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1 Introduction 
The California Building Energy Efficiency Standards Title 24 (Title 24), Part 6 (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, Part 6. 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. 
In response to the Draft Model Local Solar Ordinance (CEC, 2016b) and the Local PV Ordinance Cost Effectiveness Study 
(DEG, 2016a) (hereafter jointly referred to as the Solar Ordinance), the Statewide Codes and Standards Team was asked to 
evaluate cost-effectiveness of a local ordinance that includes heat pump water heating in conjunction with a photovoltaic (PV) 
system. PV sizing is increased beyond what was recommended in the Solar Ordinance to offset electricity use of the heat 
pump water heater (HPWH). The following needs were identified for the proposed ordinance: 
a. Must be simple and easy to implement by the local jurisdiction  
b. Must not result in oversized PV systems that may cause adverse grid impacts 
This study presents the results from analysis of the feasibility and cost-effectiveness of requiring new single family residential 
construction to install a rooftop PV system and HPWH in addition to meeting the requirements of 2016 Title 24, Part 6. The 
cost-effectiveness analysis for all 16 California climate zones in this report includes meeting minimum 2016 Title 24, Part 6 
efficiency performance targets plus on-site renewable energy generation sized to comply with the specifications set forth in the 
Solar Ordinance plus 100 percent of the estimated additional electricity use from a HPWH. In all cases the PV system is sized 
to ensure the capacity doesn’t exceed the estimated electrical energy use of the building.  
This report represents one possible structure for an ordinance; additional scenarios including both PV and above-code energy 
efficiency measures are documented in reports posted on the LocalEnergyCodes.com web site. Multifamily buildings are not 
included in the scope of this evaluation. 

2 Methodology and Assumptions 
2.1 Building Prototypes 
The CEC defines building prototypes which it uses to evaluate the cost-effectiveness of proposed changes to Title 24 
requirements. There exist two single family prototypes and one multifamily prototype, all three of which are used in this 
analysis in 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 ACM Approval Manual (CEC, 2016a). 

Table 1: Prototype Characteristics 
 Single Family 

One-Story 
Single Family 

Two-Story 
Conditioned Floor Area 2,100 ft2 2,700 ft2 
Num. of Stories 1 2 
Num. of Bedrooms 3 3 
Window-to-Floor Area Ratio 20% 20% 
Source: 2016 Alternative Calculation Method Approval Manual. 
http://www.energy.ca.gov/2015publications/CEC-400-2015-039/CEC-400-2015-039-CMF.pdf 

 

The standard Energy Commission protocol for 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 percent single-story 
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and 55 percent two-story. Simulation results in this study are therefore characterized according to this ratio, which is 
approximately equivalent to a 2,430-square foot (ft2) house1. 

2.2 Energy Simulations 
The California Building Energy Code Compliance simulation tool, CBECC-RES 2016.3.0, was used to evaluate energy 
impacts using the 2016 Title 24, Part 6 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 energy code was developed, to 
evaluate compliance with the Title 24, Part 6 standards. TDV values energy use differently depending on the fuel source (gas, 
electricity, and propane), time of day, and season. TDV accounts for the forecasted average annual retail price over the 30-
year building lifecycle. TDV was developed to reflect the “societal value or cost” of energy including long-term projected costs, 
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 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 percent over compliance margin). Standards Table 150.1-A, included in Appendix 
A, lists the prescriptive measures that determine the baseline design in each climate zone. Other features are defined 
consistent with the Standard Design in the Alternative Calculation Method Reference Manual (CEC, 2016d), and are designed 
to meet, but not exceed, the minimum requirements. Each prototype building has the following features:  

• Slab-on-grade foundation. 
• Vented attic. High performance attic in climate zones where prescriptively required (climate zones (CZ) 4, 8-16) with 

insulation installed below roof deck per Option B. Refer to Table 150.1-A in Appendix A. 
• Ductwork located in the attic. 
• Split-system gas furnace with air conditioner that meets the minimum federal guidelines for efficiency. 
• Individual water heater. 

 
2.3 Package Development 
Using the 2016 Title 24, Part 6 baseline as the starting point, the following changes were made to the prototype buildings. 

• Replace the gas tankless water heater with a HPWH that either meets or exceeds the minimum federal requirement 
for efficiency, where the latter has federal preemption issues. See the description of Case 1 & Case 2 below. 

• Add a PV system that meets the requirements as defined in Section 2.4 and qualifies for the PV Compliance Credit 
(PVCC). 

The federal standard for residential electric water heaters greater than 55 gallons requires an Energy Factor (EF) or Uniform 
Energy Factor (UEF) that precludes the use of electric resistance technology, but is lower than many of the HPWHs on the 
market today. Based on operational challenges experienced in the past, the Northwest Energy Efficiency Alliance (NEEA) 
established a rating system and criteria to ensure newly installed HPWHs perform adequately, especially in colder climates. 
The NEEA Tier 3 rating requires an EF equal to the ENERGY STAR® performance level, and includes requirements 
regarding noise and prioritizing heat pump use over supplemental electric resistance heating2. According to NEEA, virtually all 
HPWH sales in the Pacific Northwest territory are NEEA-certified units.  
In all climate zones, specifying a minimum efficiency non-NEEA rated HPWH unit in place of the baseline gas tankless water 
heater, without any additional measures, results in a project that is non-compliant with 2016 Title 24, Part 6.  
Two packages were developed as described below. The first case assumes a minimum efficiency HPWH avoiding federal 
preemption issues and provides a basis for local jurisdictions to adopt.  The second case shows an alternative path for 
                                                           
 
1 2,430 ft2 = (45% x 2,100 ft2) + (+ 55% x 2,700 ft2) 
2 http://neea.org/advancedwaterheaterspec 
 

http://neea.org/advancedwaterheaterspec
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projects installing a HPWH with an efficiency above the minimum set by federal regulations. The HPWH was located in the 
garage for all scenarios.  

1. Case 1: A HPWH which just meets the minimum federal efficiency requirements of 2.0 Energy Factor (EF)3 coupled 
with a PVCC qualified PV system and a solar thermal system where necessary to meet energy code compliance. The 
HPWH is 65-gallon with an input rating of 5kW. 

2. Case 2: A Tier 3 NEEA-rated HPWH that exceeds federal minimum efficiency requirements with a PVCC qualified 
PV System. The NEEA-rated HPWH selected is a 66-gallon unit with a Uniform Energy Factor (UEF) of 3.0 and an 
Energy Factor of 3.2. 

Case 1 initially was evaluated without solar thermal. In the warmer climate zones, the PVCC was sufficient to offset the 
increased energy use of the HPWH relative to the baseline case. In other climates it was not, and a solar thermal backup 
system was added to comply with 2016 Title 24, Part 6. As a starting point, a system with a solar fraction of 0.20 was applied 
(solar fraction is the percent of the water heating load met by the solar thermal system). If the result still wasn’t compliant, the 
solar fraction was increased until compliance was met. The fraction was increased at the following discrete intervals: 20 
percent, 35 percent, 50 percent, and 60 percent. Once the solar fraction was determined based on modeling, the Solar Rating 
& Certification Corporation’s (SRRC’s) OG-300 Calculator4 was used to estimate solar collector area required to meet the 
solar fraction in each climate zone and estimate incremental costs for the solar thermal systems. For Case 2, no other 
measures were included. 

2.4 PV Sizing Criteria 
The PV sizing methodology for this cost-effectiveness analysis used the following approach. The intent was to offset building 
electricity use while minimizing the risk of requiring PV systems that produce more electricity than the building consumes on 
an annual basis. 

1. Initial PV system sizes are based on applying the prescriptive compliance criteria from the Solar Ordinance. Table 8 
in Appendix B references this base prescriptive sizing, which was designed to offset 80 percent of total building 
estimated electricity use for a typical gas/electric home5, with gas water heating, built to the minimum 2016 Title 24, 
Part 6 requirements. 

2. Increase PV system size to offset 100 percent of the increase in electricity use as calculated in the CBECC-Res 
software, as a result of the HPWH package.6  

3. PV production estimates are climate specific and are based on PV modeling in CBECC-Res, which uses the 
PVWatts methodology. Assumptions consistent with the New Solar Homes Partnership (NSHP) California Flexible 
Installation (CFI) criteria (170-degree azimuth, 5:12 roof pitch), along with a 96 percent efficiency inverter, standard 
PV efficiency, and standard system losses are applied. 

Proposed solar PV capacities are the minimum sizes required. A builder or homeowner may choose to install larger systems, 
provided the system complies with all utility net energy metering (NEM) rules and does not exceed the estimated electricity 
use. 
 

                                                           
 
3 Calculated according to the latest federal efficiency standards, which define a minimum Uniform Energy Factor (UEF). Conversion factor equations were 
applied to convert UEF to EF. 
4 https://secure.solar-rating.org/Certification/Ratings/RatingsSummaryPage.aspx?type=2 
5 Gas appliances include those that provide space heating, water heating, cooking, and clothes drying. 
6 The team considered aligning this PV size increment with the prescriptive compliance approach for HPWHs which is proposed under the 2019 Title 24, 
Part 6 45-Day Express Terms. The intent of the 2019 prescriptive code is to require additional PV to offset any TDV performance penalty for the HPWH 
case relative to the standard design with a natural gas tankless water heater. However, in this study the intent is to add PV to offset all the electricity use 
of the electric water heating package. These two approaches, as well as other changes to the 2019 base case assumptions, are different enough that it 
was decided aligning the two was not logical. 
 

https://secure.solar-rating.org/Certification/Ratings/RatingsSummaryPage.aspx?type=2
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2.5 Measure Costs 
Table 2 below summarizes the incremental costs applied in this analysis. Incremental costs for the HPWH are relative to a gas 
tankless water heater (0.82 EF) which meets minimum prescriptive requirements, and includes equipment, labor and 
replacement costs. 

Table 2: Measure Cost Assumptions 
Measure Incremental Cost 

Federal Minimum Efficiency HPWH (2.0 EF) $1,115 
NEEA Tier 3 Listed HPWH (3.2 EF) $1,403 
Solar Thermal $140/ ft2 collector area 
PV System $2.80/W DC7  
PV Inverter – Replacement $0.40/W DC 

 
Table 3 below provides additional detail on the water heater incremental costs.  
 

Table 3: HPWH Cost Assumptions a, b 

Component 
Gas 

Tankless 
2.0 EF 
HPWH NEEA HPWH Source & Notes 

First material cost $1,150 $1,368 $1,570 Internet search comparing products c 

First labor cost $326 $468 $468 Itron cost study (Itron, 2014). 

Present value of 
replacement $513 $1,269 $1,354 

Assumes 13-year equipment life for HPWHs8, 
20-year life for tankless water heaters (DOE, 
2016), and the lifecycle terms described in 
Section 2.6. 

Total Cost $1,989 $3,105 $3,392  

Incremental Cost - $1,115 $1,403  
a Maintenance costs are not included. 
b These are costs to the builder. An additional ten percent markup for builder profit and overhead is added on top of the 
costs presented in this table. 
c Websites referenced included www.amazon.com and www.supplyhouse.com 

 
Solar thermal costs are based on statistics for solar thermal system installations under the California Solar Initiative (CSI) 
Thermal program9. On average, systems installed through the program on single family buildings incurred a total project cost 
of about $200/ ft2of solar collector area. Net costs reported in Table 2 include the 30 percent federal solar investment tax 
credit, but no CSI incentive. The CSI incentive for solar thermal systems with electricity as the backup fuel has been 
exhausted in PG&E and Southern California Edison (SCE) territories. The CSI incentive is excluded from this analysis 
statewide, including San Diego Gas and Electric (SDG&E) territory. 
Installed costs for solar PV are estimated using statewide data from the Lawrence Berkeley National Laboratory Tracking the 
Sun IX report (LBNL, 2016) and based on 2015 residential new construction costs. The costs of $4.00/watt (W) from the report 
represents the cost to the homeowner, and is based on new construction residential sized systems (1-4 kilowatt (kW)). Net 
costs reported in Table 2 include the 30 percent FSITC, but no NSHP incentive. Inverter replacement costs are included at 20 

                                                           
 
7 W DC = Watts direct current 
8 HPWH life based on average lifetime for storage tank water heaters. 
9 http://www.csithermalstats.org/download.html 

http://www.csithermalstats.org/download.html
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years, based on expected lifetimes of micro inverters. Inverter costs of $0.29/W are based on an National Renewable Energy 
Laboratory report (NREL, 2015) with an added labor cost of $275 for replacement.  
 

2.6 Cost-Effectiveness 
A customer-based approach to evaluating cost-effectiveness was used based on past experience with reach code adoption by 
local governments. Residential utility rates at the time of the analysis were applied 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 territory) was applied to the base case without any 
PV system. The applicable residential time-of-use (TOU) rate was applied to all cases with PV systems.10 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 NEM2 tariffs, which is the second round of NEM tariffs now in effect, for that utility. Minimum daily 
use billing and mandatory non-by passable charges have been applied. The net surplus compensation rates for the different 
utilities are as follows11:  

• PG&E:   $0.0272/kilowatt-hour (kWh) 
• SCE:  $0.0256/kWh 
• SDG&E: $0.0275/kWh 

There is considerable uncertainty about how the NEM tariffs will change over time. Future changes including devaluation of 
solar production have not been evaluated, because the proposed changes are still unknown and are not expected to change 
significantly in the current 2016 code cycle for which this analysis applies.  
Climate zones have been applied according to the predominant investor owned utility (IOU) serving the population of each 
zone. Climate zones 10 and 14 have been evaluated with both SCE/SoCalGas and SDG&E tariffs since each utility has 
customers within these climate zones. 

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/SoCalGas® D TOU-D-T GR 

7, 10, 14 SDG&E DR DR-SES GR 
Source: Utility websites, See Appendix C for details on the tariffs applied. 

 
Cost-effectiveness was evaluated for all 16 climate zones and is presented according to the lifecycle benefit-to-cost (B/C) 
ratio. This B/C ratio 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: 

Equation 1 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑡𝑡𝑡𝑡 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
(𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗  𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)

(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜 ∗  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)
 

                                                           
 
10 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?)  
11 Net surplus compensation rates for each utility are based on a 1-year average over the period October 2016 – September 2017. 

http://www.pge.com/en/myhome/saveenergymoney/plans/tou/index.page
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The lifecycle cost factor is 19.6 and was calculated using Equation 2 as follows. No utility rate escalation is assumed which if 
observed would increase the benefit-to-cost ratios found in this study. However, if peak TOU periods continue shifting into the 
evening and future NEM rates continue devaluing grid exports, both of which are likely, the benefit-to-cost ratios presented 
here would decrease.  
 

𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 =  𝟏𝟏 − (𝟏𝟏 + 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅)−𝒏𝒏

𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
 Equation 2 

Where: 

• n = analysis and financing term of 30 years 
• disc = real discount rate of three  percent  

 
The financing factor is calculated as follows: 
 

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 = 𝑷𝑷𝑷𝑷𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 − 𝑷𝑷𝑷𝑷𝑻𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺

𝑳𝑳
 Equation 3 

Where: 

• L = first incremental cost ($) 
• PVMortgage Increase = Present value of increased mortgage costs 
• PVTax Savings = Present value of tax savings from additional interest payments due to increased mortgage  

PVMortgage Increase is calculated using Equations 4 and 5. 
 

𝑷𝑷 = 𝑳𝑳
� 𝒄𝒄𝟏𝟏𝟏𝟏 ∗𝒙𝒙 �𝟏𝟏 + 𝒄𝒄𝟏𝟏𝟏𝟏�

𝒏𝒏 ∗𝒙𝒙 𝟏𝟏𝟏𝟏
�

��𝟏𝟏 + 𝒄𝒄𝟏𝟏𝟏𝟏�
𝒏𝒏 ∗𝒙𝒙 𝟏𝟏𝟏𝟏

 − 𝟏𝟏�
  Equation 4 

 
𝑷𝑷𝑷𝑷𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 =  𝑷𝑷 𝒙𝒙 ∗ 𝟏𝟏𝟏𝟏 𝟏𝟏 − (𝟏𝟏 + 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅)−𝒏𝒏

𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
𝟏𝟏−(𝟏𝟏+𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅)−𝒏𝒏

𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
  Equation 5 

 
  

Where: 

• P = incremental monthly mortgage payment ($) 
• c = loan interest rate of 4.5 percent 

 
PVTax Savings is calculated using Equations 6 and 7. 
 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑻𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒙𝒙 𝒄𝒄 𝒙𝒙 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕  Equation 6 
 

𝑷𝑷𝑷𝑷𝑻𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = � 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑻𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 ∗ 𝒙𝒙 𝟏𝟏
(𝟏𝟏 + 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅)𝒏𝒏

𝟑𝟑𝟑𝟑

𝒏𝒏 = 𝟏𝟏
� 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑻𝑻𝑻𝑻𝑻𝑻 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 ∗ 𝟏𝟏

(𝟏𝟏+𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅)𝒏𝒏

𝟑𝟑𝟑𝟑

𝒏𝒏=𝟏𝟏
 

 Equation 7 
 

Where: 

• taxrate = average tax rate of 20 percent (to account for tax savings due to loan interest deductions) 
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• balance = balance of incremental cost of mortgage at beginning of each year 
The financing factor based on the above assumptions was 1.068 for this study. 
Simple payback is also presented and is calculated using the equation below. Based on the terms described above the 
lifecycle B/C ratio threshold of one is roughly equivalent to a simple payback of 18 years.  

Simple payback = First incremental cost/Annual customer utility cost savings Equation 8 
 

2.7 Greenhouse Gas Emissions 
Equivalent CO2 emission (CO2-e) savings were calculated using the following emission factors. Electricity factors are specific 
to California electricity production.  

Table 5: Equivalent CO2 Emissions Factors  
Fuel Value Source 
Electricity 0.724 lb. CO2-e/kWh U.S. Environmental Protection Agency’s 2007 eGRID data.12 
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.13 

 

3 Results 
3.1 Packages 
Table 6 presents results from the efficiency measure package development for both Case 1 and Case 2. In addition to the 
federal minimum HPWH and the PVCC, Case 1 applied a solar thermal hot water system in Climate Zones 1 through 7, and 
16. In Climate Zones 8 through 15, the PVCC was sufficient to offset the increased energy use of the HPWH and still meet 
2016 Title 24, Part 6 compliance requirements. The approximate collector area required to meet the specified solar thermal 
fraction is reported for each climate zone. Case 2 includes a NEEA rated Tier 3 HPWH with an EF of 3.2. No additional 
measures were necessary to meet compliance for Case 2.  

                                                           
 
12 https://www.epa.gov/energy/ghg-equivalencies-calculator-calculations-and-references 
13 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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Table 6: Single Family Efficiency Measure Package Results 

Climate 
Zone PV

CC
 

Case 1 Case 2 

HP
W

H 
EF

 

So
lar

 T
he

rm
al 

Fr
ac
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Ap
pr

ox
im

at
e S

ol
ar

 
Th

er
m

al 
Co

lle
ct

or
 

Ar
ea

  (
ft2 ) 

PV
 C

ap
ac

ity
  

(k
W

 D
C)

 T24 
Comp. 
Margin  HP

W
H 

EF
 

PV
 C

ap
ac

ity
  

(k
W

 D
C)

 T24 
Comp. 
Margin 

CZ1 Y 2.0 50% 40 4.0 1.7% 3.2 3.9 1.9% 
CZ2 Y 2.0 50% 30 3.1 5.0% 3.2 3.1 5.8% 
CZ3 Y 2.0 50% 30 3.2 6.6% 3.2 3.2 8.3% 
CZ4 Y 2.0 20% 20 3.1 1.3% 3.2 2.8 16.0% 
CZ5 Y 2.0 50% 30 2.9 2.0% 3.2 2.9 3.1% 
CZ6 n/a 2.0 50% 30 3.0 0.8% 3.2 3.0 2.8% 
CZ7 n/a 2.0 60% 30 2.6 6.0% 3.2 2.7 2.4% 
CZ8 Y 2.0 n/a n/a 3.5 4.4% 3.2 3.1 31.8% 
CZ9 Y 2.0 n/a n/a 3.4 11.2% 3.2 2.9 28.1% 
CZ10 Y 2.0 n/a n/a 3.4 9.1% 3.2 3.0 25.5% 
CZ11 Y 2.0 n/a n/a 4.5 8.1% 3.2 4.0 17.2% 
CZ12 Y 2.0 n/a n/a 4.0 5.9% 3.2 3.5 20.7% 
CZ13 Y 2.0 n/a n/a 4.6 11.2% 3.2 4.2 19.9% 
CZ14 Y 2.0 n/a n/a 3.4 6.9% 3.2 3.0 16.2% 
CZ15 Y 2.0 n/a n/a 5.2 13.0% 3.2 4.9 17.9% 
CZ16 Y 2.0 35% 30 3.5 5.1% 3.2 3.4 7.6% 

 

3.2 Cost-Effectiveness 
A comparison of cost-effectiveness across climate zones is presented in Figure 1. Table 7 provides the results in tabular form, 
along with energy and greenhouse gas (GHG) savings. The lifecycle B/C ratio threshold of one is roughly equivalent to a 
simple payback of 18 years.  
The PV system capacity is sized to meet the prescriptive PV capacities recommended in the Solar Ordinance in addition to 
offsetting 100 percent of the incremental electricity use for the HPWH package relative to the 2016 Title 24, Part 6 baseline 
case. Capacities range from 2.6 kW DC in mild Climate Zone 7 to 5.2 kW DC in hot Climate Zone 15. The impact of sizing the 
PV to offset the HPWH electricity use is an increase in PV system size by 0.3 to 1.1 kW DC relative to just offsetting 80 
percent of electricity use, depending on climate zone and the case. Greenhouse gas (GHG) savings range from 39 percent to 
76 percent.  
Case 1 is cost-effective in all climate zones with the exception of Climate Zones 1 and 6. In these zones, the analysis does not 
result in a viable non-preempted option. Solar thermal costs would need to come down substantially (approximately 40 
percent) from the estimated $200/ ft2of collector area in order for the packages to be cost-effective in these climate zones. 
Case 2 demonstrates cost-effectiveness in all climate zones with a B/C ratio ranging from 1.2 to 1.7.  
The PV capacities for Case 1 are larger than for Case 2 for the climate zones without solar thermal systems (Climate Zones 8 
through 15). The lower efficiency HPWH in Case 1 results in additional water heating electricity use and subsequently requires 
a larger PV capacity to offset the increase in energy use. In the other climates the solar thermal system reduces the water 
heating electricity use and the resultant PV capacity is similar across Case 1 and Case 2. 
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Energy savings details for each case and climate zone with a breakdown between efficiency savings and savings from PV 
electricity generation are presented in Appendix D. 
 

 
Figure 1: Single family cost effectiveness comparison 
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Table 7: Single Family Efficiency Package Cost Effectiveness Results 

Climate Zone 

PV 
Capacity 
(kW) 

Elec 
Savings 
(kWh) 

Gas 
Savings 
(Therms)a 

% 
Carbon 
Savingsb 

Package 
Costc 

Utility 
Cost 
Savings 

Simple 
Payback 

Lifecycle 
Benefit-
Cost Ratio 

Case 1         
CZ1 4.0 4,100 126 47.5% $19,473 $1,046 18.6 0.99 
CZ2 3.1 3,793 115 50.9% $15,213 $970 15.7 1.2 
CZ3 3.2 3,998 128 65.8% $15,516 $1,021 15.2 1.2 
CZ4 3.1 3,620 111 55.1% $13,673 $856 16.0 1.1 
CZ5 2.9 3,797 122 65.6% $14,609 $983 14.9 1.2 
CZ6 3.0 3,826 109 69.5% $14,911 $756 19.7 0.9 
CZ7 2.6 3,474 109 74.1% $13,703 $866 15.8 1.2 
CZ8 3.5 4,091 105 76.1% $11,802 $775 15.2 1.2 
CZ9 3.4 4,104 104 69.6% $11,500 $729 15.8 1.2 
CZ10-SCE/SoCalGas 3.4 4,099 103 66.5% $11,500 $720 16.0 1.1 
CZ10-SDG&E 3.4 4,099 103 66.5% $11,500 $781 14.7 1.2 
CZ11 4.5 5,609 101 60.2% $14,823 $1,141 13.0 1.4 
CZ12 4.0 4,627 106 57.5% $13,313 $956 13.9 1.3 
CZ13 4.6 5,616 100 61.5% $15,126 $1,167 13.0 1.4 
CZ14-SCE/SoCalGas 3.4 4,499 103 51.8% $11,500 $797 14.4 1.3 
CZ14-SDG&E 3.4 4,499 103 51.8% $11,500 $804 14.3 1.3 
CZ15 5.2 7,653 79 75.3% $16,939 $1,253 13.5 1.4 
CZ16 3.5 4,167 122 38.8% $16,422 $1,046 15.7 1.2 
Case 2         
CZ1 3.9 4,005 121 46.1% $13,327 $1,042 12.8 1.4 
CZ2 3.1 3,861 112 51.0% $10,910 $976 11.2 1.6 
CZ3 3.2 4,068 126 66.1% $11,212 $1,021 11.0 1.7 
CZ4 2.8 3,585 109 54.4% $10,004 $923 10.8 1.7 
CZ5 2.9 3,861 119 65.9% $10,306 $988 10.4 1.8 
CZ6 3.0 3,904 107 70.0% $10,608 $754 14.1 1.3 
CZ7 2.7 3,616 108 75.7% $9,702 $859 11.3 1.6 
CZ8 3.1 4,122 104 76.3% $10,910 $813 13.4 1.4 
CZ9 2.9 3,949 103 67.5% $10,306 $823 12.5 1.5 
CZ10-SCE/SoCalGas 3.0 4,110 102 66.4% $10,608 $831 12.8 1.4 
CZ10-SDG&E 3.0 4,110 102 66.4% $10,608 $948 11.2 1.6 
CZ11 4.0 5,507 99 59.0% $13,629 $1,269 10.7 1.7 
CZ12 3.5 4,581 104 56.8% $12,119 $1,043 11.6 1.6 
CZ13 4.2 5,672 98 61.7% $14,234 $1,295 11.0 1.7 
CZ14-SCE/SoCalGas 3.0 4,505 101 51.6% $10,608 $926 11.5 1.6 
CZ14-SDG&E 3.0 4,505 101 51.6% $10,608 $983 10.8 1.7 
CZ15 4.9 7,662 78 75.3% $16,349 $1,346 12.1 1.5 
CZ16 3.4 4,198 119 38.6% $11,817 $1,072 11.0 1.7 
a Gas savings resulting from replacing gas tankless water heater with electric HPWH. 
b Based on California electricity production and equivalent CO2 emission rates of 0.724 lbCO2e/kWh & 11.7 lb-CO2e/therm. 
c Includes ten percent markup for builder profit and overhead on HPWH. NSHP incentive not applied to PV costs. 
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4 Conclusions & Summary 
This report evaluated the feasibility of a proposed local ordinance promoting PV plus heat pump water heating for single family 
homes. In Case 1, a federal minimum efficiency HPWH was coupled with a PV system in addition to a solar thermal system 
where it was necessary to achieve compliance with 2016 Title 24, Part 6. In Case 2 a NEEA rated Tier 3 HPWH was coupled 
with a PV system only. In both cases the PV system was sized to meet the prescriptive PV capacities recommended in the 
Solar Ordinance, in addition to offsetting 100 percent of the incremental electricity use for the HPWH relative to the 2016 Title 
24, Part 6 base case.   
The Case 1 package includes the following items: 

• A HPWH with a 2.0 EF, the minimum allowed by federal efficiency standards.  

• PV systems sized to meet the prescriptive PV capacities recommended in the Solar Ordinance in addition to 
offsetting 100 percent of the incremental electricity use for the HPWH relative to the 2016 Title 24, Part 6 baseline 
case.  

o PVCC used for compliance in all applicable climate zones  

• Solar thermal system sized as required to meet 2016 Title 24, Part 6 compliance. In warmer climates, Climate Zones 
8-15, no solar thermal system was necessary. 

The Case 2 package offers an alternative design to Case 1 by removing the solar thermal measure and upgrading the water 
heater to a Tier 3 NEEA rated HPWH. The Case 2 packages includes the following items: 

• A Tier 3 NEEA rated HPWH.  

• PV systems sized to meet the prescriptive PV capacities recommended in the Solar Ordinance in addition to 
offsetting 100 percent of the incremental electricity use for the HPWH package relative to the 2016 Title 24, Part 6 
baseline case.  

o PVCC used for compliance in all applicable climate zones  
The Case 2 alternative is shown to be more cost-effective than Case 1 and is cost-effective in all climate zones for single 
family new construction analysis. 
One of the analysis objectives was to evaluate and identify a cost-effective measure package that did not include high 
efficiency equipment measures since state and local governments are prohibited from adopting minimum efficiency standards 
for equipment that is federally regulated under the National Appliance Energy Conservation Act (NAECA), including heating, 
cooling, and water heating equipment.  The Case 1 package demonstrates that the requirements for a local ordinance can be 
met without the use of equipment that exceeds federal minimum efficiency requirements in all climate zones except Climate 
Zones 1 and 6.  While cost-effective in most climate zones, the Case 1 package is not the only design choice.  More often, 
builders use a combination of improvements that include high efficiency equipment to meet the performance requirements, as 
shown in Case 2, which usually results in a higher B/C ratio.  All measure packages are examples only, using a prototypical 
building, demonstrating that there are multiple options to cost-effectively meet the performance requirements.  
The results indicate that achieving compliance with 2016 Title 24, Part 6 using a HPWH, PV systems, and other measures as 
described below is feasible for single family homes everywhere except in Climate Zones 1 and 6. There are certainly other 
combinations of efficiency measures that would result in a cost-effective package. However, these were not within the scope 
of this analysis. Future analysis may evaluate these as well as additional high efficiency water heating strategies. It is 
important to note that the packages contained in this report are examples only; any project meeting requirements of a local 
ordinance must independently evaluate and identify the most cost-effective approach based on project-specific factors.  
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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). 
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TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN (CONTINUED) 
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U 
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W
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R 8.0 
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U 
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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 
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R 15 

Be
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e 

Ex
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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 

Bu
ild

in
g 

En
ve

lop
e 

Ro
of

in
g P

ro
du

ct
s 

 
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 

 
Bu

ild
in

g 
En

ve
lo

pe
 

Fe
ne

st
ra

tio
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 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 
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12 
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14 
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M 
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e 11
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g  

 
Electric-Resistance Allowed 

 
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, HSPF9 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 
 

MIN 

  
Sp
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e 

co
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g 

 
SEER 

 
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 
 

REQ 
 

REQ 
 

REQ 
 

REQ 
 

REQ 
 

REQ 
 

NR 
 

NR 
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l 
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ir 

Ha
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Central Fan Integrated 
Ventilation System Fan 

Efficacy 

 
 

REQ 

 
 

REQ 

 
 

REQ 
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REQ 

 
 

REQ 
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REQ 
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Duct Insulation 
 

R-8 
 

R-8 
 

R-6 
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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 
 

R-8 

 
§150.1(c)9A 

 
NA 

 
NA 

 
NA 

 
NA 

 
NA 
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NA 

 
NA 
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g 

 
Duct Insulation 

 
R-6 
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R-6 

 
R-6 

 
R-6 
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R-6 
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R-6 

 
R-6 

 
R-6 

 
R-6 

 
R-6 

 
R-6 

 
R-6 

 
R-6 
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REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 

 
 

REQ 
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All Buildings 

 
 

System Shall meet Section 150.1(c)8 
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Footnote requirements to TABLE 150.1-A:14 
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 time limiting 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.  

  

                                                           
 
14 Single family buildings are modeled with Option B. 
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Appendix B – Prescriptive Minimum PV Sizing by Climate Zone 
from Solar PV Ordinance  
Table 8 presents the prescriptive PV sizing requirements from Table 3 in the Local PV Ordinance Cost Effectiveness Study 
(DEG, 2016a). 

Table 8: Minimum PV System Size (kWDC) Required to Meet Solar 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 
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Appendix C – Utility Rate Tariffs 
The 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 September 2017. 
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The following are the SCE electricity tariffs,( both standard and time-of-use) and SoCalGas natural gas tariff applied 
in this study. 
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The following are the SDG&E electricity (both standard and time-of-use) and natural gas tariffs applied in this study. 
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Appendix D – Energy Savings Details 
Table 9: Single Family Package Energy Savings Details for Case 1 

Climate Zone 

T-24 
Comp. 
Margin 

PV 
Capacity 

(kW) 

Elec Savings (kWh) Gas 
Savings 
(therms) w/o PV PV Only 

Net 
Savings 

Case 1             
CZ1 1.7% 4.0 -1,252 5,353 4,100 126 
CZ2 5.0% 3.1 -1,059 4,851 3,793 115 
CZ3 6.6% 3.2 -1,053 5,051 3,998 128 
CZ4 1.3% 3.1 -1,372 4,992 3,620 111 
CZ5 2.0% 2.9 -1,081 4,878 3,797 122 
CZ6 0.8% 3.0 -911 4,737 3,826 109 
CZ7 6.0% 2.6 -785 4,259 3,474 109 
CZ8 4.4% 3.5 -1,447 5,538 4,091 105 
CZ9 11.2% 3.4 -1,450 5,554 4,104 104 
CZ10-SCE/SoCalGas 9.1% 3.4 -1,443 5,543 4,099 103 
CZ10-SDGE 9.1% 3.4 -1,443 5,543 4,099 103 
CZ11 8.1% 4.5 -1,556 7,166 5,609 101 
CZ12 5.9% 4.0 -1,650 6,277 4,627 106 
CZ13 11.2% 4.6 -1,493 7,109 5,616 100 
CZ14-SCE/SoCalGas 6.9% 3.4 -1,609 6,109 4,499 103 
CZ14-SDGE 6.9% 3.4 -1,609 6,109 4,499 103 
CZ15 13.0% 5.2 -1,047 8,699 7,653 79 
CZ16 5.1% 3.5 -1,778 5,945 4,167 122 
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Table 10: Single Family Package Energy Savings Details for Case 2 

Climate Zone 

T-24 
Comp. 
Margin 

PV 
Capacity 

(kW) 

Elec Savings (kWh) Gas 
Savings 
(therms) w/o PV PV Only 

Net 
Savings 

Case 2             
CZ1 1.9% 3.9 -1,214 5,219 4,005 121 
CZ2 5.8% 3.1 -990 4,851 3,861 112 
CZ3 8.3% 3.2 -983 5,051 4,068 126 
CZ4 16.0% 2.8 -924 4,509 3,585 109 
CZ5 3.1% 2.9 -1,017 4,878 3,861 119 
CZ6 2.8% 3.0 -833 4,737 3,904 107 
CZ7 2.4% 2.7 -807 4,423 3,616 108 
CZ8 31.8% 3.1 -783 4,905 4,122 104 
CZ9 28.1% 2.9 -788 4,737 3,949 103 
CZ10-SCE/SoCalGas 25.5% 3.0 -781 4,890 4,110 102 
CZ10-SDGE 25.5% 3.0 -781 4,890 4,110 102 
CZ11 17.2% 4.0 -862 6,369 5,507 99 
CZ12 20.7% 3.5 -912 5,493 4,581 104 
CZ13 19.9% 4.2 -819 6,491 5,672 98 
CZ14-SCE/SoCalGas 16.2% 3.0 -885 5,390 4,505 101 
CZ14-SDGE 16.2% 3.0 -885 5,390 4,505 101 
CZ15 17.9% 4.9 -535 8,197 7,662 78 
CZ16 7.6% 3.4 -1,577 5,775 4,198 119 
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