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Tri-County Regional 

Energy Network

3C-REN is a collaboration 
between the tri-counties

Our programs reduce energy 
use for a more sustainable, 
equitable and economically 
vibrant Central Coast 

Our free services are funded via 
the CPUC, bringing ratepayer 
dollars back to the region



Our Services

TrainingIncentives Technical Assistance

3c-ren.org/for-residents

3c-ren.org/multifamily

3c-ren.org/commercial

3c-ren.org/events

3c-ren.org/building

3c-ren.org/code 

3c-ren.org/agriculture

3c-ren.org/assurance

Contractors can enroll at 

3c-ren.org/contractors

View past trainings at 

3c-ren.org/on-demand





Learning Objectives

As energy codes and interest in electrification come together, the winning combination of renewable energy 

and energy storage work together to reduce pollution, improve affordability and, importantly, resiliency in 

emergencies that may lead to power outages. We’ll review the background and drivers of distributed energy 

generation and storage and review different approaches to meet a project team’s goals.

▪ Understand the drivers for increasing distributed PV’s and battery storage for individual projects and 

neighborhoods

▪ Differentiate between terms including distributed energy storage, ‘microgrids’, islanding, grid-tied, demand 

response and behind-the-meter / in-front-of-the-meter

▪ Review key design features of batteries to inform system selection and sizing

▪ Understand factors impacting upfront and long-term system costs, including time of use and options for 

managing renewable energy and battery use.

Learning Units

▪ 1.0 AIA HSW LUs approved for this course

▪ 1.0 ZNCD Continuing Education units for CAB



Agenda

1. Terms and Energy Use in Context

2. Grid to Building Scale Solutions

3. Regulations and Best Practices: 

Solar Panels

4. Regulations and Best Practices: 

Chemical Batteries

5. Managing Client Expectations: 

Residential Examples

6. Resources



Terms and Energy Use in Context 



Terms

DER –Distributed Energy Resources, typically small scale, such as rooftop solar, 

battery storage, combined heat and power (CHP) systems, wind, fuel cells, etc. The 

energy can feed a specific location or back to the ‘grid.’

Microgrid –Energy system that can operate independently of the grid, and operate 

while connected to the greater utility grid. The microgrid has its own monitoring 

system and controls, infrastructure, and includes energy production and storage 

capabilities. Microgrids can be an individual building or multi-building facility scale, or 

whole neighborhood or town scale.

Note: Microgrids can use DERs.  DER can include a specific microgrid(s).

Islanding –a term used to describe a microgrid that is operating independently from 

the greater utility grid.

VPP –Virtual Power Plant, refers to distributed, small battery storage systems that 

have utility demand response controls.

PPA – Power Purchase Agreement. Third party owns and maintains the solar or solar-

and-battery system for a predetermined cost for the energy produced by the system.

E-a-a-S –Energy-as-a-Service. Third party owns and maintains the microgrid and 

associated equipment for a predetermined cost for the energy produced by the DERs.



Microgrids and Energy-as-a-Service



Solar Energy and Building Energy Efficiency

• Established in 1974, National Renewable Energy 
Laboratory (NREL) began operating in 1977 as the 
Solar Energy Research Institute.

• President Carter signs the Solar Photovoltaic 
Energy Research, Development, and 
Demonstration Act of 1978 with a goal of getting 
solar cells to $1/watt by 1987.

• California Buildings Standards Commission 
created the CA Energy Code in 1978 
• To reduce CA energy consumption
• Development of California Energy Efficiency 

Standards

Image Source: www.nrel.gov 

http://www.nrel.gov/


California Building-Sector Strategy

Part One:  Energy Efficiency

• Energy conservation, i.e. better insulation, windows, etc.

• Climate responsive strategies: passive solar and thermal 

mass, shading, night venting and economizers, etc.

• Higher efficiency equipment and appliances

Part Two: Better Electricity Generation

• On-site solar PV systems

• Grid Scale: Solar, Wind, Hydro, etc.

Part Three: Energy Storage

• On-site chemical batteries and demand response

• Grid scale batteries, pumped energy, long duration 

storage, etc.

▪ Orientation  for passive solar and PV

▪ Designed for Zero Net Energy (ZNE) and 
occupant comfort

▪ Used phase change material (PCM)

Stern House
Bruce Severance



https://www.eia.gov/todayinenergy 

The ‘Duck Curve’ –Daily Net Energy Load

As solar energy production 
drops off in the afternoon, 
California’s energy need 
continues to ramp up.

https://www.eia.gov/todayinenergy


CAISO – Recent 2025 Fuel Mix Snap-Shot – Two Day Comparison

OCT 24, 2025OCT 22, 2025

WindNatural Gas Batteries SolarImports

Batteries help alleviate 
the ‘Duck Curve’  

Large Hydro

More Wind
Less Wind

More NG
Less NG

More 
Solar

Less NG

https://www.gridstatus.io

Solar Contribution



Smaller NG Peaker Plants Built to Target Peak Demand 

McGrath Peaker –Oxnard, CA
Peaker, Natural Gas

https://www.psehealthyenergy.org/work/california-power-map/

Plant Size:



NG Plants Retired – Solar & Battery Storage Implemented

Mandalay Generating Station –Oxnard, CA
Once-through Cooling, Natural Gas
Retired 2018

Saticoy Battery Storage –Oxnard, CA
100 MW / 400 MW-h Capacity
Batteries are charged from solar energy during the day and 
discharged during evening peak demand.



Grid to Building Scale Solutions

 



California Continues to Add Solar and Batteries to the Grid

▪ By Mar 2024, California 

energy was 69% from non-

fossil fuel sources 

▪ Nonhydroelectric 

renewables (mostly wind 

and solar) provided 

approx. 38% of the total 

mix https://www.mortenson.com/projects/edwards-sanborn-solar-plus-storage 

Edwards & Sanborn Solar and Energy Storage, Kern County, CA

https://www.mortenson.com/projects/edwards-sanborn-solar-plus-storage
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Commercial Scale Microgrid –Solar and Storage

https://m.andnowuknow.com/bloom/mission
-produce-completes-its-2015-seasons-
california-and-peru/christofer-oberst/47312 
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Community Scale Solutions

Agrivoltaics: Solar Farm and Working Farm 
in Boulder, Colorado

Designed to have enough head room for people, 
animals and equipment.

Electric busses are solar charged.



Solar Energy in Community Spaces

Santa Barbara Botanical Gardens Conservation Center

Extensive Rooftop SolarHVAC Mechanical Well

Bi-facial Solar Panels –
Covered Outdoor Seating

Bi-facial Solar Panels



Municipal Projects –Microgrids, Battery Storage and More

https://sustainability.santabarbaraca.gov/projects/city-clean-energy-projects/

https://www.microgridknowledge.com/community-microgrids/article/33010977/santa-barbara-microgrid 

“…In addition to providing a backup power benefit, this system will also 
allow the facility to "load shift," charging the battery with grid power 
when electricity is abundant and cheapest in the middle of the day, and 
discharging the battery during peak evening times when electricity is in 
short demand and most expensive.”

https://www.microgridknowledge.com/community-microgrids/article/33010977/santa-barbara-microgrid
https://www.microgridknowledge.com/community-microgrids/article/33010977/santa-barbara-microgrid
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Solar Energy in Santa Barbara Multifamily Projects

All-Electric Affordable Multi-family Projects in North County Santa Barbara

Heat Pump 

Water Heaters

Ducted Heat Pump 

Packaged Unit
Ductless Split-

System Heat Pump

Electrical Equipment:
Solar Inverts, Electric Panels, Switch Gear, Electric Meters, etc

Rooftop Equipment:
HVAC, DHW, Solar Panels, Vent Stacks, electric Conduit, etc.



Resiliency: Site Includes Battery, Back-up Generator and Solar

Parking Canopy – while 
under construction

Santa Barbara County Office of Emergency Operations

All-Electric ZNE Fire Dispatch Center                         Architect: RRM

Existing 

Bldg

New 

Dispatch 

Center

New 

Solar 

Canopies



Zero Net Energy (ZNE) –the energy a home uses in one year is equal to the 
energy produced on-site for that year

Battery Storage System 
can add Resiliency and 
Energy Independence;
Example: 2 Tesla Power 
Walls @ 13.5 kWh each = 
27 kWh total capacity

Under the new electric 
pricing system (NEM 3), 
a solar PV system with 
battery storage can be 
more cost effective 
than a PV System alone 
for a ZNE home.



Residential Solar and Battery –Conceptual Diagram

www.franklinwh.com 

http://www.franklinwh.com/


Common Equipment for a Solar + Battery System

26



Example of Exterior Installation

Inverters
(from PV Panels)

Tesla PowerWall
13.5 kWh Capacity and 

11.3 kW max continuous 
Power Supply. 

(Approx. 33” x 46”)
Can be ground or wall 

mounted.

Home Load Center 
and Disconnect

 (Houses the Solar 
Panel Array/Inverter 

Breakers -20amp 
each)



Example of Exterior Installation

Approx 16”

225 Amp Main 
Elec Panel Tesla Gateway 

(Approx. 16” x 26”)
Transfer/Isolation 

Equipment
Purpose is to isolate 

the building from the 
electrical grid during 

a power outage.

Subpanel
“Back-up Loads” 

with 4 branch 
circuits minimum –
can have more, can 
be the whole house.



Residential Scale: Solar and Thermal Energy Storage

• Solar electric energy can be used 
strategically to operate the heat 
pump water heater. 

• The hot water becomes thermal 
storage that can be utilized when 
solar is not available, i.e. evening 
through morning.

• The Harvest Thermal / SanCO2 
system is used for both domestic 
hot water and space heatingHP

Indoor 
Water Tank

To Hot 
Water 
Fixtures

Ducted Air 
Handler

Harvest 
Thermal 
Controller

Rooftop 
Solar

Heat Pump 
Water Heater



Harvest Thermal System in Action

Harvest 

Thermal 

Controller

Insulated Storage Tank

Insulated 

Piping

Heat Pump Water Heater Air-Handler

Insulated Hot 

Water Lines 

to/from Fan Coil

Ducted Return AirDucted Supply



Regulations and Best Practices: 

Solar Systems

 



Solar and Battery – Highrise and Non-Res

Applicable Occupancy Types:

High-Rise Residential

Grocery, Retail

Restaurants 

School

Library

Warehouse

Religious Worship

Sports and Recreation

Events and Exhibits

Hotel-Motel

Office and Financial Institution

Unleased Tenant Space 

Medical Office Building/Clinic

Under the 2025 Code some occupancies 

types were added and some will have 

increased Solar PV and Battery requirements. 

Restaurants, for example, had a dramatic 

increase.



Solar Panels and Fire Fighter Roof Access

▪ Energy Code (Title 24, Part 6) Dictates when 

PV Systems are Required and what Size

▪ Fire Code (Title 24, Part 9 and/or Part 2.5) 

Dictates Fire Safety and Access

▪ Roof Access must be capable of supporting fire 

fighters and roof fire ventilation

▪ Walkways to be located with least amount of 

obstruction and trip hazards

▪ PV system conduit, wiring and raceways shall 

be located as possible to a ridge, hip, valley or 

outside wall



Roof Installations – Non-Res and R-3

▪ Title 24, Part 9 Section 1205

▪ Walkway widths vary by occupancy:

▪ R-3  or similar: 3 ft wide walkways

▪ Other Occupancies: 6 ft wide perimeter 

walkway and 4 ft wide interior walk ways

▪ 4 ft clearance around smoke hatches, roof 

access, and skylights, etc.

▪ PV Panels cannot be located below an egress or 

in an egress pathway



Roof Installations – Residential

▪ Title 24, Part 2.5 Section R324

▪ Walkway widths:

▪ 3 ft wide walkways in general

▪ Ridges: with 33% PV roof coverage, 18” 

width on each side of ridge

▪ Ridges: with greater than 33% PV roof 

coverage, 36” width on each side of ridge

▪ For homes with qualifying fire sprinklers, PV 

roof coverage changes to 66%

▪ PV Panels cannot be located below an egress or in 

an egress pathway



Regulations and Best Practices: 

Chemical Batteries

 



Examples of Home Batteries of the Resent Past:

Lead Acid

Typical of “Old-school” Off-Grid Systems

Low-Power Density

Some Maintenance Required

Recyclable

 

  
Lead Acid is still an available 
option, although not as 
popular as other 
chemistries.
Li-Ion ‘Drop-In’ 
replacements available

Historical Context

September 2019
With a rise in demand for 
reliable, smart home backup 
systems, Goal Zero creates 
the first solution for 
customizing and expanding 
home energy storage 
capacities. Using industry-
leading technology, the 
innovative Yeti Link connects 
a Yeti Lithium battery to Yeti 
Tank lead-acid batteries

www.goalzero.com

Yeti – Goal Zero



Current Safety Concerns of Lithium Batteries:

Combustible Li-Ion Batteries: 

LCO – Lithium Cobalt Oxide

NCA – Nickel Cobalt Aluminum

NMC – Nickel Manganese Cobalt

 

  

Current Context

▪ LG Chem stationary 
home battery is 
implicated in house fires

▪ LG Chem recalls 10,000 
batteries in 2020 and 
2021

▪ LG Energy Solutions 
emerges with new home 
battery and new 
chemistry options



Chemistry Matters

▪ Battery production is dependent on 
mined minerals

▪ Many minerals such as Lithium, 
Cobalt, Nickel, and Copper are 
mined outside of the US and often 
concentrated in few locations

▪ Finding alternative battery 
chemistries will be a key to the 
electric clean energy transition

▪ And ‘mining’ minerals from used 
batteries, i.e. recycling, will be 
imperative

https://www.redwoodmaterials.com/ 

https://www.redwoodmaterials.com/


Common Battery Chemistry

Lithium Titanate Oxide

LTO – Li & Ti

Non-combustible

Lower-Power Density

Cobalt (Co) Free

 

  

Lithium-Ion

Typically: NMC – Li, Ni, 

Mg, & Co

Thermal Runaway 

Possible

High-Power Density 

  

Lithium Iron Phosphate

LFP – Li, Fe, PO4

Non-combustible

High-Power Density 

Cobalt (Co) Free

  

PowerWall 3



On the Horizon in the USA…

Sodium-ion

SIB – Na+ 

Lower-Power Density

Potentially, Very Low Cost

Non-Combustible

Na is Abundant

Better Environmentally

Zinc-ion

ZIB– Zn2+

Lower-Power Density

Potentially, Very Low Cost

Non-Combustible

Zn is Abundant in North 

America

Better Environmentally

Li and Co Free

  



Battery Chemistries Dictate the Allowable Battery Size

Title 24, Part 9 Section 1207

▪ The Code limits the 
size of individual 
ESS units.

▪ Larger sizes or 
mixed battery types 
are allowed with a 
Hazard Mitigation 
Analysis.



Table is Expanded with New Battery Chemistries

2025 Code update



Large Scale Battery Energy Storage 

▪ Hazard Mitigation Plan Required

▪ Large Scale Outdoor –Weatherproof Self-

Contained Units with Fire Suppression

▪ Structural Pad and Site Drainage

▪ Clearances from Other Structures –Above, Back, 

Front, and Side to Side

▪ Access Doors open Front and Back

▪ Vehicular and other Impact Protection

▪ Specific Additional Requirements for Roof Top 

and Open Parking Garage Installations
https://www.poshenergy.com/articles 

https://www.poshenergy.com/articles


https://www.poshenergy.com 
“Doors Open”

Batteries

Stanford 
University 
EV Bus Fleet
Solar with 
Battery 
Storage

~ 6 ft

~ 7 ft

Example of Exterior Installation

https://www.poshenergy.com/


Non-Res and R-3 Battery ESS Permitting

Code Excerpt 
Title 24, Part 9 Chapter 12

Required:
• Construction Documents
• Commissioning Plan



Small Scale (< 20 kWh): General Design Considerations

▪ Outdoor and Indoor 

▪ Ground Mount or Wall Mount

▪ Protect from Impact Damage

▪ Protect from Temperature Extremes

▪ Protect from Adverse Weather

▪ Maintain 5ft (or 3 ft for Residential Code) from

▪ Paths of Travel 

▪ Doors

▪ Windows



Residential Battery Energy Indoor Storage Location

Title 24, Part 2.5 Chapter 3 Building Planning, Section R328

• Individual ESS units max 20 kWh

• Listed and Labeled for Residential use

• Aggregate capacity shall not exceed:

— 80 kWh on exterior walls or in outdoor installations

— 80 kWh in garages and/or detached accessory structures

— 40 kWh within utility closets or storage spaces

• Utility closets/spaces and/or garage shall have 5/8” Type X gypsum 
board ceilings and walls

• Interconnected smoke alarms shall be installed through out the 
dwelling and attached garage (or when appropriate an 
interconnected heat alarm)

Home 
Battery 
Unit

3 ft Typ.
Home 
Battery 
Unit

Batteries maybe installed closer than 
3 ft, if it can be shown to the AHJ 
that the battery manufacture has 
complied with proper fire testing and 
has specified the minimum distance.

Residential Batteries vary 
between 5 and 13.5 kWh typ.

R330



2024 Supplemental and 2025 Code Update

Table R330.5



2024 Supplemental and 2025 Code Update

Refer to Section R330.8.1 Garages under the 
2025 Code (Title 24, Part 2.5)



Managing Client Expectations: 

Residential Examples



Designing a Home for Zero Net Energy (ZNE)

ZNE –For a given year, 
the home’s solar 
production would 
deliver as many kWh as 
the household used.

One BIG (or small) 
electric bill at the True-
up once a year.

Or a PPA or other 
financial model

Estimated Solar Production

Predicted 
electricity energy-
use in kilowatt 
hours (kWh) per 
each month 



Residential Solar System Example – Inverter Allows for 
Instantaneous Reading of Energy Use

Electric 
Disconnect

Rooftop 
Solar 2005

DC/AC Single-Phase 
Grid Inverter

PV 
Expansion 
2023



Energy Usage Patterns and Lessons Learned… ? 

Rooftop 
Solar

Roofing

Pet Moss



Existing Homes: Solar PV and Battery Systems

Considerations: 
New roof or re-roofing / repairs needed?
Panel upgrade needed –additional costs?
Solar access / shading on roof?

New electrical panel, sub-panel and controller.
Batteries

Electrical 
Panels 
and 
Inverters

Solar Panels 
and Hardware



Installed Roof Top Solar

Depending on one’s driving milage, 
electric cars can add significant loads.

Electric Washer/Dryer 

Occupant Habits: Energy Usage, Solar PV and Battery Systems

“Laundry Day”– Solar only met 59% of 
the need that day –battery recharge has 
“priority” on solar energy.



Resources



https://business.ca.gov/industries/climate-
and-clean-energy/go-biz-renewable-energy-
permitting-initiative/ 

Large Scale BESS Permitting and Fire Safety Standards
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https://eap.countyofsb.org/strategies 

County of Santa Barbara – Energy Assurance Plan

https://eap.countyofsb.org/strategies


Local Electricity Provider –Central Coast Community Energy

https://3cenergy.org



PG&E Resources: Clean Energy Tab –Solar, EV Charging, 
Batteries, and a Your Home Electrification Project Guide

https://www.pge.com/assets/pge/docs/clean-
energy/building-electrification/home-electrification-
avoid-electrical-panel-upgrade.pdf



https://solarmarketplace.sce.com/ 

Resources for SCE

https://solarmarketplace.sce.com/


Rough Idea of Costs and Savings

https://solarmarket
place.sce.com/ 

https://solarmarketplace.sce.com/
https://solarmarketplace.sce.com/


EnergySage: Information Hub, Pre-screen Installers
https://www.energysage.com/ 

Sample Results from 
the ‘Solar Calculator”

https://www.energysage.com/


Size a Battery for your Home

Enphase Website Example:

Click Homeowners, and then Design my system

https://enphase.com/homeowners 

https://enphase.com/homeowners


Sizing and Cost Savings – Solar Calculator ‘WattPlan’
www.wattplan.com 

http://www.wattplan.com/


Solar and Battery Details
User can fine tune the battery 
parameters and costs



Benefit of Battery 
Storage

If you can afford the upfront costs of the 

battery (assumed $13,500 installed):

▪ Save additional $9,307 over 20 yrs

▪ Additional year to ‘Breakeven’

▪ Very low utility bill (est. $82/mo)

▪ Power some critical loads during a 

power outage

Depending on battery and control system 

could participate in a virtual power plant 

(VPP) incentive program.

 



Questions about Title 24?

Energy Code Coaches are local experts who 

can help answer your Title 24 Part 6 or Part 

11 questions. 

They can provide code citations and offer 

advice for your res or non-res projects.

Call:

805.781.1201

3C-REN offers a free Code Coach Service 

Online:

3c-ren.org/code 

https://www.3c-ren.org/energy-code-coach/
https://www.3c-ren.org/energy-code-coach/
https://www.3c-ren.org/energy-code-coach/


Thanks for coming!

Continuing Education Units Available

▪ Contact chloe.swick@ventura.org for AIA LUs & ZNCD CEUs

Slides: Coming to your inbox soon!

Upcoming Courses:

▪ Navigating the Energy Code (1/22)

▪ 2025 Energy Code in Practice: Single Family Residential (2/4)

▪ Builder’s Perspective: Heat Pump Water Heaters (2/18)

▪ Ask the Experts: Judy Rachel (3/12)

▪ Contractor Power Hour with Electrify My Home (3/20)
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