
SOLAR POWER BY THE NUMBERS
Grid-tie and Off-grid solar systems


By Ryan Booth



2 RULES 

• #1 Do your own research 


• #2 What is your time worth?


• I’m probably wrong



LOCAL RULES

• 50 States


• 3,143 Counties 


• 19,502 Incorporated Cities


• 29,705 Fire Departments


• 3,300 Utilities (200 major)



Watts = Amps x Volts 


1000 watts = 1 kilowatt (kW) 


Kilowatt Hours (kWh) 


30 amps x 50 volts = 1500 watts (1.5 kW) 


220 volts x 6.25 amps = 1.5 kW


Power and Energy





What is a Grid-tied Solar system?



Whats is an Off-grid Solar System?



What is a Hybrid Solar System? 



Grid-tie Parts Cost

• Panels $0.65 - $1 per watt


• Roof top racking $0.20 per watt


• Ground mount racking $0.60+ per watt


• Grid-tie inverter $0.20 per watt


• Optimizers $0.15 - $0.25 per watt


• Wiring and everything else $0.10 per watt


• Total $1.30 to $2.15 per watt


• Plans $400+



Sample Grid-tie system

22 - 365w panels (8,030w)

with


Racking and Optimizers 

$9,636

Inverter and assorted wiring

$2000 

Plans, permits and fees $1,100


Total cost $12,736



pvwatts.nrel.gov



pvwatts.nrel.gov





What does your power cost?

Average Rate = $0.40kWh



Average rate $0.08kWh



• $12,736 system parts cost ($22,000 contract price) 


• $12,736 - 26% federal tax credit = $9,425


• 13,400 kWh per year - off setting $0.40 per kWh = $4500 


• Pay back about 2 years


• Same system at $0.08 per kWh - off setting $900 


• Pay back about 10 years



• How much power do you use? kWh per month 


• What does it cost? Cents per kWh


• Where are you located? 


• Does your utility have net metering/feed in tariff etc?

Grid-tie summery



Off-grid solar systems



Off-grid Solar System



Off-grid daily energy needs

Typical house 

Refrigerator - 2 kWh 

Small Kitchen Appliances - 2 kWh

Lights - 1 kWh

Tech - 2 kWh

Washer/Dryer - 1 kWh per load

Gas furnace - 3 kWh in Winter

Freezer - 2 kWh

Other - 2kWh


Water pumping -1.5 kWh per 1000 gallons at 100 ft of head

Water pressurizing - 1.5 kWh per 1000 gallons at 50PSI 


Total 18kWh per day - 560kWh per month


 Unusual items

 Air Conditioning -  5 -15 kWh 

 Electric Hot Water Heater - 15kWh 

 Cold room - 12 kWh




Sandpoint, ID
12kW Solar Array - $14,400 8kW Solar Array - $9,600



6 kW Solar Array - Wilcox, AZ - $7,200 - 6 kW Solar Array - Tulsa, OK



Batteries

• Capacity 


• Cycles 


• Depth of Discharge (DOD)


• Types: Lithium/Lead Acid/AGM


• 36 kWh battery bank for our sample system



Calculating lifetime battery cost

Lead Acid Batteries

Trojan SPRE 06 415 - $156 per kWh


Capacity 400 Amp hours at 6 volts = (2.4 kWh)


Cycles 1200 at 80% DOD


2.4 kWh x 0.8 = 1.92 usable kWh


1.92 x 1200 cycles = 2,304 life time kWh’s 


Price per battery $375 ÷ 2,304 = $0.16.2 per kWh

16 batteries = 38 kWh, Cost for battery bank, $6000 




Lithium Batteries 

eVault Max 18.5kWh LFP Battery - $702 per kWh


Capacity 18.5 kWh x 0.8 = 14.8 kWh


Cycles 6,000 at 80% DOD


14.8 x 6,000 = 88,800 kWh


Cost per battery $13,000 ÷ 88,800 = $0.14.6 per kWh

Cost for 36 kWh battery bank $26,000



Sample System “The Cabin” in Michigan 
Daily Power Use

Refrigerator 1.5 kWh


Tech 0.5 kWh

Lights 0.2 kWh


Water pumping 1 kWh

Other 1 kWh


Total 4.2 kWh
2 kW Solar Array

System Cost


2 kW Solar Array - $2,400

9.6 kWh battery bank - $1,500

Inverter - Midnite Solar MN3024DIY - 3000 watts $600

Additional MPPT charger controller $330

E-panel and wiring $500

Honda 2200 watt Generator $1,200 (6 kWh per gallon)

Total $6,530


Alternative Inverter setup

2500 watt inverter - $1400

80 amp charge controller $600

E-panel and wiring $900

Total $8,000




Daily Power Use

18 kWh

Sample System - Typical House in Prescott,  AZ

8kW Solar Array - $9,600

Inverter SolArk 12kW - $6,900

Battery bank lithium - 2 Fortress 18.5 - $26,000

Wiring etc. $1,500

Generator - $1,000 - $5,000

Total $45,000 + Plans/Tax/Shipping $6300


Total $51,300 - tax credit $13,338 

After credit Total $37,962


Contract Price - $85,000


Alternative Battery bank

16 - Trojan L-16  - $6,000



Sample System - Large house in Sandpoint ID

Daily Power Use

60 kWh

40 kW Solar Array $48,000


Inverter 2- SolArk 12kW - $13,800


Battery2 Bank lithium - 6 Fortress 18.5kWh - $78,000


 Wiring etc. $4,000


Generator $7,000-$10,000 (10 - 12 kWh per gallon)


Total $150,800 + Plans/Tax $14,840

Total 165,640 - tax credit $43,066 = $122,574


Contract Price $210,000

Alt. Lead Acid battery bank - $18,750



Hybrid Grid-tie and Off-grid



Daily Power Use

18 kWh

Hybrid System - Typical House in Prescott,  AZ

8kW Solar Array - $9,600 (Makes 36kWh per day)

Inverter SolArk 12kW - $6,900

Battery bank lithium - 1-Fortress 18.5 - $13,000

Wiring etc. $1,500

Generator - $1,000 - $5,000

Total $32,000


Alternative Battery bank

16 - Trojan L-16  - $6,000


Sub-panel $1000

Plans/Permits/Fees $1200

Shipping $1200

Sales Tax $2800 


Total $38,200


26% federal tax credit $9,932


Total after credit $28,268




Alternative Back-up Power

Generator $900

5-5 gallon Fuel cans for $100

Plug/cable and breaker $150


Total $1,150


4-5 kWh per gallon



QUESTIONS?

Resources:


pvwatts.nrel.gov

www.solar-electric.com

http://pvwatts.nrel.gov

