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Outline
• Basics of Photovoltaics Operation

• Important Aspects of Roof Alignment

• “Net metering” as a Basic Concept

• Assessing Your House

• Considering “Community Solar”

• Other angles:
• Adding storage??

• Adding EV??
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“Photovoltaic Effect” 

→Photons of Sunlight are 
absorbed by 
semiconductors 

→Requires a “PN Junction” 
to generate electrical 
output and power.

→Power Rating is quoted at 
maximum sunlight.
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Figure From: US DOE National Renewable Energy Laboratory



Department of Materials 

Science and Engineering
www.MSE.Rutgers.eduData for Newark NJ

Data replotted from: http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/  
this database for a “Typical Meteorological Year”
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Department of Energy 
Typical Meteorological Year (TMY) Data
Annual Summary

Location Latitude Average Daily 

Global 

Horizontal 

Irradiance 

(kWh/m2*day)

Average Daily 

Diffuse

Horizontal 

Irradiance 

(kWh/m2*day)

Average Daily 

Direct

Horizontal 

Irradiance 

(kWh/m2*day)

Wantage, NJ 41.25o 3.86 1.45 2.41

New Brunswick, NJ 40.49o 3.98 1.45 2.53

Millville, NJ 39.41o 4.15 1.55 2.60

National Solar Radiation Database: https://nsrdb.nrel.gov/

https://nsrdb.nrel.gov/
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Sunpath shadow pattern created with:
http://andrewmarsh.com/apps/staging/sunpath3d.html
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Image credit: https://curbelolaw.com/how-much-are-solar-panels-in-new-jersey/



Department of Materials 

Science and Engineering
www.MSE.Rutgers.edu



Department of Materials 

Science and Engineering
www.MSE.Rutgers.edu



Department of Materials 

Science and Engineering
www.MSE.Rutgers.eduFixed Tilt PV Array Design: Energy Output Impacts

➢ 10 KW system size (arbitrary)

➢ Zip Code = 08854, Piscataway

➢ Latitude = 40.57

➢ Consider Southward Tilting:
▪ Tilt = 0 11,354 kWh/Year
▪ Tilt = 15 12,789 (12.6% better)
▪ Tilt = 20 13,106 (15.4% better)
▪ Tilt = 30 13,506 (19.0% better)
▪ “Ideal Tilt” = 37.3 13,590 (19.7% better)

➢ Single Axis Tracking: 14,697 ( 8.8% better than fixed/ideal)

https://pvwatts.nrel.gov/pvwatts.php
Dunbar P. Birnie, III
Rutgers University
dunbar.birnie@gmail.com
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• Solar Array

• Inverter

• Battery Storage

• EV Charging

• Storm Resilience

Photo credit Nissan
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Presently Require “Net Metering”

• Annual Energy Usage is Baseline

• New Solar Should Only be Expected to Generate that SAME amount 
of Energy, or less than required by your home/system.

• Winter: → Solar array likely underperforms compared to energy 
needs.

• Summer: → Solar array generates more than needed and feeds into 
the distribution network. 

• →Meter runs “backward” when solar generates more than needed.
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Example for my Zip Code: 17 were offered
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Other Things Happening in NJ

•Grid-Scale Solar

•Dual-Use Solar (Ag + Solar) …. Still evolving…..
• Fixed Tilt
• Single Axis Trackers
• Vertical Bifacial Arrays
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Direct 
Irradiance

Height at 
center = H Spacing between 

posts = S

Lateral location 
measured from  

the post = X

Module 
width = W

Angle matches East/West 
component of sun angle

Module tilt = θ

Clouds
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Xsun component doesn’t 
influence shadow

For long rows only really 
care about vertical 
placement of shadow line

Standard Fixed Tilt Array 
Geometrics



Vineyard in France

https://www.reuters.com/

Single-axis 
tracking 
panels
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Sunpath shadow pattern created with:
http://andrewmarsh.com/apps/staging/sunpath3d.html
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North

Shadows move 
from W to E 

through the day



https://www.next2sun.de/

Vertically mounted, double rows of bifacial panels
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Sunpath shadow pattern created with:
http://andrewmarsh.com/apps/staging/sunpath3d.html
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➢Solar is here and READY.
➢NJ programs continue to incentivize solar on your home.

➢Other programs incentivize EV ownership and other 
energy conservation measures.

Thank You!!!
Dunbar P. Birnie, III
Rutgers University

dunbar.birnie@gmail.com

Conclusion
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