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1 Introductory Material

1.1 ProjecT Score

A steady increase in the use of renewable energy for larger scale power generation has been seen
in recent years. Renewable energy standards have been improved, so Black & Veatch is sponsoring
a senior design project for a 60 MW solar power plant with a 115 kV/34.5 kV substation. The
design team will create designs for both the power plant and the substation, including layout
designs, substation components and a man-hour budget. Deliverables include:

- Man-hour budget, schedule and cost estimates

- Solar plant layout drawings and conductor sizing

- AutoCAD drawings of schematics for plant and substation
- Component connections for plant and substation

- Substation single line diagram

In the first semester, the focus of the project will be the solar plant layout, sizing and budget. The
substation one-line diagram will also be completed in the first semester. In the second semester,
the substation design will be the priority and the final solar designs will be optimized in
preparation for the final presentation.

1.2 OPERATING ENVIRONMENT

Our power plant will be located in either New Mexico, California or Arizona to maximise sunlight
and power generated by the plant. The main concern with placing it in any of these states is the
dusty conditions, which might cause an increase in maintenance to wipe excess dust off the
panels. There have been a few other weather concerns but these have not been enough to have us
choose another location.

1.3 AsSUMPTIONS AND LIMITATIONS
Assumptions

End product will be located in the United States of America. Locations in other parts of the world
have different codes and standards from the ones we are working with in the design of our
product.

Limitations

Total cost of solar plant and substation exceeds the budget. The total cost of the product at this
moment is at $71,537,362.97. The design of the project will be reviewed as the project continues to
reduce the cost.
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1.4 PrOJECT DESCRIPTION

Solar Plant
The solar plant will be made up of about 117 acres of land. It will be made up of:

e 237,312 solar modules with a rating of 325W per module.
e 36 inverters with a rating of 1666 kW .
e 252 combiner boxes with a rating of 1500 V DC.

The total area of the plant will be approximately 244 acres. The deliverables related to this are:

- AutoCAD designs showing the layout of the panels and other components that will make
up the solar plant. The importance of these drawing is that they show the wiring of things
and positioning of components. Creating this schematic for our client helps us to perform
power flow analysis on our plant and detect possible causes of concern . An estimated
delivery date for the autocad drawing relating to the solar plant is October 20 2018.

- A detailed man-hour budget showing the amount of hours spent by the team each week as
well as the charge for all hours spent in the first semester. This deliverable is also valid for
the second semester.

Substation
The substation design will be made up of:

- The one-line diagram

- The key protection diagram

- The three-line diagram

- Protection and controls schematics

For the first semester, the main deliverable will be:

- A one-line diagram which is a simplified notation representing a three-phase power
system. It will help us perform power flow studies and determine where electrical
elements such as circuit breakers, transformers and conductors are located. The estimated
delivery date for this has been set to November 29 2018.
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2 Proposed Approach and Statement of Work

2.1 OBJECTIVE OF THE TAsK

The end-product of the senior design project is to design a 60 MW solar power plant and a 115
kV/34.5 kV substation. To successfully conduct this project, a list of goals will need to be
accomplished:

e Efficiently manage the scope of the project
e Provide documentation and justification for the design aspect of the project
e Follow the standards set by the NEC for all components of the project

2.2 FUNCTIONAL REQUIREMENTS

For this project, we are required to have knowledge of power systems and solar plants, as this will
be the basic information needed for our designs.Using this knowledge we will be able to utilize
our functional requirements. These functional requirements for the project include:

AutoCAD: All our design schematics will be created using this software
Microsoft Word: Documents and simple diagrams will be drafted in this environment

e Microsoft PowerPoint: This software will be used for weekly presentations to the
client/advisor

e Bentley View: This program allows us to view AutoCAD schematics of electrical systems
that will be provided by the client

e Array Parameter Tool: A tool provided by the client to help us size the solar plant
according to client specifications

e Google Hangout: This will be used to have weekly video conferences with the client

2.3 CoNSTRAINTS CONSIDERATIONS

Seeing that the students on the team have limited exposure to substation design, many things
that they will encounter during the course of the project will be foreign to them. The adverse
effects of the learning curve will be seen when students use AutoCAD as many of them have no
prior knowledge of the program.

All the schematics will be in compliance with the National Electrical Code (NEC) and the Institute
of Electrical and Electronics Engineers Power, Switchgear, Substations & Relays Standards
Collection.
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2.4 Previous WORK AND LITERATURE

There are several existing project that are similar to our project, like miso solar project in
Minnesota

proper environment for our project

100 MW of solar pv capacity (440,000 modules)
About 800 acres of agricultural land

Single axis tracking to maximize production
Grid connection at the Chicago substation 115kV

About the similar project we found in website, we saw that the past group who did this before
have already done about structure designing and parameter computing. Although it is not
completely same with our project, it still can be reference for us. Their group number is May1602.
We found that element for every part in project or basic AutoCAD element in list. And we found
that they did not make decision for location, because we think the location is important for solar
energy.
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2.5 PROPOSED DESIGN

Through our researches from looking at the similar project that has been previously done, and
following the new requirements of building the solar power plant and substation, we will be
proposing the following design process:

60 MW Solar § 115/34.5 kV

Substation

Power Plant

v

The power plant is where power
generation occurs.

1. Location: Find a place that
gets high solar energy and
not very costly

2. Solar Plant Parameters: Use
the array parameter toaol
provided by BEV to calculate
number of components
required for the power plant
and other solar plant details

3. Solar Plant Layout: Use the
results from Step 2 to design
a layout of the solar plant

4. Cost: Calculate the cost of
the solar power plant,
including the amount of land
required

5. Gantt Chart: Keep track of
man-hour budget and actual
hours spent on each task

The substation steps up the
voltage from 34.5kV to 115 kV to
transmit the generated power to
the grid.

1. System one-line diagram

2. System three-line diagram

3. Protection and control
schematics

4. Wiring diagram and panel
layouts

The grid delivers power to areas
where there is a high demand for
electricity.

# Residential Areas
* Institutions
» Hospitals

Figure A:: Solar Power Plant to Substation Design Connection
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From that, we came out with a standard drawing of our solar power plant layout and we will be
making changes based on the following design.

Solar Power Plant Layout (36 arrays, 46 inverters)

Space batyeen arre: 16 it

1EETT R

Figure 1: Solar Power Plant Overall Layout

Figure 1 above shown is the overall design draft of the solar power plant that we are going to
build. It provides an AC output of 60MW after converting the current from DC to AC by running
through the power inverters with inverter load ratio (ILR) of 1.3. Every big yellow boxes above
indicate a solar array and we will be having 6x6 of 36 arrays and 46 power inverters for the whole
design. Spacing between each array should be around 16ft, in accordance with NEC requirements
and the total size of the solar power plant is about 1669.77 x 6360 ft, which is around 10,619,737ft*
or 243.796 acres.
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Single Array (21x5 — 2 racks, 7 CB, 1.286 inverters)

Space batwaan racks: 541 fr

264,86t

MMEET it

T Rack
. Combiner Box

-

Figure 2: Solar Power Plant Single Array Layout

Figure 2 above shows the design of a single solar array. Each array contains about 103 racks of

solar panels, 7 combiner boxes, and spacing between racks are about 6.41ft. The size of an array is

264.96 x 1046.67ft, which is about 277,325.7ft* or 6.37 acres.

Single Rack (2x32 panels, 2 strings)

ESSsSsSsssssssssessssemmsmmmmn

-

2083 ft

Legend [not 1o scale)
- Solar panels
(I

String

Figure 3: Solar Power Plant Single Rack Layout

Figure 3 shown is the design of a single rack of solar panels. It contains 64 solar panels in a rack
with an arrangement of 2 rows and 32 columns. The dimension of a single rack is 6.21 x 209.3 ft,
which is about 1299.75ft* or 0.0298acres.
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A PRF AVAILAELE

Figure 4: Single Line Diagram of 115/34.5kV Substation

Figure 4 shown is the design of 115/34.5kV substation generated from AutoCAD. It is a single line
diagram that shows the components arrangement as well as their respective bus values.
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2.6 TECHNOLOGY CONSIDERATIONS

The process of deciding the inverter load ratio (ILR), also known as the DC to AC ratio, that we
want to use for our solar power plant design is a trade-off decision between total energy losses
versus the design stability.

s High DC-AC Ratio

Inverter AC e Low DC-AC Ratio
Output Rating

Inverter Clipping

Area is energy
lost to inverter

clipping

Area is energy
gained with higher
DC-AC ratio

Inverter AC Power Outpy

Time of Day

Figure 5: Graph of Energy Production or AC output vs Time of Day

Figure 5 shown is the graph that indicates the differences between solar power plant that has a
lower ILR (or DC-AC ratio) versus power plant that has a higher ILR. A lower ILR has lower
power losses because it utilizes most of the power generated by solar panels even under full
standard condition while a higher ILR will cause more power losses due to clipping at the inverter
AC output rating.

The reason that higher ILR is used is because it is rare that solar power plants work under full
standard conditions. With a higher ILR, the solar power plant will provide a more stable and
consistent AC power output even when it is not under full standard conditions. Since we are more
in favor of designing a solar power plant with a much stable output, we set it to a slightly higher
ILR (approximately 1.3) so that the power plant will generate about 60 MW of power under most
conditions.

Another technological consideration that we will be taking in the process of designing the solar
power plant is the types of solar panel that we should choose. Two common types of solar panels
are monocrystalline and polycrystalline. A monocrystalline solar panel has a higher silicon purity
and a higher efficiency level because it uses only the purest silicon material in the manufacturing
process. On the other hand, a polycrystalline solar panel has a lower silicon purity and a lower
efficiency level because it utilizes all silicon materials in the manufacturing process. Despite the
fact that the monocrystalline solar panel provides a better efficiency level, it is a lot more
expensive as compared to the polycrystalline solar panel (about 50% higher in price) while the
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efficiency level of polycrystalline solar panel is only about 1-3% lower than monocrystalline solar
panel. Therefore, we have chosen polycrystalline solar panel in our design.

2.7 SAFETY CONSIDERATIONS

Danger of Electric Shock

Electric shock is the biggest safety concern when it comes to building power generator and
substations, because we are dealing with high voltage and high power designs. The lowest voltage
that could cause a person’s death is only around 60 volts. It is important to know that each solar
panel we use has an output voltage of about 46 volts, so just two solar panels could be fatal to a
person. Our design consists of hundreds and thousands of solar panels, it could probably kill a
person in seconds.

Danger of Fire

Fire usually happens when a connection wire hits an object such as trees or grass. Therefore, it is
important to make sure all the connection wire are insulated and organized well to avoid hitting
any object.

2.8 TAsKk APPROACH

In the process of designing the solar power plant, we will be following the flowchart below:

Idea Components Design Review

dOLIOL IO 2

1. Review about the calculations,
ensure there's no error
2. Consult client if decision made
are according to their needs

1. Identify types of electric components
Understand about solar power plant needed, compile a list
by checking out similar designs. 2. Choosing the right
type of components

1. Running array parameter tools
2. Coming out with the layout
design of solar power generator

Figure 6: Flowchart of Project Task Approaches
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2.9 PossiBLE Risks AND Risk MANAGEMENT

The inverter the client would like us to use has unfortunately been discontinued by the supplier.
As such, we had difficulty finding the price of the inverter. To calculate the total cost of the
project, we made estimations that we have no way of validating.

We were unsure of whether we would be purchasing the rack system from a supplier or designing
one ourselves. If we design it, the project will be delayed since we didn’t foresee this at the
beginning of the project.

To find a good location for the solar power plant and substation, we need to do research on online
because we are unable to travel around the United States to find a location. However, using
google earth to find a location of at least 244 acres will be difficult as pictures differ from actual
view. Besides, we do project for a year, and the land can change within one year.

We all are in senior year, and we need to spend a lot of time for studying. Therefore, we cannot
put all of our effort in the project.

2.10 ProjECT PROPOSED MILESTONES AND EVALUATION CRITERIA

Research:

- Location of solar power plant and substation
Solar power plant parameters

Justification of components and designs used
Study the documents sent by the client

Rough draft of design:

- Look appropriate.
- Approval from the client.
- All members can understand the draft.

Final design:

- Everything is correct base on calculation.
- Approval from the client.
- All members can understand and read information from the design draft.

Finish:

- All design drafts, data, reports, and research are organized.
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2.11 PROJECT TRACKING PROCEDURES

Using Gantt chart to plan up what we will do every week. Then, using Groupme and meetings to
keep everyone on the same track.

2.12 EXPECTED RESULTS AND VALIDATION

Expected results:

- Appropriate final drafts of solar power plant and substation.

- Accuracy parameters in final drafts.

- Accuracy calculations in voltage drop, current in each conductors.
- Suitable conductor for each connection.

- Satisfaction of the client.

Validation:

- Getting same and accurate calculated values after many calculation.
- Getting same values from client calculation.
- Satisfaction of the client.

2.13 TEsT PLAN

1. Functional Test Plan Scope

- Solar power plant layout
- Voltage drop calculation
- Current calculation

- Choosing conductors

2. Functional Test Plan Assumptions and Constraints

- None

SDMAY18-26 16




3. Functional Test Team Roles and Responsibilities

Name

Roles

Responsibilities

Ahmed Sobi

Leader

Divide tasks to everyone
in group.

Testing calculation and
choosing conductor for
collector.

Katayi Katanga

Tracker

Making sure everyone do
their responsibilities on
time.

Testing calculation on
voltage drop.

Nur Shuazlan

Tester

Testing calculation on
voltage drop.

Chufu Zhou

Tester

Testing calculation and
choosing conductors for
collector.

Yao Cheah

Tester

Testing calculation and
choosing conductors for
feeder.

Tam Nguyen

Tester

Testing calculation and
choosing conductors for
feeder.

Everyone

Testing the efficiency of
the final layout.

SDMAY18-26
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4. Functional Test Criteria

Scope

Criteria

Solar Power Plant Layout

Least space need

Least cost need

Most power collected

Easy to connect components

Voltage Drop Calculation

Less than 5% of original voltage

Current Calculation

Be agreed by the client

Choosing conductors

Based on National Electrical Code
(NEC), given by the client

5. Functional Test Cases and Results

Test Cases Pass/Fail

Test By Date Tested

N/A N/A

N/A

N/A

SDMAY18-26
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3 Project Timeline, Estimated Resources, and Challenges

3.1 PROJECT TIMELINE

The timeline for the entire project is shown in the Gantt Charts below. Throughout the two
semesters, the senior design team will track how many hours they spend on each task and keep
updating the Gantt Charts.

Week1l Week2 Week3 Week4 Week5 Week6 Week7 Week8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14 Week 15 Week 16 Week 17
FALL 2018 20-Aug 27-Aug 3-Sep 10-Sep 17-Sep 24-S5ep 1-Oct 8-Oct 15-Oct 22-Oct 29-Oct 5-Nov 12-Nov 19-Nov 26-Nov 3-Dec 10-Dec Key
dj

.

Project/Justification of
Components

Solar Plant Size and
Cost Determination

Solar Plant Layout

Voltage Drop Research
& Caleulations

Conductor Sizing

Feeder & Collactor

Solar Plant Layout
Review

Substation 1 Line
Desing Review
Presentation Prep

Faculty Presentation

fan o Pies _

Figure 7: Fall 2018 Gantt Chart

For the first semester of the senior design project, the main focus is to design the 60 MW solar
power plant. This includes using the Array Parameter Tool that was provided by the client to
generate the parameters of the solar power plant and using the results to create layouts and
schematics of the power plant. Then, the team used the voltage drop calculation template
provided by the client to determine conductor sizes and to make sure that the total voltage drop
of the entire system is less than 5% in compliance with the NEC. After finishing up the solar
power plant part of the design, the team will move on to designing the 115 kV/34.5 kV substation
based on the specifications set by the Arcadia single line diagram provided by the client. By the
end of the semester, the team will have finalized the solar power plant design and wiring.
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Week1l WeekZ Week3 Weekd4 Week5 Week6 Week7 Week8 Week9 Week 10 Week 11 Week 12 Week 13 Week 14 Week 15 Week 16
Spring 2019 14Jan 2ZljJan 28Jan 4-Feb 11-Feb 18Feb 25Feb 4-Mar 11-Mar 18Mar 25-Mar 1-Apr 8Apr 15-Apr 2Z-Apr 29-Apr Key
Project Optimization

Plan Ovarrun

Substation 1 Line e ||

Optimization of Solar

Review Deliverables
Complete Project
Report

Presenation
Preparation

Poster Creation
Presentation

Figure 8: Spring 2019 Gantt Chart

For the second semester of the project, the main focus is to create the three-line diagram of the
substation. The team will also keep optimizing and improving the schematics and layouts that
were created in Fall 2018. At the end of the semester, the team will have their deliverables
finalized and present the final project to the faculty members and Black & Veatch.

3.2 FEASIBILITY ASSESSMENT

The feasibility of obtaining funding for a 60 MW solar power plant and a 15 kV/34.5 kV
substation in Estancia, New Mexico is likely due to the cheap land and high solar radiation in the
location. Even though the project costs over $69 million, the state of New Mexico has one of the
best state incentives, which means that it is likely that Black & Veatch could receive funding or
loans from the state, reducing the cost of the project. However, it is up to the company whether
they want to actually build the power plant and substation or not.

3.3 PERSONNEL EFFORT REQUIREMENTS

The tables below show the tasks in Fall 2018 and Spring 2018 as well as the estimation of the total
hours that will be spent on each task. Estimations are based on the difficulty of the task and the
number of people estimated to take on the task.

Tasks Description Estimation of Total Hours

Solar Power Plant Parameters Calculate the parameters 12
of the power plant to
figure out the total cost
and size of the power
plant

Solar Power Plant Layouts Use the parameters to 9
design layouts of the
power plant

Voltage Drop Calculations and Determine sizes of 25
Conductor Sizing conductors and cables

based on the IMP in the
cable. Calculate voltage
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drops across each cable to
make sure that the
voltage drop percentage
of the entire solar plant
system is less than 5%

Solar Power Plant AutoCAD
Drawings

Create detailed drawings
of the solar plant to show
how different
components are
connected/wired together

Collector and Feeder Parameter
Calculations

Calculate the parameters,
such as currents and
voltages, of the collectors
and feeders based on the
specifications set by the
client

20

Collector and Feeder AutoCAD
Drawings

Create detailed drawings
of the collectors and
feeders to show how they
are connected to the solar
power plant and
substation

Substation One-line Diagram

Create a simplified
drawing of the substation
layout showing how
different components are
connected. Perform
power flow study

10

Table 1: List of Fall 2018 tasks and estimation of total hours
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Tasks

Description

Estimation of Total Hours

Substation Three-Line Diagram

Create a detailed diagram
showing the actual
components that will be
used in the substation
and the wiring of said
components

20

Substation Key Protection Diagram

Create a detailed diagram
showing the protection of
each substation
equipment

20

Table 2: List of Spring 2019 tasks and estimation of total hours

3.4 OTHER RESOURCE REQUIREMENTS

The resources needed to build the power plant and substation are shown in the tables below.

Components

Number/Amount of Resources

Solar Panel

238,032 units

Inverter 36 units
Combiner Box 792 units
Land 233.8 acres

Table 3: List of resources

for the solar power plant

Components Number/Amount of Resources
Circuit Breaker TBD
Transformer TBD
Lightning Arrester TBD
Disconnect Switch TBD
Land TBD

Table 4: List of resources for the substation
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4 Closure Materials

4.1 CONCLUSION

Our senior design team will design a 60 MW solar power plant and 115/34.5 kV substation in order
to meet the increasing demand for renewable energy and reduce the dependency on
non-renewable sources . The team will utilize all the resources have been provided by Black &
Veatch to meet the specifications of the project. In the first semester, the team will come up with
an optimal location, solar panels parameters, solar layout design, calculate the solar power plant
cost, and create a substation one-line diagram. The team will also utilize a Gantt chart in order to
keep track of the man-hours and the amount of time spent on tasks. In the second semester the
team will dive deeper into the substation design and utilize AutoCAD to optimize the one-line
diagram, three-line diagram and protection and control schematic.
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4.3 GENERAL INFORMATION FORM WIKIPEDIA

Substation

https://en.wikipedia.org/wiki/Electrical substation

Inverter: Eaton 1666kW
https://en.wikipedia.org/wiki/Power_inverter

Single line diagram
https://en.wikipedia.org/wiki/One-line diagram

Appendices

fall Gantt-Chart

Weekl WeekZ Week3 Week4 Week5 Week6 Week7 Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14 Week 15 Week 16 Week 17
FALL 2018 20-Aug 2Z7-Aug 3-Sep 10-Sep 17-Sep 24-Sep 1O0ct B8 O0ct 150ct 2Z-Oct 29-0ct 5Nov 12-Nov 19-Nov 26Nov 3-Dec 10-Dec Key

Documentation
Team Roles

Seope and Goal Setting
wfCliemt
Research
Project/Justification of

Components

Saolar Plant Size and
Cost Determinarion

Solar Plant Layout

Voltage Drop Research
& Calculations

Conductor Sizing
Feeder & Collector
Research and
Caleulations

Solar Plant Layout
Review

Substation 1 Line
Desing Review
Presentation Prep

Faculty Presentation

Man Hour Budget

Spring Gantt-Chart
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https://en.wikipedia.org/wiki/Electrical_substation
https://en.wikipedia.org/wiki/Power_inverter
https://en.wikipedia.org/wiki/One-line_diagram

Week1 Week2 Week3 Week4 Weeks Weekt Week7 Week8 Week9 Week10 Week11 Week 12 Week13 Week 14 Week 15 Week 16
Spring 2019 4jan  21Jan 28Jan 4Feb 11Feb 18Feb 25Feb 4Mar 11Mar 18Mar 25Mar 1-Apr 8Apr 15Apr 22-Apr 29-Apr Key

Overrun

| Breek ||

SDMAY18-26 25



