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2016 Energy Efficiency Ordinance Cost Effectiveness Study 

1 Introduction 
The California Building Energy Efficiency Standards Tit~e 24, Part 6 (Title 24) (CEC, :Z016b) is 
maintained and updated every three years by two state agencies, the California Energy Commission 
(CEC) 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 standaros 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 jurisdiqtions 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 CEC and file the ordinance with the BSC for the ordinance to be legally enforceable. 

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 exceed the 2016 Building Energy 
Efficiency Standards, which become effective January l, 2017. The analysis includes scenarios of 
compliance packages options and cost effectiveness 8(18lysis for all sixteen California climate zones. Four 
levels of building energy performance were examined: 

( 1) exceeding the minimum requirements by at least 15%, consistent with tf\e voluntary Tiet 1 
Performance Standard in Title 24, ~art 11 (CALGreen), 

(2) exceeding minimum requirement by at least 30%, consistent with th~ voluntary Tier 2 
PerfomYP1ce Standard in CALGreen, 

(3) meetihg minimum Title 24 efficiency performance targets plus on-site renewable energy 
generation sufficient id achieve an Energy Design liating of zero (TDV-2'.eio ), consistent with the 
voluntary l.ero Net Energy Design tier in CALGreen, ' ' 

I 

( 4) meeting miniJnum Title 24 efficiency performance targets ~lus pn-site renewable energy 
generation si7.ed to offset a portion of the total TOV loads o(tb.e building without risking sizjng 
of the PV system larger than the estimated electrical energy use of the building. 

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 singl~ family prototypes and one multifamily prototype, all three 
of which are used in this analysis in development of the above-code efficiency packag~. Table 1 
describes the basic chpracteristi~ of each prototype. Additional details on the prototypes can be found in 
the ACM Approval Manual (CEC, 2016a). 

Table 1: Proto e Characteristics 
Sinlde Fami!I Sinlde Fgmil! Multifamib'. One-Stoa Two-Stoa 

6,960 ft2: 
Conditioned Floor Area 2,100 ft2 2,700 ft2 (4) 780 ft2 & 

(4) 960 ft2 units 
Num. or Stories 1 2 2 

Num. of Bedrooms 3 3 (4) I-bed& 
( 4 2-bed units 

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

Page 1 September, 2016 



2016 Energy Efficiency Ordinance Cost Effectiveness Study 

Additionally, each prototype building has the following features: 

• Slab-on-grade foundation 
• Vented attic. High performance attic in climates where prescriptively assigned (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 meet the minimum federal guidelines for 

efficiency 
• Tank.less 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, 2016d), designed to meet, but not exceed, the minimum requirements. 

The CEC' 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 house1• 

2.2 Efficiency Measures & Package Development 

The CBECC-RES 2016.2.0 ALPHA22 (833) 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 CEC 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). A table of 
prescriptive measures used in each base design by climate zone is located in Appendix A. Using the 2016 
baseline as the starting point, prospective energy efficiency measures were identified and modeled in each 
of the prototypes to determine the projected energy (Therm and kWh) and compliance impacts. A large 
set of parametric runs3 were conducted to develop packages of measures that exceed the minimum code 
performance level by 15% (CAL Green Tier 1 ), and 30% (Tier 2). The consultants authoring this study 
selected packages and measures based on decades of experience with residential architects, builders, and 
engineers along with general knowledge of the relative acceptance and preferences of many measures, as 
well as their incremental costs. 

I 2,430 ft2 = 45o/o * 2,100 ft2 + 55o/o * 2,700 ft2 

2 On June 14, -2016 the CEC 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. 
3 Using the "quick" simulation speed option. 
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Evaluation results fqr the selected packages show that meeting the perfonnance targets for both single 
family and.multifamily prototypes is feasible in most climate zon~~- In cli_nWes where it was not feasible, 
targets were relaxed to ~ appropriate level. It is important to note that the packages contained in this 
report are examples only; any project meeting requirements of a local ordinance, bolh single family and 
multifamily, must independently evaluate and identify the most cost effective approach 't;ased on project
specific factors. 

Following are descriptions of each of the efficiency measures applied in this analysis. 

Quality Insulation Jnstallation f.QID: HERS rater verificatio~ of insulation quality according to the 
procedures outlined in the 2016 ~ference Appendices RA3.5 (CEC, 2016c). QII is included in all cases 
since it is a pre-requisite for all the vol'qntary tiers in lO 16 CALGreen. 

Reduced Infiltration (ACH50): HERS rater field verification and diagnostic testing of building air 
leakage according to fhe prQCedures outlined in the 2016 Referen~ Appendices RA3.8 (CEC, 2016c ). 
The default infiltration assumption for single family homes is 5 ai{ changQS per hour at 50 Pascals 
(ACH50)4 and the red1,1ced level applied in this analysis is 3 ACH50. Thi.s measure was not applie<l·to 
multifamily homes because the modeling software does not allow this credit unless each unit is modeled 
individually, wh(ch is nQt typical, in the compliance process for multifamily buildings. 

Window Performance: Reduce window U-value from the prescriptive value of 0.32 to 0.30 in all 
climate& an~ reduce the solar heat gain ~fficient(SHGC) from the prescriptive value of 0.25 to 0.23 in 
climate mne 2, 4, 6 through 16.,In climate zones 1, 3, and 5 there is no prescriptive SHGC requireJlient 
and the default value ofO.SO is left as is. 

Dct9r Performance: Install ihsulated doors that meet a U-value df 0.20 at the front entry and doors 
befweed the house and garage. It's assumed there is a single 3' x 6'8" entry door per single family home 
and multifamily unit as well as a second 3' x 6' 8" door to the garage per single family home. 

Cool Roof: Install a roofing product that's rated by the Cool Roof Rating Council to-have an aged solar 
reflectance of0.20. this m~ure only applies to climates zones where this is not already required 
prescriptively. 

1 

Exterior.Wall Insulation; Increase wall cavity insulation from R-19 to R-21 in 2x6 walls. 

Rigb Performance Attics lHPA): For climates where HPA is not already prescriptive under the 2016 
code (CZ 1-3, 5-7), increase attic ceiling insulation to R-38 ana add insulation under the roof deck 
between framing (R-13 for roof with air space, R-18 for roof without Qir sp~ ). 

High Efficiency Furnace: Upgrade furnace to a condensing unit with an efficiency of 92% AFUE. 

Digb Efficiency Air Conditioner: Upgrade air conditioner efficiency beyond federal efficiency 
minimum to either SEER 15 / EER 12.5 or SEER 16 / EER 13. 

High Efficacy Fan: Upgrade the fan in the furnace or air handler using an electronically commutated 
motor (ECM) that meets an efficacy of0.3 Watts/ ctin or lower operating at full speed. Fan watt draw is 
verified by a HERS rater according to the procedures outlined in the 2016 Reference Appendices RA3.3 
(CEC, 2016c). New federal regulations that go into effect July 3, 2019 are expected to result in equivalent 
performance for all newly manufactured furnaces provided that the ducts are sized properly. 

4 Whole house leakage tested at a pressure difference of SO Pascals between indoors and outdoors. 
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Refrigerant Charge Verification: HERS rater verification of proper air conditioner refrigerant charge 
according to the procedures outlined in the 2016 Reference Appendices RA3.2 (CEC, 2016c). This 
measure only applies to climates zones where this is not already required prescriptively. 

R-8 Duct Insulation: Increase duct insulation to R-8. This measure only applies to climates zones where 
R-8 ducts are not already required prescriptively. 

High Efficiency Water Heater: Upgrade tankless water heater to a condensing unit with a rated Energy 
Factor (EF) of either 0.94 or 0.96. 

Hot Water Pipe Insulation: Beginning in January 1, 2017 the 2016 California Plumbing Code will 
require pipe insulation levels that are close to that required if taking the Title-24 pipe insulation credit. 
This credit will be obsolete under the 2016 energy code, however, the HERS-Verified Pipe Insulation 
Credit, as defined in the 2016 Reference Appendices RA3.6.3 (CEC, 2016c), will remain. While CBECC':' 
Res has not yet been updated to reflect this, for this analysis it was assumed that the revised HERS 
verified credit would be equivalent to the current credit for pipe insulation without HERS verification. 
This was detennined based on simulations that demonstrated the HERS credit to be valued at roughly 
twice that for pipe insulation without verification in tenns of TDV energy. This credit was only applied to 
single family residences. For costing purposes, 120 linear feet of 1/2in insulated pipe is assumed to be 
insulated. 

Hot Water Compact Distribution: HERS rater verification of compact distribution system requirements 
according to the procedures outlined in the 2016 Reference Appendices RA3.6.5 (CEC, 2016c). This 
measure was applied to multifamily buildings only. Many multifamily buildings with individual water 
heaters are expected to easily meet this credit with little or no alteration to plumbing design. This measure 
also requires verification of pipe insulation per the HERS-Verified Pipe Insulation Credit. Assumption is 
60 linear feet per dwelling unit of 1/2in insulated pipe. 

PV Compliance Credit: To be eligible for this compliance credit a PV system with a minimum capacity 
of 2 kW DC per single family home with no more than 2,000 ft2 of conditioned floor area and I kW DC 
per multifamily unit with no more than 1,000 ft2 of conditioned floor area is required. For the single 
family 2,430 ft2 prototype the minimum capacity as calculated by CBECC-Res is 2.0 kW to 2.4 kW 
depending on the climate zone. The multifamily apartment units in the prototype are all under 1,000 ft2 

and therefore require a 1 kW system. The credit was developed to give builders an option with which to 
trade-off High Performance Attics and Walls, and to begin preparing for ZNE requirements. 

Table 2 below summarizes the measures evaluated along with cost assumptions. 
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11 bl 2 Mi D . t: & C st A tio a e . easure escr1p, ions 0 ssump, ns I . 
Incremental Cost 

Performance Single MF-Per 
Measure Level Familv Unit Source & Notes 

City of Palo Alto 2016 Reach Code Ordinance: 
Oil Yes $519 $133 httn://www.citvofuaJoaJto.om/civiaoo':fitebank/doouments/52054 

I NREL measure cost database ($0.115/ft2 for sealing) + HERS rater 
ACH50 3.0 $379 n/a verification ($100). 

' i 

Wall 2016 CASE Report: Residential High Performance WalJs and QII, 
Insulation R-21 $164 n/a 20 I 6-RES-ENV2-F 

AgedRetl~ $0-$0:50 I ft2 of roof area per local industry expert at 'LBNL. Used 
Cool Roof = 0.20 $523 $131 averue of$0.2S/ft2• 

WindowU-
factor/ SHGC 0.30/023 $73 $20 Ener€omn ($0.1S/ft2 of window area) . 

NREL rpeasure cost 4atal>ue ($3.S0/ft2) fo.r doors between house 

Doors 0.20 U-factor $210 $140 
and garage. Doubfe cost ($7/ft2) for (rant door ~~g a premium 
oroduct. 

High For climate mnes 1-3, & 5-7 only where HPA is not prescriptive. 
Performance R-15 under 2016 CASE Report: Residenti!ll' Ducts in Conditioned Space / High 
Attics (HP A) roof deck $878 $219 Performance Attics, 2016-RES-ENVl-F 
Furnace 92% ' $389 $3Sl Local HV AC contractor, MF teduction for smaller cabacity. 
Air 15/12.5 ' $78 $46 Local 'AV AC contractor, MF reduction 'for smaller •' 

Conditionipg 
16ti3 

1 I Averag~ ·pf local HV AC contractor & ~L database costs. MF 
$839 $699 reduction for smaller caoa~ity •.. • 

Fan Efficacv 0.3 Watts/cfm $143 $104, Local.HY AC coniractor, MF rechiction for smaller caoacity. 
Refiige~t HERS 
Char2e ~ verified. n/a $75 Local HERS rater. 

For clim~ mnes ~! 6; & 7 'where not prescriptive. 2016 CASE 
Duct Report: Residential Ducts in Conditioned Space / High Performance 
Insulation l R-8 $164 n/a Attics 2016-RES-ENVJ-F . 0.94EF $0 $0 Internet pric~ and plumbing conmlCtor input. ,Minimal 

incremen~ equip cost and lower cost to ~stall PVC venting 
Water heater (condensing) vs stainless venting (standard). Slight premium going 

0.96EF $100, $100 fiom 0.94 to 0.96. . 
Roughly equivalent to code requirements effective Jan. 2017. I 0% 

'I of$~.87 per ft (2013 SF 11HW CASE stydy) fo} additional labor to 
Hot water ~ipe HERS pass HERS inspection. $100 for HERS verification per local HERS 
insulation· verified $146 n/a raters. 
Hot water · Assume compact design already or easily achieved in MF units - no 
compact HEJlS added cost. $100 HERS verification fee per local HERS rater. Pipe 
distribution verified n/a $112 insulation-cost oer the pine insulation measure assumotions. 

Avg. system cost for syst~ < IOkW (for the last 12 months) of 
$5.29/Watt for single family ~ :/lwww.&m!olarcalifomiaca.gov!'.). 
For multi-faqtily systems, an average of the< 10 kW and 

0

> lOkW 
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. In botli cases cost 

System si7.e $3.53 / $3.21 / was reduced ,by $0.25/Watt for the NSHP incentive & 30% for the 
PV varies kWDC kWDC solar investment tax credit. 
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2.3 Efficiency Packages 

Three efficiency packages were developed for each climate zone where feasible, as described below. 
Since the federal government does not allow local or state government agencies to require the use of 
federally-regulated equipment that exceeds the minimum standard requirement, this analysis includes at 
least one package for each climate zone that does not require installing equipment with higher efficiencies 
than federally mandated. In climates where the PV Compliance Credit (PVCC) is available (all climates 
except 6 and 7) a package that includes the PVCC in addition to efficiency measures was evaluated to 
achieve Tier 2 performance levels. 

1) Envelope: These packages focus on building envelope measures but also include efficient hot 
water pipe distribution and cooling fan efficiency measures that don't trigger federal preemption 
issues. 

2) Equipment: Use of HVAC and water heating equipment that are more efficient than federal 
standards combined with efficient envelope measures if necessary. 

3) PV Credit: Utilize the PV compliance credit (PVCC) available in all climate zones except 6 and 
7. 

2.4 PV Performance Packages 

Using the Tier 2 efficiency package (or Tier 1 in cases where reaching Tier 2 wasn't feasible), the PV 
system was evaluated and sized to offset TDV loads for the following two conditions: 

1) PV-Plus: Install a PV system sized to offset a portion of the total household energy use based on 
TDV energy. PV sizing is consistent with the methodology included in the California Energy 
Commission's proposed Solar PV Ordinance being developed by the CEC, and PV sizing 
calculations were developed such that PV size is to be equivalent to offsetting approximately 80% 
of total estimated building electricity use for a gas/electric home built to the 2016 Title 24. Table 
3 summarizes the prescriptive PV sizing based on Climate Zone and home size. 

2) TDV-Zero: Install a PV system sized to offset 100% of building energy use based on TDV 
energy, including appliances and plug loads. This is consistent with the requirements of the 
CALGreen Zero Net Energy Design tier. 

In both these cases PV is evaluated in CBECC-Res according to the California Flexible Installation (CFI). 

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

Conditioned CZI CZ2 CZ3 CZ4 czs CZ6 CZ7 CZ8 CZ9 CZIO CZII CZl2 CZl3 CZl4 CZ15 CZl6 Space (ftl) 

Less than 1.6 1.4 1.5 J.3 1.4 1 S l.3 l.S 1.4 1.4 1.7 LS 1.8 u 2.1 13 1000 

1000 • 1499 2.0 1.7 1.7 1.5 1.6 l.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 24 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 26 2.7 2,4 2.4 2.6 2.3 2.1 2.6 2.7 37 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 30 

3500 - 3999 3.9 3.2 3.2 2.9 2.9 32 2.7 3.3 3.2 3.3 4.7 '.ts 4.9 3'.4 6.3 3.3 

4000 • 4499 4.3 3.5 3.5 32 3.1 3.4 2.9 36 35 3.6 5.1 4.2 5.4 3.7 7.0 3.6 
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2.5 Cost Effectiveness 
A customer based approach to evaluating cost effectiveness was used based on past experience with 
Reach Code adoption by local governments. The cUJTent residential utility rates at the time of the analysis 
were used to calculate utility costs for all cases and determine cost effectiveness for the pr9posed 
packages. Annual utj.lity costs were calculated using hourly electri~ity and gas output fr9m CBECC-Res 
and applying the utility tariffs summari7.ed in Table 4. Appendix C includes the utility rate schedules 
used for this study. The standard residential rate (El in PG&E territoiy, Din SCE territoiy, & DR in ' 
SDG&E) was appliell to the base case and all cases without PY systems. The applicable residential time
of-use (TOU) rate was applied to all cases with PY systems. 5 Any annual electricity production in excess 
of annual electricity consumption is credited to the utiljty 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: 
• SCE: 
• SDG&E: 

$0.043/kWh 
$0.0298 / kWh6 

$0.0321 / kWh7 

Table 4: IOU UtUil , Tariffs used b~ed O!I Oimate Zone 
Climate Eiectric / Gas 1 Electricity Electricity Natural Gas 
Zones Utility (Standard} (Time-of-use} 

1-5, 11-'13, 16 'PG&E ! ' El E-TOU, OntionA 01 
6, 8-10. 14. 15 SCE / SoCal Gas .D TOU-D-T GR 

7 SDG&E DR DR-SES GR 

Cost effectiveness was evaluated for all sixteen climate zones and 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 offuture 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/actor) I (First incremental cost• Financing/actor) 

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) 

5 Under NEM rulings by the CPUC (D-16-01-144, 1/28/16), all new PY 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://W\vw.pge.com/en/myhome/saveenergymoney/plans/tou/index.page?). 
6 SCE net surplus compensation rate based on I-year average September 2015 -August 2016. 
7 SDG&E net surplus compensation rate based on I-year average August 2015-July 2016. 
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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 I Annual customer utility cost savings 

2.6 Greenhouse Gas Emissions 
Equivalent CO2 emission savings were calculated using the following emission factors. Electricity factors 
are specific to California electricity production. 

Ti bl 5 E ' I CO E ' ' Fi a e . ,(/UIVa ent 2 missions actors . 
Source 

Electricity 0.724 lb. COi-e I kWh U.S. Environmental Protection agency's 2007 eGRID 
data.8 

Natural Gas 11. 7 lb. C02-e / Therm Emission rates for natural gas combustion as reported by 
the U.S. Environmental Protection agency's GHG 
Eauivalencies Calculator.9 

8 https://w,vw.epagov/energy/ghg-eguivalencies-calculator-calculations-and-references 

9 https:/ /www.epa.gov/energy/greenhouse-gas-equ ivalencies-calculator 
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3 Results 
Cost eff~tive analysis including evaluating three efficiency packages and two PV perfonnance packages 
was completed for all sixteen climate zones. Evaluations looked to identify cost effective Tier 1 and Tier 
2 packages for both single family and multifamily prototypes at the CALOreen perfonnance targets of 
15% and 30%. When initial proposed packages were found to not be cost effective, multiple iterations 
were conducted to identify a cost effective package. In certain climates it was not feasible, and targets 
were subsequently relaxed to something more appropriate. In other climates no cost effective package 
could be identified. In almost every climate there was no cost effective way to achieve Tier 2 efficiency 
levels without the PV compliance credit, therefore all Tier 2 packages include PV. Because the PVCC is 
not available in climate zones 6 and 7, no Tier 2 packages were developed for those climates. 

Since the results from this analysis are intended to support mandatory energy efficiency requirements, the 
authors intentionally selected proven cost-effective measures with wide market acceptance in typical 
residential construction. Achieving greater performance is feasible using advanced design strategies and 
measures. 

3.1 Single FamUy Results 

3.1.1 Sinflle Family Cost Effectiveness Analysis 

A comparison of cost effectiveness for each climate zone and five cases is presented in Figure I. Table 6 
and Table 7 provide the results in tabular form along with energy and greenhouse gas (OHO) savings for 
each efficiency and PV perfonnance-tier. Cost effectiveness results are presented for all three efficiency 
packages described previously (Envelope, Equipment, and PV Credit) as well as for the two PV 
performance packages (PV-Plus and TDV-l.ero). A summary of measures included in each package is 
listed in Appendix B.1. The lifecycle benefit-to-cost ratio threshold of one is roughly equivalent to a 
simple payback of 18 years. Shaded rows in the tables reflect those cases which are not cost effective. 
While using high efficiency equipment is shown to result in the highest return on investment in many 
climates, it was necessary to find cost effective packages that do not require specifi cation of equipment 
with effi ciencies better than federally mandated values to avoid federal preemption prohibitions. 

Tier I Envelope packages were found to be cost effective in climate zones 1 through 5 and 9 through 16. 
The Tier 1 threshold in climate zone 4 was reduced to 10% to meet the cost effectiveness criteria without 
installing equipment more efficient than federally mandated. No cost effective Tier 1 efficiency packages 
were identified in climate zones 6 through 8. 

Table 7 presents results for the two PV performance packages including the PV capacity necessary to 
offset the specified TDV energy. The PV system capacity for the.PV-Plus packages is sized based upon 
the values in Table 3 to provide approximately 80% of estimated annual kWh consumption. The required 
TDV-l.ero PV capacity (as required to generate a TDV=O compliance simulation result) ranges from 3.1 
kW DC in the mild climates (CZS and 7) to 7.7 kW DC in hot climates (CZlS). In all cases the measures 
in these packages reflect those in the Tier 2 package, with the exception of climate zones 6 & 7 where 
they are based on the Tier 1 envelope package. 

The PV-Plus cases demonstrate cost effectiveness with a benefit-to-cost ratio ranging from 1.08 to 1.49. 
Adding PV beyond the amount needed to offset electricity use reduces cost effectiveness in all cases. The 
l.ero-TDV cases are cost effective in only four climate zones and benefit-cost ratios are consistently 
lower in all climates. This is impacted by the fact that the compliance model is based upon a home with 
natural gas space and water heating, thus when sizing PV to offset total house TDV, PV electricity 
generation is offsetting natural gas consumption. The customer is paid for excess electricity generation 
beyond what is consumed by the dwelling but only at the wholesale rate which is substantially lower than 
the retail rate. 
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Greenhouse gas (GHG) savings range from 4.1% to 12.7% for the envelope and equipment Tier 1 
packages. Including the PY compliance credit increases GHG reductions to 39% on average. GHG 
reductions for the two PY packages average 50% and 77% for the PY-Plus and TOY-ZERO cases, 
respectively. 
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Figure 1: Single family cost effectiveness comparison 
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Table 6: Sinl!le Family E/flCiency Package Cost Effectivenes, Results1 

T-24 Elec Gas Utlllty Ufecycle 
Oimate Ccinip. Savlnss Savtnss "GHG Package Cost Simple Benefit-Cost 
Zone Margin (kWh) (therms) Savlngr Cost3 Savlnss ,Payback ~o , 
Tier 1, Envelope Cases 

CZl 16.i% . 67 83.7 10.7% $1,043 $146 7.2 2.56 
>: . 
,CZ2 15,8%" 146 49.1 8.2% $1,617 . $105 15.4 1.20 

CZ3 15.5% 32 43.6 7.7% $
0

1,043, $:64 16.3 1.13 

CZ4 12.0% -114 18.8 
.. 

4.1% I $808 $~3 15.3 1.20 

czs 15.2% 27 39.3 1.}% $812 $54 15.1 1.22 
' 

CZ6 8.7% 20 17.1 3.6% $571 $20 28.4 0.65 

CZ1 7.0% 9 9.7 2.3% $571 $15 39.3 0.47 

CZ8 8.9% 37 10.2 2.6% $571 $18 32.1 0.57 

Jczg -17.2% 1~ 4.1% $808 $47 
-

• . l 11.1 17.2 1.07 
r• .. -~•·--~ - -17 • ."~% ~ i'i.3 $808 $57 4CZlO L 1~.9 4.7% 14.2 1.29 

'i::z11 " 
-

0

16~% 
-

460 - 2).9 7.1% $808 $156 5.2 
- -3.55 l. • t . -

tetfi ~l': ~ 1 6~4% - 222 24.2 5.4% $808 . $87 9.3 1.98 
-

fcf13 . ,: ' . i1A%- - 4)5 2?.i $808 $157 
-

7.0% ~-2 3.56 
lc:iii'.' ' l. ' .. - l&,:4% ' - 441 24.4 6.9% $808 $127 

-
6.4 2.88 -

jq lS L-- - ·- 1s:2'% .,:1 $728 
- . 

896 ? 8.1% $209 r 3.5 5.26 
!(216- -'is:8% .. 296 80.4 9.!J% 

-
$1,456 $195 7.5 2.~6 , 

Tier 1, Equipment cases 11 

CZl 19.3% 47 101.7 12.7% $999 $169 5.9 3.10 

CZ2 16.8% 34 67.0 9.7% $999 $103 9.7 1.89 

CZ3 15.3% 23 45.4 8.0% $681 $63 10.8 1.69 

CZ4 17.0% 103 45.4 8.3% $1,156 $82 14.2 1.30 

czs 16.9% 22 46.0 8.4% $681 $60 11.3 1.62 

CZ6 15.5% 20 36.2 7.3% $842 $38 22.2 0.83 

CZ1 15.6% 9 25.7 5.8% $681 $35 19.6 0.94 

CZ8 17.4% 68 25.1 6.0% $838 $39 21.6 0.85 

CZ9 16.9% 159 12.2 4.2% $1,650 $46 35.8 0.51 

CZ10 16.6% 203 14.2 4.9% $1,650 $56 29.4 0.62 

CZ11 17.3% 473 26.0 7.2% $1,650 $160 10.3 1.78 

CZ12 16.0% 247 22.7 5.4% $1,650 $92 18.0 1.02 

CZ13 17.9% 507 21.5 7.1% $1,650 $161 10.2 1.79 

CZ14 17.1% 458 26.4 7.3% $1,650 $133 12.4 1.48 

CZ15 15.2% 896 4.7 8.1% $728 $209 3.5 5.26 

CZ16 17.6% 58 123.7 12.6% $999 $207 4.8 3.80 
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T·24 Elec Gas Utility Llfecycle 
Climate Comp. Savings Savings %GHG Package Cost Simple Benefit-Cost 
Zone Margin (kWh) (therms) Savlngs2 Cost3 Savings Payback Ratio 

Tier 2, Cases with PV Credit 

CZl 32.2% 2,947 111.8 35.7% $10,576 $781 13.5 1.36 

CZ2 31.4% 3,227 132.7 46.9% $10,158 $809 12.6 1.46 

CZ3 21.8% 3,190 40.1 40.3% $8,644 $731 11.8 1.55 

CZ4 30.4% 3,353 21.8 36.6% $8,801 $677 ll.O 1.41 

CZ5 22.0% 3,392 35.6 43.7% $8,413 $737 11.4 1.61 

CZ6 N/A • No PV Credit 

CZ7 N/ A • No PV Credit 

CZ8 36.4% 3,290 10.2 44.0% $8,721 $617 14.1 1.30 

cz9 35.0% 3,333 13.2 41.5% $8,333 $595 14.0 1.31 

CZlO 32.2% 3,517 15.4 42.3% $8,721 $612 14.2 1.29 

CZll 31.2% 3,698 35.8 34.7% $9,420 $752 12.5 1.47 

CZ12 32.4% 3,386 27.9 33.8% $8,721 $684 12.8 1.44 

CZ13 31.3% 3,584 25.4 33.2% $9,189 $715 12.9 1.43 

CZ14 30.9% 4,366 26.4 39.4% $9,265 $801 11.6 1.59 

CZ15 32.2% 4,610 4.7 39.0% $9,265 $767 12.1 1.52 

CZ16 31.5% 3,881 80.4 31.8% $9,606 $852 11.3 1.63 
1 Shaded rows reflect those cases which are not cost effective. 
2 Based on CA electricity production and equivalent CO2 emission rates of 0. 724 lbC02e / kWh & 11. 7 lb-
C02e / therm. 
3 Includes 10% markup for builder profit and overhead. 
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Table 7: Sin!lle Family PV Performance PackaRe Cost Effectiveness Resu/ts1 

Ufecycle 
PV Elec Gas Utility Benefit-

Climate Compliance capacity Savings Savings GHG" Package Cost Simple Cost 
lone Mal'lln (kW) (kWh) (therms) Savings2 Cost3 Savina Payback Ratio 

PY-Plus Packa1e 

CZ1 32.2% 3.0 4,178 111.8 45.0% $14,1~ $889 15.9 1.15 

CZ2 31.4% 2.5 3,798 132.7 51.9% $11,575 $872 13.3 1.38 

CZ3 21.8% 2.6 4,082 40.1 4!J,7% I $10,836 $784 '13.8 1.33 

CZ4 30.4% 2.3 3,619 21.8 39.2% $9,441 $716 13.2 1.39 

CZ5 22.0% 2.3_ , 3,83~ 35.6 48.6% $~,441 $768 1~.3 1.49 

CZ6 10.8% 2.5 3,912 p _.1 48.9% s1o;t94 $604 17.6 1.08 

CZ7 10.6% 2.2 3,556 9.7 51.5% $9,6Q2 $655 14.7 1.25 

CZ8 a6.4% 2.6 4,026 10.2 53.4% $10,525 $693 15.2 1.2l, 

CZ9 35.0% 2.S 4,092 13.2 50.3% $10,137 $713 l,4.2 1.29 

CZ10 32.2%- 2.5 4;202 1,S.4 50.0% $10,351 $733 14.1 1.30 

CZ11 31.2%" 3~5 5,728 35.8 51.1% $14;368 $1,097 -13,1 1.40 

CZ12 32.4~ 2.9 4,673 27.9 45.2% $11,903 $799 , 14.9 1.23 

CZ13 ,31.3% 3.7 5,863 -~,25.4 52.1% $14,913 $1,111 13.4 1.37 · 

CZ14 30.92' - 2.5 - 4,941 26.4 44.1% $10,507 $~00 . 11.7 1.57 

CZ15 32.2% 4.6 8,600 4.7 72.2% $18,5,21 $1,497 12.4 1.48 

CZ16 31.5% 2.5 4,501 -. 80.4 35.6% $11,022 $866 12.7 1.44 

Zero-TDV Packate 

CZl 32.2% 4.8 6,560 111.8 62.9% $21,054 $987 21.3 0.86 

CZ2 ~~!~% 4.0 _ 6,200 132.7 7~.9% __ $_17,53~ $960 J8.3 1.01 

CZ3 21.8% 3·,5 5,557 40.1 .65.2% $14,465 $845 17.1 1.07 

CZ4 30.4% 3.9 6,252 21.8 65.3% $15,786 $808 19.5 0.94 

CZ5 '22.0% 3.2 - . 5;411 35.6 65.9% $13,070 $821 15.9 1.15 

CZ6 10.8% 3.5 5,530 17.1 68.3% $14,271 $644 22.2 0.83 

CZ7 10.6% 3.1 5,083 9.7 72.4% $13,221 $686 19.3 0.95 

CZ8 36.4% 3.7 5,821 10.2 76.3% $14,930 $705 21.2 0.87 

CZ9 35.0% 4.3 7,090 13.2 85.4% $17,258 $756 22.8 0.80 

CZ10 32.2% 4.3 7,103 15.4 82.5% $17,258 $776 22.2 0.83 

CZ11 31.2% 6.1 9,908 35.8 85.0% $24,555 $1,269 19.3 0.95 
. 

CZ12 32.4% 5.1 8,094 27.9 75.4% $20,363 $944 21.6 0.85 

CZ13 31.3% 6.4 10,075 25.4 87.1% $25,488 $1,299 19.6 0.94 

CZ14 30.9% 5.5 10,295 26.4 88.0% $22,072 $1,068 20.7 0.89 

CZ15 32.2% 7.7 13,811 4.7 115.5% $30,610 $1,762 17.4 1.06 

CZ16 31.5% 5.2 9,147 80.4 64.2% $21,636 $1,061 20.4 0.90 
1 Shaded rows reflect those cases which are not cost effective. 
2 Based on CA electricity production and equivalent CO2 emission rates of 0. 724 lbC02e / kWh & 11. 7 lb-C02e / therm. 
3 Includes 10% markup for builder profit and overhead. 
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3.1.2 Single Family Package Recommendations 

Based on the single family cost effective analysis, two reach code packages were developed, an efficiency 
package and a PV package as described below. Table 8 and Table 9 summarize the measures used to cost 
effectively meet the perf onnance targets for each package. 

Tier 1 Efficiency only: Where cost effective packages were identified, the 15% compliance margin 
target, consistent with CALGreen Tier 1 were used. As stated earlier, a cost effective 15% package was 
not identified for climate zone 4, so a 10% compliance margin target was used. No cost effective 
efficiency only packages were identified for climate zones 6 through 8. 

Table 8: Sinllle Familv Efficiencv Onlv: Cost Effective Measures Summaru 
Compliance ~ l~v I 

! '6 
QI 

:::) QI Cl. • 

s -i, .2 I.!) Ji it -
Climate Margin ~ C II :C a'i' ,i 
Zone Target j ; "' 

CZl 15% y .30/.50 0.20 y 

~ ~CZ2 15% y 3 .30/.23 0.20 0.30 y 

CZ3 15% y .30/.50 0.20 y 

CZ4 10% y .30/.23 0.30 

CZ5 15% y .30/.50 y 

CZG No oackaae 
CZ7 No package 
CZ8 No package 
CZ9 15% y .30/ .23 0.30 

CZlO 15% y .30/ .23 0.30 

CZll 15% y .30/.23 0.30 

CZ12 15% y .30/.23 0.30 

· CZ13 15% y .30/.23 0.30 

CZ14 15% y .30/ .23 0.30 

CZ15 15% y 0.30 

CZ16 15% y 3 .30/.23 0.20 0.3 

PV-Plus: Cost effective packages with efficiency and PV were identified in all 16 climate zones, but the 
compliance margin targets were lowered to 20% for climates 3 and 5, and to 10% for 6 and 7. Table 9 
summarizes the measures used in each climate zone to cost effectively meet the targets. It is assumed that 
the PV compliance credit can be used to meet all these targets, except in climate zones 6 and 7. It is also 
assumed that a PV system is installed per the methodology described in Table 3 and consistent with the 
CEC Solar PV Ordinance. 
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Table 9: Slnl!le Familv PV-Plus: Cost Effective Measures Summary 
• Ii :::, . u 

Compliance i . ~~ :::, u C: i a. . 

B ~ Ji f :f it l Olmate Mar,1n ,, .a i :c Ii' c: I I-
Zone Ta'let i iC 
CZ1 30% y 3 .30/.50 0.20 y y 3.0 

CZ2 30% y .30/.50 0.20 y y 2.5 

CZ3 20% y .30/.50 0.20 2.6 
CZ4 - 30% y .30/.23 2.3 
czs 20% y .30/.50 2.3 
CZ6 10% y 0.30 2.5 
C1.7 10% y .30/.23 0.20 0.30 y 2.2 
CZ8 ' ' 30% y . I . 2.6 
CZ9 30% y 2.5 
CZ10 3()% y 2.5 
CZ11 30% y .30/.23 0.20 r, 3.5 
CZ12 3~ y .. . . 2.9 
CZ13 30% y .30/.23 3.7 
CZ14 30% y 0.30 2.5 
CZ15 30% y 0.30 4.6 
CZ16 la% ' y 3 .30/.23 0.20 0.30 2.5 

3.2 Multifamily Results 

It is generally more challenging to achieve equivalent savings targets for the multifamily cases than for 
the single family cases. With less exterior surface area per floor area the impact of envelope measures is 
diminished in multifamily buildings. The PV credit is also much smaller because it is offsetting only high 
performance walls; high performance attic is not applied to the multifamily prescriptive design because 
ducts are already assUJped to be within conditioned space. Shaded rows in the tables below indicate cases 
that don't meet the 15% target for Tier 1 or don't have feasible Tier 2 packages. 

3.2.1 Multifamily Cost Effectiveness Analysis 

A comparison of cost effectiveness for the multi-family prototype is presented in Figure 2. Table 1 O.and 
Table 11 provide the results in tabular form, along with energy and greenhouse gas savings for the 
efficiency and PV performance tiers, respectively. All multifamily results are presented on a per dwelling 
unit basis. Cost effectiveness results are presented for all of the three efficiency packages described 
previously ( envelope, equipment, and PV compliance credit) as well as for the two PV perfoffll!lDce · 
packages (PY-Plus and TDV-Zero ). A summary of measures included in each package is listed in 
Appendix 8.2. The lifecycle benefit-to-cost ratio threshold of one is roughly equivalent to a simple 
payback of 18 years. Shaded rows in the tables reflect those cases which aren't cost effective. While using 
high efficiency equipment is shown to result in an improved return on investment in many climates, it 
was necessary to find cost effective packages that do not require specification of equipment with 
efficiencies better than federally mandated values. It can be noted that since rental rates are determined 
primarily by location, tenants may not experience increased rents due to the cost of efficiency measures. 
If this is the case, the tenants have no costs and only the benefit of lower energy utility costs. 

Tier 1, Envelope packages were found to be cpst effective in climate zones 1, and 10 through 16, although 
the threshold for climate zone 10 was lowered to 100/o to meet the cost effectiveness criteria. QII alone 
was found to be cost effective in climate zone 2 but a cost effective 10% package requires using the PV 
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compliance credit. No cost effective Tier 1, Envelope efficiency packages were identified in climate 
zones 3 through 9 without the addition of high efficiency equipment or PY. 

Table 11 sununarizes the cost effectiveness of the PY performance packages. PY capacity required to 
meet the required TDY energy offset for each case is also included. The PY capacity for the PY-Plus 
packages are sized the same as for the single family analysis and based upon the values in Table 3. The 
required TDY-Zero PY capacity per apartment ranges from 1.9 kW DC in the mild climates to 3.7 kW 
DC in hot climates (CZl 5). For the multifamily prototype 8-unit apartment building, this is equivalent to 
15.2 to 29.6 kW for the building. In all cases the measures in these packages reflect those in the Tier 2 
package, with the exception of climate zones 6 & 7 where they are based on the Tier 1 envelope package. 

The PY-Plus cases demonstrate cost effectiveness with a benefit-to-cost ratio ranging from 1.01 to 1. 66. 
Similar to the single family analysis, while PY is cost effective in offsetting electricity use, adding PY to 
meet a zero TDY design reduces cost effectiveness in all cases with only two climates having a value 
greater than 1. 

Greenhouse gas (GHG) savings range from 2.2% to 8.6% for the envelope and equipment Tier 1 
packages. Including the PY compliance credit increases GHG reductions to 34% on average. GHG 
reductions for the two PY packages average 49% and 78% for the PY-Plus and ZN-TDY cases, 
respectively. 

3.5 • Tier 1, Envelope a Tier 1, Equipment 
• Tier 2, PV Credit -cost Effectiveness Threshold 

3.0 • 
2.5 

0 
' ~ 

2.0 • '• 
• ' 0 

~ 1.5 El 11!\li El lll!ll El a a: i 
El 
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~ • 9 9 
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it 
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Figure 2: Multifamily cost effectiveness comparison 
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I I - Table 10: Multifal_nily Efficiena Cost Effectiveness R,esults1 
I 

T-24 Elec Gas Utility ' Ufecycle 
Olmate Comp. Savings Savings %GHG Package Cost Simple Benefit-Cost 
Zone Marpn _ (kWh) (therms) Savlngs2 eosti \ Savf_ngs Papack Ratio 
Tier 1, Envelope cases 
CZl 

- . 
16~5% 31 28.0 8.0% , $559 $37 16.0 

' 
1.22 

CZ2 4,jl% I 7 7.3 2.2% 
' 

$i46 - $'IO' 16.0 1.22 

CZ3 10.9% -3 14.3 4.5% $444 $16 28.1 0.65 

CZ4 10.9% 45 4.6 2.3% $364 $14 26.9 0.68 

CZ5 10.2% -4 13.3 4.2% $64i $14 45.1 0.41 

CZ6 11.7% 19 7.7 3.0% $5S9 $10 55.7 0.33 

CZ.7 10.2% 10 4.3 1.7% $641 $7 87.3 0.21 I 

CZB 10.5% 55 1.2 1.5% $282 $10 29.0 0.63 

cz.9 12.3% 79 2.0 2.2% $282 $14 19.7 0.93 
iCZlO 1d.1% 92 2.5 

. 
2~6" $282 $17 16.9 -· , 1.08 

11 
' i 

CZ11 17.7% 186 lS.2 
' 

6.5% ~36 $49 8.9- 2.07 1, 

icz12 17.1% 103 1~.6 .. 5.4% $436 $33 ' 13.1 1.41 I . . 
1!1.3 

. 1, 
,CZ13- 1s:1% 

' 
~00 ., 6.3% $436 $50 8.8 ·2.09 

CZf4 li.8% -1.16 12.9 6:~" - $436 , · s.39 11.1 1.6ti ' ~ I• 

' 
CZ15 17.7% 4i6 0.6 &;8% . $436 $73 

. 
S.9 3,.09 

-

CZ.16 16~3% 91 29.9 8.0% '$559 ' $52 10.7 1.71 It 

Tier 1, Equipment cases 
' 

CZ1 16.7% - s 31.7 8.6% $290 $37 · --·is 2.35 -
CZ2 15.0% 7 27.3 8.0% $642 $32 19.8 0.93 

CZ3 12.4% 1 16.9 5.4% $146 $19 7.6 2.42 

CZ4 16.3% 11 25.5 8.0% $765 $31 24.8 0.74 

czs 11.8% -3 16.6 5.3% $146 $18 8.1 2.28 

CZ6 12.1% 1 16.4 5.6% $269 $15 17.8 1.03 

CZ7 12.5% -1 15.9 5.5% $379 $20 19.3 0.95 

CZ8 15.2% 83 1.2 2.1% $1,133 $14 80.4 0.23 

cz9 15.7% 106 2.0 2.8% $1,029 $19 55.4 0.33 

CZ.10 15.5% 124 2.5 3.2% $1,029 $22 47.2 0.39 

CZ11 16.5% 202 6.3 5.0% $333 $44 7.5 2.43 

CZ12 15.0% 109 6.1 3.6% $333 $27 12.4 1.48 

CZ13 15.4% 199 5.1 4.6% $311 $42 7.4 2.48 

CZ14 16.5% 201 6.1 4.9% $1,029 $37 27.7 0.66 

CZ15 20.4% 515 0.4 8.2% $1,029 $89 11.6 1.58 

CZ16 15.7% 86 . 29.8 7.9% $668 $51 13.0 1.41 . 
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T-24 Elec Gas Utility Lifecycle 
Climate Comp. Savings Savings %GHG Package Cost Simple Benefit-Cost 
Zone Margin (kWh) (therms) Savings2 Cost3 Savings Payback Ratio 

Tier 2, Cases with PV Credit 

CZl 21.0% 1,370 28.0 30.2% $4,085 $291 14.1 1.31 

CZ2 20.4% 1,608 17.2 33.7% $4,085 $318 12.8 1.43 

CZ3 15.3% 1,585 14.1 35.7% $4,085 $315 13.0 1.41 

CZ4 26.9% 1,654 13.6 35.6% $4,085 $321 12.7 1.44 

CZ5 12.4% 1,677 13.3 37.7% $4,085 $326 12.5 1.46 

CZ6 N/A • No PV credit 

CZ7 N/A • No PV credit 

CZ8 21.0% 1,622 5.7 35.3% $4,085 $260 15.7 1.17 

CZ9 26.8% 1,719 4.0 35.4% $3,963 $270 14.7 1.25 

CZ10 26.2% 1,734 4.9 35.2% $3,963 $269 14.7 1.25 

CZ11 26.5% 1,778 13.2 32.6% $3,963 $311 12.7 1.44 

CZ12 26.5% 1,673 12.6 32.8% $3,963 $312 12.7 1.44 

CZ13 27.3% 1,746 11.3 31.8% $3,963 $301 13.2 1.39 

CZ14 26.0% 1,973 12.9 36.0% $3,963 $307 12.9 1.42 

CZ15 25.4% 2,100 0.6 33.0% $3,963 $281 14.1 1.30 

CZ16 25.7% 1,734 42.4 33.8% $3,848 $369 10.4 1.76 
1 Shaded rows reflect those cases which are not cost effective. 
2 Based on CA electricity production and equivalent CO2 emission rates of 0.724 lbC02e / kWh & 11.7 lb-
C02e I therm. 
3 Includes 10% markup for builder profit and overhead. 
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Table 11: Multifamilv PV Performance Cost Effectiveness /.lesults1 

Ufecycle 
PV Elec 

' 
Gas Utility Benefit-

Olmate Compliance Capacity Savings Savings GHG% Pac~e Cost s1m·p1e Cost 
lone Mal'lln (kW) (kWh) (therms) Sav1ngs2 Cost9 Sa~lngs Payback ·Ratio 

PY-Plus Package 

CZl 21.0% 1.6 2,172 28.0 43.5% $6,201 $39J3 15.8 1.],6 

CZ2 20.4% 1.4 2,234 17.2 44.9% $5,496 $393 14.0 1.31 

CZ3 15.3% 1.5 2,374 14.1 51.2% $5,849 $377 15.S 1.18 

CZ4 26.9% 1.3 2,137 13.6 44.8% I $5,143 $;a91 13.1 1.40 

czs 12.4% 1.4 2,~50 13.3 51.1% $5,496 $37~ .. - 14.7 1.25 

CZ6 i1.7% 1.5 2,388 7.7 52.5% $5,849 $~22 18_. i 1.01 

CZ7 10.2% 1.3 2,139 4.'3 48.0% $5,226 $369 14.2·· 1.30 

CZ8 21.0% 1.5 2,413 5.7 SL~% $5,849 $350 16.7 ., 1.10 

$5,373 $369 
.. 

CZ9 26.8% 1.4 2,372 4.0 48.4% r 14.6 1.26 

CZ10 26.2% 1.~ 2,386 4:9 
. 

47:9% ~5,373 $383 14.0 • 1.31 

CZ11 '26.5% 1.7' 2,893' 13.2 50.8% $6,431 $514 12.S 1.47 

CZ12 26.5% 1.5 2,457 12.6 46.5% $5,726 $437 ~13.1 1.40 

CZ13 ~7.3% - 1.8 2,982 it.3 - 52.2% • $6,?84 0 
$525 ,12.9 1.42 

26.0% 12.9 $5,021 $406 
-

CZ14 1.3 2,512 ' ~ . 44.9% 12.4 I 1.49 

CZ15 25.4% 2.1 3,940 0.6 61.8% $7,~2·-. ·. $6tf ' 12.7 1.45 

CZ16 -· 25.7% 1.3 2,244 42.4 :'\0.9" $4,906 $444; ..•. 11.1 ~ ·' 1.66 

Zero-TDV Packase 

CZl 21.0% 2.5 3,415 28.0 64.2% $9,476 _$424 22.3 0.82 

CZ2 20.4% 2.3 3,674 17.2 70.7% $8,741 $433 20.2 0.91 

CZ3 15.3% 2.0 3,233 14.1 68.1% $7,767 $400 19.4 0.94 

CZ4 26.9% 2.2 3,587 13.6 72.4% $8,320 $429 19.4 0.95 

czs 12.4% 1.9 3!189 13.3 67.8% $7,254 $399 18.2 1.01 

CZ6 11.7% 2.1 3,356 8.0 72.7% $8,011 $341 23.5 0.78 

CZ1 10.2% 2.1 3,383 4.0 75.0% $7,903 $394 20.0 0.92 

CZ8 21.0% 2.4 3,768 5.7 79.6% $8,869 $379 23.4 0.78 

cz9 26.8% 2.5 4,124 4.0 83.1% $9,154 $403 22.7 0.81 

CZ10 26.2% 2.5 4,115 4.9 81.5% $9,115 $415 22.0 0.84 

CZ11 26.5% 3.0 4,979 13.2 84.9% $11,052 $586 18.9 0.97 

CZ12 26.5% 2.8 4,509 12.6 82.3% $10,336 $503 20.6 0.89 

CZ13 27.3% 3.2 5,129 11.3 87.6% $11,681 $603 19.4 0.95 

CZ14 26.0% 2.7 5,056 12.9 86.8% $10,014 $482 20.8 0.88 

CZ15 25.4% 3.7 6,571 0.6 102.9% $13,389 $726 18.4 0.99 

CZ16 25.7% 2.6 4,398 42.4 71.0% $9,379 $514 18.2 1.01 
1 Shaded rows reflect those cases which are not cost effective. 
2 Based on CA electricity production and equivalent CO2 emission rates of 0. 724 lbC02e / kWh & 11. 7 lb-C02e / therm. 
3 Includes 10% markup for builder profit and overhead. 
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3.2.2 Multifamily Package Recommendations 

Based on the multifamily cost effective analysis, two reach code packages were developed, similar to the 
single family packages. Table 12 and Table 13 summarize the measures used to cost effectively meet the 
performance targets for each multifamily package. 
Tier 1 Efficiency only: Where cost effective packages were identified, the 15% compliance margin 
target, consistent with CALGreen Tier 1 were used. As stated earlier, a cost effective 15% package was 
not identified for climate zone 10, so a 10% compliance margin target was used, and only QII was cost 
effective in climate zone 2. Additionally, no cost effective efficiency only packages were identified for 
climate zones 3 through 9. 

Table 12: Multifamilv Efficiency Only: Cost Effective Measures Summary 
::!, 

::) GI i GI !i Compliance a !';j~ i-= i~ a; e.o 
Climate Margin 'a 3 ~ I a'i' f6 Zone Target I I I a: 
CZ1 15% y 0.30/ 0.50 0.20 0.3 y 

CZ2 QII Only y 

C23 No package 
C24 No package 
czs No package 
CZ6 No package 
CZ7 No package I 

czs No package 
C29 ~o package 
CZ10 10% y 0.30/0.23 0.3 
CZ11 15% y .0.30/0.23 0.20 0.3 

CZ12 15% y 0.30/0.23 0.20 0.3 
CZ13 15% y 0.30/ 0.23 0.20 0.3 
CZ14 15% y 0.30/0.23 0.20 0.3 
CZlS 15% y 0.30/0.23 0.20 0.3 
CZ16 15% y 0.30/0.23 0.20 0.3 y 

PV-Plus: Cost effective packages with efficiency and PV were identified in all 16 climate zones, but the 
compliance margin targets in all climates were lowered below 30% in all cases to be cost effective. Table 
13 summarizes the compliance margin targets in each climate zone and the measures used to cost 
effectively meet the targets. As with the single family packages, with the exception of climate zones 6 and 
7, it is assumed that the PV compliance credit can be used to meet these targets. It is also assumed that a 
PV system is installed per the methodology developed for the proposed Solar PV ordinance (Table 3). 
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Table 13: Multifamilv PV-Plus: Cost Effective Measures Su.·-·-· r 

Compliance l°;;u ::I II C: .e ·Ii tJI Olmate ~a,.in a 'a .a " J.a ,f ~! 
C: ' :c I ~i' i ~ u, ;= Cl 

Zone Ta'let :c 
CZl '20% y 0.30/0.50 0.20 0.3 y 1.6 
CZ2 20% y 0.30/0.23 0.20 0.3 y 1.4 
CZ3 15% y 0.30/0.50 0.20 0.3 y . 

1.5 
CZ4 25% y 0.30/0.23 0.20 0.3 y 1.3 
CZ5 10% y 0.30/0.50 0.20 0.3 y 1.4 
CZ6 10% y 0.30/0.23 0.20 1.5 
CZ7 10% y 0.30/0.23 0.20 1.3 
CZ8 20% ' y 0.30/0.23 0.20 0.3 y ·1.5 
CZ9 25% y 0:30/0.23 0.20 0.3 1.4 
C:ZlO 25% y 0.30/0.23 0.20 0.3 1.4 
C:Zll 25% y ();30/0.23 0.20 0.3 1.7 
CZ12 25% y o.ao/0.23 0.20 0.3 ' 1.5 
q13_ 25% y 0.30/0.~3 0.20 ' 0.3 . 1.8 

1cz14 ~$% y 0.30/0.23 0.20 0.3 1.3 
czi5 25% y 0.30/0.23 0.20 0.3 2.1 
CZ16 25% y 0.30/0.23 0.20 1.3 . 
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4 Conclusions & Summary 
This report evaluated the feasibility and cost effectiveness of "above code" ordinance performance tiers 
through the application of both efficiency measures and PY in all 16 California climates zones. For this 
analysis, PG&E rates were used for gas and electricity in climate zones 1 through 5, 11 through 13, and 
16. SCE electricity rates and Southern California Gas rates were used for climate zones 6, 8 through 10, 
14 and 15. SDG&E rates were used for electricity and gas for climate zone 7. 

The following describes the recommended performance levels for the above-code ordinance packages. 
The original intent was to develop packages that align with the tiers as defined in the 2016 CALGreen 
code. Based on the analysis results, performance thresholds were reduced in some climates and eliminated 
altogether in other climates. Identifying cost effective efficiency ( only) packages was particularly 
challenging in multifamily buildings. Table 14 and Table 15 summarize recommended cost effective 
ordinance criteria by climate zone for single family and multifamily buildings, respectively. Where cost 
effective packages exist, there is both a Tier 1 efficiency only package and the efficiency with PY (PY
Plus) package. The tables include the Title 24 compliance target needed to meet the criteria for each 
package. Tier 1 compliance targets are compliance margins for efficiency measures only and are designed 
to be met without using the PY Compliance Credit. The PY-Plus compliance targets are for projects that 
include PY. The efficiency targets are set higher, but assume that the PY compliance credit (PYCC) is 
used to meet the performance targets. The efficiency targets are set lower for climate zones 6 and 7 
because projects built in these climate zones are not eligible to take the PYCC. 

Following is a summary of the differences between the two packages defined in this analysis and the tiers 
defined in CALGreen. 

Tier 1 Packages: CALGreen defines Tier 1 as showing a 15% or greater Title 24 compliance margin 
compared to the Standard Design. The intent of the Efficiency tier in this study was to find cost 
effective pack.ages of measures that meet the CALGreen Tier 1 criteria without mandating the 
installation of PY or high efficiency equipment that exceed federal minimum levels. To encourage 
adoption of efficiency measures in preparation for the 2019 Title-24 code, the authors recommend 
that PY not be allowed as a means to meet the Tier 1 compliance requirements. Based on the lifecycle 
benefit-to-cost ratio metric applied in this analysis, cost effectiveness results for the single family and 
low-rise multifamily homes show that there exist multiple cost effective packages to meet Tier 1. 
There are several climates where the compliance margin targets are lowered to maintain the cost 
effectiveness criteria and other climates where no cost effective efficiency packages were identified. 

PV-Plus Packages: CALGreen defines both Tier 2 and ZNE Tier performance levels. The ZNE Tier 
requires that the building meet the required efficiency targets as defined in Section A4.203 .1.2.3 of 
2016 CALGreen and size a PY system to offset 100% of the TOY energy of the building (achieve an 
Energy Design Rating of 0). The results of this work, based on dwellings with gas and electricity, 
found that sizing the PY system to meet the ZNE Tier criteria was generally not cost effective or in 
some limited cases, marginally cost effective. Instead a PY and efficiency package (PY-Plus) was 
developed that limited the size of the PY system to no larger than the annual estimated electricity use 
of the building and combine it with efficiency measures that are cost effective in all climate zones. 
Lifecycle benefit-to-cost ratio for the PY-Plus cases for both the single family and multifamily 
prototypes are all above one. In cases where PY capacity in the PY-Plus package is less than the 
minimum to meet the PY compliance credit, it's recommended that jurisdictions allow the smaller PY 
capacity be installed and still qualify for the PYCC to avoid sizing the PY systems larger than the 
estimated electricity use. 
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1j bl 14 s· l Fi U R h C di Pi k R di tio s a e . In/lie am 1y eac o e 'tic ra.ire ecommen a n . 
T-24 

almate Compliance PVCC 
Packqes Zones Target Allowed PV 
Tier 1 Efficiency 1-3, 5, 9-16 15% No n/a 
Only Package 4 10% No n/a 

1,2,4, 8-16 30% Yes Yes 
PV-Plus Package 3,5 20% Yes Yes 

6-7 10% n/a Yes 

Table 15: Multifamily Reach Code PackaRe Recommendations 
T-24 

a1mate Compliance PVCC 
Packages Zones Tarset Allowed PV 

1, 11-16 15% No n/a 
Tier 1 Efficiency 

10 10% No n/a 
Only Package 

2 QII No n/a 
4, 9-16 25% Yes Yes 
1-2, 8 20% Yes Yes 

PV-Plus Package 3 15% Yes Yes 
5 10% Yes Yes 

6-7 10% n/a Yes 

Consistent with CALGreen, a pre-requisite for all packages includes HERS verification of Quality 
Insulation Installation (QII). 

The recommended packages do not include a TDV-Zero option because these packages were generally 
not found to be cost effective. Lifecycle benefit-to-cost ratios for the single family TDV-Zero packages 
are 0.78 to 1.07. Limited cost effectiveness is largely a result of oversizing the PV systems relative to the 
house electricity load. With mixed fuel homes, PV electricity generation offsets natural gas consumption 
when sizing relative to uro TDV. The consumer is compensated by the utility for electricity generation in 
excess of annual consumption, but only at the wholesale rate which is substantially lower than the retail 
rate. Consideration of dwellings without gas was not in the scope of this study. 

In conclusion, this report has identified cost effective options to meet above-code performance levels for 
dwellings using natural gas and electricity which can be adopted by cities and counties within investor
owned utility territories across California. Including PV to the level of offsetting electricity loads was 
found to be cost effective in all sixteen climate zones evaluated as summariz.ed above. 
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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, 2016b). 

TABLE 150.1-A COMPONENT PACKAGE-A STANDARDBUILDING1JESJGN 

C 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

.§j 
! ~l NR NR NR RS NR NR NR RS RS RS RS RS RS RS RS RS 

' i jl z U) 

~ ·ll f i ~ .. 
.... :@ l NR NR NR R6 NR NR NR R6 R6 R6 R6 R6 R6 R6 R6 R6 

'" l 
u SI: U) -

fi 
-c 

I R38 R38 R30 R38 R30 R30 R30 R38 R38 R38 R38 R38 R38 R38 R38 R38 
• • C 

IJ NR REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ NR 

l ! ... . :I~ 1 Cl ~i Cl 0 if i !~ z U) NR NR NR RIB NR NR NR R 18 RIB R 18 R 18 RIB R 18 R 18 R 18 R 18 (;i;lj 
. r a &~ . 

~ 

i ~ .,, ... 
= II .... :@ NR NR NR R 13 NR NR NR Rl3 Rl3 Rl3 Rl3 Rl3 Rl3 R 13 Rl3 Rl3 
Ill l SI: 

1111 

fi II R38 R38 R30 R38 R30 R30 R30 R38 R38 R38 R38 R38 R38 R38 R38 R38 

! 

II NR REQ REQ NR REQ REQ REQ NR NR NR NR NR NR NR NR NR 

-
II fj l R38 R30 R30 R30 R30 R30 R30 R30 R30 R30 R38 R38 R38 R38 R38 R38 
u 

I I NR REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ NR 
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Climate Z.One 
I 2 J 4 5 6 7 8 9 10 II 12 IJ 14 IS 16 .. 

-,:, 

" u 
!i U O.OSI U O.OSI U O.OSI U O.OSI U O.OSI U 0.065 U 0.065 U O.OSI U O.OSI U O.OSI U O.OSI U O.OSI U O.OSI U O.OSI U O.OSI 

O.OSI 
,t 

" -,:, 

"' e u 
0 w - 6 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 .. :I ,l ·5 0.059 

0 " ~:3: ] R 13 R 13 R 13 R 13 R 13 R 13 Rl l Rl3 Rl l R 13 R 13 R 13 R 13 R 13 Rll > .::: 
~ 

Rl 7 
• 1! .s .. 
!. .. w - 6 U 0.125 U 0.125 U 0. 125 U 0.125 U 0.125 U 0.125 U 0.125 U 0.12S U 0.125 U 0.12S U 0.125 U 0.12S U 0.12S U 0.1025 U 0.12S u 

= :l ol ·5 0.o70 0 • ~ :3: ;; R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 R8.0 RB.O RB.O RB.O .. R 13 
e ~ UI 

w 
t>I .. ~ u :§ ~r~ U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 U 0.070 
·; R 13 R 13 Rl l R 13 R 13 R 13 R 13 R 13 R 13 R 13 R 13 R 13 R 13 Rl l R 13 

0.066 

= 1 ca .s R IS 

il 
~ 

i" .. u ca U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 -,:, ·!l U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.200 U 0.100 U 0.100 O.OS3 
;g t5 Ji R S.O R S.O R S.O R S.0 R S.O R S.O R S.O R S.0 R S.O R S.0 R S.O R S.0 R S.O RIO R 10 

R 19 

Slab Perimeter NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
U O.S8 
R 7.0 

U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 
u 

Floors Raised 
Rl9 Rl9 Rl9 Rl9 R 19 Rl9 Rl9 Rl9 Rl9 R 19 R 19 R 19 RJ9 R 19 Rl9 

0.037 
Rl9 

Concrete Raised 
U 0.092 U 0.092 U 0.269 U 0.269 U0.269 U0.269 U 0.269 U 0.269 U0.269 U0.269 U 0.092 U 0.138 U 0.092 U 0.092 U 0.138 U 0.092 

R8.0 R8.0 R O RO R O R O R O RO R O RO RB.0 R 4.0 R8.0 R8.0 R4.0 RK.O 

Aged Solar NR NR NR NR NR NR NR NR NR NR NR NR 0.63 NR 0.63 NR ll Reflectance ... Low-

~~ 
.. 

doped Thermal ... NR NR NR NR NR NR NR NR NR NR NR NR 0.7S NR 0.1S NR 
:a _g e Emittance - .. 0. - ;,. :t Aged Solar NR NR 0.20 NR .... NR NR NR NR NR NR NR 0.20 0.20 0.20 0.20 0.20 =w "" Stttp Rcflcaance 

0 
0 Sloped Thermal a,: NR NR NR NR NR NR NR NR NR 0. 1S 0.1S 0.7S 0.75 0.75 0.7S NR 

Emittance 

!. 
Maxinrum 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 

0 .. a MaxirmmSHGC NR 0.2S NR 0.2S NR 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 0.2S 
0 e . ., 

w ~ Maximum Total Arca 20% 20"/o 20"/o 20% 20"/o 20% 20% 20% 20% 20"/o 20"/o 20"/o 20% 20% 20"/o 20"/o 
t>I II .. ·9 :; 1:1, 

·; Maximum West Facmg 
NR S% NR S% NR 5% 5% 5% S'1• 5% 5% 5% S% 5% 5% S% 

= Area 
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TABLE 150.l-A COMPONENT PACKAGE-A STANDARD BUILDING D~JGN (CONTINUED) 

Climate Zone 

I 2 3 ' 5 6 7 8 9 10 II ll 13 14 15 16 

- E~Rals-Allowed No No No No No No No No No No No No No No No No -
8 ' il u .... AFllE MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN 

= 
If Hat Pumo. HSPv' MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN 

SEER MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN 

jf 
Refrl&erut Cll•rae 

Vailla,don or Faalt Indicator NR REQ NR NR NR NR NR REQ REQ REQ REQ REQ REQ REQ REQ NR 
Dbplay 

Whole Home Fan11 NR NR NR NR NR NR NR REQ REQ REQ REQ REQ REQ REQ NR NR 

:I! . 

E el'" E Central Fan laiea,aled i;; 

i 
ii :.'i!, Vmtlladon Sy1tem Fan REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ 
I.I iS Efficacy 

«= 
Duct lmulalioa R·8 R-8 R-6 R-8 R-6 R-6 R-6 R·8 R·8 R-8 R-8 R-8 R·8 R-8 R-8 R·8 

N II §l50.l(c)9A NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
-i 
! 

i Duct lmularion R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 R-6 

i §UO.l(c)9B REQ REQ REQ REQ . .REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ . 
JI., . 
i :I AUBalldlnp Syst1:m Shall mcc1 Sccrion 150. l(c)S 
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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.l(a), or Table 4.3.4 to determine alternative insulation 
products to meet the required maximum U-factor. 

S. 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 WH.Fs 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.l(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.l - Single Fa~ily Package Summaries 
1i bli 16 s· 1i Fl mil n Pi 1ca a e . ina e a O' er 'IIC r11es . 

lh Ji 
m: 

l ,- T-24 21 "' ... 
I ~ if ~ "' II! Olmate CD Ill I . a: ..: o- Comp. 

Zone a f Ji "' i~ 11 l& :i: ~ Hr 0 Margin 
Tier 1, Envelope Cases 
CZ1 y .30/.50 0.20 y 16.1% 
CZ2 y 3 .30/.23 0.20 0.30 y 15.8% 
CZ3 y .30/.50 0.20 y 15.5% 
CZ4 y .30/.23 0.30 12.0% 
czs y .30/.50 y 15.2% 
CZ6 y - 8.7% 
CZ1 ~ y 7.0% 
CZ8 v 8.9% 
czg·. y .30/.23 0.30 17.2% 
CZ10 y ' .30/.23 0.30 17.2% 
CZ11 y .30/.23 0.30 16.9% 
,CZ12 y . .30/.23 0.30 16.4% 
CZf3 y .30/.23 0.30 '17.49' 
CZ14 y .30/.23 0.30 16.4% 
CZ15 y 0.30 15.2% 
CZ16 y 3 .30/.23 0.20 0.30 15.8% 
Tier 1, Ee 1,llpment Cases 
CZ1 y 0.92 19.3% 
CZ2 y 0.92 16.8% 
CZ3 y 0.94 15.3% 
CZ4 y 0.92 0.30 17.0% 
czs y 0.94 16.9% 
CZ6 y 0.94 y 15.5% 
CZ1 y 0.94 15.6% 
CZ8 y 0.30 0.94 17.4% 
CZ9 y 15/12.5 0.30 16.9% 
CZ10 y 15/12.5 0.30 16.6% 
CZ11 y 15/12.5 0.30 17.3% 
CZ12 y 15/12.5 0.30 16.0% 
CZ13 y 15/12.5 0.30 17.9% 
CZ14 y 15/12.5 0.30 17.1% 
CZ15 y 0.30 15.2% 
CZ16 y 0.92 17.6% 
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..... a: 
8. 

.,._ 
T-24 !iv Ill fl w "' - ;: 

~ :, w !~ w s;!. Climate Jl 11 ~ ;: it ..; Comp. 
a :c i'' < ~; :5 ~ i!i ! I ?I Zone ~ ~.,. ~ 1 Margin 

Tier 2, Cases with PV Credit 
CZl y 3 .30/.50 0.20 y y 2.1 32.2% 
CZ2 y .30/.50 0.20 y y 2.1 31.4% 
CZ3 y .30/.50 0.20 2.0 21.8% 
CZ4 y .30/.23 2.1 30.4% 
CZ5 y .30/.50 2.0 22.0% 
CZ6 N/A- No PV Credit 
CZ7 N/A- No PV Credit 
CZ8 y 2.1 36.4% 
CZ9 y 2.0 35.0% 
CZlO y 2.1 32.2% 
CZll y .30/.23 0.20 2.2 31.2% 
CZ12 y 2.1 32.4% 
CZ13 y .30/.23 2.2 31.3% 
CZ14 y 0.30 2.2 30.9% 
CZ15 y 0.30 2.2 32.2% 
CZ16 y 3 .30/.23 0.20 0.30 2.1 31.5% 

Page 30 September, 2016 



2016 $nergy Efficiency Ordinance Cost Effectiveness Study 

Appendix B.2 - Multifamily Package Summaries 
Table 17: Multifamily Tier 1 Packa11es 

I 

h 
d. ::» II: 

1 ..... cu a.., I ... E ]! ' 1'·24 
atmate :I if i .., 8 ,, cu~ Jl I ti 

Comp. 
Zo.ne a il! ls ~; ~~ s: I Margin 
Tier 1, Envelope cases 
CZ1 y 0.30/0.50 0.20 0.3 y 16.5% 
CZ2 y 4.8%-
CZ3 y 0.30/0.50 0.20 y 10.9% I 

CZ4 y 0.30/0.23 0.3 y 10.9% 
CZ5 y 0.30/0.50 0.20 0.3 y y 

' 10.2% , 
CZ6 y 0.30/0.23 0.20 0.3 

-y 11.7% 
a, y 0.30/0.23 -0.20 0.3 y y 10.2% 
·cza - y 0.30/0.23 0.3 10.5~ - -

CZ9 Y _ 0.30/0.23 0.3 12.3% 
CZ10 y 0.30/0.i3 0.3 10.1% 
CZ11 y 0.30/0.23 0.20 0.3 17.7% 

-
CZ12 y 0.30/0.23 0.20 0.3 ' 17.1% 
czu y - 0.30/0.23 0.20 0.3 I i81% 
CZ14 -y - -0.30/0.23 0.20 

-
0.3 17.8% 

CZ15 y 0.30/0.23 0.20 0.3 17.7% 
CZ16 y 0.30/0.23 0.20 0.3 y 16.3% 
Tier 1, Equipment cases 
CZl y 0.30/0.50 94 y 16.7% 
CZ2 y 92 96 15.0% 
CZ3 y 94 12.4% 
CZ4 y 92 96 y 16.3% 
CZ5 y 94 11.8% 
CZ6 y 94 y 12.1% 
CZ7 y 96 y 12.5% 
CZ8 y 0.30/0.23 16/13 0.3 y 15.2% 
CZ9 y 16/13 0.3 15.7% 
CZ10 y 16/13 0.3 15.5% 
CZ11 y 0.30/0.23 15/12.5 0.3 16.5% 
CZ12 y 0.30/0.23 15/12.5 0.3 15.0% 
CZ13 y 15/12.5 0.3 15.4% 
CZ14 y 16/13 0.3 16.5% 
CZ15 y 16/13 0.3 20.4% 
CZ16 y 0.30/0.23 92 0.3 15.7% 
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::, 
II: ~ ci. 

!, "' ~ .~i T·24 CII 2l "" I ~ 
I.I. 

:, "" !~ "" 1~ Climate i~~ Jl "' "" ~ I c::i- Comp. C: ::, ~; j a5 !~ ?& Zone § i '! ?i } :ti ~~ Margin 
Tier 2, Cases with PV Credit 
CZl y 0.30/0.50 0.20 0.3 y 1.0 21.0% 
CZ2 y 0.30/0.23 0.20 0.3 y 1.0 20.4% 
CZ3 y 0.30/0.50 0.20 0.3 y 1.0 15.3% 
CZ4 y 0.30/0.23 0.20 0.3 y 1.0 26.9% 
CZ5 y 0.30/0.50 0.20 0.3 y 1.0 12.4% 
CZ6 N/ A - No PV Credit 
CZ7 N/A- No PV Credit 
CZ8 y 0.30/0.23 0.20 0.3 y 1.0 21.0% 
CZ9 y 0.30/0.23 0.20 0.3 1.0 26.8% 
CZlO y 0.30/0.23 0.20 0.3 1.0 26.2% 
CZll y 0.30/ 0.23 0.20 0.3 1.0 26.5% 
CZ12 y 0.30/0.23 0.20 0.3 1.0 26.5% 
CZ13 y 0.30/0.23 0.20 0.3 1.0 27.3% 
CZ14 y 0.30/0.23 0.20 0.3 1.0 26.0% 
CZ15 y 0.30/ 0.23 0.20 0.3 1.0 25.4% 
CZ16 y 0.30/ 0.23 0.20 1.0 25.7% 
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Appendix C - 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 $/thenn was applied on a monthly basis for the 12-month period 
ending March 2016. 

II hl:/lir: GD IIIJII Elctdo CDqany 
San~ CaR:imilt 
U39 

IUC'l"llC ICHIDULE 11-1 
RESIDENTIAL SERVTCES 

Dnict .Aa:au(DA}n ClmlrlUlli!JOl:a JuinG;dir.t, IOCAJ d1i5rge& 
inawwwdal• UII~ - ra-~HadBl!ling.. 

be 

TOTM-11.11'11 

S!l18212 
S024Si' (I} 
SQ.2llJl!O (R) :=m 
Sll.32B54 

($2&14} 

Oafl, Finl 
Elk6w 

Sheet1 

RmlflltionNA. -----
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Cal. P. U.C. 8hest No. 
C P.U.C. Sheet No. 

RLICTRIC ICHIDULI 1-TOU 
RESIDENTIAL TIME.OF- SE SERVICE 

Sheel2 

RATES 
(Cont'd.): 

OnlON A TOTAL RATH 

Toeal EnetVY Ra!n (S per kWh) PEAK OFF-PEAK 

SIJfflffHH' 
Totallhage $040327 (I) $0.32709 (I) 

ne Credi (Applied to Ba&ellne 
UJ.age Only) ($0.11709) (R) (S0. 11709) (R ) 

Winter 
To1allh.&ge S0.28530 (I) $0.27100 (I) 

ne Credit (Applied to Base 
UugeOnly) ($0.11709) (R) (SO 11 709) (R} 

Delivvry Mi ·rraJm 8 Amount($ per metsr 
per day) 50 32854 

Caflfomia Climal.9 Ovdit (per to.isehold. 
per &elTW-8TU'I payment oeeumng Iha 
April and Octot>er bill eydes) ($28.14) 

Total bundled MtYlce c:h81'g9t shown on customer's billll are unbundled acaardmg tt, fhe ~ 
ratn shown below Yo1'\ere the da!Nety m· · um biD amount apptiet., lhe Q.l&IDmer's equal 
the 5Uffl of ( 1) the defivery minimum bill amount ph.n (2) for bundled service, the ~ion rate 
t.nes the number of kWh used For lftllnue 8tlCOI.IJltlng putpl)68S the IWll'll' Bl ffl:111'1 the detwry 
mriimum btD amount will be asaigned to the f8llSffllSSion, TranGm· &ion Rat. enl3, 
Re 1abtlily S8MeeS. Public Pull)OS& Program& Nudear Oeoomml861orung, Competition Ttar1$iban 
Charve:s. Energy COS1 Recovery Amount. OWR Bond. atld New Systam Generation Charges 1 

be!i8d 
on kWh u:sege t11nes the co sponcfmg unbundled rate component PM' kWh. win any rnidual 
rvvenue a~ to Oislrilutio • 

' Pe, Decision 11-12-031 , N9w ~ Generallo Charges ere effectill9 111/2012. 
• Ttus IMIJTl8 assignment of '"8nuea apph1H to d ecceu and comm · ctioice aggrega!Kln 

QBtcmer&. 

ArJvrc. Ullm Na: 481~ 
01aca1i:111 Ml. 1~7-001 and E-4782 

la,wdby 
s ... n llat,ighi 

S./la' \,,11» PraDdfn 
RJqJlatory Man 
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APPllCABll.lTY: 

TERRITORY: 

RA.TES: 

OM ICHIDUU: CM 
RESll9ENTIAL SERVlaE 

SabadtiJa G-1 IIPifm eva1111.aurlllin f'.G&E'ullunllp.S--Tem!mJ. 

~cm ,m.hla m•~atQtirgltlllldot~~~ mar, as~ blla. n. Tnm&partdm Chsrga wlll ta 11:1 
T~ Chli'gs. ea 

8n:litmJD 
Jlir Prmm!rnp,t: 

m,a,a MW 
Talal: $Ul2562 $1.51507 

Sa 61alamnt,Pmt8tbr Dsl'aultTdBaleC:W.11,iientl. 

Sheet1 

(R} 

n. Plw.Jll ,all ~ an lbil sdmcha la~b> nlbllhlllnmkmm.atbii 
Sdmldl G-CP-Gal Pnx:lll!mellt&m:a b Car!! EJd.UD QIS'lamm 

p 
Q 
R 
s 
T 
V 
w 
X 
y 

AdrnlA!l'WNa 37fs.G 
Qiicfsia1J ltJ. 97404:Z5 & IHMl7-025 

«:6 
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SOt.rrffER.'li CALtroRNIA GAS COMPA.W l«visod CAL P.L.C. SllEEThU S2'782-0 
l.05 ANCJnB. CA OiXIA CANt"ILDIO l«visod CAL P L.C SKl!ET hU SZ7S 1-0 

Sheet I 

The GR-C, -- !'lite, is o core proc:umnmt opbon for individwilly metaed raidentinl core 
transportation cunomr:n \\'Ith 1.1111unl consumption°"" S0,0001henru, as &et fanh in Special Condition 10. 

The CiT -R rat is applicablo to Con: Aggreptt0n Tnuuport.lbOn (CAT) servace to individually rmtx:red 
rnidcntia1 c:uslomm, as set fonh in Special Candibon 11 . 

The CohfortWI Ahcm:itc R.aics for Energy (CARE) discount of 2~ rellec~ m o s~c hne imn on 
the bill, is oppbca. C to mcomc,.qvalified households tMI ,met the n:quimnenla far the CAR.£ Pl'OIJ'lll1I 
as set fanh in Schedule No. C-CAR.E. 

TERRITORY 

Applicable throughout the SC'mte terrnory. 

RATES ~ (j 

16.4384! 
mo! 
16.438¢ Cuslmner Charpt, pc-r meter per chiy: ·-··•-···-···-·-·- l 6.4l 8d 

For "Space Hco · only" custmnen. o cbdy 
CustOlla ~ applies during the wi:nltr period 
from November I thn:,Q:b April JO'':. ... ll 149d 33.149' 

i per thmn (i.-:hne usagi: defined m Special Cond1tt0ns 3 o.nd 4): 

Ptoc:wenlellt Chaf:e. "'--·- --··-·-··-····· ·····- ····· 34.S36f 34.S36¢ 
Tran i:s,r1 " -·- ·-· --·--··- ···----··· S6.280d ~ 
Total B.uclinc Chml:c: -·- ----···-·········- .. ·•··• 90.8 16d 90.816' 

Non-BpchM Rate, per therm (ma~ m acus of ba.selme us.i;e ) : 

Prwumnent Charge: "'--·- -····-·-- ···--- --- 34 S36f 
"' $1 • y · -·- - · --·--·····-·--·-· ~ 

Totnl Non-Baseline Cb.ugi:· -···-···----·-······· 116 .8 16c 

J4.S36¢ 
!U!lQt. 

116.816¢ 

JJ.149¢ 

NIA 
filat. 
ss.,ss, 

NA 
!L:zat 
81 7S8J! 

" For the 5\IJIUmr penod bc;;innin; M:iy I thrt,ugh October 31, ~-ith some cx~ns, in, wil l be 
~ ID ot least 20 Ccf ( 100 oub1c feet) before b1lhng. 

(FOCJIIIOICt continue nat pa.oe.) 

(Conbnurd) 

CT'O BE ERTEt> BY UT1UTY} (TO Sit INSLR1'"£D SYC\L PUC ) 

..avio& 1.E'TTVI NO 49S9 O#<TU'II.ED lul 7. 2016 
DECISION NO. EFl'U:TM'. Jul I 01 2016 

'"' 
REIIQ.VTtDH HO. _c;.......,.n __ s_, __ _ 
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Following are the SDG&E electricity, both standard and time-of-use, and natural gas tariffs applied in this 
study. 

CuslarnEn an - lldaUa may aim 
GHG-ARR. 

tbe 4D'llire 11m11ciry HMld by 1he 

Bm!i 
Tabo1._. 

...... ,. ...... UIIC 'hJa .. 
~ 

G.11:lC?II 
G.2~ 

0.'lD'Zm 

GJm137 

t'11am 0-8211 

Wltftllll ... 
G.ll:i2211 
C!.2:3111 

0.1CII01 
a.=oam 

d/daJ) 0.Ulol 

Rlmsed· Cal. P.U.C. She$tNa. 

~ - Rff:t!eR CslP.t{.C,SJmatND.. 

1 
R 

J 
R 

l 
a 

l 
R 

SCHEDUL& DR 
R§SIPENTlAL §ERVfCE 
ODFD&tn Rm tzPB::LO 

11:tr a emri,arnrai 

-- _, ..... 
1111111 --

Cl.llDllD Q,lftll:I 
a.abm Q,ti?Z, 

aaDS.S Q.CICICID4 

0.111)'33 o.m,oi 

awlD4ID ~--· .. ...one 

DJIIDDD 0.tl!!IG5 

IUam Q.121m> 

11..mmo II.QIIOIN 
o.rrai.i o.Glll!IM 
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amat. Cndit $(17.44) per Scmdld• 

.,_. .. 
O.l me.l t D 
G.31HG a 

0.1731B 

o.a:mm a D 

Q.1129 

ftlll .. 

O.t llflll 
D a.am!l:I a 

a., 1111m, J 
OJISl!ID R 

il.1114 

,MJ,201§ 
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- Rll'viaed CeL P. .C. Sheat No. 26962-E 

Cercefing Rrrvlsed Cal. P UC. Sheel No. 

8CM1DUL8 DR-SD Sheet 1 

DOMESTIC TIME-OF;YSE FOR !;!OUSEMOLOS WITH A SOLAR Et'fflGY SYSTEM 

APPLICASIUN 
Service under this 6d"ledl.lle ia avaiable an a ~ bu.19 for indMd ffllll:erad re&idenbal ai&bnera 
wilh Solar Energy SyritD!Tlfi. Service is to individually metered 19s.Jdential customen with a Solar 
Energy System With dom sfic ser-.ioe fClf gl1ling. flealing. c:oolwlg. wa he ·ng. end pawer, or 
combi · n thel90f. in single f ly dwe and flats. Q 119 Car · Altemafivv RalBS for Ena~ 
(CARE} cu11uneni ate eUgibl& for &eNice Oil thd .ehedule, as furttler de$c:rlbed undl!f Special Condl1ion 8 
of this schedule. 

C tamen on this edledule msy !ID qualfy for a sern,-ar.-u.Jal Caifomia Climn Credit $(17.44) per 
Sdledule GHG-ARR. 

TERRITORY 
wttt, ir, the entire terri\ory M1Vlld by the ity. 

T-1•---
UOCT- - ace- • ..... ,._ ___ - - -- --!Er,e-o,-s~) --a- a. 1:m:i., I O.OZ3' I Q.:»023 ll o.- ll _..,.CIII,--...,., 0.1:ms:, I O.OZ38 I 0.tffll30 ll 0.%2SICM ll 01!---6- 0.1:m:i., I O.Dce!9 I O..cmu2 II ~ It 

8fflll-PIDIJ.-Wlrat 0.1:0:i., I 0.01:11!1:ID I O.C!:11 '9 II 00:1$33 It 

01!--- 0.1:m:i., I o.oi:a,39 I 0.- It 0.20:ll00 It 
~em~ 0..11:i!t 0.33 

C11 Tl:GJ--all.lOC, _. ow;i.e: ~CIIWDI'- Ekn:lC-~ IITII -EECC -IErllr;Tcammcdlr 

Cllll)rns, •c:.£EC>C-~ a CIWII Cl'CIClll CJI Si;Q.OOCl211- CIAl<t"aB-1 a,lllt .-r, 

C2> tl*'I -·--ti:t-~M:lltl=--l!lrm . DlllntD!snt1111ranixmt1JOnO 
-(!l-.imcl~-~I CCl.i-ll'llllmlllllllt>Sd21!W! OA.eR;S _CCM:lt3,....-,,. 

O i DWIU!C C/la!IIIEO <l>nol a:a, l>CAR!i or-··-~ 
.......... - -- -· - ND CTC LOC .. TIUIC 

WC -
CS.tWhl 
__ e,..,..,,. 

0.02M3 O.ae3117 11 Q.Ot 2-t1 I 0.000:12 I 0..00100 o.0003J I 0.00013 11 0 .00000 O. t :03:1 I 
9«11-F1Rak-- O.Cll!M3 O.CID3!17 R o..ot 2-t1 I O.li00:12 I 0.00100 !l.00033 I o.oaoia R O.ODOOO 0. t :m:i., I 
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