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Objectives

Energy Requirements vs Energy Available
How sunlight is converted to electricity
Costs and Benefits of Solar PV

Basic Equipment Overview
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ENERGY (kWh)




Energy

1 Gallon of Gasoline = 34kWh

Average home consumes ~1500kWh/mo ($150 @ $0.10/kWh)
A 8kW PV system will produce ~1500kWh/mo

8kW system occupies ~500 square feet



Power

HVAC ~4kW

Dryer ~3kW

Microwave ~1.2kW

46” Television 200W

Output of 12k BTU heater ~3.5kW



Solar Resources

Andrews County is 1500 sq miles

1 sqg Mile receives ~2.5GW of solar power
Andrews County receives ~3.7TW of solar power
Annually Andrews County receives 8000 TWh

US annual electric consumption: 4000TWh



PV = Simplicity

Sunlight

Standard Silicon Solar Cell

Cross-Section

Cover Glass
Antireflective Coating with Contacts
N-Type Silicon

P-Type Silicon

Mote: This diagram is not to scale, The AR coating is
Back Contact less than 0,059 of the total thickness of the device
without the protective cover glass on the top surface a
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Maximum Power Point
PV Panel IV Curve
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‘Christmas Light Effect’
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Durability and Long Life

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

25 year warranty

<0.5% degradation per year
1” Hail at 50 mph

140 mph winds

Year 10

Year 5
Year 1
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Assume $4/w cost; $0.10/kWh savings

Example 8kW system

Upfront Cost: $32,000 minus 30% ITC = $22,400
Expected annual production: 17MWh

Expected Lifetime Production (25 years): >400MWh

Value of Lifetime Production = >$40,000



Basic Equipment overview
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Types of PV systems

Grid-Tie
Hybrid
Off-Grid



Grid-Tie

Very Efficient (>95%)
Will not function during grid failure (anti-islanding)*

~40% less expensive than a hybrid system



Types of Grid-Tie

String Inverter $$$ DC Optimizer $$$$
Least Expensive ~15% more efficient
High Voltage for long runs ‘Safe Shutdown’
‘Christmas Light’ Effect Storage Ready*

Micro Inverter $$$5$%

~15% more efficient
‘Safe Shutdown’

No Central Inverter

No Single Point Failure



Hybrid & Off-Grid Systems

Capable of Operating during a grid failure
Typically ~40% more expensive than Grid-Tie
Requires Batteries

Requires Charge Controller or Grid-Tie Inverter

<90% efficient



Production / Exports / Imports

Use = Production - Exports + Imports
Savings = Use + Exports

Arbitrage = Cost of Import - Exports



Storage and Back-up with Grid-Tie
Systems

AC Coupled
DC Coupled
Opportunity Power



AC Coupled

Requires AC-Couple inverter
50% larger than grid-tie*
Possible Resonance issues
Automatic Backup*

Payback with Arbitrage*
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Magnum Energy
Battery-Based

Stand-alone Inverter

(MS-PAE Series)
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Utility/Grid Utility Power Bi-Directional Main Utility —_—
Power Disconnect Utility Meter Panel p— L—-—’ :
Notes.
1. This diagram Is provided to show the Installation of a Magnum inverter that Is AC coupled 10 a MMP Panel
Batteryless Utility-Interactive inverter. Most of the ground connections were omitted for clarity (Inverter
2. The power rating of the Photovoltaic Array must be less than the continuous VA rating of the Battery- Disconnects),
Based inverter
and remote
3 The Banary-Based inverter is a Magnum MS-PAE Senes with software rev. 24 1 and requires the with “custom”
(with “custom” battery type) to allow AC coupling and the AC frequency shift feature.

4 The Batteryless Utility-Interactive -nvertef musl provide integral Ground Fault Protection or it must be battery setting.
provided as pant of the system when using P
5. Some form of Battery Management must be provided to the battery bank to protect the batteries from ,.,f,..c,-".’.,
being overcharged during utility power failures
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POWER WA * Meter - optional, required for smart energy management
TESLA HOME BATTER * Auto-transformer - optional, required for backup power



Opportunity
Power
Only Available from SMA
Limited Power <2kW
No Batteries
Least Expensive Option
Only Available during Day

Manual




