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EXECUTIVE SUMMARY

DEVELOPMENT STANDARDS & PRACTICES USED

In the scope of this project we adhere to NEC guidelines and practices, specifically with
regards to conductor sizing requirements and loading factors. Throughout the design
process we followed Black & Veatch standards in regards to safety tolerances,
company-specific design tools, and project design flow.

SUMMARY OF REQUIREMENTS

Equipment sizing calculations

Solar layout drawings

Solar panel string sizing design

Electrical layout drawings (substation equipment)

Protection and Control schematics based on project scope document

Grounding analysis and ground-grid developed with IEEE 80

Possibility of additional calculations (DC battery bank, Lightning protection, etc.)

AppLICABLE COURSES FROM IowA STATE UNIVERSITY CURRICULUM

EE 303
EE 311
EE 456
Engl 314

NEW SKILLS / KNOWLEDGE ACQUIRED THAT WAS NOT TAUGHT IN COURSES

Solar array layouts

Array parameter tool calculations and how they are applicable to the process
Subsystem design

Voltage drop calculations

How to set up and run professional meetings

An understanding of inverter boxes, strings, arrays, and modules involved in
creating the solar panel layout.
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Module: Also called solar panels, a solar module is a single photovoltaic panel that is an
assembly of connected solar cells. The solar cells absorb sunlight as a source of energy to

generate electricity.

String: A series-connected set of solar cells or modules.

Inverters: A type of electrical converter which converts the variable direct current (DC)
output of a photovoltaic (PV) solar panel into a utility frequency alternating current (AC)
that can be fed into a commercial electrical grid or used by a local, off-grid electrical

network. This is illustrated below in figure 1.0

Combiner boxes: A device that combines the output of multiple strings of PV modules

for connection to the inverter. This can be seen below in figure 1.1
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Array: A group of solar panels arranged into rows with the goal of capturing sunlight to
turn into electricity.

1. INTRODUCTION

1.1 ACKNOWLEDGEMENT

We would like to thank Black & Veatch for their guidance during this project. They
supplied us with the information, suggestions, and support that allowed us to produce
the best result possible. We would also like to thank our advisor, Mr. Venkataramana, for
taking the time to meet with our team and help us get a deeper understanding in the
background theory of our project.

1.2 PROBLEM AND PROJECT STATEMENT

Due to the huge changes in the grid energy market that lead to a big change in the
electricity system, traditional energy sources such as coal and nuclear are being
significantly replaced with renewable energy sources (RES) such as wind and solar. As
team we believe security climate change is a real issue that threatens our globe in many
ways and it's our responsibility to take positive actions to reduce its impact.

After intensive research and discussion, we decided if we could design a 60 MW solar
power plant and tied to the general grid that it would be a great contribution to making
the grid more flexible by incorporating renewable energy. This project is extremely
important in today's climate as renewable energy solutions are becoming increasingly
needed for large scale power.

Our focus for the first semester will be the solar power plant design including: selecting
the budget, location, equipment layout, sizing, array tool parameters, single line
diagram, and the control and protection design. The second semester we will be working
on the design of the substation and and optimized solar design.

1.3 REQUIREMENTS

The technical requirements that our group will work to achieve is to create a
115kV/34.5kV distribution substation and 60MW solar power plant. This will include the
completed design of the solar layout, protection and control design, electrical layout, and
associated construction deliverables. We will also be required to perform various
calculations required of a typical substation. In addition to these calculations, we will
also be tasked with researching the environment in which this substation will be
implemented, which includes many factors that we needed to consider.

One of the most important criteria that we compared was the different irradiance levels
in different possible locations of this substation. Irradiance, or energy per unit area,
directly corresponds to the power output of solar panels, so choosing an area with high
irradiance is key.

The next important aspect was the cost, which is affected by the community’s stance on
renewable energy as well as the cost per acre of the specific location. For any end product
other than simply a calculation or simulation, it is essential to know the environment in
which the end product will be used or to which it is expected to be exposed or experience.
For example, will the end product be exposed to dusty conditions, extreme temperatures,
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or rain or other weather elements? This information is necessary in order to design an
end product that can withstand the hazards that it is expected to encounter.

1.4 INTENDED USERS AND USES

Although this project is through our client, the electricity generated from the solar plant
would be sold to local people. This means our primary client is the people buying the
electricity. Knowing that the average U.S. household consumes about 1,000 kWh each
month, and 12 MWh per year, our 60 MW solar farm would produce enough energy to
power close to 10,000 homes.

1.5 ASSUMPTIONS AND LIMITATIONS

ASSUMPTIONS

This project will meet all safety and reliability requirements by NERC for supplying the
nominal voltages, frequencies that meets the specifications in order to be connected to
the general grid. Second assumption is that the 60MW produced from our solar plant
will provide a reliable energy source that can power up to 1000 homes. This project is
specifically designed for the United States, for any use outside of the United States, other
environmental and economical factors should be taken into consideration.

LIMITATIONS

Our energy generation is dependent upon sunlight availability at our location. As a
result, the power generated will vary according to the light intensity and irradiance of the
area. Moreover the biggest limitation with solar generation is required battery storage
within the power plant. The initial cost of installing, purchasing of solar cell panels,
combiners, inverters are very high which is considered to be a disadvantage in the solar
generation field.

1.6 ExpEcTED END PRODUCT AND DELIVERABLES

Throughout the semester our team has worked on different PV design tasks to finish the
project on time. A list of deliverables will be fulfilled by the end of each semester as
determined from our client. Below are all of the required deliverables for the project, it
includes all the dates and the sub tasks we will carry out in this project.

For the first semester, our main goal was to have a fully design solar farm. This task
includes researching and choosing the most efficient location for the project, filling out
and analysing the array parameter tool for calculating our component choices,
calculating the amount of area that will be required, creating man hour budget
deliverables, and calculating the pricing and comparing it with our scheduled budget.

We will also be working on creating a completed schematic, one line diagram voltage

drop calculations, and protect and control schematic. we will have deliverable for the
material used in the project toward the end of the next semester will have our project
review, final report and the presentation deliverable as well this will be next semester.
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Below in Figure 1.6.1, you can see how a general solar farm in constructed and
connected. This image was provided to us by our client in order to be able to better
visualize our project and is strictly for illustrating the individual components that make

up the entire system.

FW |

e b

Figure 1.6.1 - Solar Array Laveul Diagram

As a part of our first semester deliverable, we produced an accurately scaled layout of the
solar plant arrays using AutoCAD. This can be seen in Figure 1.6.2 below.

In this figure, each individual blue box is a solar panel. These are accurately sized in
order to show the scale of the array. The pink boxes represent the combiner boxes and
their respective locations. The combiner boxes are not to scale, as they would be too
small to see. Lastly, the red box in the center is the inverter for the entire array. This is
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also not to scale, but is located in the correct position. This location was selected to
minimize the maximum run length for any individual conductor.

In Figure 1.6.2 shows only a single array. In total, there will be 16 arrays that make up
the entire solar plant. These will be arranged in a 4x4 grid to minimize the distance of
conductors and to make the most efficient use of space.

In order to Figure 1.6.2 - Solar Array Layout achieve our
end goal, we had to divide
up the process into smaller tasks that we could better manage. In Table 1.6 below we
have listed some of these tasks along with how many hours we spent working and also
our timeframe.

Task Deliverable date Hours taken in the
task

Man Hour Budget 9/26/19 14

Protection plan 2nd Semester -
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One line diagram voltage | 12/5/19 48
drop calculations

Protection & control 2nd Semester -
circuit

Material list 2nd Semester -
Project Review 11/21/19 16
Presentation document [ 12/8/19 25

Tuble 1.6 - A timetable of when our deliverables were met

2. SPECIFICATIONS AND ANALYSIS

2.1 PrRoOPOSED DESIGN

As noted above, our team has a lot of tasks that we are working to accomplish. Some of
the work needs to be submitted to our clients at Black & Veatch, the rest will is for our
advisor to help guide our progress. The deliverables consists of the layout of the entire
project, single line diagrams, land selection, man hourly budget which we did with the
support of Black & Veatch, the array parameter tool, voltage drop calculations,
protection and the control plan for both the PV and the substation design that ensures
reliability for our project. AC, DC schematic, rack layout, panel characteristics and
combiner box as well.

Each of the tasks will be checked and approved by Black & Veatch and Dr. Ajjarapu to
help with any technical or analysis information required. these tasks will be carried out
in the order of design process.

As of now we have completed some of the document such as, land requirements and
selection, array tool parameters, voltage drop calculations almost all of these documents
get checked and approved by our client and advisor as well. We expect to work on more
documents as we proceed, the more likely it will be about the substation components,
and how the substation operates as whole for power delivery.

2.2 DEVELOPMENT PROCESS

While Agile is typically used for software development, our group has been following a
similar development process in order to efficiently complete our project. We chose to
model our development process after Agile because we think that having a lot of
interactions within our team, as well as having a lot of collaboration with our customer,
will allow us to work efficiently and produce the best solutions to our problems.

2.3 DESIGN P1AN

The design plan for our project is mainly divided between the two semesters of the class.
The first semester we will be focusing mainly on creating the solar panel design layout.
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This will involve first picking a suitable location for our plant, which depends upon
various factors that we had to research. Next we then had to fill out an array parameter
tool that was provided to us by our client; this tool allowed us to pick the correct
components for our design. After this, we then had to actually design the layout in
Autocad. The final design criteria that we had to accomplish the first semester is
computing the voltage drop of our design. For the second semester, we will be looking at
our design at a larger scale as we begin to design the substation for our solar plant.

3. STATEMENT OF WORK

3.1 PrREVIOUs WORK AND LITERATURE

Solar panels have existed in the market for a while now; today we know how to maximize
the amount of power we utilize from the sun. Using the information gathered from the
internet and the Black & Veatch representatives, our team has acquired a solid
foundation of what makes a good solar panel layout. We have been given templates from
Black & Veatch that previous teams have used in order to gain a deeper understanding of
the overall project. Figure 3.1 below shows a portion of one of the templates, the array
parameter tool.

A B c o E F ] H 1 3 K L
: Strinz Size tlectiical Rack Size TB copacity
gne | portrait or
S0 Min Temp I: c t Module width | ft JAtEhEEt | mod string Isc |a
Detasheet module height ft NEC sectic multiplier 125
Datasheel o v nom Isc 1.25
URASNEEL  peftemp c DesiEner pack width ! modules rr. multiplier 125
Designer pack height | modules max Isc 1.5625 A
Datasheet  Temp Coeff of Voo l:l fc Madules per rack
Temp delta [1] Rack width o ft =1 allowed current la
temp correction 1.00 Rack height oft
W0c corrected 1] strings per CB 0
Round down:
string voltage l: v /{ ask whther the mechanical characteristics are for the module or the rack
String size #DIV/fo! panel module
skring size =L}l\-f.|'£‘=.: rack is the amount of paneis

<o Actual String Voltage | #DIv/0!

J/fadd price for this panel
/fsolar

Input Information =

Figure .1 - Portion of the Array Parameter Tool

While these templates are beneficial in completing many different calculations, we also
work with our advisor to make sure that we fully understand what each template is
doing. In addition to this, our advisor has given our team some example deliverables
from a previous team that also working on this project. While we feel that these examples
are beneficial for gaining a preliminary reference, our team has chosen to complete the
project using a different design that we feel will produce an even better result than
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previous teams, especially considering solar panel technology increases substantially
from year to year.

3.2 TECHNOLOGY CONSIDERATIONS

When creating our design, we initially had to research many different types of hardware
components that had the necessary specifications. Considering solar technology has been
increasing tremendously in recent years, there were countless components that we had
to consider with all different benefits and drawbacks. In the end we chose to use
components that worked more efficiently, although costing more. Alternatively, we could
have chosen to use more panels that produced less power that cost less per individual
solar panel, this however, would have needed a larger land area to lay out the solar array.

3.3 TAask DECOMPOSITION

As previously stated in our design plan, the overall task of completing the 60MW solar
plant is divided into two key smaller tasks between each of the two semesters. The first
semester is focusing on designing the solar panel layout (location, hardware choices, and
Autocad layout). The second semester involves researching and designing the substation
that connects to our solar plant.

3.4 PossiBLE Risks AND Risk MANAGEMENT

During the design phase of our project, because we are only using the software Excel to
work on calculations, there really is one possible risk that we could face. This risk is due
to using improper values in calculations that would need to be addressed. Fixing these
calculations could potentially lead to missing a time deadline.

3.5 ProJECT PROPOSED MILESTONES AND EVALUATION CRITERIA
There have been three key milestones within the project:

1) Fill out the Array Parameter tool and figure out which solar panel to use, JA Solar
or the Eagle 72

2) Researching the best place for the substation to be located.

3) Fill out the Voltage Drop Calculation Sheets

4) Complete solar farm design

In the next semester we will reach the following milestones:

5) One-line diagrams for substation
6) Substation calculations
7) Complete solar plant and substation design

3.6 ProJECT TRACKING PROCEDURES

Working with a large group on a complicated tasks can easily become disorganized
throughout the semester so it was very important to our group to make sure we were
staying on task. In order to do this, our group created a detailed Gantt chart using
Microsoft Project that allowed us to break down tasks and track their progress. In
addition to this, our team created weekly reports that summarized our teams progress
that week. This allowed us to easily see which tasks we were going to complete on time
and also identify tasks that needed more time dedicated to them in order to complete
them efficiently.
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3.7 EXPECTED RESULTS AND VALIDATION

Our desired outcome for this project is to create the most cost effective and highest
output solar plant as possible. In order to make sure that the project will be successful,
we have different tools such as our array parameter tool, and our voltage drop calculator
that allow us to make sure our values are reasonable with real world outcomes. By using
these tools, we are able to see how certain parameters change the outputs of each system
and therefore can ensure that our project will be successful at the highest ability.

4. ProJECT TIMELINE, ESTIMATED RESOURCES, AND CHALLENGES

4.1 PrRoJECT TIMELINE

Early on in our project when we had many tasks coming in at once, it was clear that we
needed to make a detailed schedule that our team could follow. In order to accomplish
this, our group created a Gantt chart that included important tasks that needed to be
completed. This Gantt chart (shown below) helped tremendously when trying to divide
up tasks amongst team members, and also to ensure tasks were completed on time. As
shown in the images below, the main components of our project are divided up between
the two semesters. The first semester is the solar array layout, while the second semester
is the substation design. The major benefit of having our design split up into two
semesters is that we can get familiarized with the material and processes in the first
semester; and the second semester, although covering more challenging material, will be
easier to complete.

September 2019 October 2019 Movember 2019 December 2019
1 T3 2 15 28 2

Figure 4.1.1 - A timeline of project schedule
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As previously mentioned above, the first semester will focus mainly on the solar array
layout. In order to accomplish this, there was initially a lot of research that was needed in
order to understand the components we would be designing with, as well as other
information crucial for the completion of the project. As shown below, this research was
from (9/19/19 - 9/26/19). Once this research was completed, we then had to use the
information we gathered in order to make design choices, such as which solar panels
would work best in our design. This process was aided by an array parameter tool that
was provided by Black & Veatch that we had to fill out with information. Overall, this
stage of the project took from (9/26/19 - (12/12/19). After this stage, we then had to
complete more research in order to understand how to fill out certain things, such as the
voltage drop calculations spreadsheet that was provided by Black & Veatch. This took
from (10/3/19 - 12/12/19). This is a large time frame considering it also includes
research for the substation design that we will begin next semester. We then moved into
the actual design phase which was mainly composed of modeling the array layout in
AutoCAD, finishing the voltage drop calculations. This phase took from (10/17/19 -
12/5/19).

h.
=
i |Sep 22, 19 |5ep 29,719 Oct 6,719 |Oct 13, "1
= Start
o Thu 91919 I
ask
0 Mode = Task Mame »  Duration -« 3Start »  Fimish = Predecessors -
1 > 4 preliminary 6 days Thu9/19/19 Thu9/26/19
Research
2 -, Recearch 6 days Thug/19/19 Thug9/26/19
Hardware
3 > Man hour budgets 6 days Thu 9/19/19 Thu9/26/19
4 #+ Software access  6days Thug9/19/19 Thu9/26/19
5 > Locations for 6 days Thu 9/19/19 Thu 9/26/19
plant
5 -, 4 Design Choices 56 days Thu 9/26/19 Thu 12/12/1¢
' > Complete array 16 days Thu9/26/19 Thu
parameter tool 11719
-] - Choose Solar 11 days Thu 9/26/19 Thu
panel, combiner 10/10/19
box, and inverter
E wre willl use
E 5 > Choose final 16 days Thu9/26/19 Thu
E location 1041719
E 10 - « Research 51 days Thu 10/3/19 Thu 12/12/1¢
1 - MDA Forms 11 clays Thu 10/17/1¢ Thu 10/31/1°
12 » Research 6 days Thu 10/3/19 Thu
voltage drop 10/10/19
calculations
3 > Research 11 days Thu Thu
substation 11/28/19 12/12/19
14 = « Design 26 days Thu 10/17/1¢ Thu 12/5/19
15 -+ model array 21 days Thu Thu
layoutin 10/24/19 1172119
AutoCAD
16 - Finish voltage 31 days Thu Thu
drop 101719 11/28/19
caloulations
17 A+ Voltage drop 6 days Thu Thu 12/5/19
revisions 11/28/19

Figure 4,12 - Alist of all our scheduled tasks
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4.2 FEASIBILITY ASSESSMENT

For this project, we are expecting to design a solar farm and substation that will generate
60MW. While our client didn’t give us a budget, it is important for us to keep cost in
mind so that our substation will be financially beneficial. While there are many costs we
can’t accurately account for, such as the construction timeline, degradation of panels,
and maintenance, we can do our best to estimate these potential costs. Generally it has
been stated that is costs approximately $1/watt for installation, and since our farm is 60
MW, we can assume it will roughly cost $60 million. Given the cost that the electricity
can be sold at this project would be economically feasible.

4.3 PERSONNEL EFFORT REQUIREMENTS

Solar Panel to

Tasks Requirement to complete task | Time taken to accomplish
task

Complete the | Understand the equations and how | It took roughly 3 weeks to

Array they relate to the future layout of finish, get checked by Black &

Parameter tool | solar panels. Veatch, and go back and do
corrections.

Choose which | Comparing the Eagle 72 and JA It took about 1 week to make

Solar array parameter tools and

our decision and run choice by

use deciding which is better to use Black & Veatch for
confirmation.

Research Finding the right location for solar | Took about 2 weeks to find the

location, panels while taking into account right area, which was chosen to

layout, and the weather, pricing, solar friendly | be Alburquerque NM, research

solar panel neighborhoods and the land the land, irradiation levels, and

needs elevation. pricing; includes making sure
Black & Veatch approved of
our choice.

Create CAD Understanding of how to set up the | Took about 2 weeks to create a

files for the solar panel layout. Need solar farm layout replicating

solar panel understanding of arrays, module, the one we designed. Contains

layout strings, inverters, and combiner 16 identical arrays.

boxes.

Fill out the Understanding how the template is | This took about 3 weeks to fill

Voltage Drop | used and what value the data out, get it checked by Black &

Calculations should be around. Need an Veatch, and then to go back

understanding of the Harness and
its effects on the other calculations.

and do corrections and get
final approval.

Get familiar
with

Need to look into substation design
and view the information Black &

We will have all of the winter
break to prepare for next
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substation Veatch has recently sent about the | semester.

design for desirable for the second part of this
second project.
semester

Table 4.3 - A breakdown of all our completed tasks

4.4 OTHER RESOURCE REQUIREMENTS

Since we do not require any financial funding from our clients, the only other resource
that we are required to have to complete our project is software that has been made
available through Iowa State University. This software we will be using is AutoCad,
which will be used for our solar plant layout. In addition to this, Black & Veatch have
provided us with all the necessary datasheets to figure out the required calculations.

4.5 FINANCIAL REQUIREMENTS

Currently, our team does not have any financial constraints while working on the project.
We will however, consider many different design choices that will affect the overall cost
of the project, considering we would like it to be as low as possible without
compromising efficiency.

Below, as you can see, Figure 4.5 shows the prices of all the major equipment needed for
the solar farm. The price of the panels, combiner boxes, and inverters sums up to a little
over $35 million. Given the large scale of our project, this price is going to be fairly high
but by choosing high efficiency units, we are able to reduce our quantity needed and
therefore, our price.

Solar Plant Cost Quantity Cost Total

Panels 163072 $198.68 $32,399,927.71

CBs 368 $900.00 $331,200.00

Inverters 16 $155,000.00 $2,480,000.00
Total Cost  $35,211,127.71

Figure 4.5 - A breakdown of our solar farm costs

5. TESTING AND IMPLEMENTATION

During this semester the “testing” of the project would only be based on completing the
provided excel sheets (array parameter tool and voltage drop calculations) and making
sure that the values are viable. During the next semester we will begin creating a design
of the substation, in which we will most likely run into more “testing” and the
implementation phase of our project.

5.1 INTERFACE SPECIFICATIONS

Considering we are working on a very large-scale project, our team will not work directly
with any hardware. Instead, Black & Veatch has provided us with different software
solutions that we are able to use for designing and testing. The software that we used was
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mainly Autocad for the actual layout design, and excel for the calculations and testing to
ensure our values would work.

5.2 HARDWARE AND SOFTWARE

As previously stated above, due to the nature of our project we will not be working
directly with any hardware. The only interaction we had with “hardware” is during our
design phase when we had to research different hardware components that we could use
in our design. In terms of software, we have used excel templates to figure out the
necessary calculations as well as CAD to create a view of the layout we will use for the
solar panels.

5.3 FuncTioNAL TESTING

Testing can be seen by the math done within the voltage drop calculations and the array
parameter tool. Figure 5.3.1 and 5.3.2 below show the excel sheets we commonly use
throughout the project:

String size Flectrical Rack Size B capacity Array Design Array size

oesgner ]
Location | Min Temp 66]C ’ 321t Dutasheet mod/string lsc 10034 Designer Racks per row Designer it
557/ NEC sectic multiplier 125
atashest  yoc 481V nom Isc 12,5375 Designer | rows per Array table height proj 1076365 ft
Dstashest  eftemp 2slc Designer gack width 28] modules I multiplier 125
Designer rack height 2| modules masc 15671874 Designer Racks removed | 2] DesiEner row spac [ 5l
Dstusheet  Temp Coeffofvoc | -0.003]/c Modules per rack
Temp deita 316 Rack width 896 ft Designer aiiowed current [ 275]A Total Racks/Array 182 pitch 2576365 ft
temp correction 109 Rack height 1Baeft o Space for Inverter Maintenance 15t
VOc corrected 52.43718¢ acon  SiringsperCB  17.54735 Total modules 10192 Array haight 50256417 7t
etc Round dowin: 1
confirm string voltage [ ws00)v Outasheet module capacity | 380|w Array width 7168 ft
pos - stringsize 2807033 Ground Coverage Ratio 05100207
:: string size 28 de capacity 3.87296 MW

" Actual String Voltage 1496.2

e vt capecity [ HIEB] s
o
Input information =

standard

Figure 5.3.1 - Excel sheet from the array parameter toal
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Strings Rack Rack Rack
per IMP for Harness | Rack Harness | Harness Harness IMP for Jumper Jumper Jumper Jumper
DCB Harness |Harness Length wire size resistance | resistance Jumper Length wire size | resistance | resistance

DCB### | perrack | Amp feet AWG Ohm/kft feet AWG Ohmikft Ohm

DCB1-01 2 15 896 12 1.2600 0.1937 3.38688 30 277 10 1.2900 0.6919055 21.4398

DCB1-02 2 15 89.6 12 1.2600 0.1937 3.38688 30 187 10 1.2900 04664314 14.4738

DCB1-03 2 15 89.6 12 1.2600 0.1937 3.38688 30 97 10 1.2900 024175 7.5078

DCB1-04 2 15 89.6 12 1.2600 0.1937 3.38688 30 7 10 1.2900 0.018 05418

DCB1-05 2 15 896 12 12600 0.1937 3.38688 30 7 10 1.2900 0.018 0.5418

DCB1-06 2 15 896 12 12600 0.1937 3.38688 30 97 10 1.2900 0.25 7.5078

DCB1-07 2 15 896 12 12600 0.1937 3.38688 30 187 10 1.2900 5.061 14.4738

DCB1-08 2 5 896 12 1.2600 0.1937 3.38688 30 277 10 1.2900 0.715 21.4398

= 2 panels in IMP x 125

Eanbiey string * AWG size  Table 8 NEC Table 8 NEC

Name panel width above that

DCB23-01 2 15 832 12 1.2600 0.21 3.38688 30 205 10 1.2900 0.0512881 15867

DCB23-02 2 15 83.2 12 1.2600 0.21 3.38688 30 205 10 1.2900 0.0512881 1.5867

DCB23-03 2 15 83.2 12 1.2600 0.21 3.38688 30 110.1 10 1.2900 0.2748268 8.52174

DCB23-04 2 15 83.2 12 1.2600 0.21 3.38688 30 110.1 10 1.2900 0.2748268 8.52174

DCB23-05 2 15 83.2 12 1.2600 0.21 3.38688 30 199.7 10 1.2900 0.4983655 15.45678

DCB23-06 2 15 83.2 12 1.2600 0.21 3.38688 30 199.7 10 1.2900 0.4983655 15.45678

No_of | IMP for Voltage
Rack Dce Feeder Feeder Feeder Feeder Voltage drop | drop for | Voitage drop | VMP for Voltage drop
DB Inputs | circuit | length wire size | resistance | resistance for feeder | feeder | forcircuit circuit for circuit
DCB#-# # Amp feet kemil Ohmikit Ohm Volt per cent Volt Volt per cent

DCB1 g 240.00 6504 600 0.0382 0.0446 11.074944 1.14% 42032128 1500.00 2.80%
DCE2 8 240.00 575 600 0.0852 0.0425 10.5432 1.08% 41.85488 1500.00 2.79%
DCB3 8 240.00 546 600 0.0382 0.0404 10011456 | 1.03% | 41677632 | 1500.00 278%
DCB4 8 240.00 517 600 0.0382 0.0382 9479712 098% | 41500384 | 1500.00 277%
DCBS 8 240.00 488 600 0.0382 0.0361 8.947968 092% | 41323136 | 1500.00 275%
DCB6 8 240.00 459 600 0.0382 0.0340 8.416224 0.87% | 41145888 | 1500.00 274%
DCB7 8 240.00 430 600 0.0382 0.0318 7.88448 0.81% 40.96864 1500.00 273%
DCBS 8 240.00 401 600 0.0382 0.0296 7352736 076% | 40.791392 | 1500.00 272%
DCBY 8 240.00 372 500 0.0362 0.0275 6.620992 070% | 40614144 | 1500.00 271%
DCB10 8 240.00 343 600 0.0882 0.0254 6.289248 065% | 40436896 | 1500.00 2.70%
DCB1 8 240.00 314 600 0.0882 0.0232 5757504 059% | 40259648 | 1500.00 268%
DCB12 8 240.00 285 600 0.0362 00211 522576 0.54% 400824 1500.00 267%
DCB13 8 240.00 256 600 0.0382 0.0190 4694016 0.48% | 39905152 | 1500.00 266%
DCB14 8 240.00 227 600 0.0382 0.0167 4.162272 0.43% | 39727904 | 1500.00 265%
DCB15 8 240.00 198 600 0.0382 0.0146 3630528 037% | 39550656 | 1500.00 264%
DCB16 8 240.00 169 600 0.0382 0.0125 3.098784 032% | 39.373408 | 1500.00 262%
DCB17 8 240.00 140 500 0.0362 0.0104 256704 0.26% 39.19616 1500.00 261%
DCB18 8 240.00 111 500 0.0362 0.0082 2.035296 0.21% | 39018912 | 1500.00 260%
DCB19 8 240.00 52 600 0.0882 0.0061 1503562 0.15% | 38341664 | 1500.00 2.59%
DCB20 8 240.00 53 500 0.0882 0.0039 0971808 001% | 238664416 | 1500.00 258%
DCB21 8 240.00 24 600 0.0382 0.0017 0440064 001% | 38487168 | 1500.00 257%
DCB22 8 240.00 24 600 0.0382 0.0017 0.440064 0.01% | 38487168 | 1500.00 257%
DCB23 7 210.00 36 600 0.0382 0.0027 0.577584 0.01% | 24009768 | 1500.00 160%

Figure 5.5.2 - Excel sheet from the voltage drop caleulations

Average of worst-case DCB voltage drop:

2.63%

As you can see above in figure 5.3.1 and 5.3.2, there are many values that needed to be
filled out and just as in any human calculation there were bound to be errors with our
initial values. That was why it was so important to constantly be checking our accuracy
and legitimacy while filling these out.

5.4 NoN-FuNCTIONAL TESTING

Our non-functional testing can be defined as the team sending the values calculated to
Black & Veatch and discussing them to make sure that they seem reasonable. If any
discrepancies are found during our discussion, we go back and revise them until they are
satisfactory.

5.5 RESULTS

From this semester our results have been positive and approved by Black & Veatch’s
representatives. We were able to obtain these results after many updates and changes we
made. The changes were primarily to the array parameter tool and voltage drop
calculations. Although we have encountered many challenges and difficulties of
understanding various new topics that are necessary for the project, we are able to
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overcome these obstacles with the help of Black & Veatch, as well as our advisor Dr.
AjJarapu.

6. CLOSING MATERIAL

6.1 CONCLUSION

This semester our design team has worked to finalize a 60 Megawatt solar plant. As a
team, we have:

e Utilized the provided Array Parameter Tool to determine the quantities of
equipment needed.

e Performed voltage drop calculations to determine the size of conductors needed
in order to meet NEC guidelines.

e Determined a suitable location for our solar plant with considerations to
irradiance, cost of land, and weather patterns.

e Designed a layout in tandem with our voltage drop calculations that minimizes
power loss by reducing conductor lengths.

Our goals moving forward pertain mostly to the design of the substation that will be
responsible for integrating our solar plant with the grid. We aim to provide a final design
that adheres to all relevant professional standards and codes. We also strive to continue
working closely with our contacts at Black & Veatch to maintain an open line of
communication, which benefits both parties.

The best course of action to reach these goals will be to continue our weekly meetings
with Black & Veatch. It is through these meetings that we can clearly establish what
professional standards are considered through each phase of design. They also give us
key training that we need in order to utilize the templates they provide for us. It is our
time to ask questions, brainstorm possible design solutions, and take the next iterative
step towards a final design.

6.2 REFERENCES

Black & Veatch has provided our group with all necessary files for design work (Array
parameter tool, voltage drop calculation spreadsheet, NEC table 3, NEC table 8,
substation materials, and other miscellaneous team-based files). In order to use the
spreadsheets Black & Veatch provided, we had to find components that fit our design
specifications. The datasheets for these components are listed below.

Datasheets For Components:

JA Solar Panel:
http: //www.wwdfzs.com /uploadfile/2019/0417/20190417043955845.pdf

Eagle Solar Panel:
https://www.jinkosolar.com/ftp/EN%20Eagle%2072PP%20320-340W-V_ 20.pdf

Bentek PV Harness:
https://www.bentek.com/wp-content/uploads/ds/Bentek-Power-PV-Cable-Harness-DS.
pdf

ABB Central Inverter:

https://library.e.abb.com/public/bbbcoof6boad4d3f9a7o03a9a049d53e9/PVS980 centr
al inverters flver 3AXD50000027473 RevJ EN lowres.pdf
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SolarBOSS Disconnect Combiner:

http://www.solarbos.com/Disconnect-Combiners

Other Texts Used For Research:

“Photovoltaic Array or Solar Array Uses PV Solar Panels.” Alternative Energy Tutorials,
www.alternative-energy-tutorials.com/solar-power/pv-array.html.
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