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California Center for Sustainable Energy

Mission:
Accelerating the transition to a

sustainable world powered by clean energy

CCSE operates in three focus areas: 
Energy Efficiency, Renewable Energy,  and Transportation
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Upcoming Events

• January 11, 2014 - 10am-1pm

• Poway Energy Efficiency Home Tour

• January 18, 2014 - 10am-1pm

• San Carlos Energy Efficiency Home Tour

• February 1, 2014 - 10am-1pm

• Clairemont Energy Efficiency Home Tour
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CCSE Disclaimer

Workshops are provided as a public service with the understanding that the California 
Center for Sustainable Energy makes no warranties, either expressed or implied, 
concerning the accuracy, completeness, reliability, or suitability of the information. 

The California Center for Sustainable Energy does not endorse any particular product, 
manufacturer or service mentioned and does not represent that any goods or services 
are fit for any purpose or use.

Along the same lines, this is an informational workshop designed for homeowners. If 
you are in the energy efficiency or solar market, please refrain from pitching your 
products or services in this workshop.
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Agenda

1. Introduction to Solar Electricity

2. Overview of the California Solar Initiative

3. Getting Started with PV

4. System Sizing

5. Finding & Researching Contractors

6. Online Resources and Next Steps
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Introduction to Solar Electricity:
Photovoltaics (PV) 
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What is Solar Electricity? 

• Photo-voltaic (PV)
photo = light 

voltaic = produces voltage

• Photovoltaic (PV) systems convert light directly into electricity using 
semi-conductor technology.

• Sunlight strikes the PV cell and causes the electrons to flow, creating 
an electric current (photovoltaic effect) 
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Terminology

• DC: Direct Current (produced by solar panels)

• AC: Alternating Current (used in the home)

• Efficiency:  Measure of how much of the sunlight is converted to electricity (%)

• Capacity:  Total amount of power that a system produces

• Watt:  Basic unit of power 

• Kilowatt:  A unit of electrical power equal to 1,000 watts (most common measurement)

• Kilowatt-Hour:  Basic unit of energy. The use of 1,000 watts of electricity for one full hour 
(basic unit of electrical usage billing)
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What’s a Watt?

If you keep 10 light bulbs turned on for 1 hour:

1 kilowatt x 1 hour = 1 kilowatt-hour (kWh)

Kilowatt is a measure of instantaneous power

Kilowatt-hour is a measure of energy consumption (or production)

1 light bulb = 100 Watts (W)

10 light bulbs = 1,000 Watts (W) or 1 Kilowatt (kW)
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What’s a Kilowatt-Hour?

If the sun shines for 5 hours/day on average…

1 kW x 5 hours = 5 kWh per day

5 kWh x 365 days = 1,825 kWh per year

100 DC Watt module

10 modules: 10 x 100 W = 1,000 W (1 kW)
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How does Solar PV work?

Utility

AC 

Disconnect
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First, we will discuss PV Panels. 
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PV Terminology

Cell Module / Panel Array
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What are the different types 

of PV modules?

Crystalline vs. Thin Film
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Crystalline Silicon PV Products

• Rigid crystals

• Longest track record, over 50 years

• Most common, over 93% of the market

• Highest efficiencies: avg. 15%, up to 22%

• ≤100 sq. ft. = 1 kW of solar

• Extreme heat reduces performance

• Shade highly reduces performance
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Traditional Crystalline PV Panels (checker pattern)
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Home with PV (front view)
PV located here
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Same Home with PV (side view)
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Crystalline PV Panels on flat roof with tilt kit
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Crystalline PV on a Ground Mount tilted for performance
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Thin Film PV Products

• Can be applied on many different materials

• Lower efficiencies: avg. 7%, up to 15%

• 150-200 sq. ft. = 1 kW of solar

• High heat somewhat reduces performance

• Shading moderately reduces performance
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Thin Film (Flush mounted)
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Integrated Roofing Tiles 

Cons
• Expensive (60% higher cost)
• Less efficient

Pros
• Visually appealing
• Replaces roofing material
• Lightweight
• Avoids having to drill through roof
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Comparison

• Residential Market Share: 93%

• Efficiency 15-22%

• Proven technology

• Most efficient sunlight conversion 
technology commercially available

• Most sensitive to heat

Thin Film
• Residential Market Share: 7%

• Efficiency 7-15%

• Less expensive per sq. ft. however you 
need more

• Less sensitive to heat and shading

Crystalline
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Next, we will discuss Inverters. 



26
www.energycenter.org

Inverter

Now you must decide to go with a Central Inverter or Micro Inverters…
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Central Inverters
• One individual inverter per array.

• Benefits:
• Older technology

• Less expensive than micro inverters

• Central point of failure

• Disadvantage:
• Shading effects power output dramatically

• Cannot see the output at the panel level

• Does not allow for easy system size increases
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Micro Inverters
• One individual inverter per panel.

• Benefits:
• More tolerant to shade

• Allows flexibility in design and for future 

additions

• Easier trouble-shooting

• Disadvantage:
• Newer technology

• Typically more expensive but becoming more competitive
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PV System Maintenance? 
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What is Net Metering?

Net metering is a method of “banking” excess electricity credits.
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How does Net Metering work? 

The utility grid is a two-way  street:
During the day, when electricity usage 
is typically low, electricity can be “sent 
back” to the grid by the customer 
(accruing credits)

At night, when electricity usage is high 
and solar system does not produce, the 
credit that was accumulated 
throughout the day is used.
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Consumption and Production
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The California Solar Surplus Act

• AB 920 requires the utility to purchase over 
generation by net metered utility customers.

• Purchase price is $0.04/ kWh
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Overview of the 
California Solar Initiative 
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What is the California Solar Initiative? 

• $2.1 billion program for 10 years (2007-2016)

• Financed through utility rate-payers

• Designed for residential (retrofits only),commercial, 
government and non-profit sectors

• Program set in place by Senate Bill 1 (2006)

• Overseen by the California Public Utilities 
Commission

The California Solar Initiative (CSI) is the solar rebate program in California for 
customers of the investor-owned utilities - Pacific Gas and Electric, Southern 
California Edison, and San Diego Gas & Electric (administered by CCSE). 
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CSI Goals for the San Diego Region

Residential General Market

• Goal: 

• Install 59.5 MW of solar photovoltaic on single-family homes from 2007-2016  

• Total of 15,000 x 4kW (average size) systems

• Achieved : 

• 71.1 MW and 14,327 residential solar systems currently installed  
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CSI Residential Incentives
2 types of incentives:

Expected Performance-Based Buy down (EPBB): One-time, up-front 
payment based on the expected performance of the solar system. 

EPBB is required for all projects less than 10 kW.

Performance-Based Incentives (PBI): 5-year monthly payment based on the 
actual performance of the solar system.  

PBI is required for all projects larger than 30 kW.
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CSI Residential Incentives

• Rebates are offered on a declining step scale: Step 1-10

• The more solar installed, the lower the rebate

• The current rebate is $0.20/watt (EPBB) for residential systems.

• The current rebate is $0.025/kWh (PBI) for residential systems. 
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CSI Eligibility 

• SDG&E, PG&E, or SCE customer

• Domestic Rate (DR)

• New system components

• Installed on an existing permanent building 
• (New Construction can apply for the New Solar Homes Partnership)

• At least 1 kW of solar

• The system is sized so that it offsets part or all of the on-site load
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5 Minute Break
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Getting Started with PV

How it all Relates to You
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• Energy efficiency improvements reduce the amount of energy your 
home wastes.

• Make your home energy efficient before you go solar… you may be 
able to get a smaller solar system!

• Energy efficiency improvements also bring quality-of-life benefits:
• Comfort: Adding insulation and sealing air leakage helps keep 

your home cool in summer and warm in winter.

• Health: Sealing leaky ducts helps keep dust and irritants out of 
your home.

• Safety: Ensuring your natural gas appliances are operating 
properly reduces risk of gas leaks or carbon monoxide.

Reduce,  then Produce!
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SDG&E’s Energy Audit 
• Accessed through your account on the SDG&E 

website
• Pulls data directly from your account
• Analyzes the energy use at the home and makes 

recommendations to save energy
• http://sdge.com/save-money/solutions-your-

home/your-home-can-save-you-money
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Energy Upgrade California
• Connects homeowners with contractors trained in energy efficiency
• Provides rebates of between $1,000 and $4,500

• Insulation, air sealing and duct sealing
• High efficiency heating, cooling and/or water heating systems
• Cool roofs, high efficiency windows, etc.

• 3 steps to participate:

www.energycenter.org/homeupgrade
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Historical Energy Use

• Having an understanding of your usage and 
the amount of offset you would like to 
achieve will prepare you for entering into 
negotiations with contractors.

• System sizing is specific to each individual site

• Know your home and know your energy usage prior to 
contacting contractors.
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Energy Waves 
https://energywave.sdge.com

• On-line tool that records your monthly 
consumption in kWh.

• Click “Registration” -- you will need 
your SDGE account #, meter #, zip code, 
and email address

• You will receive an email with your 
password.  Click “Sign On” on the 
webpage and enter your account 
number and password from the email
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Energy Waves
http://energywave.sdge.com



48
www.energycenter.org

System Sizing

How big should your system be?

How much of your energy load do you want to offset?

How much do you want to save? How much do you want to spend?

1.  Rule of Thumb
• The basic approach to sizing your system

2.  CCSE On-line Electric Rate Analyzer
• The in depth approach to sizing your system
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Rule of Thumb

a. Total your 12 month electricity consumption (kWh)
b. Divide the annual kWh by 1700kWh (average annual production of 1kW in 

San Diego).  

• This will give you the number of kW that would offset your energy use

Example: 7,000kWh / 1,700kWh =  4.1 kW PV System

**Remember: this will offset 100% of your annual energy use**
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CCSE’s Electric Rate Analyzer

• Allows you to understand your current electric usage and rates and 
project how energy savings and solar power can lower your energy costs.

www.energycenter.org/analyzer
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Finding a Contractor
1. Find solar contractors at: 

• http://californiasolarstatistics.com/
• www.gosolarcalifornia.ca.gov
• Friends, Family, Neighbors, Co-Workers 

2. Contact a minimum of 3 contractors and ask for quotes

3. One of the following  active licenses is required:
• A – General Engineering Contractor
• B – General Building Contractor
• C10 – Electrical Contractor
• C46 – Solar Contractor
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Find a Solar Contractor
www.californiasolarstatistics.com
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Find a Solar Contractor
www.californiasolarstatistics.com
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Find a Solar Contractor
www.californiasolarstatistics.com
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Researching solar contractors at:

• www.cslb.ca.gov

• www.bbb.com

• www.google.com

Remember to ask for references!

Where can you assess 
potential solar contractors?
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Contractors State License Board
www.cslb.ca.gov
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Contractors State License Board
www.cslb.ca.gov
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Better Business Bureau
www.bbb.org

• Does your contractor 
have any complaints 
against them?
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SYSTEM COST
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How Much Does Solar PV Cost?
• Average installed cost of solar PV has decreased 46% from 1998 to 2011
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Average Cost of Residential PV System: 

$4 - $7 / Watt (AC)



62
www.energycenter.org

Which of the major components in a solar PV 
system represents the largest cost?
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Cost Breakdown for Major Components

• Majority of the cost of an installed system are the PV modules (≈50%).

Components CSI Residential Program

PV Modules $2.64/W 48%

Inverter(s) $.66/W 12%

Balance of System $2.20/W 40%

Total System Cost $5.50/W 100%
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That’s a savings of 33%!

Purchased System Example

Possibility of payback within 6-9 years

5100 kWh/year 5100kWh/1700kWh 3kW System

System Cost 3,000W x $5.00/Watt $15,000 

Rebate Amount 3,000 x $0.20/Watt $600 

Federal Tax Credit 30% x ($15,000‐$600) $4,320 

Total after Incentive and Tax Credit $10,080 
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Consumer Awareness
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Avoid High Pressure Signing Tactics

• “Don’t be pressured into signing a contract by intimidation 
tactics, such as losing out on government incentives for not 
acting quickly. This might be a hint that the contractor does not 
have your best interests in mind.” –CSLB Website 
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Don’t Sign Anything You Do Not Understand
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Do Not Sign Anything 
You Do Not Think Can 
Be Enforced in a Court 
of Law
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Keeping Records

• Prepare to sign all documents at a location with either a scanner or copier.

• Make sure that you get a copy of the contract right after you and the 
seller/installer have signed the documents.

• If any changes are made to the system, the price, or the payment terms, make 
sure that you sign off on these changes with your initials and maintain copies 
of the updated contract or the addendum that clearly spell out these changes.
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Financing Options

• Lease
Fixed $ per Month  

• Power Purchase Agreement (PPA)
Fixed $ per kWh produced by system

• Home Equity Loan
Bank loan secured with equity in home (if available)

• San Diego Metropolitan Credit Union
Energy Efficient and Solar Loans
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Owning vs. Leasing

Owning Leasing
What are you buying?

Buying an asset Buying a service, usually with a purchase option

What is included in the purchase?

Generally will not include inverter replacement, O&M, 
insurance, may include monitoring

Generally includes O&M, inverter replacement, insurance, 
monitoring

What are the tax implications?

Need to have the tax appetite to make use of the 30% ITC.  If 
financed through home equity loan, then get tax deduction

Solar services provider has the tax appetite for the 30% ITC
AND can make use of commercial depreciation tax benefits

What are the risks?

Responsible for O&M Longevity of the solar services provider

What happens if I move?

New homeowner buys the asset Can transfer payments to new homeowner or must buy out the 
remainder of the contract at ‘fair market value’

What are the financial benefits?

Return on investment in the form of lower electricity bills and 
increased home value

No or little upfront cost, benefits from commercial depreciation 
tax credit, usually cash positive or neutral in year 1
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Bid Comparison
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Bid Comparison

• DC Rating
Manufacturer’s rating of the module’s ideal output

• CEC-AC Rating
CEC’s rating which accounts for module and inverter efficiencies.

PTC rating is the estimated module output under

Performance Test Conditions

We recommend getting bids in CEC-AC 
Reference EPBB Calculator for CEC-AC system size (csi-epbb.com)
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Bid Comparison - Efficiency

Bid 1 Bid 2 Bid 3

Panel Quantity, Make, & 
Model
(PTC rating)

12 Panel A (220 Watt)
(PTC rating 196.6 Watts)

12 Panel B (220 Watt)
(PTC rating 197 Watts)

12 Panel C (220 Watt)
(PTC rating 194 Watts)

Inverter Quantity Make, & 
Model (efficiency)

1 Inverter  X
(95.5% efficiency)

1 Inverter Y
(97% efficiency)

12 Micro Inverters Z 
(95% efficiency)

DC Rating 2640 Watts DC 2640 Watts DC 2640 Watts DC

CEC-AC Rating 2253 Watts CEC-AC 2293 Watts CEC-AC 2212 Watts CEC-AC

Total System Cost $14,238 $34,853 $18,625

Cost per watt
CEC-AC

$6.32/Watt $15.20/Watt $8.42/Watt
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Bid Comparison - Cost

Bid 1 Bid 2 Bid 3

System Size CEC-AC 2.99 kW 2.38 kW 1.47 kW

Estimated Annual System Production 5087 kWh 4048 kWh 2497 kWh

% of Usage Offset 78.27% 62.28% 38.41%

Annual Electric Bill Before $1,100 $1,100 $1,100

Annual Electric Bill After $175 $315 $560

Annual Savings $925 $785 $540

Annual Energy Usage 6,500 kWh
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Bid Comparison

• Warranties

• Equipment & Workmanship

• Performance Guarantees

• Performance Monitoring & Reporting Service (is it 
included?) – Required for systems 10kW or larger

• Who will receive the rebate?
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Contract Information
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What to Look for in a Contract

1. Installer and Host Customer Information
2. System Size
3. Make/Model/Quantity of Panels and Inverters
4. Warranty Language
5. Work Schedule/Description of Work
6. Price/Payment Schedule
7. Know all Parties Involved



79
www.energycenter.org

Installer and Host Customer Information

The installation contract must include the following contractual information:

• Name, address and contractor’s license number for the company installing 

the system

• Full name of the Host Customer

• Complete site address for where the system will be installed

• Original Signatures from both the Seller and the Host Customer
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Make/Model/Quantity of Panels and Inverters

• A clear description of the system components is required. 
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System Components
www.gosolarcalifornia.ca.gov
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Warranty Requirements for CSI

• All equipment (PV modules, inverters…) shall have a minimum 10-year 
manufacturer performance warranty to protect against degradation of more than 
15% from their originally rated electrical output.

• All contractors shall provide a minimum 10-year installation warranty to provide 
for no-cost repair and replacement of the system for any expenses not otherwise 
covered by the manufacturer.
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Work Schedule/Description of Work

• Description of the work to be performed

• Clear concise description of the scope of work that you 
feel comfortable with and understand.

• Work Schedule

• Average time between signing a contract and 
commissioning is 90 days

• Average time of installation is 2-3 days
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Price and Payment Schedule

• The total purchase price of the system installation before applying 
the incentive including payment terms (payment dates and dollar 
amounts) is required to be on all contracts

• Down Payment - $1,000 or 10% of total project cost (which ever is less)

• Late payment repercussions

• Designation of the CSI rebate 
• Who will receive the rebate?

• How much is it buying down?



85
www.energycenter.org

1.
• Design System

2.
• Sign Contract

3.
• Submit CSI Reservation Application

4.
• Obtain Building Permit

5.
• Submit SDG&E Net Metering 

Application

6.
• Obtain HOA approval*

7.
• Install System

8.
• Obtain City/County Inspection 

Approval

9.
• Obtain SDG&E Interconnection 

Approval

10.
• Turn System On

11.
• Submit CSI Incentive Claim 

Application

12.
• CSI Field Inspection*

Solar Installation Flow Chart

If Applicable*
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Online Resources 
• energycenter.org – CCSE Website
• ccse.powerclerk.com - CSI Online Project Management Tool
• csi-epbb.com - CSI Program Incentive Calculator
• csi-trigger.com - CSI Statewide Trigger Point Tracker
• www.gosolarcalifornia.ca.gov – CPUC and CEC Website
• www.cslb.ca.gov – Contractor State License Board
• www.bbb.org – Better Business Bureau
• www.yelp.com - Customer Reviews
• www.californiasolarstatistics.com – CSI Program Data
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Now you know!

• General knowledge about solar technology & equipment

• About the CSI program

• How to size your PV system

• Where to find and research contractors

• Available financing options

• How to compare bids

• What details should be listed in your solar purchase agreement
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Things to Think About Before 
Going Solar

• Does your home have feasible space for solar?

• What direction could your system face?

• Will shading pose a problem for your system?

• What are your HOA restrictions? (Civil code 714)

• What are your expectations for financing?

• Talk to your homeowners insurance company before adding solar to your home.
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Next Steps to Take

• Complete SDG&E Energy Efficiency Audit

• Run EnergyWave report

• Use the Electric Rate Analyzer

• Find & research local contractors

• Get quotes from a minimum of 3 contractors
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Shade Analysis by CCSE

• Ryan Robinson – Inspector/Shade Analyzer
• Shade Analysis

• Answer questions

• It’s free
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Upcoming Events

• January 11, 2014 - 10am-1pm

• Poway Energy Efficiency Home Tour

• January 18, 2014 - 10am-1pm

• San Carlos Energy Efficiency Home Tour

• February 1, 2014 - 10am-1pm

• Clairemont Energy Efficiency Home Tour
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CCSE CSI Contact Information

California Center for Sustainable Energy (CCSE)

9325 Sky Park Court, Suite 100

San Diego, CA  92123

858-244-1177

http://energycenter.org

Laura Williams 858-737-1586

Ale Patey 858-244-1192


