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Dear Mr. Cataldi; 

 The purpose of this letter is to provide the County of Orange with an analysis of the effects of 

requiring each residence in the Esperanza Hills subdivision to have solar photo voltaic (PV) panels on the 

roof pursuant to the formula set forth in the 2019 California Building Energy Efficiency Standards at Title 

24, Part 1, Section 150.1(c)(14), (Exhibit 1) which will result in the solar PV systems supplying annual 

electric output equal to or greater than the dwelling’s annual electric usage.   

1. Qualifications 

 I am a registered electrical engineer in the State of California, license number 20186, as well as 

various other states, including Arizona, license number 53834. I am the principal owner of Ardebili 

Engineering, an engineering firm that specializes in providing mechanical, electrical and plumbing design 

for commercial, multi-family, retail, restaurant, hotel, medical, health fitness and residential projects 

throughout the United States. One of our specialties is Title 24 Energy Compliance Evaluation and 

Calculations and Solar System design. Ardebili Engineering has supplied engineering services to over 

5000 projects throughout the United States since its inception in 2012. Our national accounts include 

Corepower Yoga, Verizon, Orange Theory Fitness, Cricket Wireless, Pure Barre, Grabbagreen, Thai 

Express, Popeyes, and Motion Stretch Studio. We have supplied services to grocery stores such as 

Albertsons and Safeway, hotels such as Holiday Inn and Holiday Inn, resorts such as Cibola Vista Resort, 

the US Army, many different office space users, shopping centers and individual retailers. 

  2. 2019 California Building Energy Efficiency Standards and Background 

 The 2019 California Building Energy Efficiency Standards adopted by the California Energy 

Commission were adopted in December 2018 and go into effect on January 1, 2020. According to the 

California Energy Commission, the standards for requiring solar photovoltaic panels on the rooftop were 

calculated to be “cost effective and bring value to the grid and the environment.” (California Energy 

Commission – 2019 Energy Standards Overview, Exhibit 2.)  

 The requirement for solar PV on all new residences took into account two important policies – 

the Renewable Portfolio Standard (“RPS”), which requires utilities to have 50% of their electrical 

resources come from renewables by 2030 and net energy metering rules (“NEM”), which limits rooftop 

solar generation to produce no more electricity than the home is expected to consume on an annual 

basis. (Exhibit 2.) 
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 The California Energy Commission decided that “because the grid is cleaner and residential 

rooftop solar customer compensation for over-generation is very limited, it is critical that rooftop solar 

generation does not substantially exceed the home’s electricity use.” (Exhibit 2.) The Commission 

decided that: “When the rooftop solar generation is entirely used to offset on-site electricity 

consumption, then the home has virtually no impact on the grid, reducing the homes climate change 

emissions.” (Exhibit 2.) 

3. Calculations to Determine Solar PV System 

 The kilowatt size of the solar PV system for each residence is determined by using the formula 

set forth in Title 24, Part 1, which is Conditioned Floor Area multiplied by Adjustment Factor of .586 for 

Climate Zone 8/1000 plus (+) Number of Dwellings multiplied by the adjustment factor of 1.37 for 

dwelling units in climate zone 8.  Esperanza Hills falls within the 92886-7 zip codes, which is climate zone 

8. (Climate Zone by Zip Code, Exhibit 3.) The homes in Esperanza Hills are estimated to be between 

4,500 and 6,500 square feet, with an average of 5,000 square feet of conditioned floor area. Using the 

adjustment factors from Table 150.1-C (Exhibit 4), the formula is: 

 (5000 sf X .586)/1000 + (1 dwelling unit X 1.37) = 4.3 KW 

4. Calculations to Determine Output of Solar PV System & GHG Reductions 

 In order to determine the effect of requiring a solar PV system on reductions in Greenhouse Gas, 

two calculations need to be completed. First, total kilowatt output from a 4.3 kW system located in 

Yorba Linda needs to be determined. Once total output is determined in terms of kilowatts, Greenhouse 

Gas Emissions savings can be determined. 

 A. Determination of Total Output for a 4.3 kW System 

 The solar photovoltaic output of a 4.3 kW system was calculated by using software known as the 

PVWatts Calculator, which is available on the National Renewable Energy Laboratory’s (“NREL”) website.  

The NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and 

Renewable Energy, operated by the Alliance for Sustainable Energy. Yorba Linda, California was inserted 

as the location, 4.3 kW was inserted as the system requirement, and the system was set as a standard 

system with a fixed open rack, with an industry standard tilt of 5 degrees and an azimuth of 90. System 

losses were estimated at 14.08%, which is the industry assumed standard. I estimated 90 degrees as the 

azimuth given the angle of the sun throughout the year in Yorba Linda.  The net result is that the PV 

system will be required to generate 6,226 kWh/year. (Screenshots of Data Entry for PVWatts calculator, 

Exhibit 5.) 

 B. Determination of Projected GHG Reductions 

 The Greenhouse Gas Emissions savings for the solar PV system required under Title 24, Part 1, 

Section 150.1 was determined by using another program, the Greenhouse Gas Equivalences Calculator 

last updated in December, 2018 by the Environmental Protection Agency, which is located at the link 
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https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator. The calculator showed a solar 

PV system producing 6,226 kilowatt-hours of electricity would save 4.403 metric tons of Carbon Dioxide 

or CO2 equivalent per year. This is equivalent to saving GHG emissions for 10,765 vehicle miles per year 

or 4,813 pounds of coal burned. (Screenshots of EPA Program for GHG Equivalencies, Exhibit 6.)  

 Because there are 340 homes in Esperanza Hills, the projected GHG emissions will be 4.403 

metric tons X 340 homes for a total savings of 1,497.02 Metric Tons of CO2 or CO2 Equivalent 

(MTCO2EQ”) per year. Appendix V of the Second Revised FEIR (“SRFEIR”), page 8, estimated that the 

total operational emissions for the Project were 6,037.30 MTCO2EQ per year prior to mitigation, and 

5,558.6 MTCO2EQ per year after mitigation. (SRFEIR, Appendix V, Selected Pages, Exhibit 7.) With the 

savings projected by requiring solar PV panels under the formula set forth in Title 24, Part 1, Section 

150.1(c), the operational emissions will be reduced to 4,540.28 MTCO2EQ per year before other 

mitigation, or 4,061.58 MTCO2EQ per year after all mitigation.   

 I did not attempt to calculate total GHG savings using the CalEEEMod software program since its 

last revision was in 2016 and included only the 2016 Title 24 Standards, not the 2019 Title 24 Energy 

Efficiency Requirements for installation of solar PV panels, which was not adopted until December 2018.  

I verified this on the website showing the latest update. (CalEEMod Fact Sheet, Exhibit 8.) 

5. Environmental Effects of Installing Solar PV Panels 

 The solar PV panels on each individual residence can be installed while the interior of the house 

is being completed, so construction time should not be extended. Installation of solar PV will have no 

significant effect on geology, archeology, paleontology, grading or biology was it will not expand the 

footprint of each individual house, or otherwise increase the grading envelope for the Project. Solar PV 

panels on the roof should have no significant impact on air quality, and the construction noise 

associated with their installation is not significant as they can be installed in one day with standard tools 

used in the construction of the house. Solar PV panels are not hazardous and will not have a significant 

effect on fire hazards. Since they will supply power during the day, they should enable each home to 

have power even during a power outage during the day, which may prove useful in the event of an 

emergency. 

 To obtain 4.3 kilowatts of power, it will be necessary to install a 4.5 kW system which will 

require 15 standard 300 watt panels. Since each panel is 22 square feet, the roof area needed is 330 

square feet. The roof area for a 5,000 square foot two story home will vary according to the design, but 

it should be at least 2,500 square feet, so the location of the panels should be able to be placed in an 

area that will accommodate productivity and minimize any aesthetic issues.   

6. Summary 

 Compliance with the 2019 California Building Energy Efficiency Standards at Title 24, Part 1, 

Section 150.1(c)(14) requires that each house in Esperanza Hills install a 4.5 kW solar PV system. Each 

system will consist of 15 fixed 300-watt solar panels that will require 330 square feet of space. Based on 

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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the projected size of the houses in Esperanza Hills, there is adequate room on the rooftops to install the 

solar PV systems, and each system will supply the annual electric output equal to or greater than the 

dwelling’s annual electric usage. Requiring the solar PV panels will save 6,226 total kW hours of 

electricity annually, which is equivalent to 10,765 miles driven by an average passenger vehicle, or 4,813 

pounds of coal burned. This will reduce GHG emissions from the Project by 1,497.02 MTCO2EQ annually, 

which means that the Project’s GHG emissions will be reduced to 4,540.28 MTCO2EQ per year before 

other mitigation, or 4,061.58 MTCO2EQ per year after all mitigation, which still exceeds the threshold 

established in the SRFEIR for the Project of 3000 MTCO2EQ annually.  

IF ANY QUESTIONS OR CONCERNS SHOULD ARISE PLEASE FEEL FREE TO CONTACT ME AT 480.626.7072. 

THANKS, 

OMID ARDEBILI, P.E. 
PRINCIPAL 



Page 284 2019 Building Energy Efficiency Standards 

SECTION 150.1 – PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES FOR LOW-RISE 
RESIDENTIAL BUILDINGS 

11. Roofing products. All roofing products shall meet the requirements of Section 110.8 and the applicable
requirements of Subsection A or B:

A. Low-rise residential buildings with steep-sloped roofs, in Climate Zones 10 through 15 shall have a
minimum aged solar reflectance of 0.20 and a minimum thermal emittance of 0.75, or a minimum SRI 
of 16. 

B. Low-rise residential buildings with low-sloped roofs; in Climate Zones 13 and 15 shall have a 
minimum aged solar reflectance of 0.63 and a minimum thermal emittance of 0.75 or a minimum SRI 
of 75. 

EXCEPTION 1 to Section 150.1(c)11: Building integrated photovoltaic panels and building 
integrated solar thermal panels are exempt from the minimum requirements for solar reflectance and 
thermal emittance or SRI. 

EXCEPTION 2 to Section 150.1(c)11: Roof constructions with a weight of at least 25 lb/ft² are 
exempt from the minimum requirements for solar reflectance and thermal emittance or SRI. 

12. Ventilation Cooling. Single family homes shall comply with the Whole House Fan (WHF) requirements
shown in TABLE 150.1-A. When a WHF is required, comply with Subsections A. through C. below:

A. Have installed one or more WHFs whose total Air Flow CFM  is equal to or greater than 1.5 CFM/ft2

of conditioned floor area. Air Flow CFM for WHF's shall be determined based on the Air Flow listed in 
the Energy Commission's database of certified appliances, which is available at: 
www.energy.ca.gov/appliances/database; and 

B. Have at least 1 square foot of attic vent free area for each 750 CFM of rated whole house fan Air Flow 
CFM, or if the manufacturer has specified a greater free vent area, the manufacturers’ free vent area 
specifications; and 

EXCEPTION to Section 150.1(c)12B: WHFs that are directly vented to the outside. 

C. Provide homeowners who have WHFs with a one page “How to operate your whole house fan” 
informational sheet. 

13. HVAC System Bypass Ducts. Bypass ducts that deliver conditioned supply air directly to the space
conditioning system return duct airflow shall not be used.

14. Photovoltaic Requirements. All low-rise residential buildings shall have a photovoltaic (PV) system
meeting the minimum qualification requirements as specified in Joint Appendix JA11, with annual
electrical output equal to or greater than the dwelling’s annual electrical usage as determined by Equation
150.1-C:

EQUATION 150.1-C ANNUAL PHOTOVOLTAIC ELECTRICAL OUTPUT

kWPV = (CFA x A)/1000 +(NDwell x B)

WHERE: 

kWPV = kWdc size of the PV system 

CFA = Conditioned floor area 

NDwell = Number of dwelling units 

A = Adjustment factor from Table 150.1-C 

B = Dwelling adjustment factor from Table 150.1-C 

EXCEPTION 1 to Section 150.1(c)14: No PV is required if the effective annual solar access is restricted 
to less than 80 contiguous square feet by shading from existing permanent natural or manmade barriers 

EXHIBIT 1



2019 Building Energy Efficiency Standards Page 285 

SECTION 150.1 – PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES FOR LOW-RISE 
RESIDENTIAL BUILDINGS 

external to the dwelling, including but not limited to trees, hills, and adjacent structures.  The effective 
annual solar access shall be 70 percent or greater of the output of an unshaded PV array on an annual basis. 

EXCEPTION 2 to Section 150.1(c)14: In climate zone 15, the PV size shall be the smaller of a size that 
can be accommodated by the effective annual solar access or a PV size required by the Equation 150.1-C, 
but no less than 1.5 Watt DC per square foot of conditioned floor area. 

EXCEPTION 3 to Section 150.1(c)14: In all climate zones, for dwelling units with two habitable stories, 
the PV size shall be the smaller of a size that can be accommodated by the effective annual solar access or a 
PV size required by the Equation 150.1-C, but no less than 1.0 Watt DC per square foot of conditioned floor 
area 

EXCEPTION 4 to Section 150.1(c)14: In all climate zones, for low-rise residential dwellings with three 
habitable stories and single family dwellings with three or more habitable stories, the PV size shall be the 
smaller of a size that can be accommodated by the effective annual solar access or a PV size required by the 
Equation 150.1-C, but no less than 0.8 Watt DC per square foot of conditioned floor area. 

EXCEPTION 5 to Section 150.1(c)14: For a dwelling unit plan that is approved by the planning 
department prior to January 1, 2020 with available solar ready zone between 80 and 200 square feet, the PV 
size is limited to the lesser of the size that can be accommodated by the effective annual solar access or a 
size that is required by the Equation 150.1-C.   

EXCEPTION 6 to Section 150.1(c)14: PV sizes from Equation 150.1-C may be reduced by 25 percent if 
installed in conjunction with a battery storage system.  The battery storage system shall meet the 
qualification requirements specified in Joint Appendix JA12 and have a minimum capacity of 7.5 kWh. 
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Page 286 2019 Building Energy Efficiency Standards 

SECTION 150.1 – PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES FOR LOW-RISE 
RESIDENTIAL BUILDINGS 

Table 150.1-C – CFA and Dwelling adjustment Factors 

Climate 
Zone 

A  - CFA B  -  Dwelling 
Units 

1 0.793 1.27 

2 0.621 1.22 

3 0.628 1.12 

4 0.586 1.21 

5 0.585 1.06 

6 0.594 1.23 

7 0.572 1.15 

8 0.586 1.37 

9 0.613 1.36 

10 0.627 1.41 

11 0.836 1.44 

12 0.613 1.40 

13 0.894 1.51 

14 0.741 1.26 

15 1.56 1.47 

16 0.59 1.22 
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With all measures combined a 8.08% reduction is projected, resulting in operational GHG 
emissions of 5,444.6 MTCO2EQ/YR.  This is a reduction 478.7 MTCO2EQ/YR over the base 
case.   
 
Amortized construction emissions are commonly included in the total emission count.  Giroux 
and Associates, in an updated analysis for the Response to Comments (April 14, 2016) 
projected that construction emissions amortized over a 30 year period would result in 114.0 
MTCO2EQ/YR.  This value was added to the operational emissions presented in Table 1 to 
give the total GHG emissions for the base case and mitigated case emissions presented in 
Table 2. 
 
Table 2 Total GHG Emission Reductions 

Measure 
GHG Emissions 
(MTCO2EQ/YR) 

Percent 
Reduction 

   

Base Case (No Mitigation) 6,037.3 --- 

All Mitigation Measures Combined 5,558.6 7.93% 
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