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2016 Energy Efficiency Ordinance Cost Effectiveness Study

1 Introduction

The California Building Energy Efficiency Standards Title 24, Part 6 (Title 24) (CEC, 2016b) 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
]unsdlctlons have the authority to adopt local energy efficiency ordinances, or reach codes, that exceed
the minimum standards defined by Title 24 (as established by Public Resources Code Section
25402.1(h)2 and Section 10-106 of the Building Energy Efficiency Standards) Local jurisdictions must
demonstrate that the requirements of the proposed ordinance are cost effective and do not result in
buildings consuming more energy than is permitted by Title 24. In addition, the jurisdiction must obtain
approval from the 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 1, 2017. The analysis includes scenarios of
compliance packages options and cost effectiveness analysis 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 the voluntary Tier 1
Performance Standard in Title 24, Part 11 (CALGreen),

(2) exceeding minimum requirement by at least 30%, consistent with the voluntary Tier 2
Performance Standard in CALGreen,

(3) meeting minimum Title 24 efficiency performance targets pliss on-site renewable energy
generation sufficient to achieve an Energy Design Ratmg of zero (TDV-Zero), consistent with the
voluntary Zero Net Energy Design tier in CALGreen,

(4) meeting minimum Title 24 efficiency performance targets plus on-site renewable energy
generation sized to offset a portion of the total TDV loads of the building without risking sizing
of the PV system larger than the estimated electrical energy use of the building.

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 Single Family R
Ont ety TwoStory  Moltifamily
6,960 ft*;
Conditioned Floor Area 2,100 f? 2,700 f* (4) 780 2 &
(4) 960 2 units

Num. of Stories 1 2 2
Num. of Bedrooms 3 3 ( 4(;‘ ?Z-ll;::(llnf;ts
Window-to-Floor Area Ratio 20% 20% 15%
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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

e Tankless gas water heater that meets the minimum federal guidelines for efficiency; individual
water heaters in each multifamily apartment.

Other features are defined consistent with the Standard Design in the Alternative Calculation Method
Reference Manual (CEC, 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 ft? house'.

2.2 Efficiency Measures & Package Development

The CBECC-RES 2016.2.0 ALPHA2? (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 runs® were conducted to develop packages of measures that exceed the minimum code
performance level by 15% (CALGreen 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.

12,430 fi>=45% * 2,100 fi2 + 55% * 2,700 fi?

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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2016 Energy Efficiency Ordinance Cost Effectiveness Study

Evaluation results for the selected packages show that meeting the performance targets for both single
family and multifamily prototypes is feasible in most climate zones. In climates where it was not feasible,
targets were relaxed to an 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, both single family and
multifamily, must independently evaluate and identify the most cost effective approach based on project-
specific factors.

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

Quality Insulation Installation (QIT): HERS rater verification of insulation quality according to the
procedures outlined in the 2016 Reference Appendices RA3.5 (CEC, 2016c). QII is included in all cases
since it is a pre-requisite for all the voluntary tiers in 2016 CALGreen.

Reduced Infiltration (ACHS0): HERS rater field verification and diagnostic testing of building air
leakage according to the procedures outlined in the 2016 Reference Appendices RA3.8 (CEC, 2016c).
The default infiltration assumption for single family homes is 5 air changes per hour at 50 Pascals
(ACHS50)* and the reduced level applied in this analysis is 3 ACHS50. This measure was not applied to
multifamily homes because the modeling software does not allow this credit unless each unit is modeled
individually, which is not 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
climates and reduce the solar heat gain coefficient (SHGC) from the prescriptive value of 0.25 to 0.23 in
climate Zdne 2, 4, 6 through 16. In climate zones 1, 3, and 5 there is no prescriptive SHGC requirement
and the default value of 0.50 is left as is.

Door Performance: Install ifisulated doors that meet a U-value of 0.20 at the front entry and doors
between the house and garage. It’s assumed there is a singlé 3’ x 6°8” entry door per single farhily 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 of 0.20. This measure only applies to climates zones where this is not already required
prescriptively.

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

High Performance Attics (HPA): For climates where HPA is not already prescriptive under the 2016
code (CZ 1-3, 5-7), increase attic ceiling insulation to R-38 and add insulation under the roof deck

between framing (R-13 for roof with air space, R-18 for roof without air space).
High Efficiency Furnace: Upgrade furnace to a condensing unit with an efficiency of 92% AFUE.

High 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 of 0.3 Watts / cfm 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 50 Pascals between indoors and outdoors.
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2016 Energy Efficiency Ordinance Cost Effectiveness Study

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 determined based on simulations that demonstrated the HERS credit to be valued at roughly
twice that for pipe insulation without verification in terms 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 fi? of conditioned floor area and 1 kW DC
per multifamily unit with no more than 1,000 fi? of conditioned floor area is required. For the single
family 2,430 fi? 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 fi?
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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2016 Energy Efficiency Ordinance Cost Effectiveness Study

Table 2: Measure Descriptions & Cost Assumptions

Incremental Cost
Performance | Single | MF —Per
Measure Level Family Unit Source & Notes
Clty of Palo Alto 2016 Reach Code Ordinance:
Qll Yes $519 $133 civicax/filebank/documents/52054
NREL measure cost database ($0.115/f2 for sealmg) + HERS rater
ACH50 3.0 $379 n/a verification ($100).
Wall 2016 CASE Report: Residential High Performance Walls and QII,
Insulation R-21 $164 na 2016-RES-ENV2-F
Aged Reflect $0-$0.50 / ft? of roof area per local industry expert at LBNL. Used
Cool Roof =0.20 $523 $131 average of $0.25/ft%
Window U-
factor/ SHGC 0.30/0.23 $73 $20 EnerComp ($0.15/f? of window area)
NREL measure cost database ($3.50/t%) for doors between house
and garage. Double cost ($7/ft?) for front door assuming a premium
Doors 0.20 U-factor $210 $140 product.
High For climate zones 1-3, & 5-7 only where HPA is not prescnptwe
Performance R-15 under 2016 CASE Report: Residéntial Ducts in Conditioned Space / High
Attics (HPA) roof deck $878 $219 Performance Attics, 2016-RES-ENV1-F
Furnace 92% $389 $351 Local HVAC eomractor, MF teduction for smaller eabaclty
Air 15/12.5 $78 $46 Local HVAC ¢dritractor, MF reduction for smaller capacity.
Conditioning Average of local HVAC contractor & NREL database costs. MF
16/13 $839 $699 reduction for smaller capacity. .
Fan Efficacy | 0.3 Watts/cfm | $143 $104 ; | Local HVAC contractor, MF reduction for smaller capaclty
Refrigerant " HERS
Charge .. verified n/a $75 Local HERS rater.
[ ) For climaté zones 3, 6, & 7 where not prescriptive. 2016 CASE
Duct Report: Residential Ducts in Conditioned Space / High Performance
Insulation g . R-8 $164 n/a Attics, 2016-RES-ENV.1-F
0.94 EF $0 $0 Internet pricing and plumbing contractor input. Mlmmal
incremental equip cost and lower cost to install PVC. venting
Water heater (condensing) vs stainless venting (standard). Slight premium going
0.96 EF $100 $100 from 0.94 to 0.96.
Roughly equivalent to code requirements effectwe Jan. 2017. 10%
of $3.87 per ft (2013 SE DHW CASE study) for additional labor to
Hot water pipe HERS pass HERS inspection. $100 for HERS verification per local HERS
insulation verified $146 na raters.
Hot water Assume compact design already or easily achieved in MF units — no
compact HERS added cost. $100 HERS verification fee per local HERS rater. Pipe
distribution verified n/a $112 insulation-cost per the pipe insulation measure assumptions.
Avg. system cost for systems < 10kW (for the last 12 months) of
$5.29/Watt for single family (http://www.gosolarcalifornia.ca.gov/).
For multi-family systems, an average of the < 10 kW and > 10kW
system cost ($4.37/Watt) was used; systems are expected to be
typically greater than 10 kW, although not as large as some
commercial systems reported on in the database. In both cases cost
System size $3.53/ $3.21/ | was reduced by $0.25/Watt for the NSHP incentive & 30% for the
PV varies kW DC kW DC | solar investment tax credit.
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2016 Energy Efficiency Ordinance Cost Effectiveness Study

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
y

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 (kWpc) required to meet Solar PV Ordinance by Climate Zone

%‘:;‘1‘:‘(‘}':;;' czt | cza | cz3 | cza | czs | cz6 | cz7 | cz8 | cz9 | czio | czu | cziz | czi3 | czua | czis | czi6
L’fgo‘g"" 16 | 14 | 15 | 13 [ 14 | 15 | 13| 15| 14| 14|17} 15| 18| w3 ] 21| 13
1000-1499 | 20 | 172 | 17 | 15 | 16 | 17| 15 | 18 | 17 12| 22 J 19| 23 | 16| 28 | 16
1500-1999 | 24 | 20 | 21 | 18 | 19 | 20} 18 | 21 | 20 | 20| 27 | 23 | 28 | 20 | 35 | 19
2000-2499 | 28 | 23 | 24 | 20 | 21 | 23 | 20 | 24 | 23 | 23 | 32 | 27 | 34 | 23 | 42 | 23
2500-2999 | 32 | 26 [ 27 | 24 | 24 | 26 | 23 | 27 | 26 | 27 [ 37 | 31 | 39 | 27| 49 | 26
3000-3499 | 36 | 29 | 30 | 26 | 27 | 29 | 25 | 30 | 29 [ 30 | 42 | 34 | 44 | 30 | 56 | 30
3500-3999 | 39 |[M33%H 32 [F280) 29 |88 27 [es3ill 32 [WEstl 47 [MEBE| 45 |WEa] 63 |03
4000-4499 | 43 | 35 | 35 | 32 | 31 | 34 | 29 | 36 | 35 | 36 [ 50 | 42 | 54 | 37| 70 | 36
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2016 Energy Efficiency Ordinance Cost Effectiveness Study

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 current residential utility rates at the time of the analysis
were used to calculate utility costs for all cases and determine cost effectiveness for the proposed
packages. Annual utility costs were calculated using hourly electricity and gas output from CBECC-Res
and applying the utility tariffs summarized in Table 4. Appendix C includes the utility rate schedules
used for this study. The standard residential rate (E1 in PG&E territory, D in SCE territory, & DR in
SDG&E) was applied to the base case and all cases without PV systems. The applicable residential time-
of-use (TOU) rate was applied to all cases with PV systems. > Any annual electricity production in excess
of annual electricity consumption is credited to the utility account at the applicable wholesale rate based
on the approved NEM tariffs for that utility. The net surplus compensation rates for the different utilities
are as follows:

e PG&E:  $0.043/kWh
SCE: $0.0298 / kWh*
SDG&E: $0.0321 /kWh’

Table 4: IOU Utility Tariffs used based on Climate Zone
Climate | Electric/Gas' | Electricity Electricity Natural Gas
Zones Utility (Standard) (Time-of-use)
1-5, 11-13, 16 | PG&E " 1EIl | E-TOU, Option A [ G1 i
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 of future savings and
financing of incremental costs. A value of one indicates the savings over the life of the measure are
equivalent to the incremental cost of that measure. A value greater than one represents a positive return on
investment. The ratio is calculated as follows:

Lifecycle Customer Benefit-Cost Ratio =
(Annual utility cost savings * Lifecycle cost factor) / (First incremental cost * Financing factor)
The lifecycle cost factor is 19.6 and includes the following assumptions:

e 30-year measure life & utility cost savings
e 3% real discount rate
e No utility rate escalation (conservative assumption)

5 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?).

6 SCE net surplus compensation rate based on 1-year average September 2015 — August 2016.
7 SDG&E net surplus compensation rate based on 1-year average August 2015 — July 2016.
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2016 Energy Efficiency Ordinance Cost Effectiveness Study

The financing factor is 1.068 and includes the following assumptions:

30-year financing term

4.5% loan interest rate

3% real discount rate

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

Simple payback is also presented and is calculated using the equation below. Based on the terms
described above the lifecycle cost-to-benefit ratio threshold of one is roughly equivalent to a simple
payback of 18 years.

Simple payback = First incremental cost / Annual customer utility cost savings
2.6 Greenhouse Gas Emissions

Equivalent CO, emission savings were calculated using the following emission factors. Electricity factors
are specific to California electricity production.

Table 5: Equivalent CO; Emissions Factors

Source

Electricity | 0.724 1b. COz-e / kWh | U.S. 8Environmental Protection agency’s 2007 eGRID
data.

Natural Gas | 11.7 Ib. COz-e / Therm | Emission rates for natural gas combustion as reported by
the U.S. Environmental Protection agency’s GHG
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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2016 Energy Efficiency Ordinance Cost Effectiveness Study

3 Results

Cost effective analysis including evaluating three efficiency packages and two PV performance 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 CALGreen performance 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 Family Results
3.1.1 Single Family Cost Effectiveness Analysis

A comparison of cost effectiveness for each climate zone and five cases is presented in Figure 1. Table 6
and Table 7 provide the results in tabular form along with energy and greenhouse gas (GHG) savings for
each efficiency and PV performance 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-Zero). 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 specification of equipment
with efficiencies better than federally mandated values to avoid federal preemption prohibitions.

Tier 1 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-Zero PV capacity (as required to generate a TDV=0 compliance simulation result) ranges from 3.1
kW DC in the mild climates (CZS5 and 7) to 7.7 kW DC in hot climates (CZ15). 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
Zero-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.

Page 9 September, 2016



2016 Energy Efficiency Ordinance Cost Effectiveness Study

Greenhouse gas (GHG) savings range from 4.1% to 12.7% for the envelope and equipment Tier 1
packages. Including the PV compliance credit increases GHG reductions to 39% on average. GHG
reductions for the two PV packages average 50% and 77% for the PV-Plus and TDV-ZERO cases,
respectively.
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Figure 1: Single family cost effectiveness comparison
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Table 6: Single Family Efficiency Package Cost Effectiveness Results’

T24 Elec Gas Utility Lifecycle
Climate | Comp. Savings | Savings | %GHG Package | Cost Simple Benefit-Cost
Zone Margin__| (kWh) (therms) | Savings® | Cost® Savings | Payback | Ratio
Tier 1, Envelope Cases , 5
a1 16.1% 67 83.7 10.7% [ $1,043 | $146 7.2 2.56
[v7] 15,8% 146 49.1 82% | $1617 | $105 154 1.20
3 15.5% 32 43.6 77% | $1,0a3 | $64 16.3 113
z4 12.0% 114 18.8 41% |, $808 $53 153 1.20
zs 15.2% 27 39.3 7.3% $812 $54 15.1 1.22
26 8.7% 20 17.1 3.6% $5711 | $20 284 | 065
27 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
‘9 17.2% | 169 111 41% $808 $47 17.2 1.07
1210 17.2% | 213 12.9 a7% | $808 $57 14.2 1.29
11 16.9% 460 | 259 7.1% $808 $156 5.2 "3.55
212 16.4% 222 24.2 5.4% $808 $87 9.3 1.98
13 17.4% 485 22.1 7.0% $308 $157 5.2 3.56
icz14 16.4% | 441 24.4 6.9% $808 $127 6.4 2.88
215 15.2% 896 4.7 8.1% $728 $209 35 5.26
cz16 15.8% 296 80.4 9.8% | $1,456 | $195 7.5 2.46
Tier 1, Equipment Cases : 7 i
1 19.3% 47 1017 | 127% | $999 $169 59 3.10
@ 16.8% 34 67.0 9.7% $999 $103 9.7 1.89
z3 15.3% 23 45.4 8.0% $681 $63 10.8 1.69
cz4 17.0% 103 45.4 83% | $1,156 $82 14.2 130
cz5 16.9% 22 46.0 8.4% $681 $60 11.3 1.62
€6 155% | 20 36.2 73% | $842 $38 22.2 0.83
cz7 15.6% 9 25.7 5.8% $681 | $35 19.6 094
cz8 17.4% 68 51 | 6.0% $838 | $39 21.6 085
€29 16.9% 159 122 | 42% | $1,650 $46 35.8 051
cz10 | 166% | 203 14.2 49% | s1650 | $s6 29.4 0.62
z11 17.3% 473 26.0 72% | s1650 | $160 10.3 178
212 16.0% 247 22.7 54% | $1,650 $92 18.0 1.02
z13 17.9% 507 215 71% | $1,650 | $161 10.2 1.79
z14 17.1% 458 26.4 73% | 1,650 | $133 12.4 148
cz15 15.2% 896 47 8.1% $728 $209 35 5.26
z16 17.6% 58 1237 | 126% | $999 $207 48 3.80
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T-24 Elec Gas Utility Lifecycle
Climate | Comp. Savings | Savings | % GHG Package | Cost Simple Benefit-Cost
Zone Margin (kWh) (therms) | Savings? | Cost® Savings | Payback | Ratio
Tier 2, Cases with PV Credit
21 32.2% 2,947 111.8 35.7% $10,576 $781 13.5 1.36
Ccz2 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 13.0 1.41
Cz5 22.0% 3,392 35.6 43.7% $8,413 $737 114 1.61
Cz6 N/A - No PV Credit
cz7 N/A - No PV Credit
cz8 36.4% 3,290 10.2 44.0% 68,721 $617 14.1 1.30
29 35.0% 3,333 13.2 41.5% $8,333 $595 14.0 131
cz10 32.2% 3,517 15.4 42.3% 58,721 $612 14.2 1.29
cz11 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 5684 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 $801 116 1.59
Cz15 32.2% 4,610 4.7 39.0% $9,265 $767 121 1,52
Cz16 31.5% 3,881 80.4 31.8% $9,606 $852 11.3 1.63
tShaded rows reflect those cases which are not cost effective.
2 Based on CA electricity production and equivalent CO2 emission rates of 0.724 |bCOze / kWh & 11.7 Ib-
COze / therm.
% Includes 10% markup for builder profit and overhead.
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Table 7: Single Family PV Performance Package Cost Effectiveness Results'

2016 Energy Efficiency Ordinance Cost Effectiveness Study

Lifecycle

PV Elec Gas Utility Benefit-
Climate | Compliance | Capacity | Savings | Savings | GHG % Package | Cost Simple Cost
Zone Margin_ | (kW) (kWh) (therms) | Savings® | Cost® Savings | Payback | Ratio
PV-Plus Péckage
1 32.2% 3.0 4,178 111.8 | 45.0% | $14,146 | $889 15.9 1.15
22 31.4% 2.5 3,798 1327 | s19% | $11,575 | $872 133 1.38
cz3 21.8% 2.6 4,082 40.1 49.7% | $10,836 | $784 13.8 133
cza 30.4% 23 3,619 21.8 39.2% | $9,441 | $716 13.2 1.39
czs 22.0% 23 3,838 35.6 486% | $9,441 | $768 12.3 1.49
cz6 10.8% 2.5 3,912 17.1 48.9% | $10,294 | $604 17.0 1.08
cz7 10.6% 2.2 3,556 9.7 51.5% | $9,602 | $655 14.7 1.25
cz8 36.4% 2.6 4,026 10.2 53.4% | $105525 | $693 15.2 121
c29 35.0% 25 4,092 13.2 50.3% | $10,137 | $713 14.2 1.29
cz10 32.2% 2.5 4,202 15.4 50.0% | $10,351 | $733 14.1 1.30
cz11 31.2% 3.5 5,728 3s.8 51.1% | $14,368 | $1,097 13.1 1.40
cz12 32.4% 29 4,673 27.9 45.2% | $11,903 | $799 14.9 1.23
213 31.3% 3.7 5,863 25.4 521% | $14,913 | $1111 134 1.37
cz14 30.9% 25 4,941 26.4 4a.1% | $10507 | $900 11.7 1.57
cz1s 32.2% 4.6 8,600 4.7 72.2% | $18521 | $1,497 12.4 1.48
216 31.5% 25 4,501 80.4 35.6% | $11,022 | $866 12.7 1.44
Zero-TDV Package
cz1 32.2% 48 6,560 1118 | 629% | $21,054 | $987 213 0.86
[o7) 31.4% 40 | 6,200 1327 | 729% | $17,532 | $960 18.3 1.01
z3 21.8% 35 5,557 40.1 65.2% | $14,465 | $845 17.1 1.07
cza 30.4% 39 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 | $821 159 115
26 10.8% 35 5530 | 171 | 683% | $14271 | $644 22.2 0.83
cz7 10.6% 3.1 5,083 9.7 724% | $13221 | $686 19.3 0.95
cz8 36.4% 3.7 5,821 102 | 763% | $14930 | $705 21.2 0.87
c29 35.0% 43 700 | 132 85.4% | $17,258 | $7s6 228 0.80
C210 32.2% 4.3 7,103 154 | 825% | S17,258 | $776 22.2 0.83
cz11 31.2% 6.1 9,908 35.8 85.0% | $24,555 | $1,269 19.3 0.95
c212 32.4% 5.1 8,094 27.9 754% | $20,363 | $944 216 0.85
c213 31.3% 64 | 10,075 254 | 87.1% | $25488 | $1,299 19.6 0.94
c214 30.9% 5.5 10,295 26.4 88.0% | $22,072 | $1,068 20.7 0.89
cz1s 32.2% 7.7 13,811 47 115.5% | $30,610 | $1,762 174 1.06
c216 31.5% 5.2 9,147 80.4 64.2% | $21,636 | $1,061 20.4 0.90

‘1shaded rows reflect those cases which are not cost effective.
2 Based on CA electricity production and equivalent CO2 emission rates of 0.724 IbCOze / kWh & 11.7 Ib-COze / therm.
3 Includes 10% markup for builder profit and overhead.
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Compliance _ 2 2 E w Do £ 'E 2.
Climate | Margin o ] 5% T; = s 3
N ﬂ%v Zone Target | = 37 2 z =
CZ1 15% ‘ Y .30/.50 0.20 Y
$z2 15% Y 3 30/.23 020 030 Y
\J~ cz3 15% Y 30/.50  0.20 Y
i‘;‘“ 4 10% Y 30/.23 0.30
\ CZ5 15% Y .30/.50 Y
CZ6 No package
C27 No package
CZ8 No package
C29 15% Y .30/.23 0.30
| C210 15% Y .30/.23 0.30
CZ11 15% ¥ .30/.23 0.30
| C212 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

2016 Energy Efficiency Ordinance Cost Effectiveness Study

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 performance 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: Single Family Efficiency Only: Cost Effective Measures Summary

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: Single Family PV-Plus: Cost Effective Measures Summary
3 ] b £
Compliance - 2 ° 2 < 8 8=

Climate | Margin e § '§ "3 g g s : g § % g § E
Zone Target H g
21 30% Y 3 .30/.50 0.20 Y Y 3.0
22 30% Y ' .30/.50 0.20 Y Y 2.5
cz3 20% Y .30/.50 0.20 2.6
cza 30% Y .30/.23 2.3
25 20% Y .30/.50 j 2.3
Cz6 10% Y 0.30 25
cz7 10% Y .30/.23  0.20 0.30 Y 2.2
cz8 30% Y 2.6
€29 30% Y 2.5
€210 . 30% Y 2.5
cz211 30% Y .30/.23  0.20 35
212 30% Y 2.9
cz13 30% Y .30/.23 3.7
cz14 30% Y 0.30 2.5
cz15 30% Y ‘ 0.30 4.6
€216 30% 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 assumed 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 10.and
Table 11 provide the results in tabular form, along with energy and greenhouse gas savings for the
efficiency and PV performance tiers, respectively. 4!l 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 performance
packages (PV-Plus and TDV-Zero). A summary of measures included in each package is listed in
Appendix B.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 cost effective in climate zones 1, and 10 through 16, although
the threshold for climate zone 10 was lowered to 10% 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 PV,

Table 11 summarizes the cost effectiveness of the PV performance packages. PV capacity required to
meet the required TDV energy offset for each case is also included. The PV capacity for the PV-Plus
packages are sized the same as for the single family analysis and based upon the values in Table 3. The
required TDV-Zero PV capacity per apartment ranges from 1.9 kW DC in the mild climates to 3.7 kW
DC in hot climates (CZ15). For the multifamily prototype 8-unit apartment building, this is equivalent to
15.2 t0 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 PV-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 PV is cost effective in offsetting electricity use, adding PV to
meet a zero TDV 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 PV compliance credit increases GHG reductions to 34% on average. GHG
reductions for the two PV packages average 49% and 78% for the PV-Plus and ZN-TDV cases,
respectively.
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Figure 2: Multifamily cost effectiveness comparison
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; Table 10: Multifamily Efficiency Cost Effectiveness Results'

7-24 Elec Gas Utility Lifecycle
Climate | Comp. Savings | Savings | 9% GHG Package | Cost Simple Benefit-Cost
Zone Margin _ | (kWh) (therms) | Savings® | Cost® . | Savings | Payback | Ratio
Tier 1, Envelope Cases 7 e : : ; g e 7 : 7
1 16,5% 31 28.0 8.0% $559 $37 15.0 122
22 4.8% 7 7.3 22% | $i46 $10 15.0 122 | &—
€23 10.9% -3 14.3 4.5% $444 $16 28.1 0.65
cz4 109% | 45 46 2.3% $364 | s14 | 269 | o068
c25 102% | 4 133 | 42% | s641 | s$14 | asa 0.41
€26 17% | 19 1.7 30% | %559 | $10 55.7 033
cz7 10.2% 10 4.3 1.7% $641 $7 873 | o021
cz8 10.5% ss | 12 15% $282 $10 29.0 0.63
29 12.3% 79 20 22% | $282 $14 19.7 0.93
‘cz10 10.1% 92 25 | 2.6% $282 $17 169 | 108
211 17.7% 186 13.2 65% | $a3 | 949 89 1207
€12 17.1% 103 126 54% | $436 $33 131 | 141
213 181% | 200 113 63% | $436 $50 88 2.09
214 17.8% 176 12.9 63% 1 s436 $39 ,| 111 1.66
cz15 17.7% 426 0.6 6.8% $436 $73 59 3.09
216 16.3% 91 299 | 8.0% $559 $52 10.7 171
Tier 3, Equipment Cases 7 ] R
21 | 167% 8 31.7 86% | $290 | $37 | 78 235
cz2 150% | 7 273 80% | s642 | $32 19.8 0.93
z3 12.4% 1 16.9 5.4% $146 $19 7.6 2.42
Cza 16.3% 11 25.5 80% | $765 $31 24.8 0.74
z5 11.8% -3 16.6 5.3% $146 $18 8.1 2.28
z6 12.1% 1 16.4 5.6% $269 $15 17.8 1.03
cz7 12.5% -1 159 55% | $379 | $20 19.3 0.95
cz8 15.2% 83 12 | 2a% | $1,133 $14 | 804 0.23
€29 15.7% | 106 2.0 28% | $1,029 | $19 | ss4 | o033
€210 15.5% 124 25 32% | $1029 | $22 | 472 039
cz11 16.5% 202 6.3 5.0% $333 $44 7.5 243
12 15.0% 109 6.1 3.6% $333 $27 12.4 148
z13 15.4% 199 5.1 4.6% $311 $42 7.4 248
cz14 16.5% 201 61 | 49% | $1029 | $37 | 2727 | o066
cz15 20.4% 515 0.4 82% | $1,029 $89 116 1.58
216 15.7% 86 . 29.8 7.9% $668 $51 13.0 141
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T-24 Elec Gas Utility Lifecycle
Climate | Comp. Sdvings | Savings | % GHG Package | Cost Simple Benefit-Cost
Zone Margin | (kWh) (therms) | Savings® | Cost® Savings | Payback | Ratio
Tier 2, Cases with PV Credit 7 ,
cz1 21.0% 1,370 28.0 30.2% $4,085 $291 14.1 131
Cz2 20.4% 1,608 17.2 33.7% $4,085 $318 12.8 143
cz3 15.3% 1,585 141 35.7% $4,085 $315 13.0 141
Ccza 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
26 N/A - No PV credit '
cz7 N/A - No PV credit
cz8 21.0% 1,622 5.7 35.3% $4,085 $260 15.7 117
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 12.7 144
Cz12 26.5% 1,673 12.6 32.8% $3,963 $312 12.7 144
Cz13 27.3% 1,746 113 31.8% $3,963 $301 13.2 139
Cz14 26.0% 1,973 12.9 36.0% $3,963 $307 12.9 142
€215 25.4% 2,100 0.6 33.0% 63,963 $281 14.1 1.30
C216 25.7% 1,734 42.4 33.8% $3,848 $369 104 1.76
tShaded rows reflect those cases which are not cost effective.
2 Based on CA electricity production and equivalent CO2 emission rates of 0.724 IbCOze / kWh & 11.7 Ib-
COze / therm.
3 Includes 10% markup for builder profit and overhead.
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Table 11: Multifamily PV Performance Cost Effectiveness Results'

Lifecycle
14" Elec Gas Utility Benefit-
Climate | Compliance | Capacity | Savings | Savings | GHG % Package Cost Simple Cost
Zone Margin_| (kW) {kWh) (therms) | Savings® | Cost® | Savings | Payback | Ratio
PV-Plus Package
cz1 21.0% 1.6 2,172 28.0 43.5% $6,201 $393 158 1.16
| cz2 20.4% 14 2,234 17.2 449% | $5.496 | $393 14.0 1.31
cz3 15.3% 15 2,374 14.1 51.2% $5,849 $377 15.5 118
cz4 26.9% 13 2,137 13.6 44.8% $5,143 $391 131 140
cz5 12.4% 14 2,350 13.3 51.1% $5,496 $375 14.7 125
CZ6 11.7% 15 2,388 7.7 52.5% $5,849 $322 18.1 1.01
cz7 10.2% 13 2,139 43 48.0% $5,226 $369 14.2 130
Ccz8 21.0% 15 2,413 5.7 51.6% $5,849 $350 16.7 1.10
c29 26.8% 14 2,372 4.0 48.4% $5,373 $369 14.6 1.26
Cz210 26.2% 14 2,386 49 47.9% $5,373 $383 14.0 131
cz11 26.5% 1.7 2,893 13.2 50.8% $6,431 $514 125 147
Cz12 26.5% 15 2,457 12.6 46.5% $5,726 $437 131 1.40
CZ213 27.3% 1.8 2,982 i13 52.2% $6,784 $525 129 142
CzZ14 26.0% 13 2,512 129 | 44.9% $5,021 $406 124 1.49
zZ15 25.4% 21 3,940 0.6 61.8% $7,842 $618 12.7 1.45
z16 25.7% 13 2,204 424 | 409% | $4906 | $444 11.1 1.66
2ero-TDV Package
1 21.0% 25 3,415 28.0 64.2% $9,476 $424 22.3 0.82
cz22 20.4% 23 3,674 17.2 70.7% $8,741 $433 20.2 091
€z3 15.3% 20 3,233 14.1 68.1% $7,767 $400 194 0.94
Cz4 26.9% 22 3,587 13.6 72.4% $8,320 $429 194 0.95
cz5 12.4% 19 3,189 133 67.8% $7,254 $399 18.2 1.01
cZ6 11.7% 2.1 3,356 8.0 72.7% $8,011 $341 235 0.78
| €27 10.2% 21 3,383 4.0 75.0% $7,903 $394 20.0 0.92
cz8 21.0% 24 3,768 5.7 79.6% $8,869 $379 234 0.78
C29 26.8% 2.5 4,124 4.0 83.1% $9,154 $403 22.7 0.81
€210 26.2% 25 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 $586 189 0.97
Cz212 26.5% 2.8 4,509 12.6 82.3% $10,336 $503 20.6 0.89
€z13 27.3% 3.2 5,129 11.3 87.6% $11,681 5603 19.4 0.95
Cz14 26.0% 2.7 5,056 12.9 86.8% $10,014 $482 20.8 0.88
Cz215 25.4% 3.7 6,571 0.6 102.9% | $13,389 $726 184 0.99
CZ16 25.7% 26 4,398 424 71.0% $9,379 $514 18.2 101

1Shaded rows reflect those cases which are not cost effective.
2 Based on CA electricity production and equivalent CO2 emission rates of 0.724 |bCOze / kWh & 11.7 Ib-COze / 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: Multifamily Efficiency Only: Cost Effective Measures Summary

> £

Compliance _ =~ S e £ 8 9 g
Climate | Margin g % é g § 7'3 % § Eg g
Zone Target s & g
CZ1 15% Y 0.30/0.50 0.20 0.3 Y
22 Qll Only Y
CZ3 No package
CZ4 No package
CZ5 No package
CZ6 No package
€27 No package
CZ8 No package
C29 No package
CZ10 10% Y 0.30/0.23 0.3
C211 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
CZ15 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).

Page 20

September, 2016



2016 Energy Efficiency Ordinance Cost Effectiveness Study

Table 13: Multifamily PV-Plus: Cost Effective Measures Summary

Compliance P ) S0 - g . =
B vl IEPSIRIRE SR Y £ R FRUNNE 1
Zone Target 23° " e ; 5 .
cz1 20% Y 0.30/0.50  0.20 0.3 Y 1.6
2 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
cza 25% Y 0.30/0.23  0.20 0.3 Y 1.3
cz5 10% Y 0.30/050  0.20 0.3 Y 1.
Cz6 10% Y 0.30/0.23  0.20 1.5
cz? 10% Y 0.30/0.23  0.20 1.3
cz8 20% Y 0.30/0.23  0.20 0.3 Y 1.5
25% Y 0.30/0.23  0.20 0.3 14
€210 25% Y 0.30/0.23  0.20 0.3 14
211 25% Y 0.30/0.23  0.20 0.3 1.7
212 25% Y 0.30/0.23 0.20 0.3 1.5
€213 25% Y 0.30/0.23  0.20 0.3 1.8
cz14 25% Y 0.30/0.23  0.20 0.3 1.3
CZ15 25% Y 0.30/0.23  0.20 0.3 21
Cz16 25% Y 0.30/0.23  0.20 13
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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 PV 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. ldentifying 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 PV (PV-
Plus) package. The tables include the Title 24 compliance target needed to meet the criteria for each
package. Tier | compliance targets are compliance margins for efficiency measures only and are designed
to be met without using the PV Compliance Credit. The PV-Plus compliance targets are for projects that
include PV. The efficiency targets are set higher, but assume that the PV compliance credit (PVCC) 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 PVCC.

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 packages of measures that meet the CALGreen Tier | criteria without mandating the
installation of PV 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 PV 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 PV system to offset 100% of the TDV 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 PV system to meet the ZNE Tier criteria was generally not cost effective or in
some limited cases, marginally cost effective. Instead a PV and efficiency package (PV-Plus) was
developed that limited the size of the PV 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 PV-Plus cases for both the single family and multifamily
prototypes are all above one. In cases where PV capacity in the PV-Plus package is less than the
minimum to meet the PV compliance credit, it’s recommended that jurisdictions allow the smaller PV
capacity be installed and still qualify for the PVCC to avoid sizing the PV systems larger than the
estimated electricity use.
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Table 14: Single Family Reach Code Package Recommendations

T-24

Climate | Compliance | PVCC
Packages 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 Package Recommendations

T-24

Climate Compliance | PVCC
Packages Zones Target Allowed PV
. . 1,11-16 15% No n/a
Tier 1 Efficiency 10 10% No e

Only Package

2 (o]]] 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 zero 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 summarized 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 150.1-4 COMPONENT PACKAGE-A STANDARD BUILDING DESIGN

c
1 2 3 4 E] [ 7 8 9 10 11 12 13 14 15 16
g -
84 Egl
oy E é; 2 & NR NR NR RS NR NR NR R8 R8 RS RS R8 RS RS RS RS
]
£ |13
. ,gé x-
- 3 § mg' NR NR NR R6 NR NR NR R6 R6 R6 Ré6 R6 R6 R6 R6 R6
< %.5
.§ ug R38 R38 R30 R38 R30 R 30 R30 R38 R38 R38 R38 R38 R38 R38 R38 R38
&
§ g NR REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ NR
: REL
- é-“' 3: Eg_ ‘
z$8 = | E& 2&| M | NR | NR | R1I8| NR | NR | NR | R18| R18| R18| R18| RI8B| RI8| RI18| R18 | R18
95185 £ |4
@ 4
HIREANE 2
g ‘i‘ ‘§ NR NR NR R13 NR NR NR R13 R13 R13 R13 R13 R13 R13 R13 R13
a g
g gg R38 R38 | R30 R38 R30 R30 R30 R38 R38 R38 R38 R38 R38 R38 R 38 R38
gg NR REQ REQ NR REQ REQ REQ NR NR NR NR NR NR NR NR NR
2 en_§
g §§ R38 R 30 R30 R30 R30 | R30 R30 R 30 R 30 R30 R38 R38 R38 R38 R38 R38
(&
g g NR REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ NR
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TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN (CONTINUED)

Clhi Zone
1 2 3 3 s 6 7 ) 9 10 11 12 13 14 15 16
"U
E | voosi | voost | voosi | voost | voost | vooss [ vooss | voost | voost | voost [ voost | voost | voost | voost [ voost | o gﬂ
2 )
;- =
- S |3 E U007 | U007 | U000 | U007 | U000 | U070 | Uoom [ oo | Voo | vooero | Uoor [ voo | oo [ veorn | voomw | (‘)’59
kS 2 [23 E| R R13 R13 R13 R13 RI3 RI3 RI3 R13 R13 R13 RI3 R13 R13 R13 R’ 17
% = =N
s <
"
k] o U
& 2 g5 g| voazs | voras [ vons | vors [ wons | vess | vorss | vorzs | vers | voras | veas [ Uens | U0a2s | U0I0s | US| oo
<) 2 =z Z| Rrso RS0 RS0 R 80 R80 R8O R8O R8O R8O RS0 R8O R8O R8O R80 RS0 g
w
z
5]
2
3 238 5| voow | vooro | oo | vooero | oo | oo | voow | vooo | Uoor | vooro | Voo | Voo | oo | voor | uoor | (‘)’66
E] ogﬁ R13 R13 RI13 R13 R13 R13 R13 R13 R13 R13 RI13 RI13 RI3 RI3 R13 :
Q § mO g RIS
z
5
o
@ 1Es g vo200 | v0200 | V0200 | L0200 | U0200 | U200 | U200 | L0200 | U200 | V0200 | VG200 | V0200 | U200 | oo [ vot0 | o })’53
s Z| ®rso R5.0 R50 R5.0 RS0 R5.0 R 5.0 RS0 RS0 R 5.0 R 5.0 R50 RS0 R 10 R10 S O
Slab Perimeter | NR NR NR NR NR NR NR NR NR NR NR NR NR NR N | OB
Raised V0037 | V0037 | V0037 | V0037 | U037 | U007 | V0037 | U037 | U037 | U037 | U0 | V0037 | L0037 [ voo3r | voos? [ | (l)JJ7
Floors i R19 R19 R19 R19 R19 R19 R 19 R19 RI9 R19 R19 R19 R19 R19 R19 1o
Conoreto Raised | V0992 | V0092 | V0269 | U0269 | 0269 | w0269 | U269 [ w0269 | U269 | U029 | U0 | U0 | V0N | U002 | UL (U0
RS0 R8O RO RO RO RO RO RO RO RO R8O R40 | R8O R8.0 R4.0 R8O
Aged Solar
2 | Low. | Reectamee NR NR NR NR NR NR NR NR NR NR NR NR 063 NR 063 NR
=2
g 3 sloped Chcoinal NR NR NR NR NR NR NR NR NR NR NR NR 0.75 NR 0.75 NR
5 2| & Emittance
= 2 Aged Solar
] 1§
28| I sep | Refectance NR NR NR NR NR NR NR NR NR 020 020 020 0.20 020 0.20 NR
S |Stoped | Therma
« i NR NR NR NR NR NR NR NR NR 0.75 075 0.75 075 075 075 NR
Emmttance
% Maximum U-factor 0.32 0.32 032 0.32 0.32 032 032 032 032 032 032 0.32 0.32 032 0.32 032
(-]
< |z Maximum SHGC NR 025 NR 025 NR 025 025 025 025 025 025 025 025 025 025 025
= 8
H % Maximum Total Area 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
£ |8
3 [~
Z M"’““‘““l‘mwa“‘ Faomg | \p % NR % NR % % % % % % % % % % %
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Climate Zone
1 2 3 4 5 6 7 ) 9 10 11 12 13 14 18 16
o =~ Electric-Resistance Allowed No No No No No No No No No No No No No No No No
@
&% If gas, AFUE MN | MiN | MiN | MN | MiN | M | MIN { MIN | MIN | MIN | MiN | MIN | MIN | MIN | MIN | MIN
=
If Heat Pump, HSPF® MN | MN | MmN | MN | Miv | Min | MiN | MiN | MiN | MIN | MIN | MIN | MIN | MIN | MIN | MIN
SEER MN | MN | MmN | MN | MiN | vMin | MiNn | MIN | MIN | MiN | MIN | MIN | MIN | MIN | MIN | MIN
t Charge
ig Verification or FacltIndicator | NR | REQ NR NR | NR | NR | NR | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | NR
Display
17}
Whole House Fan'® NR | NR NR NR | NR | NR | NR | REQ | REQ | REQ | REQ | REQ | REQ | REQ | NR NR
=
G e
g § .-.é Ceatral Fan Integrated
O BE<E Ventilation System Fan REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ
E © = Efficacy
a )
% ': Douct Insulation Re | R8 R-6 R8 | Ré¢ | R6¢ | R6¢ | R8 | R8 | R8 | R8 | R8 | R8 | R8 | R8 | RS
(]
™ Eg §101€PA | Nao | NA | NA | NA | NA | NA | NA | NA [ Na | NA [ NA | NA | NA | NA [ NA | NA
-
a g Ductlnsulstion | R6 | R6 R-6 R | R6 | R6 | R6 | R6 | R6 | R6 | R6 | R6¢ | R6 | R6 | R6 | R6
g
8 §150.1(c)9B REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ
g.
S All Buildings System Shall meet Section 150 1(c)8
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Footnote requirements to TABLE 150.1-A:"°

1.
2.

11.

12,

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

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.

R-values shown for below roof deck insulation are for wood-frame construction with insulation installed
between the framing members.

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.

Mass wall has a thermal heat capacity greater than or equal to 7.0 Btwh-fi2. “Interior” denotes insulation
installed on the inside surface of the wall.

Mass wall has a thermal heat capacity greater than or equal to 7.0 Btwh-fi2. “Exterior” denotes insulation
installed on the exterior surface of the wall.

Below grade “interior” denotes insulation installed on the inside surface of the wall.
Below grade “exterior” denotes insulation installed on the outside surface of the wall.
HSPF means "heating seasonal performance factor.”

. 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.

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 Btuwhr and is controlled by
a timelimiting device not exceeding 30 minutes.

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.

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

C.
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Table 16: Single Family Tier Packages

= = - §|T24
Climate 2 % 3 2 e g w s 8§ g é s 5 % Comp.
Zone g & g T3 E 2 2 2 3 | margin
Tler 1, Envelope Cases
1 Y .30/.50 0.20 Y 16.1%
c22 Y 3 .30/.23 0.20 030 Y 15.8%
cz3 Y .30/.50 0.20 Y 15.5%
24 Y .30/.23 0.30 12.0%
s | v .30/.50 Y 15.2%
Cz6 Y 8.7%
cz7 Y 7.0%
cz8 Y 8.9%
29 Y .30/.23 0.30 17.2%
€210 Y .30/.23 0.30 17.2%
c211 Y .30/.23 0.30 16.9%
€212 Y __.30/.23 0.30 16.4%
| c213 Y .30/.23 0.30 17.4%
cZ14 Y .30/.23 0.30 16.4%
cz15 Y 0.30 15.2%
216 Y 3 .30/.23 0.20 ~0.30 15.8%
Tier 1, Equipment Cases
cz1 Y 0.92 19.3%
[v7) Y 0.92 16.8%
23 Y 0.94 15.3%
CZ4 Y 0.92 0.30 17.0%
CZ5 Y B 0.94 16.9%
Cz6 Y 094 Y 15.5%
cz7 Y 0.94 15.6%
cz8 Y 0.30 094 17.4%
€29 Y 15/12.5 0.30 16.9%
€210 Y  15/12.5 0.30 B 16.6%
a1 | v 15/125 0.30 17.3%
212 Y 15/12.5 0.30 B 16.0%
cz213 Y 15/12.5 0.30 17.9%
14 Y j 15/12.5 0.30 17.1%
cz15 Y 030 15.2% |
216 | v 0.92 17.6%
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% % & w £3|T-24
Climate 2 'é Y 5% < 2w > EE 3 éa 3 % Comp.
Zone g 8 s s 2 § 2 & g g g ﬁ‘“ T & 2 2 g ¥ | Margin_
Tier 2, Cases with PV Credit
CZ1 Y 3 .30/.50 0.20 Y Y 2.1 32.2%
CZ22 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%
C29 Y 2.0 35.0%
CZ10 Y 2.1 32.2%
CZ11 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%
CZ216 Y 3 .30/.23 0.20 0.30 2.1 31.5%
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Table 17: Multifamily Tier 1 Packages
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T-24

Climate Comp.
Zone E Margin
Tier 1, Envelope Cases

€1 | vy 030/050 0.20 0.3 Y 16.5%
2 Y foa 4.8%
3 Y 0.30/0.50 0.20 Y 10.9%
cz4 Y 030/023 0.3 | 10.9%
cz5 Y 0.30/0.50 0.20 0.3 Y 10.2%
CZ6 Y 0.30/0.23 0.20 0.3 Y 11.7%
cz7 Y 0.30/0.23 0.20 03 . Y 10.2%
cz8 Y 0.30/0.23 0.3 10.5%
c29 Y 0.30/0.23 0.3 12.3%
€210 Y 0.30/0.23 0.3 | 10.1%
cz11 Y 0.30/0.23 0.20 0.3 | 17.7%
cz12 Y 0.30/0.23 0.20 03 17.1%
cz13 Y 0.30/0.23 0.20 0.3 18.1%
214 Y 0.30/0.23 0.20 0.3 17.8%
cz15 Y 0.30/0.23 0.20 0.3 17.7%
€216 Y 0.30/0.23 0.20 0.3 Y 16.3%

| Tier 1, Equipment Cases

| cz1 Y 0.30/0.50 . 94 Y 16.7%

| 22 Y 92 96 15.0%

| cz3 Y - 94 12.4%
cza 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 ~15.2%
Y ] 16/13 0.3 15.7%
Cz10 Y - } 16/13 0.3 15.5%
cz11 Y  0.30/0.23 15/125 0.3 16.5%
212 Y 0.30/0.23 15/12.5 0.3 | 15.0%
213 Y 15/125 0.3 15.4%
cz1a | v 16/13 0.3 16.5%
cz15 Y 7 __16/13 03 . 20.4%
€z16 Y 0.30/0.23 92 0.3 15.7%
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= 0. € -1
o w w T-24

Climate % E i -E 3 w S 5 E ) % > § . g %— Comp.
Zone § S§Zf ,§ 3 5% g z3 E o § E g 2 & | Margin
Tier 2, Cases with PV Credit

CZ1 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

Ccz7 N/A - No PV Credit

CZ8 Y 0.30/0.23 0.20 0.3 Y 1.0 21.0%
C29 Y 030/0.23 0.20 0.3 1.0 26.8%
CZ10 Y 0.30/0.23 0.20 0.3 1.0 26.2%
CZ11 Y 0.30/0.23 0.20 0.3 1.0 26.5%
C212 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 10 26.0%
CZ215 Y 0.30/0.23 0.20 0.3 10 25.4%
C216 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 $/therm was applied on a monthly basis for the 12-month period
ending March 2016.

mummm Revised Cal. P.U.G Sheel No. 36708-E

Smemn'm Cancefing Revised Cal. P.U.C Shest No. IATO-E
ELECTRIC SCHEDULE B Sheet 1
RESIDENTIAL SERVICES

APPUICABILITY: m&bmhm and poiyprase resgenial
ard i ﬁshmﬁ md o
mm:y:i n m&rmgs::nﬁym hn{m single-
tythe peu;wlma, residencs s suppliad mm::

The provisions of Schedule S—Standby Servica Specidl Conditions 1 through 6 shall siso
mhmﬁmmymwmmmghmw
mtagn% mmw'mms,mnngbm
applicable Schedifs E-1 charges. See Special Condiions 11 antl 12 of this rale scheduls
for exemptions 1o standby charges.

RATES: Tdﬂb.tm servics charges am caitulsted using the ioial retss beiow. Cusiomers oo

this schedliis are subjet io the defivery minimurn bill emount shown beiow spplied to the

mmmhummdmmmmmmm In
kWh \olal buniiad chargars will include wpplicabie’ generation charges per kWh for al

Cost Amourt. Cusiomaers | 2 medizcal basafine afiowance shall also
m%”mm@mmmmummm
tﬁ'u:lAm md&mm'ﬁ charges shall be caimulzind
{Dﬁ) ihis raie Ehd
TOTAL RATES
Tatal Rates
mﬁ-_m i o422
101% - 130% of Bameire 5024000 {1}
13185 - 200% of Baseiine S0.24000 (R)
20185 - 300% of Beseline §0.39088 g]}
Over 300% of Baseling §0.30808
Defivery Minimum Bill Amount {§ per meter per day} 032854
Californis Climate Credit (per houzshold, per semi-anmus
gaymest ooring in e and October bl cydes) (528 14)

* Per Decision 11-12-031, Mew System Generafion Charges are effactive 1112012

(Continuad)
Advice Letter No:  4B10-EA Izsusd by Dale Fied 31, 2018
Oscizion No. 15-07-001 and E4782 Stoven Malnight Efsctive g
Sanior Vice President Rasoiution No.

1c8 Reguistory Altairs
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Pacific Gas and Blectric Company Revised Cal. PU.C Sheet No. 36713-€
) mﬁmcaﬁbm Cancelling Revised Cal P.U.C Sheet No 36500-€
ELECTRIC SCHEDULE E-TOU Sheet 2

RESIDENTIAL TIME-OF-USE SERVICE

RATES
(Confd k

OPTION A TOTAL RATES
Total Energy Rates ($ per kWh) PEAK OFF-PEAK

Summer
Total Usage $0.40327 [{}) $0.32789 m
Basefine Credit (Applied o Baselne
Usage Only) ($0.11709) (R) ($0.11709) (R)

Winter
Total Usage $0.28530 (1) $027100 (1)
Baseline Credit (Applied to Baseline
Usage Only) ($0.11708) (R) {($0.11709) (R)

Delivery Minimum Bil Amount ($ per metar
per day) $0.32854

Cafifornia Climate Credit (per household,
per sem-annual payment occuming in the
April and October bill cycies) ($28.14)

Total bundled service charges shown on customer's bills are unbundied according to the cnmpé"zu
rates shown below. Where the delivery minimum bill amount applies, the customer's bil will equal
the sum of (1) the delivery minimum bill amount plus (2) for bundied service, the generation rate
timas the number of kWh used. For revenue acoounting purposes, the revenues from the defivery
manimurmn bil amount will be assigned to the Transmission, Transmission Rate Adjustments,
Reliabifity Services. Public Purpose Programs. Nuciear Decommissioning, Competition Transition
Charges. Energy Cost Recovery Amaunt, DWR Bond. and New System Generstion Charges’ based
on kWh usage times the comesponding unbundied rate companent per k¥h, with any residual
revenue assigned to Distribution *

" Per Decision 11-12-031, New Systemn Generaton Charges are effective 1/1/2012
* This same assignment of revenues applies (o direct access and cammunity choice aggregation

customers.
(Contirued)
Advice Lether Na©  4810-B-A Iasued by Dats Fiad 31. 2016
Deaznn No. 15-07-001 and E-4782 Steven Manight Effoctive June 1. 201
Senior Vice President Resoiution No.
9 Reguiatory Affairs
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1 Pacific Gas and Electric Company Revised Cai PUC ShestNo. 2BR2L
] %ﬁmm Cancefing  Rsvised Cal P.U.C Ehest No. 326206
GAS SCHEDULE G-{ Sheet 1
RESIDENTIAL SERVIGE
APPLICABILITY:
TERRITORY: Schediile G- appiies everywhere wilhin PGAEs netursl gas Servics Temitory.
RATES: Cusiomers on this scheduls pby & Procurement Chargeand @ mﬂtﬁmm
meter, as shown below. ?hp;?gmupmhﬁmmmuﬁlhm the e
Trensportation Chargs, s falows:
ooy Tsnaporaion Crame™ el
$009883
Progurpmant M R m.%ﬁ R
Iamporsion Chase 0 ..}
Totat $ms52 R $15157 W
Crrsinmars servad under his scheduis are subject to e gas Public Pupose Progrem (FPF)
Surearge wrder Schedule G-PFPS.
Sen Prefiminary Statement, Part 8 for the Default Tarif Rate Components.
mmmmmmm.whmmnnnmm
Schedule B-CP—Gas Procusrerment Senvice Enditlse Oustomers.
BASEUNE The defvered quaniifies of g=s shown below are billed s} the mies for basefine use.
QUANTITIES: -
mmmmmssmmmﬁrmm Unit)
Brsaline o%
Teriories™ m»% 1. 2016 Effective Mov. 1, 2015
[ 27
Q 0.69 188
R 48 178
8 048 .02
T 11 478
V4 089 179
w 045 169
X 0.58 188
h 4 085 255
*  FGAEDgusETITy 2n srattis Orien of WaMDgR.CONL
- They Mt 7 Charps coes ra IEney to nbwmebend trrms of makier omierrs) oo RETEeY CRCEP G
Sty GE oW GT.
= Tho emice tosetrs iy Is Gracres i Prelmimry e, futA
{Continued)
Advice Letter N 3715-G lesved by Dais Filsd 24, 2016
Oecision MNb. 8740085 & GB-07-025 Steven Mainight Effadtivo 3
Ssnicr Vice Presidant Resolition No.
1C8 Raguiatory Affaire
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Following are the SCE electricity tariffs, both standard and time-of-use, and SoCalGas natural gas tariffs
applied in this study.

El eoison
Southern Cafifomia Edison Revised Cal PUC Sheet No. S9026-E
Rosemead, Cafiforna (U 338-E) Cancefing Rsvised Cal PUC SheetNo. 58237€
Schesua D Shest 2
DOMESTIC SERVICE
{Cantinued)
BATES
Petivery Ssrwee
Erergy Crarge- S/ AotenDay
Basatre SEromo
Surreey ooaTEs i) cooois gy P00
Witer DIETED{D oosEing) (Do)
Noromeine Senn
101% - 200% of Basetre - Curey C.139aT omsia g o000
Wrir O3S (D LY. ooy
Owver 200% of Bassline - Sarer 027300 () 008818 oo0an
Wnr C22300 W) aoeyie {00002}
Ba Charge - $ASstecTay mav
Srgn.Famly ACSYTETEYEm o0
ML FEmly ACCOrTRTIoASNen o.a29
Mingragn Charpe®® - G0etey Doy
Singie.F ey AcCOITEnCEISTTn oo
M-Forndy AccTrnoteton osm
Strems: Chargs (Aomo Bemteay= - inerOoy
SngeF arly ACOUITITOItion oid
SAIT-Farnly AccoEvEnodion a10¢
Cattrin Cinste Creat’ e
Fem Time Retate - Sasvn (-3
Fexk Thine Rebaty
ey achnaogy - SxWn 25)

¢ Morbossire Gonvice Pokades s YW o exoses of spsicchie Essedre mocatons @3 descibed n Presrrinary Shatamend, Part M,

= The Strtraam Ourgs B spoiicatts when e DeSvery Sorvies Eneegy Charge, phis B mpofcatie Sesz Shargs i oo Dan he

*= e ongoing Competion Tramston Sharge (CTC) of SD.000TE) par IW b recovered i The UG componont of Genevation.

1 Toiw = Total Defivery Borvce rates @ apeiicatio to Bundied Dervis, Drect Access (DA) ot Comymunty Chokos Aggregstion
Survioe (COA Sorvice) Qusiormers, exepl DA o OCA Sevice Cusinrmrs aro not ealtgec? i e DWREC s componerd of S
Scihedus bt reiad pay e OWRBC s provided by Schedus DACRS o Schakio COA-CRI
Qereraton = The Garewation s oD GRS oty © Bundad Cevie Cusomers.

DAREC «~ Oepimant of Watsr Ressxsres (DWR)Y Enmgy Ol - For mews Fionuabon on e OWH Energy Credl, soe 0w BBy
Caieusyten Gpecist Conctes of B Doatuis.
4. Agpisd on an eQu tasil, per housetsl sesni.anmaily Do tho Spetiy Condilons of D3 for mexe
{Continuad)

{To be irmertad by uiility) issued by {To be insertad by Cai. PUC)

Advice _3401E E.C.bishel Date Filsd _May 2 20

Decision _16-03-030 Sepior View President Effective _Juni 20
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Elevison
Southern Cafifomnia Edison Rovised Cal PUC Sheet Mo, S80S0
Rosemead, Califomia (U 338-E) Concefing Rovised Col FUC ShestNo 68240
Scedie TOUDT Sheat 2
TIMEOFAISE TIERED DOMESTIC
{Cantinued)
BAIES

[T
o e
Ene©gy Chergs - SISty
Eurnmey Gezeon - OnPe
e (ipn 150N ot Baemne) 0,50 D OSMmMD R  (DO0PN
Loues B Qétwo T S0 o Bmeiie) OIGIS2(R) JOSOO(R) (RODKID
Castrery Sazmn - OfFmm
Lowei § (U 8 YA OF Baeming ) n.mgn m!‘@ D002
Lews 0 Quigre 0o 130°) Y Bmene) QIESSR(A) | QOS¢  DOSED

Wty Gemsnn - OndPesk
leestpn IR CREEN O3 JAOEmER) (QONRD
Low 2 Gdns on 00 ofBentine  QISER(R) jOOSCNO(R) (DO
Wt Gezm - M Pesh

Leves ) p D (0N I Basee)  QI0SD N oM HoNZH
Lows § Qoo an IS o Bameine) OIBNR 0T | 00TEIIN OOOCEZD

Catrin Altorratn Retten fnr
Eneygy ORoxss - B tan.oo”

Feas Tive Rehate - xwvn @.r)
Fom Tims Rehie
SerEng tecvusy - S «29

° The Alrdmuen Chags b apsicotis afon o Oefusy Sarvics Energy Choygn. glun 010 appiceres Bxuc Ohargs M s o e

AEmET Chargs.

© Regesatty {009 of O Gmowd permeriage 30 shown I T Eoizaiie Snecds Condgion of s Sohedhae.

-mmmmmm-mn-m-mnuwmn_
t Vol @ Tota) Dedvery Gonvoo e @00 Sppmeate © BLndieo Servis, Grec? Access (DA) and Conrmuntly Ehotoo Aggregaten
Cervs (CCA Gefitn) Cietumers. excoeps OA ond GCA Contn Castenors ore not subjoc & the ARE rets componzed of M
Cotwchln taud atnas gy 0o AVREC an proviass by Sehedde DACRS or Cotedule CCARRSD

2 CGoneration = Tho Gen raiys o SEPEEais orfy to Burvbes Bevine Cuetomerm. .

3 DAREC * Drpartmesd of Wites Resources (CRAR) Enegy Crodn - For more informaton on he CWR Exergy Credll, ceo he GIrg
Cxneton Gpecis Condon of 06 Rohediis.

4 Ayt on s e DK, Py PRUTENCY, e avially. Goe U Ghecyl Dortiea of i Sohedute R eore Syt

{Cantinuad)
(Tobo Tserted by wiily) tsauer by {To be inserted by Cal FUC)
Advice _3401E B.Q. Nichata Dato Fiod 2018
Decision 1603030 Sansor Yion Prasident EFective

omep Resotution
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SOUTHERN CALIFORNIA GAS COMPANY Revised CAL.P.UC. SHEETNO. 52782-G
LOS ANGELES, CALIFORNIA CANCELING Revised  CAL PUC SHEETNO.  52751-G

Schedule No. GR Sheet 1
RESIDENTIAL SERVICE
{ecludes GROR-C and GT-R Rotcs)

ARFLICARIITY
The GR rate is applicable to natural gas procurement service to indivadually metered residential customers.

The GR-C, cross-over rate, 1s 8 core procurement option for individually metered residential core
transportation customers with annual consumpban over 50,000 therms, as set forth n Special Condition 10.

The GT-R rate s applicable to Core Aggregation Transportation (CAT) service to individually metered
residential customers, as set forth in Special Condition 11.

The California Alternate Rates for Energy (CARE) discount of 20%, reflected as a separate line item on
the ball, ts applicable to income-qualified houscholds that meet the requirements far the CARE program
as set forth tn Schedule No, G-CARE.

TERRITORY
Applicable throughout the service temitory.

RATES SR SRC SLR
Customer Charpe, per meter perday=. .o 16.438¢ 16.438¢ 16.438¢

For “Space Heating Only” customers, a daily
Customer Charge applies during the winter period

from November | through Apal 30°: ... 33149¢ 33.149¢ 33.149¢
Bascling Rate per therm (ba.selme usage defined 1n Special Conditions 3 and 4):

Procurement Charge: ¥ _ ... ... 34.536¢ 34 .536¢ N/A 1

Teansmission Charge: ¥ < 562804 36.280¢ 35.758¢

Total Baseline Charge: ..o ... 90.816¢ 90.816¢ 55.758¢ i
Non-Baseling Rate, wm(w:emmcfbwlm usage):

Procwwnem C’hnfgv . i 34 5368 34.536¢ N/A 1

i 82.2808  82280¢  BLISBE
Total Non-Bascline Chlrge ecemreeiene. 1 16,8166 116.816¢ B81.758¢ ]

"' For the summer peniod beginning May | through October 31, with some exceptions, usage will be
sccumulated o at least 20 Cef (100 oubic feet) before billing.

(Footnotes continue next page. )

(Continued)

(TO BE WSERTED BY UTILITY) ISSUED BY (TO GE INSERTED BY CAL. PUT)
ADVICE LETTER NO. 4989 Dan Skopec oatE FLED Jul 7. 2016
DECISION NO. Vice Presicient errecTve  _Jul 10, 2016
- Reguasiory Afeys repouTion 0. _G-3351
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Following are the SDG&E electricity, both standard and time-of-use, and natural gas tariffs applied in this
study.

W Revised  Cal PULC, ShestNo. _ 276S0-E
San Orego Gxs 8 El=eYe Compary
Sen Oitego, Cafioms Corueling _Renfzad  Cal PG, ShestNa 2BBISE
SCHEDULE DR Shest 1
EESIDENTIAL SERVICE
Uochudes Sgizs ot DELD
ABELIGABILITY
Wb@m&mmhmmm exmbinalion thareo!,
in singla family ?Mmﬁmﬂtﬂkm&uﬂdb&h bmnﬁmmh
recidantial tanants in muli-famiy dwallings approved
combination of mwmmummmmwmmm
Special Condition 7.
This schedule is also hmm for the California Allemate Rates IMRE)
;:im Mm-wnﬁtGmmetanTiﬁumd ﬁ if
such faciifias qualify ©© ﬂnmmmdcmmmm
CARE and Medicsl Baselins mmmmmmmmmmmm-mm
respedaiivaly.
Cuslomers on this scheduls may also quaify for @ sami-anmual Calforria Climate Credit 3{17 44) per Schaduls
Within the entire fenfiory sarved by the Ulility.
BAIES
IeialRaiss
fuse Tots  owmas EECE Ruls +
‘ Descriphion « OR Rates s me___ owe Yutn Rate
Energy (B oO0%E0 ! ooowm o.17388 81 S o
Above $30% ot Baseine ogssss R onfsss 032355 cabies 8
Ismmenmyi&m otzzs | ocoows [Y-1.7 @ 17328 I
190% of Busee a2Ersy R/ 00033 005308 cammn R o
B (§Rsuy3 [F:] %7 ]
5 UDE Totm| BMIDGS | GECC Rats ¢
Oescriplion 0L Rziss e e pwR Cregn | TH Ratm
Summmer - CARE Ratesr
Smssine Ensrgy (BAWH) coszzs ¥ o.ooo000 o1238s [[ET.5 i
At 130% of Baseirs ozmm R oomooo oz9es psmss R o
- CARE Bates
Bezaine Enegy (§2%M) o100 | DO0DN 005304 o.18009 3
130% of Bnezore azsesz R 000000 006308 083035 g o
Miremm B {$kieys B.104 o184
1010 tesuad by Duts Filnd Jun 28 2018
Atvicolt. Mo _ZBB1-EA Dan Skopec Efecive Ai4,2018
Vice Pregidient
Decizionho.  _1507.001 _ Affgirs Resoiufion No. E47E7
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S5

Revised  Cal P.ULC. SheelNo. 26962-€

San Ciege Geos & Elecyic Campany
©an Ciego, Catrome Canceiing _Revised = Cal P.UC. Sheet No. 26908-E
SCHEDULE DR-SES Sheet 1
F E A
PPLL

Service under this schedule is avaiable on a voluntary basws for individually metered residential cusiomers
with Solar Energy Systams. Service s imited to individually metsred residantial customers with e Solar
Energy System with domestic servios for Gighling, heating. cooking. water healing. and power, or
cambination thereof, in single family dweliings and flats. Quakfying Califonia Alternafive Rates for Energy
(CARE) customers are eligible for service on this schedute, as further described under Special Conditon 8
of this schedule.

Customers on this schedule may also qualfy for 8 semrannual Califomia Cimate Credit $(17.44) per

| Schedule GHG-ARR

O

&

Cost) rates, wih @ EECC ams refactng 3 OWR Credl of ${0.00021) ad ausiomers recewe oo ther mongy b
Tol) Raies ressvsg g Ry cusmmen ot oty oy ROSl I ISRy SOYSE UM U, Citwences o raies poxt by Owec
Acrmss (DA) and Camzranly Chols AKIEQMDN (CCA] auEmrmen e Danthed b Schadup BA-CRS 20 COA-CRS, nerectvery.

CWR.ES charges & ot oy 1 CARE o Meied) 8 aselns Quskenrs.

TERRITORY

‘ Within the entire territory served by the Utility,

| BATES

UoC Yoim CWROC GGG Rate
Sussriplion = SR-IES Mates: | o Rt CWR Creant Teisd Rats:

|Emm Chmpay jl‘lﬂh}
On.Penk - Summer a12ma | cooes® 1 a3 3 0.482857 f
SemiPeak. Summar ai1zess | o039 1 0.03830 R 0.22004 R
Of.Peat ~ Bummer a3 | aoosas ! oovsae R| omomoe R
Serni-Pral - Winter ciz2s 1 ooos® 1 oooise R o2tsss R
Of-Peax - Winter 012839 1 Qo083 1 gosmzs R | 020200 R
Jssromum B8 ( Sy 0030 .33 |
1) Toix Rates onak of LOC, DWRBC (O o Wy Rescuros 8ond Charpe ), g Boheduie EECC (o Energy Cammocdly

qumm Transm ousty e up cre (Y7 s ™RAC ——
002043 | 002307 R O.01241 | Q00032 [ 0.00180 1 0.0003 [ 0.00013 R 0.00000 1 |a.12m3s 1
0.02543 | 0.08367 R O01249 | QOD0SZ [ 000100 | 0.00033 | 000013 R 0.00000 ! |0.12833 1
002943 | 000307 R 0.0t241 | 000082 | 0.00160 | 0.00033 | 0.00013 R 000000 ![G.12835 1
002943 | 0.08307 R CL0t241 | C.00032 | O.00160 | O.0003% [ 00013 R 0.00000 !]0.1283s 1
002943 | 0.08307 R GO1241 | Q00032 | 000180 | poopyy [ 00013 R 0.00000 1 {0.12835 |
379 0.320
{Contnued) —
1ce tssued by Dot Filed Dec 20 2015 _
Advica Lir No.  _2840-F Dan Skopec Efieciive Jgn1, 2018
Vice President
Decieaon No Reaguisiory Affairs Resolution No.
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M _Revisd_ Cal PALC. ShostNn. 21021-G
a5 Oixgo Gz & Xty Company
S Cego, Calorrin Cancefing Boimd Col PUC. Shesthin — . 21808.G

mu Sheet 1

ACFLICABLITY
The GR mate is applicabde to natural gas proourement service for infividuafly metered residential amstomer .

The GR-C, cossover mie, 5 a core procuremeni option for afividually metered residendal core
mmmmm-mm:mmnwmm

The GTC/GTCA rate i» appiicable (o infrastate trarsportation-only senioes to individually metered
mm-nmnﬁzﬂdm&ﬂ

Customer s tiking service urder (his echeduls may be efighis for a 20% California Atsmate Rate for Energy
(cmammm-amhmumﬂ.umﬂwmmm
the tenms and condiions of Scheduls G-CARE.

Within the entire torritory served nahural gas by the utilty.

BAIES. GRa aIcaTca®
- m:nuthdhwgﬂﬁnamﬂ

%Pﬂ‘ y $0.24589 $0.34561 ] NA
Tota! Baseling Charge: $1.25366 $125186 §| SD.S0EOS

mﬁm (u=age in excess of baseline usage)
F : $0.34581 $0.3456% 1 NA
£1.0834

Teotal Mon-Baseline Charge $142018 $142018 1  §91.083%4
.’ - £
! m_quBmdmuummmm

This chage b applicabls b Utilly Procuremend Customens and inckaten the GPC end GPC-A Procwement Clanges
shown in Scheduls GPC which ore subjest to change mondhly as st frth in Special Condlion 7.

jCorfmd) S —
= Emund by o JR— T} A
Advisolt No 24885 Dun Skopee Eoctive

Decizan Mo.
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