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Proct Information

Due to increasing Renewable Energy requirements for utilities, a 34.5/115 kV distribution substation
and 60 MW Solar Plant will need to be designed by lowa State University. We as the project team are
responsible for the complete design of solar layout, electrical layout, and associated construction
deliverables. Our project team will also perform various calculations required of a typical substation,
including load-flow analysis, short-circuit studies, system protection design, and grounding calculations.

Substation Link Solar Field Link


https://energyeducation.ca/encyclopedia/Electrical_substation
https://www.solarpowerworldonline.com/2017/05/pollinator-friendly-solar-vegetation/
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Transmission lines come into
substation at 115 kV. These
lines then step down into
transformers which take the
voltage from 115 kV to 34.5
kV. The line then goes through
a switchgear to help service in
case of a disaster. After the
switchgear, the lines go to bus
bars which help distribute the
voltage to different lines to be
distributed.

Substation Overview
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The circuit diagram to the left shows an overview of a
typical substation circuit. This shows a 33/11 kV
system and transformer, but similar principles apply
to our project.

Substation One-Line Substation Picture

AutomationForum.Co


https://automationforum.co/introduction-to-electrical-substation/
https://www.watelectrical.com/electrical-substation-definition-layout-uses-of-substations/

Electricity Infrastructure — Solar Farms (PV systems)

e Solar Farms (Photovoltaic systems)
are usually interconnected to the
grid at either the sub-transmission
voltage or primary distribution
level.

e Solar systems provide a DC output
that must be inverted and
stepped-up before making a
network (grid) interconnection.

Bulk Transmission
230-750kV

Subtransmission
69-169kV

Secondary Distnbution
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Safety Moment - Piling Stocking and Shelving Hazards

Hazards of improper stocking

e Backinjury

e Stricken by equipment or accessories

e Damage toitems or racking systems

e |mproper securing items cause injury
Preventing hazards

e Correct form of lifting objects

e Heavieritems on the lower or middle section

e Sackitemson even flat surfaces

e Keep pathways and aisales clean

Source Link  Lnktolmage


https://www.jjkellersafety.com/news-articles/storing-materials-safely
https://weeklysafety.com/blog/material-stacking

Design Overview




Design Content

Choose solar farm equipment
Set up solar farm equipment to meet
desired parameters

° Calculate and design the wiring needed to
connect each component

Main Bus No. 1

Ol

Choose substation bus layout
Design bus connections and choose proper ]
protection equipment

° Design overall substation layout to maintain o » E; E—
safety and avoid faults — E“/_ﬂ—/ ~
° Calculate and design grounding grid for the —

substation AP N W) s i

Main Bus No. 2
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Desigh Complexity

Choosing the solar array equipment relates
to the principles of efficiency and iteration,

as many different equipment combinations
must be iterated through in order to select

the most efficient setup

Setting up the physical layout of the solar
farm relates to the principle of simplicity, as
the design must avoid needless complexities
and unnecessary land/equipment expenses

The design of the substation relates to the
principles of reliability and quality, as the
specific layout and equipment used in the
substation must result in a low
maintenance, highly reliable connection to
the grid

G- Generator CB-CircuitBreaker LA~ Lightning Arrestor 5~ Isolator T-transformer T~ Current Transformer




Modern Engineering Tools

AUTODESK
AutoCAD ‘

BLUEBEAM

REVU 20
STANDARD

etap

Thinking Power




Pros & Cons of Solar Energy

Design Context

$ save money on your electric bl 2\ Initial investment can be high

A Increase your home's value . May require ample roof space

. Solar energy holds a significant and multifaceted position concerning the general public, its global N e 0 AT 3 resam e eatie
ramifications, environmental effects, and economic implications. & Loveryour caon footprin A oifut oDy
L. PublicHealth g [ e
a.  Commercial solar energy reduces the the need for fossil fuels in electricity production. In turn, $ soom cony wergy mthe B it o o ntate
reduces air pollution that contributes to respiratory illnesses. As air quality improves due to O e e
reduced pollution, there can be a decrease in healthcare costs associated with respiratory B e s i e e e
diseases and other health issues related to air pollution. B S ovar o W ot
2. Global Impact
a. The use of commercial solar energy reduces the amount of greenhouse gases being released into
the atmosphere. Little to no emissions produced through solar energy. Increases cooperation )
among international markets for solar energy. cggflﬁee:'c?;'ltg :Ii;r'
3. Environmental Impact:
a. Commercial solar farms do require the use of large areas of land and can affect biodiversity.
Production of panels uses natural resources including silicon.
4. Economical Impact: OuQuetesd  Grusetiusy  ShowosseYou
a. Increasing commercial solar use will increase job need to construction and operating costs. SEREPRhIR
Adoption of renewable energy reduces energy costs and companies can receive tax exemptions.

Growth of solar stimulates the economy while reducing climate change.
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Citation 1
Baylor Citation 2


https://palmetto.com/learning-center/blog/solar-energy-pros-cons-benefits-drawbacks-advantages-disadvantages
https://8msolar.com/the-benefits-of-solar-power-for-businesses/
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Min Temp

Voc
Ref temp

Temp Coeff of Voc
Temp delta

temp correction
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Prior Work/Solutions

Project 1-2020

Solar Panel

Project 2 - 2024

String Size.

chosen 2

Datasheet

Voc 50.2|Vv
Ref temp 25|C
Temp Coeff of Voc

Temp delta

temp correction

VOc corrected

string voltage v
String size 25.14133¢
string size 25

Actual String Voltage ~ 1491.6

89.68 in x 44.64 in (panel)

15 ft x 60 ft (rack)




Solar panel

. 550w Design Decisions

e 4110V
Combiner box | || | How it will be connected
e 16 Inputs
e 1 Output | | | | Solar panel to combiner box which will connect to
e 1500VDC —inverter and finally to a transformer into the
Skids | || | grid/substation.

e Each supports 1500 V | N |

e Has inverter from AC to DC with a ~—  Location
Transformer -

Array Design (15 in total) | ] | Lovington New Mexico

e  Combiner box | | | |

e  Skid

e 2 columns 6 rows

e 1 column 3 rows

e 78MWDCand6OMWAC  EESEE
Cable

e #10 AWG for solar cells to combiner PRS0

boxes
° 400 MCM cable from combiner box to
inverter

Eduardo



Proposed Design




Solar Power Plant & Substation Design

60MW Solar
Power Plant

115/34.5KV
Substation

|

Grid
Connection

|

Location: Lovington, New Mexico
(High Solar Irradiation, Lower Land
Cost)

Solar Plant Parameters: Array
Parameter Tools

Components : Solar panels,
combiner box, inverter

Solar Plant Layout: AutoCAD
Voltage-Drop Calculation: less than
5% (based on National Electric
Code(NEC))

Power Flow Analysis: ETAP

The substation step-up the voltage
from 34.5kV to 115kV for
transmission at the grid (high
voltage for less power loss)

System one-line diagram
System three-line diagram
Protection and control analysis

The grid delivers to the high
electricity demand;

Residential area
Industrial area
Public institutions
Commercial




Components of the design

Solar arrays

Combiner
box

Inverter

Step-up
transformer

Solar Power Plant

Grid

Step-up
Bl transformer
34.5kV to
115kV
Substation




Power Storage - Design 0

After DC electric power generated by
the solar panel, it will be transfer to
inverter to convert it into AC electric
power. Than, the step up transformer
rise the voltage to power grid level, so
the power can transfer into power grid.

At the same time, if the power
generated more than use, it can store in
Battery before transfer it to inverter
and release at time that usage get
bigger.

.
4

Solar Panel- convert sun energy to electric energy

BESS- Battery Energy Storage System to store electric energy at low
power usage time and send energy at peak power usage time.

Inverter- convert DC current to AC current

Transformer- rise voltage to connect power field to Power Grid

Power Grid- send power to other place



Power Storage - Design 1

After DC electric power generated by
the solar panel, it will be transfer to
inverter to convert it into AC electric
power. Than, the step up transformer
rise the voltage to power grid level, so

the power can transfer into power grid.

Why not BESS?
e Connectdirectly to the power
grid
Cost

Environment

~ < S

Solar Panel- convert sun energy to electric energy

Inverter- convert DC current to AC current

Transformer- rise voltage to connect power field to Power Grid

Power Grid- send power to other place



Solar Panel Layout - Design 1

-1 string per rack

-16 racks per row

-24 combiner boxes
(1 per row)
-1inverter per array

1 string per rack (550W panels)

16 racks per 1 row

1 16-input DC combiner box per row
24 rows per 1 array

1inverter per array

15 array in total

Estimated DC Power Output: 78.79MW
Estimated AC Power Output: 60MW




