array Parameter Tool

Select Solar Panels, Inverters,
Combiner Boxes

Cable List

Conduit List

Deliverable: Design Report

Equipment Sizing Calculation

Bus Calc

Grounding Calc

Lightning Protection

Ac Calc

Dc Calc

Trench Fill

Cable Tray Fill

Voltage Drop

Deliverable: Record Of Calculations

Solar Layout Drawings

Grounding plan

Key plan

Wiring diagram

DC Schematics

Conduit Plan

Equipment Plan

Elevations

Controls Drawing

Lighting Plan

AC Schematics

One lines

Three lines

Bus Plan

Drawing list

Deliverable: Drawing Package



3.3 PROJECT PROPOSED MILESTONES, METRICS, AND EVALUATION CRITERIA

In the Fall semester, we are focusing on the design of a solar array, which

in itself has a multitude of subtasks associated with it. Some of these milestones

include:

● Equipment Calculation Record completed

● Completion of String sizing calculations with check

○ Cable List completed

○ Conduit List completed

● Completion of Solar Layout Drawings

○ Key plan Drawing

○ Drawing List

● All first drafts complete

These milestones can also be seen on the attached Gantt chart. We chose

these milestones because each of these tasks are a culmination of other tasks that

we will be working towards. The overall goal is to design a 60 MW Solar Panel on

time and to the satisfaction of our client, Black & Veatch.

3.4 PROJECT TIMELINE/SCHEDULE

We created one Gantt chart for Fall semester work and  one for Spring

semester work. To create the chart, we took into account which tasks would come

first, as well as how long we predicted each task would take to complete. Our

solar power design delivery date is currently set to the end of the Fall semester. A

Gantt chart for the design of the substation will be prepared later in this semester

because it is not as important as some of the other tasks that our team has at

hand.

3.5 RISKS AND RISK MANAGEMENT/MITIGATION

One risk that we could foresee with this project would be mistiming some

of the tasks, as that could cause us to unknowingly fall behind schedule. We

believe that there is a small chance of this happening as we feel we are on/ahead

of schedule.

Another risk that we could encounter would be a miscalculation in one of

the parameters, causing a larger problem down the line. We also feel that this has

a small chance of occurring as we have a large amount of oversight and checks to

prevent this.



3.6 PERSONNEL EFFORT REQUIREMENTS

We have created a Gantt Chart which displays a good estimate of the

amount of time each task will task us. This chart is going to be our guide to aid in

the efficiency and accountability of the entire project. The

3.7 OTHER RESOURCE REQUIREMENTS

Resource requirements for our project will include various programs in

order to assist in calculation as well as scheduling and  project management; a

few of these programs are Bluebeam, Microsoft Projects, Matlab, and Excel. We

will also have to present the project at the end of the semester to a group of

people, so it is necessary for us to utilize communication skills in order for us to

thoroughly demonstrate our project and the knowledge we have obtained.

4  Design

4.1 DESIGN CONTEXT

4.1.1 Broader Context

Our project is to design a 34.5kV/115kV solar power plant and substation.

We are designing this for our client, Black and Veatch. This solar power station

will be built at a to be determined location in New Mexico. We are designing this

plant for our client company and that client will decide where the power will be

going to specifically. Many communities that are around the area of the plant will

be affected by our design as it will supply power for many of them. Our project

fills two areas of need, one being reducing carbon emissions, by it being solar and

the other being supplying power.



Area Description

Public health,

safety, and

welfare

This plant will create jobs in the area as it will allow for more

businesses to open up. In addition to that it helps reduce pollutants.

Global, cultural,

and social

Our project does not violate any ethics codes or have any negative

connotations that come along with it.

Environmental Our project is very beneficial for the environment as we are creating

clean energy.

Economic This design of the plant will help create more opportunity as it will

allow for a high ceiling in the power department at our location. This

can lead to more businesses to open.

4.1.2 User Needs

● The average American wants their bills to cost less, so by creating more

supply of power in the company, this may come to fruition.

● Our world as a whole has a lot to gain from this project as it will have its

carbon emissions lower than it was before, even if it is only by a small

amount.

● New Mexico citizens need a way to get power to their houses and

businesses because it is a basic necessity, by building this plant we are able

to help with that need.

4.1.3 Prior Work/Solutions

There are identical projects in the workplace already, our client company

has an entire team that work on designs like we are doing right now. The

company Black and Veatch is helping us through the process of the design of the

plant and the substation. As of right now we are slowly being shown different

tools from our client that aid us in the overall project. Below is an array

parameter sheet that helps calculate some of the parameters for the solar panel

plant design. Even lower down you can see the voltage drop calculation sheet that

they provided for us. By our client company aiding us in giving us calculation

sheets we are able to create designs that are at an industry standard, we also have

access to previous projects that pertain to our project. This gives us the ability to

check some of our process and work as we progress in the project.



4.1.4 Technical Complexity

Our project is very large scoped and it comes with many complex pieces to

it. It is broken down into  main sections which then are broken down into

different tasks and further to subtasks. We are creating the design of a solar

power plant for section 1 and in section 2 we are creating the design for a

substation. Each of these sections consists of rigorous calculations and design

layout drawings that will need to be created. These different tasks are the same

tasks that professional engineers at our client company Black and Veatch do

when they are creating plants and substation designs for their clients.

4.2.1 Design Decisions

In the process of developing our solar power plant, Black and Veatch have

requested us to go through the Array Parameter Tool they provided and create 3

or more different designs with different Combiners, Inverters, and rack

parameters to compare and find the best one. With that, below are the 3 kinds of



designs we have come up with and are in the process of comparing which one is

the most effective in the state of New Mexico.

Something we kept in mind while designing these layouts, was that the

Inverter Load Ratio (IRL) was to meet Industry Standards of 1.30. Once this

condition was met, we looked at what factors in terms of inverter costs and

number of racks when deciding efficiency.

Constants: Combiner Box - KACO 1500V/30A

Design 1:

Design 2:



Design 3:

4.2.2 Ideation

When coming up with our decision, it was highly prioritized to compare

the inverters. Inverters are mainly the reason why the cost of the project

skyrockets. We wanted to make sure we spend the least amount of money. A



single combiner box has multiple inverters and we chose the KACO 1500V/30A

combiner box because it had the least amount of inverters.

Decision Option Considered:

1. Combiner Box Size

2. Number of Inverters

3. Number of Racks in the array

4. Number of Racks removed within the array

5. Module Capacity

6. Inverter Capacity

Lotus Plot

4.2.3 Decision-Making and Trade-Off

When coming up with the Pros and Cons for our designs, we had picked

out relevant outputs from our Excel sheet as shown and mentioned above. With

that we created a google document which listed out all the information to

compare side by side and highlight the parts that were better.

With that, we decided to go with the FS 6450, Schneider 2200, KACO

1500V/30A array design due to having better pros.



4.2 PROPOSED DESIGN

So far in our design, we have used an array parameter tool to help us select

what equipment to use in the future of the project. We have also picked out a

couple of locations where we could implement our design and plan out the layout

of the solar array field. We will be using AutoCAD to produce a Key Plan

involving the location we choose as well as the necessary amount of Solar panels

and strings needed for our design.

4.3.1 Design Visual and Description



Our design is still early in its development, but the general overview of the

design we are implementing can be seen above. As the image above shows, we

plan to have our strings of panels connect to our combiner boxes. From the

combiner boxes the energy will go to our inverters which convert the power from

DC to AC before we transmit the power to our substation. As of now we plan to

design the substation  next semester at the suggestion of Black & Veatch.

4.3.2 Functionality

Our design will be operated by trained personnel to produce clean green

power for the surrounding area.  These personnel will be trained to maintain and

operate the plant once it is hypothetically constructed. The influx of green energy

will help to reduce the need of coal based power plants and will also reduce the

overall carbon footprint of the local area as a result.

In its current state, our design is non-functional, as at the moment we

have many separate pieces that we have been researching that have not yet been

put together. We expect to have the first combined design within the next week.



4.3.3 Areas of Concern and Development

Our team's primary concern with delivering the system is managing our

time and ensuring that we deliver each of the requested deliverables.

Another concern of our group is checking our calculations to ensure that

we deliver an accurate representation of a solar array.

What are your immediate plans for developing the solution to address those

concerns? What questions do you have for clients, TAs, and faculty advisers?

To address these concerns we are consulting with our client, Black &

Veatch, on timing different tasks in our project, as they have more experience

with the time needed to complete each task due to their involvement in previous

projects

For our calculation concerns we will consult with our advisor due to his

expertise in the power field. We also feel that he will be more available to consult

for these calculation checks as he has office hours on campus where we may

speak with him on these problems.

4.4 TECHNOLOGY CONSIDERATIONS

One advantage of the technology we are using is that it allows us to keep

the size of our solar array Relatively compact.A trade off that we made in terms of

our technology was trading out the first solar panel choice that we planned to use

for our current choice in order to reduce the overall size of solar array to fit

within the plot of land that we planned to build it on.

One Design alternative that we could have worked with would be if we had

continued forward with our original choice of solar panel. This Would have

altered how many panels we would have needed and would have made our array

much larger overall due to our first choice of panel needing more space to operate

properly.

4.5 DESIGN ANALYSIS

Our Proposed design from section 3.3 did end up working for us. This is

mainly due to the fact that our design in 3.3 was simplified down to allow for us

to calculate the specifics once we had each of our pieces of equipment picked out.

Once we had our equipment set, we simply adjusted the number of each

component until we reached our end result of an array that met our parameters.

Some ideas that we modified as the design went on were the layout of our

individual sub arrays that we modified in order to further reduce the space our

total array would take up.



4.6 DESIGN PLAN

Our current design is based off of a 120  acre plot of land in which we are

using the Tiger STC 410 W,  Schneider 2200 Solar Inverters, and KACO

1500v/30A combiner boxes to gather 60 MW of power. To do this we will have 28

individual sub arrays each with a Solar Inverter and 10 combiner boxes, and

Sufficient Solar modules to feed our substation which we will be designing next

semester. One of our subarrays can be seen below with our up to date layout.To

explain the design, the racks of solar modules each feed into a Combiner box,

which then in turn feeds the collected energy into the sub-array’s inverter.

5  Testing

Our project is to design a 60MW solar power plant and substation. The

testing for this project will consist of using computer tools and a quality

management system to ensure that our designs will work as they are intended.

This report outlines some of our methods to achieve this.

5.1 UNIT TESTING

Unit testing on this project consists of calculation checks and quality

reviews. The solar power plant and substation will be designed using software

tools that are new to the design team. This software will run calculations such as

voltage drop, power capacity, and other key design parameters for the system.



The design team will do dummy checks and quality reviews on the software

outputs to ensure that the software inputs were correct. The team will do these

checks using their knowledge about electrical calculations from their engineering

courses.

5.2 INTERFACE TESTING

The user interface for this project will be engineering drawings that the

team will make for the client. The engineering drawings will be reviewed at

multiple points in the design process and at the end of the semester to ensure

that the designs are accurate and clearly present the design of the system to the

client.

Microsoft Project  will also be used to aid in creating a Gantt chart. Our

project's Gantt chart will be shown to the client so they can keep updated on the

progress of the design. This interface will be tested for quality assurance to

ensure that the client can easily understand the status of the project.

5.3 INTEGRATION TESTING

Integration testing will ensure that all parts of the design will work

correctly when put together. The main components that we will put together are

the solar modules, the combiner boxes, the skid, and the substation. The design

team will do quality control checks on the design plans to ensure that all

equipment can properly integrate into the final design.

5.4 SYSTEM TESTING

Each component of the design will be specially chosen and designed to fit

the design requirements. The design team will test that each component matches

the requirements by use of calculation records. The calculation records will

include the required constraint that needs to be met, and the actual designed

constraint. These constraints will be compared to ensure that the system meets

the design requirements.

5.5 REGRESSION TESTING

No specific regression testing has been identified for this project.

5.6 ACCEPTANCE TESTING

The design team will demonstrate the design requirements through design

reports, system drawings, and the design calculation records. These items will

demonstrate the entire design, the design process, alternative analysis, and how

the design team arrived at their conclusions. The client will review the design

report, system drawings, and calculation records and these will prove the design’s



acceptance to the client.

5.7 SECURITY TESTING (IF APPLICABLE)

Not Applicable to this project.

5.8 RESULTS

At this point in the project design, the design team has prepared a solar

parameter calculation for the design of the solar power plant. The results of this

calculation shows the number of solar modules needed to meet the design

requirements. These results have been reviewed by the design team and the client

for quality and accuracy.  The string size calculation is included below for

example.

String Size

Min Temp 1.6

Voc 37.14
Ref temp 25

Temp Coeff of Voc -0.0028
Temp delta -23.4
temp correction 1.07
V0c corrected 39.5734128

string voltage 1500

String size
37.9042365

5
string size 37
Actual String
Voltage 1464.2

6 Implementation

Our project is divided into two parts, design of a solar plant and design of

a distribution substation. Each of which will be completed over the course of two



semesters, solar plant in the fall and substation in the spring. This project will

only be design based as implementation is outside of our capabilities as students.

7 Professionalism

This discussion is with respect to the paper titled “Contextualizing

Professionalism in Capstone Projects Using the IDEALS Professional

Responsibility Assessment”, International Journal of Engineering Education

Vol. 28, No. 2, pp. 416–424, 2012

Engineering Education Vol. 28, No. 2, pp. 416–424, 2012

7.1 AREAS OF RESPONSIBILITY

Description IEEE Code of Ethics

Work

Competence

Perform work that is of high

quality and integrity while

finishing it on time.

Members of the IEEE should

uphold high standards,

maintain and improve their

technical competence. In

addition to only taking on

tasks they are qualified for

and/or will disclose when they



are not.

Financial

Responsibili

ty

Provide products and/or

services at a reasonable

value and cost.

Members of the IEEE should

reject bribes of any form and

avoid conflicts of interest and

disclose them to all involved

parties when they do occur.

Communicat

ion Honesty

Report truthful and

understandable work to all

parties involved

Members of the IEEE should

be honest and realistic when

stating claims or estimates

based on data

Health,

Safety,

Well-being

Minimize risks to safety,

health, and the well-being of

all stakeholders

Members of the IEEE should hold

paramount the safety, health, and

welfare of the public with ethical designs.

They should disclose factors of danger to

the public and avoid injuring others,

their property, and their reputation.

Property

Ownership

Respect Properties, Ideas,

and Information of clients

and others.

Members of the IEEE should

know all the policies as it

regards to the property of

ideas and work and follow

them.

Sustainabilit

y

Meeting the needs of the

present generation without

compromising the ability of

future generations to meet

their needs

To accept responsibility in

making decisions consistent

with the safety, health, and

welfare of the public, and to

disclose factors that may go

against that.

Social

Responsibili

ty

Produce products and

services that benefit society

and communities.

Members of the IEEE should

make decisions with the safety,

health, and welfare of the

public/environment in mind.

They should work with

honesty and integrity.

7.2 PROJECT SPECIFIC PROFESSIONAL RESPONSIBILITY AREAS

Work Competence ● Yes, this project responsibility applies to our

project, as it is highly reliant on the accuracy,



quality and timeliness of individual calculations.

Without this area of responsibility, our project

would not be of much use to our client, rendering

our work useless.

● Team Performance: High

○ Our team thus far has displayed  high

competence both in the quality and

accuracy of our work. We have also taken

steps to keep on schedule and produce

formal documents with professional

standards

Financial

Responsibility

● Yes, this project responsibility applies to our

project, as it is important to keep the cost of the

project in mind, even if it is a hypothetical Solar

array. If we were to actually implement this design

in the real world, we would want the cost to be as

low as possible for both our sake, and the sake of

the client

● Team Performance: Medium

○ As this is a hypothetical project, our main

focus has not necessarily been on the

financial side of this project. Nonetheless,

we are trying to keep track using cost

analysis tools provided to us by our client.

Communication

Honesty

● Yes, this project responsibility applies to our

project, as a large portion of our project involves

communicating openly with others. For instance

we communicate our activities and ideas with our

client, Black & Veatch, in order to get their input

on problems we may run into.

● Team Performance: High

○ We hold weekly Team meetings to

communicate with teammates and set goals

for the following week. On top of this we

also have weekly meetings with our client to

keep them appraised on our activities and

any questions we may have.

Health, Safety,

Well-being

● Yes, this project responsibility applies to our

project, as it is important to keep healthy and fit to

complete this project as efficiently as possible; this

semester especially with the threat of Covid still



present.

● Team Performance: High

○ In the event that one of our members falls

ill, we can have the ill person assist our

progress remotely. Alternatively we may

shift some of the workload off of the sick

individual to aid in their recovery.

Property

Ownership

● Yes, this project responsibility applies to our

project, since we need to keep in mind the specific

ownership of various items provided to us by our

client. We also need to make sure we refrain from

copying the work of groups who completed this

project in years prior to us.

● Team Performance: High

○ We have all signed paperwork detailing the

specifics of ownership considering the

programs provided to us by Black & Veatch.

Sustainability ● Yes, this project responsibility applies to our

project, as Solar energy is an important renewable

energy source in today's world. Since the project is

hypothetical, we will not have to consider the

problem of keeping the actual construction of the

plant green, however it is good practice to keep

such things in mind.

● Team Performance: Medium

○ As this project is hypothetical, the

sustainability aspect of it does not take as

important a role as some of the other

aspects that we deal with.

Social

Responsibility

● Yes, this project responsibility applies to our

project, because if the plant were to be

constructed, we would be producing clean,

renewable energy for the foreseeable future. We

also took into account the amount of land needed,

opting for panels that required less total area to

reduce the overall impact of our plant on the

surrounding area.

● Team Performance: High

○ Many of us may end up in the Energy

production field, and that makes it

important for us to keep in mind the



positive effects that renewable energy

sources have on society and the

environment.

7.3 MOST APPLICABLE PROFESSIONAL RESPONSIBILITY AREA

Definition

- Perform work of high quality, integrity, timeliness, and professional

competence

IEEE Members Commit to:

- uphold highest standards of integrity

- Maintain and improve their technical competence

- Only take on technological tasks for other if they are qualified, or will fully

disclose their pertinent limitations

Applications to Solar Power Plant Design

- Our project is highly reliant on the accuracy, quality and timeliness of

individual calculations.

- Without this area of responsibility, our project would not be of much use

to our client.

- Team Performance: High

- We have displayed high competence in quality and accuracy of our

work.

- We have also taken steps to keep on schedule and produce formal

documents with professional standards

- Timeliness - Our team works on a schedule by frequently updating gantt

charts with our client and having weekly meetings every Monday and

Wednesday.

- Competence - Weekly meetings with our client. We fully disclose our

technical limitations with the client by following a strict agenda

formulated before the meeting.



8 Closing Material

8.1 DISCUSSION

During the fall of 2021, we were tasked to design a Solar Array that met

Black & Veatch’s design and calculation standards as well as compared them to

the industry standards in areas such as Voltage drop, Trench Fill, Irradiance, etc.

As the semester came to an end we were able to come up with a final

design layout with the help of AutoCAD as well as measure the appropriate values

mentioned before to make sure the design performs as efficiently as possible,

with the help of Microsoft Excel.

In terms of requirements met, we made sure the area of the design fit

inside a certain space, selected by the team, which was 5000 ft in length by 2000

ft in width. We took up 4800 ft in length for the entire array and left room for the

substation design in the remaining 200ft, which will be completed in the Spring.

In terms of Voltage Drop, we had to make sure we chose the correct cable sizes

for each of the distances from the racks to the combiner boxes and then to the

inverter, which was Cable size 8 and 10 respectively. The cable size affected the

overall voltage drop and industry standards require it to be less than 3%.

Other requirements that we had to follow were being able to effectively

communicate our work to the client and our advisor and with the help of our

gantt chart and proper communication skills, we were able to efficiently conquer

that step as well.

The client is super happy with our work this semester and we as a team

couldn't be any happier to move forward with the project and learn more about

Substation design.

8.2 CONCLUSION

Overall, this project was a great experience to get our hands on in terms of

design work. Our goal was to meet our client, Black & Veatch’s, criteria for the

solar array design and with hardwork and determination we were able to get it

done with high remarks. Our main goal was to make sure we understood the idea

of the project and make sure that we were able to stay on track to deliver the

proper work. With the help of the gantt chart and the availability of the Client on



a weekly basis, we got our work done and are now moving onto the next steps of

designing the substation for the power plant.

To reiterate, we used software like AutoCAD and BlueBeam to design the

key plan for the solar array and get annotations for them from the client. We also

used Microsoft Excel to gather data and run calculations for voltage drop, trench

fill, and create a general solar parameter with the tools provided by Black and

Veatch. Other tools we used were Microsoft Projects to update our gantt charts on

a weekly basis as well as Microsoft PowerPoint to present our work on a weekly

basis to make sure we are on track. Staying on track and communicating with our

team was key in meeting our goals and we prioritized that. We were grateful that

we didn't have any constraints from meeting our goals, since everyone, including

Black & Veatch and our advisor, Professor Ajjarapu, prioritized the project over

anything else.Next semester we plan to continue the same plan of action to meet

our substation goals and currently don't see any reason to make any changes. We

have completed our next semester gantt chart and according to our client, we

should be able to meet our goals then too.
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8.4 APPENDICES

Reference 7.4.2 and 7.4.3 for additional drawings, charts, and additional

information

8.4.1 Team Contract

Team Members:

1) John Jennison___________________



2) Aayush Shah____________________

3)Adilene Prieto___________________

4) Kyle Neal_______________________

5) Logan Miller____________________

6) Matthew Schindler______________

7)Shadoe Rusk____________________

Team Procedures

1. Client meetings are on every Wednesday at 3:15 PM on Microsoft Teams. The
team will meet in person for each video conference.

2. Team meetings will occur at least once per week to prepare for the client meeting,
advisor meeting, and to delegate the weekly tasks. Meetings will be held regularly
on Mondays at 3:30 PM.

3. Advisor meetings will occur weekly on Thursdays at 3PM. TA meetings will also
occur weekly, promptly following client meetings at 4:30 PM on Wednesdays..

4. The team will communicate through discord and through email.
5. Team decisions will be made by majority vote.
6. Meeting agendas will be made every meeting. All team members will review the

meeting agendas and arrive at each meeting prepared. Client meeting agendas will
be drafted, reviewed, and emailed to the client at least 24 hours prior to each
client meeting.

7. Meeting minutes will be recorded during each meeting. Meeting minute record
keeping will be assigned to one individual on the team each week, and the
responsibility will be assigned on a rotating basis. The meeting minutes will be
reviewed after each meeting and then saved and sent to the client.

Participation Expectations

All members are expected to be at each meeting. If there are schedule conflicts, the team
will be flexible to accommodate.

1. Expected level of responsibility for fulfilling team assignments, timelines, and
deadlines:

a. Work will be divided as evenly as possible.
b. All team members are expected to complete their work prior to their set

deadline.



c. Team members that either can not complete their task by their required
deadline or feel that their workload is too much are to inform the team
promptly. The team shall make their best effort to relieve other members
who are overloaded.

2. Expected level of communication with other team members:
a. Each team member shall:

i. Check their discord and email at least daily
ii. Give a minimum 24 hour notice if their schedule conflicts with a

meeting time.
iii. Give minimum 48 hour notice if their assigned task can not be

completed in time.
3. Expected level of commitment to team decisions and tasks:

a. Each team member is expected to allocate time in their schedule to support
3 hours per week for meetings and 5  hours of individual work on the
project.

b. All team members must comply with team decisions after majority vote
has been made

Leadership

1. Leadership roles for each team member:
● Team Organizer - John Jennison
● Client Interaction - Matthew Schindler
● Individual Component Design -Logan Miller, Kyle Neal, Shadoe Rusk
● Testing - Aayush Shah, Adilene Prieto

2. All members shall make an effort to be available to help each other out at all
times.

3. The team will recognize the contributions of all team members during team
meetings and on the discord server.

Collaboration and Inclusion

1. 6 out of 7 members are in a Power related field and 1 member is in VLSI and
Electromagnetic field. All members bring in experience from extracurricular
activities such as Internships, Clubs and other classes (303,411,455, 456,465).

2. The team will encourage and support each other by:
a. Actively listening to all ideas presented by all members and open to

discussing their relevance.



b. Actively checking on each other to hold us accountable
3. The team will identify and resolve collaboration or inclusion issues by:

a. Team members will bring issues to team meetings and include them on
meeting agendas. The team will discuss the issues at the next meeting.

b. All team members will check in with each other individually to discuss or
resolve conflicts.

c. Team members will bring issues to discussion on the discord server.
Goal-Setting, Planning, and Execution

1. Team goals for this semester:
a. Equipment sizing calculations
b. Solar layout drawings
c. Solar panel string sizing design
d. Electrical layout drawings
e. Grounding Analysis and ground-grid developed with IEEE-80

2. Work will be assigned on a volunteer basis. Work that is unclaimed will be
delegated fairly by the team.

3. The team will work will manage the project timeline by making a Gantt Chart

Consequences for Not Adhering to Team Contract

1. Conflicts within the team will be addressed by the team first. The team will make
every effort to resolve the conflict themselves. If the conflict can not be resolved
by the team, then the team will bring the issue to the TA, and follow up with the
professor as necessary.

***************************************************************************
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 suffer the
consequences as stated in this contract.
1) _Matthew Schindler_________________________________ DATE ___9/13/21________
2) _Adilene Prieto_____________________________________ DATE ___9/13/21________
3) _Kyle Neal________________________________________ DATE ___9/13/21_________
4) _Logan Miller_____________________________________ DATE ____9/13/21________



5) John Jennison_____________________________________ DATE ____9/13/21________
6) Aayush Shah______________________________________ DATE _____9/16/21_______
7) Shadoe Rusk______________________________________ DATE _____9/18/21_______



8.4.2 Gantt Chart



ID Task Name Work Duration

1 Solar Power Plant Design 175 hrs 78 days?
2 Solar Panel String Sizing Design 65 hrs 71 days?
3 Initial Equipment Selection 4 hrs 4 days
4 Array parameter Tool 8 hrs 3 days
5 Select Solar Panels,Inverters, Combiner boxes2 hrs 4 days
6 Cable list 4 hrs 4 days
7 Solar Cost Analysis 21 hrs 21 days
8 Conduit list 4 hrs 4 days
9 Bill of Material 6 hrs 54 days
10 Finish cable and conudit list 0 hrs 0 days
11 Draft Report 16 hrs 49.5 days
12 Equipment Sizing Calculation 36 hrs 71 days
13 Voltage Drop 12 hrs 21 days
14 Electrical Ratings 6 hrs 7 days
15 Trench Fill 6 hrs 7 days
16 Lightning Protection 6 hrs 7 days
17 Calculation Summary Report 6 hrs 7 days
18 Solar Layout Drawings 49 hrs 71 days
19 One lines 12 hrs 14 days
20 key plan 12 hrs 14 days
21 Finish Key Plan Drawing 0 hrs 0 days
22 Equipmnent Plan 12 hrs 16 days
23 Elevations 6 hrs 16 days
24 grounding plan 6 hrs 7 days
25 Drawing list 1 hr 54 days
26 Finish Drawing Date 0 hrs 1 day
27 1st Semester Delvirable Review 

and Submittal
25 hrs 77 days?

28 All First Drafts Complete 0 hrs 0 days
29 Review Report 8 hrs 5 days
30 Review Calcualtions 8 hrs 5 days
31 Review Drawing Packege 8 hrs 5 days
32 Merge Documenets 1 hr 2 days
33 EE 491 Canvas Weeklys 94.5 hrs 63 days
43 Substation Design 194 hrs 116 days?

Ady,Shadoe

11/24

Logan,Aayush

Matt,Logan
Kyle,Shadoe
10/25

12/6

25 28 1 4 7 10 13 16 19 22 25 28 31 3 6 9 12 15 18 21 24 27 30 3 6 9 12
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Task

Split

Milestone

Summary

Project Summary
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Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Progress

Manual Progress

Page 1

Project: Project Schedule Fall 20
Date: Wed 11/10/21



ID Task Name Work Duration

1 Solar Power Plant Design 175 hrs 78 days?
33 EE 491 Canvas Weeklys 94.5 hrs 63 days
43 Substation Design 200 hrs 116 days?
44 Substation Planning 60 hrs
45 Equipment selection 16 hrs 14 days?
54 Bus Design 8 hrs 7 days
55 Control House Design 8 hrs 14 days
56 Conduit List 4 hrs 7 days
57 Cable List 4 hrs 7 days
58 Bill of Materials 4 hrs 28 days
59 Draft Report 16 hrs 28 days
60 Calculations 62 hrs 105 days?
61 Bus Calc (Tentative) 12 hrs 56 days
62 Grounding Calc 6 hrs 7 days
63 AC Calc 6 hrs 7 days
64 DC Calc 6 hrs 7 days
65 Voltage Drop 6 hrs 7 days
66 Lightning Protection 6 hrs 7 days
67 Trenchfill 6 hrs 7 days
68 Cable Tray Fill 6 hrs 7 days
69 Draft Calculation Report 8 hrs 7 days
70 Drawings 52 hrs 105 days?
71 Bus Plan 0 hrs 7 days
72 Key Plan 14 hrs 7 days
75 One Lines 6 hrs 14 days
76 Three Lines 6 hrs 14 days
77 Elevations 6 hrs 7 days
78 Grounding Plan 6 hrs 7 days
79 Lighting Plan 6 hrs 7 days
80 Controls Drawing 6 hrs 21 days
81 Drawing List 2 hrs 1 day
82 Review and Submittal 26 hrs 116 days
83 All First Drafts Complete 0 hrs 0 days
84 Review Report 8 hrs 5 days
85 Review Calcualtions 8 hrs 5 days
86 Review Drawing Packege 8 hrs 4 days
87 Merge Documenets and 

Submit
2 hrs 1 day

4/19
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8.4.3 Drawings

Drawing List
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