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Project Overview
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Problem Statement & Requirements 

Omer Karar

● US more aware of carbon footprint
○ Minimize emissions with more renewable energy resources

● Local utility in Roswell, New Mexico partnered with Black & Veatch
● Objective

○ Design 60 MW solar power plant 
○ Design 34.5/115 kV substation that connects

● Requirements
○ Selection location, equipment, protection, layout
○ Complete multiple calculations
○ Create design using CAD and BlueBeam
○ Simulate design using ETAP
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Location
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Location - Roswell, New Mexico

Omer Karar

● Location Requirements
○ High irradiance
○ Low humidity
○ Flat 
○ Low cost land

● Land Cost: $600/acre at time of estimate
● Land Size Used: 200 acres 
● Total Estimated Land Cost: $120,000

Month Low Roswell High

Dec 1.76 k/m/d 5.45 k/m/d 4.93 k/m/d

Nov 1.87 k/m/d 6.02 k/m/d 5.87 k/m/d

Oct 3.36 k/m/d 6.63 k/m/d 6.44 k/m/d

Sep 5.01 k/m/d 6.61 k/m/d 7.46 k/m/d

Aug 5.66 k/m/d 6.56 k/m/d 7.06 k/m/d

Jul 5.92 k/m/d 6.52 k/m/d 6.72 k/m/d

Jun 5.16 k/m/d 6.6 k/m/d 7.39 k/m/d

May 5.27 k/m/d 6.78 k/m/d 7.44 k/m/d

Apr 4.94 k/m/d 7.12 k/m/d 7.38 k/m/d

Mar 3.42 k/m/d 6.94 k/m/d 6.89 k/m/d

Feb 2.83 k/m/d 6.49 k/m/d 6.18 k/m/d

Jan 2.01 k/m/d 5.91 k/m/d 5.54 k/m/d

Here is a month-by-month comparison of the average solar radiation in 
Roswell with the typical solar radiation in a city.
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Components



Unit or Department Name Here 8

Array Parameter 
Tool

Brooke Nelson 



Unit or Department Name Here 9

CAD Layout
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4 Major Decisions
● Orientation
● Tilt
● Row Spacing

○ Shading
○ Land Use

● Solar Farm Layout

Reference Section 3.2.2 1 Layout
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One Array 
528 || string combinations
1500 (V)     -     5650 (A)

One Combiner Box
22 || string combinations
1500 (V)     -     235.4 (A)

One String (26 Modules)
1500 (V)     -     10.7 (A)

Reference Section 3.2.2 1 Layout
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Voltage Drop Calculations
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Voltage Drop 

Jenna Runge

● Requirement Threshold: 5% 
○ Original Design: 11.84%
○ Calculated along the strings, jumper, and feeder for normal array and small array
○ Final Drop - Normal Array: 4.11%
○ Final Drop - Small Array: 2.94%
○ Hand Calculations 
○ Final Voltage: 1165V

■ Reference Design Document 3.2.2.4

Reference Section 3.2.2.3 Voltage Drop
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Substation Design 
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Drawings and Calculations
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One Line Drawing 

Jacob Miller 

Reference Section 3.3.1.1 One Line
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Three Line Diagram   

Madison Lakomek

Reference Section 3.3.1.2 Three Line
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Key Plan  

Madison Lakomek

Reference Section 3.3.1.3 Key Plan
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Conduit Layout   

Madison Lakomek

Reference Section 3.3.1.4 Conduit and Trench Plan
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Grounding Calculations    

Madissen Lawrence

● Standard Formulas used 
- IEEE 80, ch. 16

Ref. 3.3.1.5
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Grounding Layout   

Madissen Lawrence

Ref. 3.3.1.5
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Simulation 
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ETAP- Load Flow & Short Circuit Analysis 

Ashton Randolph

Reference Section 5.1 ETAP
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Bill of Materials

Madison Lakomek
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Cost Analysis - Solar Array

Ashton Randolph

Reference 3.2.2.3 Racking Components, 3.4 Technology Considerations, Figure 32: Solar Cost Analysis
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Cost Analysis - Substation

Jenna Runge

Ref: 3.3.2.6
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Other Work Completed

● Solar Wiring Diagram
○ Reference: 3.2.2.2

● Solar Racking Components
○ Reference: 3.2.2.3

● Voltage Drop Hand Calculation Check
○ Reference: 3.2.2.4

● DC Battery Calculations
○ Reference: 3.3.2.1

Jenna Runge

● Lightning Protection
○ Reference: 3.3.2.2

● Bus Calculations
○ Reference: 3.3.2.3

● AC Load Calculations
○ Reference: 3.3.2.4

● Trench Calculations 
○ Reference: 3.3.1.4
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Major Individual Contributions

Madissen Lawrence
● Voltage Drop Calculations
● DC Battery Calculations
● Website
● AC Load Calculations
● Grounding Grid
● Substation Part Estimate

Jenna Runge
● Voltage Drop Calculations
● DC Battery Calculations
● AC Load Calculations
● Grounding Grid
● Substation Part Estimate

Jenna Runge

Madison Lakomek
● Solar field cost analysis
● Bus calculations 
● Key Plan
● Conduit Plan
● Three Line Diagram

Ashton Randolph
● Solar Farm Cost Analysis
● Cable Trench Calculations 
● ETAP

Jacob Miller
● Substation One-line Diagram 

(AutoCAD) 
● Lightning Protection
● Relaying Protection

Zachary Zimmerman
● Solar Plant Configuration (APT)
● Solar Plant Design (AutoCAD)
● Voltage Drop Calculations
● Bus Calculations
● ETAP

Omer Karar
● Relaying Protection
● Substation One-line diagram 

(AutoCAD)
● Lightning Protection

Brooke Nelson
● Voltage Drop Hand Calculations
● Cable Trench Calculations
● AC Load Calculations
● Conduit Plan
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Possible Future Work

● Control House Design
● Bill of Materials - Full Project
● Breakdown of 3 Line Diagrams

Jenna Runge
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Questions?
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