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1 Introduction 

The California Building Energy Efficiency Standards Title 24, Part 6 (Title 24) (CEC, 2016a) is 

maintained and updated every three years by two state agencies, the California Energy Commission 

(Energy Commission) and the Building Standards Commission (BSC). In addition to enforcing the code, 
local jurisdictions have the authority to adopt local energy efficiency ordinances, or reach codes, that 

exceed the minimum standards defined by Title 24 (as established by Public Resources Code Section 

25402.1(h)2 and Section 10-106 of the Building Energy Efficiency Standards). Local jurisdictions must 

demonstrate that the requirements of the proposed ordinance are cost effective and do not result in 
buildings consuming more energy than is permitted by Title 24. In addition, the jurisdiction must obtain 

approval from the Energy Commission and file the ordinance with the BSC for the ordinance to be legally 

enforceable. 

The Energy Commission staff approached the statewide Codes and Standards team to provide inputs on a 

draft solar photovoltaic model ordinance. The Energy Commission staff asked the IOU team to review the 

ordinance language and to suggest recommended solar PV system sizing based on size of home.  

Based on conversations between the Energy Commission, the IOUs and their consultant teams, the 

following needs were identified for the proposed PV ordinance: 

a. Needs to be simple and easy to implement by the local jurisdiction  

b. Must be aligned with the overall vision for energy efficiency and ZNE driving to a “glide path” to 
meet 2020 goals for residential new construction. 

c. Must not result in oversized PV systems that may have grid impacts. 

This report presents the results from analysis of the feasibility and cost-effectiveness of requiring new 
low-rise single family and multifamily residential construction to include rooftop PV systems in addition 

to meeting the 2016 Building Energy Efficiency Standards, which become effective January 1, 2017. The 

cost effectiveness analysis for all sixteen California climate zones in this report includes meeting 

minimum Title 24 efficiency performance targets plus on-site renewable energy generation sized to offset 
a portion of the total TDV loads of the building without risking sizing of the PV system larger than the 

estimated electrical energy use of the building. Additional scenarios including both PV and above-code 

energy efficiency measures are documented in a report delivered to Pacific Gas and Electric Company1. 

2 Methodology and Assumptions 

2.1 Building Prototypes 

The Energy Commission defines building prototypes which it uses to evaluate the cost-effectiveness of 

proposed changes to Title 24 requirements.  Two single family prototypes and one multifamily prototype, 

are used in this analysis and development of the above-code efficiency packages. Table 1 describes the 
basic characteristics of each prototype. Additional details on the prototypes can be found in the 

Alternative Calculation Method (ACM) Approval Manual (CEC, 2016b). 

                                                   

1 Title 24, Part 11, Local Energy Efficiency Ordinances – CALGreen Cost Effectiveness Study, 

September 2, 2016 
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Table 1: Prototype Characteristics 

 Single Family 

One-Story 

Single Family 

Two-Story 
Multifamily 

Conditioned Floor Area 2,100 ft2 2,700 ft2 

6,960 ft2: 

(4) 780 ft2 &  

(4) 960 ft2 units 

Num. of Stories 1 2 2 

Num. of Bedrooms 3 3 
(4) 1-bed &  

(4) 2-bed units 

Window-to-Floor Area Ratio 20% 20% 15% 

 

Additionally, each prototype building has the following features:  

• Slab-on-grade foundation 

• Vented attic. High performance attic in climates where prescriptively included (CZ 4, 8-16) with 
insulation installed below roof deck. Refer to Table 150.1-A in Appendix A. 

• Ductwork located in the attic for single family homes and in conditioned space for multifamily. 

• Split-system gas furnace with air conditioner that meets the minimum federal guidelines for 

efficiency 

• Tankless gas water heater that meets the minimum federal guidelines for efficiency; individual 

water heaters in each multifamily apartment. 

Other features are defined consistent with the Standard Design in the Alternative Calculation Method 

Reference Manual (CEC, 2016c), designed to meet, but not exceed, the minimum requirements.  

The Energy Commission’s standard protocol for the single family prototypes is to weight the simulated 

energy impacts by a factor that represents the distribution of single-story and two-story homes being built 
statewide, assuming 45% single-story homes and 55% two-story homes. Simulation results in this study 

are therefore characterized according to this ratio, which is approximately equivalent to a 2,430 ft2 house2. 

2.2 Energy Simulations 

The CBECC-RES 2016.2.0 Alpha23 compliance simulation tool was used to evaluate energy impacts 

using the 2016 prescriptive standards as the benchmark and the 2016 time dependent valuation (TDV) 
values. TDV is the energy metric used by the Energy Commission since the 2005 Title 24 energy code to 

evaluate compliance with the Title 24 standards. TDV values energy use differently depending on the fuel 

source (gas, electricity, and propane), time of day, and season. TDV was developed to reflect the “societal 

value or cost” of energy including long-term projected costs of energy such as the cost of providing 
energy during peak periods of demand and other societal costs such as projected costs for carbon 

emissions. Electricity used (or saved) during peak periods of the summer has a much higher value than 

electricity used (or saved) during off-peak periods (Horii et al, 2014). 

The methodology used in the analyses for each of the prototypical building types begins with a design 

that precisely meets the minimum 2016 prescriptive requirements (0% compliance margin). Standards 

Table 150.1-A, included in Appendix A lists the prescriptive measures that determine the base design in 

each climate zone.  

                                                   

2 2,430 ft2 = 45% * 2,100 ft2 + 55% * 2,700 ft2 

3 On June 14, 2016 the Energy Commission approved CBECC-Res 2016.2.0 Version of the software. The 

version used for this study is nearly identical to the approved version with the exception of minor changes 

that do not affect the cost effective analysis of the measures evaluated. 
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2.3 PV Sizing Criteria 

The minimum PV system size required by the proposed ordinance is determined using a performance-

based (simulation) approach.  There is a prescriptive sizing option that yields minimum system capacities 
equivalent to the performance option.  The intent of the PV sizing assumptions is to size PV to offset 

building electricity use while minimizing the risk of requiring PV system sizes that produce significantly 

more than the building total electricity use on an annual basis. The following considerations were used for 

sizing the PV systems:  

1. Solar PV capacities proposed in the ordinance are the minimum sizes required. A builder or 

homeowner may install larger systems.  

2. Solar PV sizing is based on percent of total building TDV energy use. Initial calculations were 
conducted such that PV system size is equivalent to offsetting 80% of total building estimated 

electricity use for a typical gas/electric home built to the minimum 2016 Title 24 requirements.  

3. The performance option is based on offsetting a certain percentage of total TDV energy use. 
System sizes calculated in Step 3 above were adjusted to reference a percentage of TDV energy 

use, and grouped into three bins depending on system size and climate zone (see Table 2). The 

sizing is fuel agnostic since it based on TDV and designed such that builders designing homes 

more efficient than 2016 code are not forced to install PV systems larger than the building’s 
projected annual electricity use. The performance section of the ordinance uses TDV which needs 

to be incorporated into CBECC-Res software making the review process for building departments 

similar to that for regular Title 24 compliance review.  

4. Based on these calculations, prescriptive PV capacity tables were developed for each climate 

zone (see Table 3) for single family buildings with conditioned floor areas less than 4,500 square 

feet. Larger homes must use the performance approach. Homes smaller than 4,500 square feet 
may comply either with the prescriptive or the performance path.  

5. PV system values shown in Table 2 and Table 3 were calculated using the following 

methodology: 

• PV size was estimated based on percent of total building TDV for each climate zone and 

reflects a value that does not exceed 80% of total building electricity use. 

• Calculations are based on specs for a 2016 code compliant building and both TDV and 
electricity use were calculated using CBECC-Res software. 

• HVAC energy use (cooling, heating, IAQ fans) are based on per square foot energy using 

a weighted average of the 2,100 single-story and 2,700 2-story single family prototype 

buildings and assuming gas appliances. Values specific to each climate zone. 

• Water heating energy use assumes a standard gas tankless water heater and is adjusted 
based on number of bedrooms consistent with the rules in the Alternative Calculation 

Method (ACM) Reference Manual (CEC. 2016c). Hot water usage capped at 5 bedrooms 

per ACM. 

• Plug load, lighting, and appliance energy use based on algorithms developed from 2016 
CASE report and used in CBECC-Res. Values are adjusted based on # of bedrooms and 

floor area. Values capped at 4,150 square feet and 7 bedrooms per ACM.  

• PV production based on specific PV production for each climate zone, using PV 

modeling in CBECC-Res (PVWatts methodology). Assumes standard PV efficiency and 

assumptions consistent with the NSHP California Flexible Installation (CFI) criteria (170 
degree azimuth, 5:12 roof pitch), along with a 96% efficiency inverter and standard 

system losses.  
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Table 2: Minimum Percent Reduction of Total Annual TDV Energy Use by Climate Zone 

 (Performance Approach) 

Climate Zone % Total TDV 

CZs 14, 16  35% 

CZs 1, 2, 4, 9-13, 15  45% 

CZs 3, 5-8 55% 

 

Table 3: Minimum PV System Size (kWDC) required to meet Solar PV Ordinance by Climate Zone 

Conditioned 

Space (ft2) 
CZ1 CZ2 CZ3 CZ4 CZ5 CZ6 CZ7 CZ8 CZ9 CZ10 CZ11 CZ12 CZ13 CZ14 CZ15 CZ16 

Less than 

1000 
1.6 1.4 1.5 1.3 1.4 1.5 1.3 1.5 1.4 1.4 1.7 1.5 1.8 1.3 2.1 1.3 

1000 - 1499 2.0 1.7 1.7 1.5 1.6 1.7 1.5 1.8 1.7 1.7 2.2 1.9 2.3 1.6 2.8 1.6 

1500 - 1999 2.4 2.0 2.1 1.8 1.9 2.0 1.8 2.1 2.0 2.0 2.7 2.3 2.8 2.0 3.5 1.9 

2000 - 2499 2.8 2.3 2.4 2.1 2.1 2.3 2.0 2.4 2.3 2.3 3.2 2.7 3.4 2.3 4.2 2.3 

2500 - 2999 3.2 2.6 2.7 2.4 2.4 2.6 2.3 2.7 2.6 2.7 3.7 3.1 3.9 2.7 4.9 2.6 

3000 - 3499 3.6 2.9 3.0 2.6 2.7 2.9 2.5 3.0 2.9 3.0 4.2 3.4 4.4 3.0 5.6 3.0 

3500 - 3999 3.9 3.2 3.2 2.9 2.9 3.2 2.7 3.3 3.2 3.3 4.7 3.8 4.9 3.4 6.3 3.3 

4000 - 4499 4.3 3.5 3.5 3.2 3.1 3.4 2.9 3.6 3.5 3.6 5.1 4.2 5.4 3.7 7.0 3.6 

 

2.4 Cost Effectiveness 

A customer based approach to evaluating cost effectiveness was used based on past experience with reach 
code adoption by local governments.  The current residential utility rates at the time of the analysis were 

used to calculate utility costs for all cases and determine cost effectiveness for the proposed packages.  

Annual utility costs were calculated using hourly electricity and gas output from CBECC-Res and 

applying the utility tariffs summarized in Table 4 and included in Appendix C. The standard residential 
rate (E1 in PG&E territory, D in SCE territory, & DR in SDG&E) was applied to the base case and all 

cases without PV systems. The applicable residential time-of-use (TOU) rate was applied to all cases with 

PV systems. 4  Any annual electricity production in excess of annual electricity consumption is credited to 
the utility account at the applicable wholesale rate based on the approved NEM tariffs for that utility. The 

net surplus compensation rates for the different utilities are as follows:  

• PG&E:   $0.043 / kWh 

• SCE:  $0.0298 / kWh5 

• SDG&E: $0.0321 / kWh6 

                                                   

4 Under NEM rulings by the CPUC (D-16-01-144, 1/28/16), all new PV customers shall be in an 

approved TOU rate structure. As of March 2016, all new PG&E net energy metering (NEM) customers 

are enrolled in a time-of-use rate. (http://www.pge.com/en/myhome/saveenergymoney/plans/tou/index.page?).  

5 SCE net surplus compensation rate based on 1-year average September 2015 – August 2016. 

6 SDG&E net surplus compensation rate based on 1-year average August 2015 – July 2016. 

http://www.pge.com/en/myhome/saveenergymoney/plans/tou/index.page
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Table 4: IOU Utility Tariffs used based on Climate Zone 

Climate 

Zones 

Electric / Gas 

Utility 

Electricity 

(Standard) 

Electricity  

(Time-of-use) 

Natural Gas 

1-5, 11-13, 16 PG&E E1  E-TOU, Option A G1  

6, 8-10, 14, 15 SCE / SoCal Gas D TOU-D-T GR 

7 SDG&E DR DR-SES GR 
 

Table 5 below summarizes the incremental costs applied in this analysis. A range of PV pricing was 

evaluated. Case 1 assumes that the installed cost is reduced by the current NSHP incentive. Case 2 

assumes no NSHP incentive in the cost. The 30% federal solar investment tax credit is applied in both 

cases. 

Table 5: Measure Descriptions & Cost Assumptions 
 Incremental Cost  

Source & Notes 

Case Single 

Family 

MF – Per 

Unit 

1) Includes current 

NSHP incentive 

$3.35 / 

W DC 

$3.03 / W 

DC 

Average installed system costs in California from Go Solar 

California (http://www.gosolarcalifornia.ca.gov/) reduced by 

$0.50/Watt to reflect NSHP incentives & 30% for the solar 

investment tax credit.7 

2) No NSHP 
Incentive 

$3.70 / 
W DC 

$3.38 / W 
DC 

Same assumptions as above but without the $0.50/Watt NSHP 
incentive 

 

Cost effectiveness is presented according to lifecycle customer benefit-to-cost ratio. The benefit-to-cost 

ratio is a metric which represents the cost effectiveness of energy efficiency over a 30-year lifetime taking 

into account discounting of future savings and financing of incremental costs. A value of one indicates the 

savings over the life of the measure are equivalent to the incremental cost of that measure. A value greater 

than one represents a positive return on investment. The ratio is calculated as follows: 

Lifecycle Customer Benefit-Cost Ratio =  

(Annual utility cost savings * Lifecycle cost factor) / (First incremental cost * Financing factor) 

The lifecycle cost factor is 19.6 and includes the following assumptions: 

• 30-year measure life & utility cost savings 

• 3% real discount rate 

• No utility rate escalation (conservative assumption) 

The financing factor is 1.068 and includes the following assumptions: 

• 30-year financing term 

• 4.5% loan interest rate 

• 3% real discount rate 

• 20% average tax rate (to account for tax savings due to loan interest deductions) 

Simple payback is also presented and is calculated using the equation below. Based on the terms 
described above the lifecycle cost-to-benefit ratio threshold of one is roughly equivalent to a simple 

payback of 18 years. 

Simple payback = First incremental cost / Annual customer utility cost savings 

                                                   

7 Avg. system cost for systems < 10kW (for the last 12 months) of $5.29/Watt for single family 

(http://www.gosolarcalifornia.ca.gov/). For multi-family systems, an average of the < 10 kW and > 10kW system 

cost ($4.37/Watt) was used; systems are expected to be typically greater than 10 kW, although not as large as some 

commercial systems reported on in the database. 

http://www.gosolarcalifornia.ca.gov/
http://www.gosolarcalifornia.ca.gov/
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2.5 Greenhouse Gas Emissions 

Equivalent CO2 emission savings were calculated using the following emission factors. Electricity factors 

are specific to California electricity production.  

Table 6: Equivalent CO2 Emissions Factors  

  Source 

Electricity 0.724 lb. CO2-e / kWh U.S. Environmental Protection agency’s 2007 eGRID 
data.8 

Natural Gas 11.7 lb. CO2-e / Therm Emission rates for natural gas combustion as reported by 

the U.S. Environmental Protection agency’s GHG 

Equivalencies Calculator.9 

 

3 Results 

3.1 Single Family Results 

A comparison of cost effectiveness for each climate zone, with and without the NSHP incentive, is 

presented in Figure 1. Table 7 provides the results in tabular form for the case without the NSHP 

incentive, along with energy and greenhouse gas (GHG) savings. The lifecycle benefit-to-cost ratio 

threshold of one is roughly equivalent to a simple payback of 18 years.  

The PV system capacity is sized based upon the values in Table 3 to provide approximately 80% of 

estimated annual kWh consumption with capacities ranging from 2.2 kW DC in mild climate zone 7 to 
4.6 kW DC in hot climate zone 15. The solar package demonstrates cost effectiveness in all climate zones 

with a benefit-to-cost ratio ranging from 1.18 to 1.59 with the NSHP incentive and 1.07 to 1.44 without 

the NSHP incentive. Greenhouse gas (GHG) savings range from 25.7% to 63.8%. 

 

                                                   

8 https://www.epa.gov/energy/ghg-equivalencies-calculator-calculations-and-references 

9 https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator 

https://www.epa.gov/energy/ghg-equivalencies-calculator-calculations-and-references
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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Figure 1: Single family cost effectiveness comparison 

 

Table 7: Single Family PV Package Cost Effectiveness Results 

Climate 
Zone 

PV 
Capacity 

(kW) 

Elec 
Savings 
(kWh) 

% 
Carbon 
Savings1 

Package 
Cost2 

Utility 
Cost 
Savings 

Simple 
Payback 

Lifecycle 
Benefit-
Cost Ratio 

CZ1 3.0 4,041 30.4% $12,301 $719 17.1 1.07 

CZ2 2.5 3,857 33.7% $10,041 $694 14.5 1.27 

CZ3 2.6 4,049 42.5% $10,448 $732 14.3 1.29 

CZ4 2.3 3,647 36.0% $9,226 $688 13.4 1.37 

CZ5 2.3 3,810 41.9% $9,226 $725 12.7 1.44 

CZ6 2.5 3,892 46.8% $10,041 $596 16.8 1.09 

CZ7 2.2 3,546 48.4% $8,819 $639 13.8 1.33 

CZ8 2.6 4,058 51.7% $10,448 $652 16.0 1.15 

CZ9 2.5 4,026 47.1% $10,041 $674 14.9 1.23 

CZ10 2.5 4,108 46.1% $10,265 $688 14.9 1.23 

CZ11 3.5 5,533 44.9% $14,155 $1,007 14.1 1.31 

CZ12 2.9 4,582 40.4% $11,894 $757 15.7 1.17 

CZ13 3.7 5,680 47.2% $14,969 $1,040 14.4 1.27 

CZ14 2.5 4,528 37.2% $10,265 $796 12.9 1.42 

CZ15 4.6 7,670 63.8% $18,676 $1,303 14.3 1.28 

CZ16 2.5 4,187 25.7% $10,041 $738 13.6 1.35 
1 Based on CA electricity production and equivalent CO2 emission rates of 0.724 lbCO2e / kWh 
& 11.7 lb-CO2e / therm. 
2 Includes 10% markup for builder profit and overhead. $0.50 / W NSHP incentive not applied 
to package costs 
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3.2 Multifamily Results 

A comparison of cost effectiveness for the multi-family prototype is presented in Figure 2. Table 8 

provides the results in tabular form for the case without the NSHP incentive, along with energy and 
greenhouse gas savings. All multifamily results are presented on a per dwelling unit basis. The lifecycle 

benefit-to-cost ratio threshold of one is roughly equivalent to a simple payback of 18 years.  

The solar package demonstrates cost effectiveness in all climate zones with a benefit-to-cost ratio ranging 

from 1.16 to 1.59 with the NSHP incentive and 1.04 to 1.43 without the NSHP incentive. Greenhouse gas 
(GHG) savings range from 30.8% to 54.9%. The required PV capacity per apartment ranges from 1.3 kW 

DC in the mild climates to 2.1 kW DC in hot climates (CZ15). For the multifamily prototype 8-unit 

apartment building, this is equivalent to 10.4 to 16.8 kW for the building.  

 

Figure 2: Multifamily cost effectiveness comparison 
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Table 8: Multifamily PV Package Cost Effectiveness Results 

Climate 
Zone 

PV 
Capacity 

(kW) 

Elec 
Savings 
(kWh) 

% 
Carbon 
Savings1 

Package 
Costs2 

Utility 
Cost 
Savings 

Simple 
Payback 

Lifecycle 
Benefit-
Cost Ratio 

CZ1 1.6 2,141 35.5% $5,951 $361 16.5 1.11 

CZ2 1.4 2,191 39.2% $5,207 $373 14.0 1.32 

CZ3 1.5 2,368 46.6% $5,579 $361 15.5 1.19 

CZ4 1.3 2,093 39.8% $4,835 $376 12.9 1.43 

CZ5 1.4 2,355 46.9% $5,207 $360 14.5 1.27 

CZ6 1.5 2,368 49.5% $5,579 $315 17.7 1.04 

CZ7 1.3 2,129 46.2% $4,835 $364 13.3 1.38 

CZ8 1.5 2,373 48.9% $5,579 $345 16.2 1.14 

CZ9 1.4 2,287 45.4% $5,207 $365 14.3 1.29 

CZ10 1.4 2,282 44.3% $5,207 $362 14.4 1.28 

CZ11 1.7 2,707 44.2% $6,322 $456 13.9 1.32 

CZ12 1.5 2,354 41.1% $5,579 $417 13.4 1.37 

CZ13 1.8 2,782 45.9% $6,694 $466 14.4 1.28 

CZ14 1.3 2,336 38.5% $4,835 $356 13.6 1.35 

CZ15 2.1 3,513 54.9% $7,810 $526 14.8 1.24 

CZ16 1.3 2,208 30.8% $4,835 $394 12.3 1.49 
1 Based on CA electricity production and equivalent CO2 emission rates of 0.724 lbCO2e / 
kWh & 11.7 lb-CO2e / therm. 
2 Includes 10% markup for builder profit and overhead. $0.50 / W NSHP incentive not 
applied to package costs 

 

4 Conclusions & Summary 

This report finds the evaluated solar PV ordinance to be both feasible and cost effective, and reduces 

energy demand in all 16 California climates zones.  

The following describes the recommended PV sizing and requirements for all climate zones. The PV 

ordinance requires that all buildings meet code compliance for the 2016 Title 24, Part 6 without the use of 

the PV compliance credit (PVCC). Projects are also required to install a PV system based on the 

capacities shown in Table 2 and Table 3.   

Lifecycle benefit-to-cost ratios for adding PV to a 2016 code compliant building are above one, 

demonstrating cost effectiveness for both the single family and multifamily prototypes in all climate 

zones.  

This report has identified that an ordinance that requires compliance with the 2016 building code, without 

taking the PV credit, combined with PV systems sized to the values shown in Table 2 and Table 3 is cost 

effective for both single family and low-rise multifamily dwellings and can be adopted by cities and 
counties within investor-owned utility territories across California consistent to the requirements of the 

Public Resources Code (25402.1(h)) and to the benefit of the jurisdiction, its residents, and the state.  
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Appendix A – Prescriptive Package 

The following presents the residential prescriptive package as printed in the 2016 Building Energy Efficiency Standards (CEC, 2016a). 

TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN 
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a

t
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p
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p
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NR 

 

 
NR 

 

 
NR 

 

 
R 8 

 

 
NR 

 

 
NR 

 

 
NR 

 

 
R 8 

 

 
R 8 

 

 
R 8 

 

 
R 8 

 

 
R 8 

 

 
R 8 

 

 
R 8 

 

 
R 8 
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S
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NR 

 

 
NR 

 

 
NR 

 

 
R 6 

 

 
NR 

 

 
NR 

 

 
NR 
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R 6 
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NR 

 

 
NR 
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R 18 
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NR 

 
NR 

 
NR 
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NR 

 
NR 
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R 30 

 

 
R 38 

 

 
R 30 

 

 
R 30 
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NR 
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R 38 

    
R

ad
ia

n
t  
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TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN (CONTINUED) 

 Climate Zone 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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u
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d
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n

v
e
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e
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n
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s 

 

A
b
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e 
G
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d

e 

 
4
 

F
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m
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U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.065 

 

 
U 0.065 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 

 
U 0.051 

 
U 

0.051 
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s 

W
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l 
5
 

In
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o

r  

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 0.070 

R 13 

 
U 

0.059 

R 17 

M
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s 

W
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l 
6
 

E
x
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o
r   

U 0.125 
R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.125 

R 8.0 

 
U 0.1025 

R 8.0 

 
U 0.125 

R 8.0 

 
U 
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R 13 
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o
w
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d
e B
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o
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G
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d
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7
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o

r  

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 

 
U 0.070 

R 13 

 
U 

0.066 

R 15 

B
el

o
w

 

G
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d
e 

E
x

te
ri

o
r  

U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.200 

R 5.0 

 
U 0.100 

R 10 

 
U 0.100 

R 10 

 
U 

0.053 
R 19 

 

 
 

Floors 

Slab Perimeter NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
U 0.58 

R 7.0 

 
Raised 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 0.037 
R 19 

U 

0.037 

R 19 

 
Concrete Raised 

 

U 0.092 

R 8.0 

 

U 0.092 

R 8.0 

 

U 0.269 

R 0 

 

U 0.269 

R 0 

 

U0.269 

R 0 

 

U 0.269 

R 0 

 

U 0.269 

R 0 

 

U 0.269 

R 0 

 

U 0.269 

R 0 

 

U 0.269 

R 0 

 

U 0.092 

R 8.0 

 

U 0.138 

R  4.0 

 

U 0.092 

R 8.0 

 

U 0.092 

R 8.0 

 

U 0.138 

R 4.0 

 

U 0.092 

R 8.0 
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e
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o
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n
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o

d
u

c
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Low- 

sloped 

Aged Solar 

Reflectance 
NR NR NR NR NR NR NR NR NR NR NR NR 0.63 NR 0.63 NR 

Thermal 

Emittance 
NR NR NR NR NR NR NR NR NR NR NR NR 0.75 NR 0.75 NR 

 
Steep 

Sloped 

Aged Solar 

Reflectance 
NR NR NR NR NR NR NR NR NR 0.20 0.20 0.20 0.20 0.20 0.20 NR 

Thermal 

Emittance 
NR NR NR NR NR NR NR NR NR 0. 75 0.75 0.75 0.75 0.75 0.75 NR 

 

B
u
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d
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g

 E
n

v
e
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p
e
 

F
e
n

e
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r
a
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o

n
 

Maximum U-factor 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 

Maximum SHGC NR 0.25 NR 0.25 NR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Maximum Total Area 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 

 
Maximum West Facing 

Area 

 
NR 

 
5% 

 
NR 

 
5% 

 
NR 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 

 
5% 
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TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN (CONTINUED) 
 

 
 

Climate Zone 
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11 

 

12 

 

13 

 

14 

 

15 

 

16 

 
H

V
A

C
 S

Y
S

T
E

M
 

  
S

p
a

c
e
 1

1
 

H
e
a

ti
n

g
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No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

No 
 

If gas, AFUE 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

If Heat Pump, HSPF
9

 

 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
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MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 

 

MIN 
 

Refrigerant Charge 

Verification or Fault Indicator 

Display 

 
NR 

 
REQ 

 
NR 

 
NR 

 
NR 

 
NR 

 
NR 

 
REQ 

 
REQ 

 
REQ 

 
REQ 

 
REQ 

 
REQ 

 
REQ 

 
REQ 

 
NR 

Whole House Fan10 

 

NR 

 

NR 

 

NR 

 

NR 

 

NR 

 

NR 

 

NR 

 

REQ 
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REQ 
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REQ 
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R-6 

 
R-6 

 
R-6 

 
R-8 

 
R-8 

 
R-8 

 
R-8 

 
R-8 

 
R-8 

 
R-8 

 
R-8 
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§150.1(c)9A 

 
NA 

 
NA 

 
NA 

 
NA 

 
NA 

 
NA 
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R-6 
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R-6 
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R-6 
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R-6 
 

R-6 
 

R-6 
 

R-6 
 

R-6 
 

R-6 
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R-6 
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REQ 
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REQ 

 

 
REQ 

 

 
REQ 

 

 
REQ 

 

 
REQ 

 

 
REQ 
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All Buildings 

 

 
System Shall meet Section 150.1(c)8 

 
 
 
 
 

 



Local PV Ordinance Cost Effectiveness Study  

Page 14  September, 2016 

Footnote requirements to TABLE 150.1-A:
10

 

1. Install the specified R-value with no air space present between the roofing and the roof deck.   

2. Install the specified R-value with an air space present between the roofing and the roof deck. Such as standard 

installation of concrete or clay tile. 

3. R-values shown for below roof deck insulation are for wood-frame construction with insulation installed 

between the framing members. 

4. Assembly U-factors can be met with cavity insulation alone or with continuous insulation alone, or with both 

cavity and continuous insulation that results in an assembly U-factor equal to or less than the U-factor shown.   

Use Reference Joint Appendices JA4 Table 4.3.1, 4.3.1(a), or Table 4.3.4 to determine alternative insulation 

products to meet the required maximum U-factor.    

5. Mass wall has a thermal heat capacity greater than or equal to 7.0 Btu/h-ft2.  “Interior” denotes insulation 

installed on the inside surface of the wall.  

6. Mass wall has a thermal heat capacity greater than or equal to 7.0 Btu/h-ft2.  “Exterior” denotes insulation 

installed on the exterior surface of the wall.  

7. Below grade “interior” denotes insulation installed on the inside surface of the wall.   

8. Below grade “exterior” denotes insulation installed on the outside surface of the wall.  

9. HSPF means "heating seasonal performance factor." 

10. When whole house fans are required (REQ), only those whole house fans that are listed in the Appliance 

Efficiency Directory may be installed. Compliance requires installation of one or more WHFs whose total 

airflow CFM is capable of meeting or exceeding a minimum 1.5 cfm/square foot of conditioned floor area as 

specified by Section 150.1(c)12.   

11. A supplemental heating unit may be installed in a space served directly or indirectly by a primary heating 

system, provided that the unit thermal capacity does not exceed 2 kilowatts or 7,000 Btu/hr and is controlled by 

a timelimiting device not exceeding 30 minutes. 

12. For duct and air handler location: REQ denotes location in conditioned space. When the table indicates ducts 

and air handlers are in conditioned space, a HERS verification is required as specified by Reference Residential 

Appendix RA3.1.4.3.8.  

 

                                                   

10 Single family buildings are modeled with Option B and multifamily buildings are modeled with Option 

C. 
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Appendix B - Utility Rate Tariffs 

Following are the PG&E electricity, both standard and time-of-use, and natural gas tariffs applied in this 

study. The PG&E monthly gas rate in $/therm was applied on a monthly basis for the 12-month period 

ending March 2016. 
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Following are the SCE electricity tariffs, both standard and time-of-use, and SoCalGas natural gas tariffs 

applied in this study. 
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Following are the SDG&E electricity, both standard and time-of-use, and natural gas tariffs applied in this 

study. 
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