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Study Question: 
What amount of additional solar is required to make utility bills of an all-electric apartment 
building cheaper than its gas hybrid counterpart, built to the 2019 California Title 24 New 
Construction Low Rise Residential Multifamily Energy Code in all Southern California Edison 
Territory Climate Zones? 

Summary of Study: 
Three scenarios were studied using a two-story multifamily project, all designed to meet 
California’s 2019 Title 24 Code with minimum code compliant PV arrays.  

The scenarios studied are as follows: 
1. Minimum prescriptive compliance options for all-electric and gas-hybrid construction
2. High performance mechanical system options for all-electric and gas-hybrid construction
3. Adding more PV to the all-electric Minimum Prescriptive and High-Performance options

until the utility bills are lower than the gas-hybrid options

The two-story multifamily project of study consists of 26 residential apartments (Figure 1) and 
was modeled using Energy Pro v8.0.3. The building of study was modeled in Southern 
California Edison (SCE) Territories 5, 9, 10, 13, 14 and 16 residing in California Energy 
Commission (CEC) Climate Zones 6, 9, 10, 13, 14 and 16 respectively. (See Appendix A for 
climate and utility zoning) 

Figure 1: The Apartment building of study, modeled in all Southern California Edison territories. 

Summary of Constant Inputs  
The construction components of the building envelope, HERS verification measures and 
minimum standard PV sizing are all constant throughout the study. All measures follow at least 
2019 CA T24 prescriptive requirements for multifamily low-rise new construction, while some 
exceed the minimum. (See Appendix A for energy modeling inputs) 

Summary of Variable Inputs for Scenarios of Study: 
The variables that change in this study include the mechanical systems for each fuel-type 
scenario and the change in efficiency according to prescriptive minimum or high-performance 
selections. Some scenarios have improved roof insulation, HVAC efficiencies, and windows in 
order to comply. (See Appendix B for varying energy modeling inputs for each climate zone) 



Results 
The results of the study show how much additional PV above 2019 California Title 24 code 
minimum requirement is needed to make the all-electric building is cheaper to operate than the 
gas-hybrid. Results are displayed two ways; Additional kW per Building (Table 1, in blue) and 
Additional kW per Apartment (Table 2, in green). See Appendix C for a detailed breakdown of 
varying energy modeling inputs for each scenario. 

  Additional kW per Building Additional kW per Apartment 

The graph below illustrates the same results as Table 1 above (in green), showing the additional 
PV required, per apartment, to make the all-electric model cheaper to operate than the gas-
hybrid model. Climate Zone 6 required the least amount of additional solar to make the all-
electric operating costs lower and Climate Zone 16 required the most. For all Climate Zones, 
except Climate Zone 16, the high performance all-electric model required less solar than the 
prescriptive minimum model. For all climate zones, it takes less than 1.2 kW additional solar 
above minimum code requirements per apartment to make the all-electric building cheaper to 
operate.  

Table 1: Results of additional PV required for each CEC 
Climate Zone to make an all-electric building cheaper to 
operate than a gas-hybrid building. 

CEC Climate Zone

Additional PV 
Needed for 

Prescriptive Min. 
All-Electric (kW 

per unit)

Additional PV 
Needed for High 
Performance All-
Electric (kW per 

unit)

6 0.15 0.15

9 0.18 0.16

10 0.21 0.17

13 0.39 0.38

14 0.69 0.62
16 0.73 1.18

Table 2: Results of additional PV required for each 
CEC Climate Zone to make each all-electric 
apartment cheaper to operate than gas-hybrid 
apartments. 

CEC Climate Zone

Additional PV 
Needed for 

Prescriptive Min. 
All-Electric (kW 

per building)

Additional PV 
Needed for High 
Performance All-
Electric (kW per 

building)
6 4.00 4.00
9 4.80 4.20

10 5.40 4.50
13 10.20 10.00
14 18.00 16.00
16 19.00 30.77



Figure 2: Graph of results, showing additional PV needed, above 2019 Title 24 Code minimum PV, per apartment, for 
each all-electric scenario to have lower annual utility bills than similar gas hybrid homes. 

Climate Zone 16 requires special attention due to the 2019 Title 24 Standards, which state that 
when using a heat pump water heater in CEC Climate Zone 16, additional PV is required in 
order to comply. (See Appendix D for more detailed information from the Standards, regarding 
heat pump water heaters and compliance in CZ 16) 

Refer to Appendix E for a detailed list of results, including operating costs for each building 
scenario in each CEC Climate Zone 
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Appendix A: Climate Zone and Utility Zone Data 

Figure 3: Southern California Edison Baseline Territories Map, 2019 

Figure 4: Southern California Edison Electricity Rates for each Tier, 2019 



Figure 6: Southern California Edison Daily Allocations, Winter 2019 

Figure 5: Southern California Edison Daily Allocations, Summer, 2019 



Figure 7: Southern California Gas Company Residential Rates, per Therm (Dec. 31, 2019) 



Figure 8: Southern California Gas Company Residential Daily Therm Allowances (Dec. 31, 2018) 



Appendix B: Constant Energy Modeling Inputs, Standard Minimum Assumptions 

Building Envelope and HERS Credits 
● Conditioned Floor Area: 16,252 square feet
● Slab area: 7,532 square feet
● HERS Verified Features:

○ Quality Insulation Installation (QII) verification
○ IAQ mechanical ventilation: Required IAQ efficiency= 0.25 Watts/CFM

verification
○ HVAC distribution, duct sealing verification
○ HVAC distribution: duct location verification
○ HVAC cooling: Refrigerant charge verification
○ HVAC cooling: EER verification
○ Domestic hot water (DHW) pipe insulation, all lines, verification

Figure 9: Summarized table of constant inputs for all energy models, per climate zone, primarily relating to the 
building envelope.. 

Mechanical Equipment 
Unless otherwise noted, the constant inputs for mechanical systems throughout the study are 
consistent with the following: 

2019 Prescriptive Minimum All-Electric: 
● Heating: HSPF 7.7, 25,600 BTU split heat pump
● Cooling: SEER 14, 24,000 BTU cooling, 12 EER
● DHW: EF 3.39, 15,359 BTU, 50-gallon heat pump water heater

2019 Prescriptive Minimum Gas-Hybrid: 
● Heating: AFUE 81%, 24,300 BTU split furnace
● Cooling: SEER 14, EER 11, 24,600 BTU
● DHW: EF 0.81, 190,000 BTU, tankless

2019 High Performance All-Electric: 
● Heating: HSPF 10 (COP 3), 25,000 BTU heat pump

6 9 10 13 14 16

Roof insulation R-30
R-38 +R-5 
below deck

R-38 +R-5 
below deck

R-38 +R-5 
below deck

R-38 +R-5 
below deck

R-38 +R-5 
below deck

Radiant barrier and cool roof? Yes Yes Yes Yes Yes No
Interior ceiling insulation R-19 R-19 R-19 R-19 R-19 R-19

Exterior wall insulation R-21 +R-5 ext. R-21 +R-5 ext. R-21 +R-5 ext. R-21 +R-5 ext. R-21 +R-5 ext. R-21 +R-5 ext.
Interior wall insulation R-19 R-19 R-19 R-19 R-19 R-19
Windows: U-factor 0.30 0.30 0.30 0.30 0.30 0.21
Windows: SHGC 0.23 0.23 0.23 0.23 0.23 0.5
Doors R-4 R-4 R-4 R-4 R-4 R-4
Duct insulation R-8 R-8 R-8 R-8 R-8 R-8
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● Cooling: SEER 21, EER 12.5, 24,000 BTU
● DHW: UEF 3.49, 15,355 BTU, NEEA-Rated 50-gallon heat pump water heater

2019 High Performance Gas-Hybrid: 
● Heating: AFUE 95.5%, 25,000 BTU furnace
● Cooling: SEER 19, EER 13.9, 24,600 BTU
● DHW: EF 0.95, 50-gallon tank, 50,000 BTU gas storage water heater

Solar PV Minimum Requirements 

Figure 3: The required solar PV system calculations. 



Appendix C: Detailed Variable Energy Modeling Inputs for Various Scenarios, per Climate Zone 

1. Santa Barbara, CA: CEC Climate Zone 6, SCE Territory 5, So Cal Gas Zone 1
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas
ii. 0.58 Watts/CFM for all-electric

b. Standard minimum PV for compliance:
i. 39.3 kW

2. La Puente, CA: CEC Climate Zone 9, SCE Territory 9, So Cal Gas Zone 1
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas
ii. 0.58 Watts/CFM for all-electric

b. Cooling:
i. Upgraded to SEER 16, EER 12 to comply for gas

c. Standard minimum PV for compliance:
i. 40.4 kW

3. Moreno Valley, CA: CEC Climate Zone 10, SCE Territory 10, So Cal Gas Zone 1
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas
ii. 0.58 Watts/CFM for all-electric

b. Cooling:
i. Upgraded to SEER 16, EER 12 to comply for gas

c. Standard minimum PV for compliance:
i. 41.1 kW

4. Farmersville, CA: CEC Climate Zone 13, SCE Territory 13, So Cal Gas Zone 2
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas
ii. 0.58 Watts/CFM for all-electric

b. Cooling:
i. Upgraded to SEER 16, EER 12 to comply for gas

c. Standard minimum PV for compliance:
i. 47.2 kW

5. Lancaster, CA: CEC Climate Zone 14, SCE Territory 14, So Cal Gas Zone 2
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas
ii. 0.58 Watts/CFM for all-electric

b. Cooling:
i. Upgraded to SEER 16, EER 12 to comply for gas

c. Standard minimum PV for compliance:
i. 39.7 kW

6. Crestline, CA: CEC Climate Zone 16, SCE Territory 16, So Cal Gas Zone 3
a. HVAC fan efficacy:

i. 0.45 Watts/CFM to comply for gas



ii. 0.58 Watts/CFM for all-electric
b. Heating:

i. Upgraded to HSPF 14 to comply for prescriptive all-electric (1a) and high-
performance all-electric (2a)

c. Cooling:
i. Upgraded to SEER 16 to comply for prescriptive all-electric (1a) and

prescriptive gas (1b)
d. Standard minimum PV for compliance:

i. 37.03 kW for gas, 46 kW for all-electric
e. DHW:

i. Upgraded to EF= 3.45 to comply for prescriptive all-electric (1a)
f. Standard minimum PV for compliance:

i. 46 kW (all-electric), 37 kW for gas-hybrid



Appendix D: Climate Zone 16 Special Case for Heat Pump Water Heaters 

Climate Zone 16 requires additional PV to comply for heat pump water heaters. This has been 
accounted for in the study, and the language from the EnergyPro 8.0.3 manual is below, 
referencing the 2019 residential standards. 

Figure 10: EnergyPro v8 Manual, Heat Pump Water Heater additional requirements in climate zone 16 



Appendix E: Cost Analysis for Each Climate Zone 

CEC 
Climate 

Zone

Electric 
Baseline 
Territory 

(SCE)

Gas 
Baseline 
Territory 

(SoCal 
Gas)

Annual Utility 
Costs ($) Scenario of Study

Proposed 
PV (kW)

Additional 
PV (kW)

6 5 1  $              5,895 Prescriptive Minimum All-Electric 39.3
6 5 1  $              4,367 Prescriptive Minimum Gas-Hybrid 39.3

6 5 1  $              4,184 
Prescriptive Minimum All-Electric + 

Additional PV 43.4 4
6 5 1  $              5,570 High-Performance All-Electric 39.3
6 5 1  $              4,027 High-Performance Gas-Hybrid 39.3

6 5 1  $              3,954 
High-Performance All-Electric + 

Additional PV 43.4 4
9 9 1  $              6,268 Prescriptive Minimum All-Electric 40.4
9 9 1  $              4,219 Prescriptive Minimum Gas-Hybrid 40.4

9 9 1  $              4,143 
Prescriptive Minimum All-Electric + 

Additional PV 45.2 4.8
9 9 1  $              5,635 High-Performance All-Electric 40.4
9 9 1  $              3,981 High-Performance Gas-Hybrid 40.4

9 9 1  $              3,863 
High-Performance All-Electric + 

Additional PV 44.6 4.2
10 10 1  $              6,572 Prescriptive Minimum All-Electric 41.16
10 10 1  $              4,319 Prescriptive Minimum Gas-Hybrid 41.16

10 10 1  $              4,163 
Prescriptive Minimum All-Electric + 

Additional PV 46.56 5.4
10 10 1  $              5,969 High-Performance All-Electric 41.16
10 10 1  $              4,105 High-Performance Gas-Hybrid 41.16

10 10 1  $              4,057 
High-Performance All-Electric + 

Additional PV 45.66 4.5
13 13 2  $              9,341 Prescriptive Minimum All-Electric 47.25
13 13 2  $              6,612 Prescriptive Minimum Gas-Hybrid 47.26

13 13 2  $              6,638 
Prescriptive Minimum All-Electric + 

Additional PV 57.45 10.2
13 13 2  $              8,430 High-Performance All-Electric 47.25
13 13 2  $              6,234 High-Performance Gas-Hybrid 47.26

13 13 2  $              5,999 
High-Performance All-Electric + 

Additional PV 57.25 10
14 14 2  $           10,766 Prescriptive Minimum All-Electric 39.69
14 14 2  $              5,571 Prescriptive Minimum Gas-Hybrid 39.7

14 14 2  $              3,045 
Prescriptive Minimum All-Electric + 

Additional PV 61.69 22
14 14 2  $              9,363 High-Performance All-Electric 39.69
14 14 2  $              5,142 High-Performance Gas-Hybrid 39.7

14 14 2
High-Performance All-Electric + 

Additional PV 18
16 16 3  $           13,509 Prescriptive Minimum All-Electric 46 8.97
16 16 3  $              7,891 Prescriptive Minimum Gas-Hybrid 37.03

16 16 3  $              7,781 
Prescriptive Minimum All-Electric + 

Additional PV 65 19
16 16 3  $           16,842 High-Performance All-Electric 38.03
16 16 3  $              7,233 High-Performance Gas-Hybrid 37.03

16 16 3  $              7,215 
High-Performance All-Electric + 

Additional PV 67.8 30.77
Table 3: Summary of results for each climate zone, including utility costs. 


