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Group Roles

• Andrew Chizek: Researcher and Drafter

• David Ntako: Researcher and Drafter

• Ben Palkovic: Meeting Recorder and Drafter

• Mohamed Sam: Testing and submission

• Sergio Sanchez Gomez: Technical Writer and Editor

• Dallas Wittenburg: Client and Advisor Communications
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Project Overview

Fall Semester: Solar Farm Spring Semester: Substation

• Make a complete design of a solar farm and substation including all 

drawings, calculations, and tests needed for construction
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Project Motivation

Users

• Utility companies

• Citizens who use electricity

Needs

• Clean energy

• Uninterrupted supply of power

• Optimal use of land and budget

• Adhere to all safety codes and regulations

• Sustainable
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Project Plan
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Deliverables

Fall Semester: Solar Farm

• Array Parameter Tool

• String, Rack, and Array Layouts

• Plant Characteristics

• Voltage Drop Calculations

• Datasheets

• Site Selection

Spring Semester: Substation

• One-Line

• Equipment Layout

• Grounding Study and Calculations

• AC and DC Calculations

• ETAP Simulations
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Solar Site Selection

Deming, New Mexico

• Optimal cost

• High solar irradiance

• Barren, useless land

• Nearby high voltage 

transmission lines
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Solar Array Overview

PV Modules

• 700W

• Voc: 47.9 V

• Isc: 18.49 A

Combiner Box

• 1500 V

• 320 A

Inverter

• 1500 V input

• 4095 kW

Rack

String

PV Module

Series 
Combination

Parallel 
Combination
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Solar Array Overview

Array Parameter Tool
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Solar Farm Overview
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Solar Array Overview
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Voltage Drop Calculations
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Substation Overview

Ring Bus Configuration

Pros

• Very Reliable

• Flexible

Cons

• Complex relaying

• More land

• More expensive
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Relaying Plan

Key Components

• Voltage Transformer (VT)

• Current Transformer (CT)

• Relays

• Line Protection:                  

SEL 311L and 311C

• Feeder and BF:                   

SEL 751 and 352

• Transformer Prot:             SEL 

487E and 587
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Key Plan
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Key Plan

Things to Consider

• Bus spacing

• Phasing

• Land constraints
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Key Plan

Things to Consider

• Bus spacing

• Phasing

• Component sizes

115/34.5kV Solar Plant & Substation 

Senior Design Project

|   17



| Sergio

| 05/09/2025

AC calculations

80 kVA station service transformer 
450 A MTS
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DC calculations

1

IEEE-485

115/34.5kV Solar Plant & Substation 

Senior Design Project

|   19



| David

| 05/09/2025

Standards

IEEE Standards

• IEEE 80 - Grounding

• IEEE 485 – Lead acid battery sizing

• IEEE 605 – Bus design

NEC Standards

• Section 210-20(a) - Overcurrent protection devices

• Section 110-14(c) - Conductor Sizing

115/34.5kV Solar Plant & Substation 

Senior Design Project

|   20



| Mohamed

| 05/09/2025

Testing

The generation totals to 59.423 MW, which is nearly the target 60 MW design goal.

All voltages are regulated at 100%, and reactive power is 0.000 MVAR, confirming the power 
factor is 1.0 across all generator buses.
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Conclusions

Group Member Contributions

• Andrew Chizek: Component Selection, Section Views, Grounding Physical Drawings

• David Ntako: Component Selection, DC Calculation

• Ben Palkovic: One-Line Diagram, Physical and Relaying, Key Plan, Section Views

• Mohamed Sam: ETAP, Load Flow & Short Circuit, Three-Line Diagram

• Sergio Sanchez Gomez: DC Calculation, Battery Sizing, BOM

• Dallas Wittenburg: Substation Grounding, Layout, Conduit Plan, ETAP

All Members: Weekly Meetings, Rotating Leadership Roles
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