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ATTACHMENT A: NON-UTILITY PROGRAM TECHNICAL
ASSESSMENT
BUILDING STANDARDS – TITLE 24 FROM 20191 THROUGH 2029
Program Description:
Title 24 Part 6 (Title 24) is the California Building Energy Efficiency Standards, and covers
regulated energy uses in buildings. Title 24 contains the regulations that govern the
construction of buildings in California. The code is on a three year cycle, with the most recent
implemented version being 2016, effective January 1, 2017. Future versions relevant to this
analysis will be 2019, 2022, 2025, 2028, and possibly 2031 (as it relates to early adoption, for
example).
Buildings Affected:



Residential and nonresidential buildings, excluding certain building types and end uses
(hospitals, industrial buildings, and non-covered processes, including refrigerated
warehouse loads and data center uninterruptible power supply (UPS) power).
Applies to all cases in which an application for a building permit or renewal of existing
permit is filed (new construction, additions, or alterations). Requirements are different
for new construction than for additions or alterations to existing buildings.

Methods
Relevant Measures:





The code covers a wide range of building systems, including: envelope, space
conditioning systems, water heating systems, lighting, and certain covered processes.
Requirements are different for new construction than for additions, alteration or repairs
to existing buildings; measure packages will be altered accordingly.
For their Potential and Goals Study analyses, Navigant has analyzed a number of
measures associated with versions of Title 24 spanning 2005 to 2019 (new
construction). Measures have been analyzed both individually and as bundles.
In general, Title 24 measures can be categorized as follows:
o Mandatory measures: always required by code for applicable permit scope (e.g.,
new construction, alteration, and addition).
o Prescriptive measures: required when using a prescriptive compliance approach,
but may be “traded off” for other specified efficiency features through
alternative prescriptive pathways. The prescriptive package is the basis for the
standard design, which establishes the reference baseline that a proposed
building is compared against. Prescriptive measures are used to define
performance for savings projections.
o Compliance options: building components or technologies which can be used in
a performance compliance model, but are not required. This list established the

1
The starting year of the analysis depends on Navigant’s 2018 Potential and Goals study. Currently, Navigant results
are only available through Title 24 2016. However, Navigant is analyzing proposed Title 24 2019 for new construction
as part of the 2018 Potential and Goals study.
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o

range of viable design options for projects utilizing the alternative compliance
method (ACM). Because these measures are not required, they do not factor into
savings projections.
Acceptance tests: may improve compliance rates, and their application may be
considered an efficiency measure.

Data Sources:









Projected IOU savings for 2016 Title 24 will be extracted from the Results Viewer2 for
Navigant’s 2015 Potential and Goals Study.
Projected IOU savings for 2019 Title 24 for new construction will be included in
Navigant’s 2018 Potential and Goals Study3. Navigant will not include estimates of 2022
Title 24 in the 2018 Potential and Goals Study, although preliminary estimates were
considered.
Updated POU targets for 2018-2023 and new POU targets for 2024-2027 will be
extracted from the 2017 POU Energy Efficiency Report4.
Some recent technical feasibility studies could shed light on the long-term limit for C&S
savings, including Arup’s ‘The Technical Feasibility of Zero Net Energy in California’
from 20125, and ASHRAE’s ‘Final Report ASHRAE 1651-RP Development of Maximum
Technically Achievable Energy Targets for Commercial Buildings Ultra-Low Energy Use
Building Set’ from 20156.
The 2016 Impact Analysis Report7 will be used as a reference point for comparison with
Navigant’s 2018 PG results (as they become available).
The 2015 AAEE analysis8 provides a reference for the scale of POU Building Standards
savings compared to that for IOUs.

Methodology:
The NORESCO Team leveraged available data and methodology to the extent possible, most
specifically from Navigant’s Potential and Goals Studies. Navigant’s most recent data included
updated estimates for savings associated with 2016 Title 24, as well as new construction
estimates for 2019 Title 24, was collected and incorporated. Accordingly, the NORESCO Team
was responsible for estimating savings associated with additions and alterations for version
2019 and for new construction, additions, and alterations for version 2022 and beyond. From a
methodology standpoint, the research team worked with Navigant to ensure the analysis
approach is consistent with that which Navigant has applied and refined through numerous
Potential and Goals efforts. Details of Navigant’s analysis as they relate to this study include:


For their Potential and Goals analysis, Navigant has used the Integrated Standards
Savings Model (ISSM) developed by CADMUS and DNV GL to estimate net C&S savings
attributable to the IOU C&S Program efforts9.

2
Navigant. “2015 Potential & Goals Study.” California Public Utilities Commission. May 25, 2017.
http://www.cpuc.ca.gov/General.aspx?id=6442452620
3
Navigant. “2018 Potential & Goals Study.” California Public Utilities Commission. May 25, 2017.
http://www.cpuc.ca.gov/General.aspx?id=6442452619
4
“Energy Efficiency in California’s Public Power Sector: 11th Edition.” Northern California Power Agency. 2017.
5
Arup. “The Technical Feasibility of Zero Net Energy Buildings in California.” PG&E, SCE, SDG&E, and SCGC. December
31, 2012.
6
Glazer, Jason. “Final Report ASHRAE 1651-RP Development of Maximum Technically Achievable Energy Targets for
Commercial Buildings Ultra-Low Energy Use Building Set.” 2015.
7
Nittler, Ken. “Impact Analysis: 2016 Update to the California Energy Efficiency Standards for Residential and
Nonresidential Buildings.” NORESCO. 2015.
8
California Energy Commission. Additional Achievable Energy Efficiency. December 2015. Available online at
http://www.energy.ca.gov/2015_energypolicy/documents/2015-12-17_additional_aee.php
9
Cadmus, Energy Services Division and DNV GL. Integrated Standards Savings Model (ISSM).
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The 2015 Potential and Goals Study include savings estimates for 2016 Title 24;
estimates were derived via bundled measures (single family new construction, multifamily new construction, non-residential new construction, and other).
For the 2018 Potential and Goals Study, Navigant’s codes and standards measure list
indicates that discrete measures were analyzed for versions of Title 24 through 2016
(although only a handful of discrete non-residential addition and alteration measures
were analyzed for 2016, whereas a much more comprehensive set of discrete measures
was analyzed for 2013), but that 2019 Title 24 for new construction was analyzed
exclusively using bundled measures based on program-level savings estimates.

For building additions and alterations, as opposed to new construction, any measure-based
savings projections was based on existing condition estimates by building type and climate
region. Savings estimates for additions and alterations considered which building type(s) are
affected, what triggers to-code updates and what frequency of to-code updates is expected.
This is consistent with Navigant’s Potential and Goals analysis methodology as it relates to
existing building additions and alterations.
It is anticipated that the overall program scope of Title 24 will change over time; to be
successful, any approach to projecting savings potential of future program iterations will have
to capture this expected progression. For example, expansions or anticipated expansions to
Title 24 that have been incorporated or considered in recent years include:




New covered processes have been added (commercial kitchens, laboratory exhausts,
parking garage exhaust, data centers)
Increased acceptance testing and fault detection and diagnostics have been employed as
steps along a path to verify as-designed savings
Hospitals have been considered for inclusion

Approach:
Phase 1 Approach:




The research team extracted 2016 Title 24 electricity and natural gas savings
projections for California new construction from the Results Viewer for Navigant’s 2015
Potential and Goals Study. The Potential and Goals study only captures net attributable
savings to IOU C&S Program efforts.
According to the 2016 Impact Analysis Report, 2016 Title 24 is on the order of 10
percent more stringent than 2013 Title 24. Assuming that Navigant’s new construction
savings estimates correspond to roughly a 10 percent improvement in the Standard, the
research team made the following assumptions to project new construction savings for
future code iterations:
o 2019 Title 24 for new construction will be 10 percent more stringent than 2016
Title 24, resulting in equivalent year-over-year savings starting in year 2020.
o Improvements to Title 24 will slow starting with 2022 Title 24, due to
diminishing returns and reduction in available energy reductions associated with
increasing the stringency of requirements for currently regulated loads. As Title
24 continues to improve, the gap between best-in-class performance and the
minimum requirements of Title 24 is shrinking. The assumption is that Title 24
progression for new construction improved efficiency will slow to 5 percent for
2022 Title 24 and 2025 Title 24, resulting in year-over-year savings that are 50
percent less than what Navigant is projecting for 2016 Title 24.
o As savings opportunities shrink for currently regulated loads, the research team
expects the scope of Title 24 to expand to include previously unregulated loads
(for example, hospital loads and plug loads). With an expanded scope, the
expectation is that Title 24 progression will increase back to 10 percent
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improvement for the 2028 iteration, increasing year-over-year savings
projections back to what Navigant is projecting for 2016 Title 24.
o For each iteration of Title 24, the effective date is the calendar year following the
adoption year (for example, 2019 (additions and alterations) Title 24 savings
begin to be realized in 2020).
The 2016 Impact Analysis Report indicates that the magnitude of savings expected due
to additions and alterations is roughly equivalent to that which is expected for new
construction. Accordingly, the research team made the following assumptions to project
addition and alteration savings:
o 2016 Title 24 year-over-year alteration savings are equivalent to what Navigant is
projecting for new construction.
o Whereas new construction savings are expected to decrease for future iterations
due to diminishing returns associated with currently regulated loads, addition
and alteration savings are expected to increase. The NORESCO team anticipates
that future Title 24 will increase emphasis on realizing addition and alteration
savings because the opportunity is so great due to the size of the current
building stock compared to the small percentage of new construction that occurs
each year. Accordingly, year-over-year savings due to additions and alterations
are expected to remain steady through 2019 Title 24, increase by 50 percent
through 2025 Title 24, and increase by an additional 50 percent for 2028 Title 24
(such that the year-over-year addition and alteration savings realized by 2028
Title 24 will be double those realized by 2016 Title 24).
POU-claimed Title 24 savings were estimated by scaling estimates for IOU-claimed
savings according to the ratio of POU to IOU Building Standards savings projected by the
2015 AAEE10.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team analyzed residential and nonresidential savings for Title
24 by taking a measure-based energy modeling approach. The methodologies adopted for each
building stock (residential and nonresidential) are described as follow in the corresponding
sections.
Title 24 Modeling Methodology for Residential Buildings:
This section details the analysis approach for residential modeling (for purposes of this
analysis, low-rise residential is considered residential and high-rise residential is considered
nonresidential). Because of the State’s 2020 Zero Net Energy (ZNE) goal for residential
buildings, the NORESCO team assumed that residential new construction savings beyond what
is already being projected for the bottom wedge (according to Navigant’s 2018 PG analysis)
would be negligible; accordingly, residential new construction was not modeled. The project
team assumes that subsequent updates to Title 24 residential requirements will focus on
enforcing heightened energy efficiency improvements during retrofits.

Note that the 2015 AAEE contains savings projections only for SMUD and LADWP amongst the POUs. To scale up to
total POU savings from SMUD and LADWP savings, the research team applied the assumption that SMUD and LADWP
make up 74.2 percent of POU savings, which aligns with the assumption made by the Energy Commission as part of the
Framework analysis.

10
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Generally, the project team applied a measure-based energy modeling approach to project
savings attributed to Title 24 code updates, covering additions and alterations for the 2019,
and new construction and additions and alterations for 2022, 2025, and 2028 iterations. The
measure-based approach estimates what energy efficiency improvements are likely to be
implemented in code through 2029 for retrofits, and to determine the corresponding energy
savings, the portion of the existing building population that will trigger these code
requirements through retrofits.
Application of Previous Urban Footprint11 Research
To specify a set of energy efficiency measures that align with the long-term performance and
jurisdiction of Title 24, the NORESCO team leveraged previous efforts from the Urban Footprint
project. The Urban Footprint project estimated energy savings potential for a range of existing
residential buildings by simulating four residential prototypes and four vintage combinations,
and applying various efficiency upgrade packages to each combination. However, the Urban
Footprint energy efficiency packages included upgrades to HVAC and DHW system efficiencies,
such as higher SEER and AFUE. These measures fall outside the purview of Title 24; therefore,
associated savings were removed from Urban Footprint results so that they could apply to this
analysis.
Residential Building Stock and Prototypes
Based on research efforts for the Urban Footprint work, the NORESCO team modeled the 2,100
square foot single family prototype and the eight-unit, two-story, 6,960 square foot low-rise
multifamily prototype. The simulation output of these prototypes was then used to adjust the
range of Urban Footprint results and characterize the existing building population. The
majority of existing building characteristics were derived from the Residential Appliance
Saturation Survey (RASS), Appendix B of the Residential Compliance Manual, and other
research. The construction and appliance characteristics are categorized into the following
vintages; additional details for the building characteristics for each vintage by climate zone are
provided in the results workbook.





Old: 1991 and earlier
Average: 1992 to 2005
Newer: 2006 to 2014
New: 2015 (built to 2013 Title 24)

The “New” vintage is built to 2013 Title 24 because, at the time the Urban Footprint work was
done, 2016 Title 24 had not yet gone into effect and no homes were currently on the market
built to that standard.
The Urban Footprint work also identified the types of HVAC systems installed throughout
California depending on climate zone, based on RASS data. Because each HVAC system has
varying energy performance, the Urban Footprint study modeled six different heating and
cooling systems for each combination of prototype, vintage, and climate zone. Simulation
results were weighted by prevalence of the selected HVAC system to determine an average
energy use for each prototype that represents a realistic distribution of system types in existing
residential buildings. This is further discussed in the methodology section below.
Existing Buildings Modeling Approach

Energy Commission Contract 400-12-003, Work Authorization #15, Urban Footprint Nonresidential Modeling; Energy
Commission Contract 400-12-002, Work Authorization #13, Urban Footprint Residential Modeling.

11
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The Urban Footprint project established baseline building packages, as well as three energy
efficiency upgrade packages, which are specific to each climate zone and vintage. For the
purposes of the SB 350 project, the NORESCO team used the baseline packages and the
maximum efficiency (Max Efficiency) packages to estimate Title 24 savings.
 The baseline package represents the building as it was initially constructed, according to
vintage.
 The Max Efficiency package assumes that all building characteristics are upgraded to the
highest level of technical and economic feasibility, given real-world constraints. The
project team assumed that this package represents the requirements of the 2030 Title
24 residential retrofit code. As mentioned above, the NORESCO team revised the Max
Efficiency packaged to exclude efficiency upgrades to HVAC and DHW systems because
they are not currently regulated by Title 24. This package is referred to as MaxEff Minus
Appliance Efficiency.
The NORESCO team modeled the 2,100 and 6,960 square foot prototypes in four representative
climate zones, based on four vintages and one HVAC system type.
The NORESCO team selected climate zones 1, 4, 9, and 14 as the representative climate zones,
and results from these climate zones were scaled to the remaining 12 climate zones based on
similarities in annual energy use. Climate zones were grouped based on similar annual energy
usage by end use, as shown in Figure 1 and Figure 2 below. Due to differences in annual
electricity and natural gas usage between climate zones, the NORESCO team developed two sets
groups: one for kWh and one for Therms usage, as shown in Table 1. Then, four climate zones
were selected based on the groupings and whether they were close to the average annual kWh
or Therms usage for their group.

Figure 1. Standard Design Annual Electric Usage by Climate Zone for the 2,100 Square Foot Prototype
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Figure 2. Standard Design Annual Gas Usage by Climate Zone for the 2,100 Square Foot Prototype

Table 1: Climate zone grouping and representative climate zone identification
Group
Group 1
Group 2
Group 3
Group 4

CZ to model
1
4
9
14

kWh Group CZs
1, 2, 3, 5, 7
4, 6, 16
8, 9, 10, 12
11, 13, 14, 15

Therms Group CZs
1, 16
n/a
6, 7, 8, 9, 10, 15
2, 3, 5, 11, 12, 13, 14

For each combination of efficiency package, prototype, and climate zone, the NORESCO team
modeled HVAC01 from the six HVAC combinations, as shown in Table 2. The energy use for the
remaining HVAC systems was adjusted based on the HVAC01 simulation, according to the type
of system and efficiency upgrades in the Urban Footprint Max Efficiency package. For instance,
HVAC03 has “No Cooling”; therefore there is no impact to the kWh load for cooling. Once all of
the Urban Footprint Max Efficiency annual energy use results were correctly adjusted to remove
energy savings from improved equipment efficiencies, the total annual energy consumption for
each prototype, in each vintage, and each climate zone was calculated using the weighted
average based on the prevalence of each HVAC system, as shown in Table 3. The proportion of
each HVAC system in each climate zone was developed during the Urban Footprint study.

Table 2: Residential HVAC system types
HVAC ID
HVAC01
HVAC02
HVAC03
HVAC04
HVAC05
HVAC06

Heating System
Central Furnace
Central Furnace
Central Furnace
Gravity Wall Furnace
Electric Heat
Hydronic Heat

Cool System
Central AC
Central AC
No Cooling
PTAC Cooling
No Cooling
No Cooling

Table 3: HVAC system type distribution in existing buildings by climate zone
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CZ
CZ01
CZ02
CZ03
CZ04
CZ05
CZ06
CZ07
CZ08
CZ09
CZ10
CZ11
CZ12
CZ13
CZ14
CZ15
CZ16

HVAC01

HVAC02
5%
25%
5%
39%
7%
24%
17%
33%
57%
89%
89%
84%
88%
84%
95%
38%

HVAC03
39%
47%
51%
38%
63%
47%
42%
32%
22%
8%
5%
11%
9%
10%
4%
40%

HVAC04
43%
13%
25%
11%
12%
14%
19%
18%
8%
1%
1%
1%
1%
2%
0%
9%

HVAC05
0%
2%
1%
3%
0%
2%
3%
7%
7%
1%
4%
1%
1%
3%
0%
2%

HVAC06
13%
11%
15%
9%
17%
12%
17%
8%
5%
2%
1%
2%
1%
1%
1%
11%

0%
2%
3%
0%
0%
1%
1%
1%
0%
0%
0%
0%
0%
0%
0%
0%

Scaling Simulation Results
To determine the energy use for the climate zones not modeled, the NORESCO team applied the
same proportional changes in energy use observed from each simulated climate zones to the
other climate zones in its group. In other words, the percent changes in energy use in the
simulated climate zones from the Urban Footprint Max Efficiency package to the MaxEff Minus
Appliance Efficiency packages were then applied to the other climate zones based on the
grouping above.
In the same manner, results from the 2,100 square foot prototype were used to adjust the
2,700 square foot prototype annual energy use results from the Urban Footprint Max Efficiency
package. The result is to achieve the annual energy use for three prototypes (2,100 single
family, 2,700 single family, and 6,960 multifamily), four vintages (old, average, newer, new), two
packages (MaxEff and MaxEff Minus Appliance Efficiencies), and all sixteen climate zones.
Estimating Energy Savings through 2029
In practice, most residential buildings go through gradual updates as items need to be replaced
or remodels or additions occur. It is not realistic to assume that every home built prior to 1991,
the Old vintage, will be renovated to perform at the Max Efficiency level by 2022, or even by
2028 Title 24. In order to accurately represent the retrofit market, the analysis approach is to
assume that homes are gradually renovated over time. For instance, a portion of Old vintage
homes (built in 1991 or prior) may have retrofits that occur such as window upgrades and
additional ceiling insulation, that cause the annual energy usage to be equivalent to Average
vintage homes (built between 1992 and 2005), and a portion of Old vintage homes will have
major renovations that will cause the annual energy usage to be equivalent to the Newer, New
or even Max Efficiency home.
An example of the estimated portion of homes built to the Old vintage that are performing at
each energy consumption tier (from highest to lowest consumption) through 2029 is shown in
the figure below. The sub columns (Old, Average, Newer, New, and Max Eff) represent the
energy consumption packages. In the figure below, 45% of Old vintage homes are assumed to
have had no upgrade, while 30% of Old vintage homes have had some minor upgrades that
cause them to consume energy equivalent to an Average vintage home. The full details of these
assumptions for each vintage and scenarios are provided in Appendix C2.

Table 4: Retrofit upgrade estimates of homes built to Old vintage construction through 2029
Measure Category

OLD

Old Buildings – 2029 Upgrade Profile
AVERAGE
NEWER
NEW
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MAX EFF

Residential Existing Building Population
in 2017

45%

30%

20%

5%

0%

The energy use for each package was then applied to the appropriate portion of the existing
building population by vintage using the percentages above. The analysis developed varying
scenarios of energy savings: conservative, reference, and aggressive. As the scenarios become
more aggressive, portions of the retrofit market performing in the higher efficiency packages
increases. This assumes that code will become more stringent when requirements are triggered
and/or on enforcing compliance with retrofit codes; therefore, capturing more of the retrofit
population.
Title 24 Modeling Methodology for Nonresidential Buildings:
This document details the planned modeling approach for the nonresidential side.
In general, the goal was to apply a measure-based, energy modeling approach to project savings
that can be attributed to Title 24 code improvement, starting with 2019 additions and
alterations and covering both new construction and additions and alterations for the 2022,
2025, and 2028 iterations.
Leveraging Urban Footprint12 Nonresidential Energy Models
The following 15 prototypes are used for establishing energy use baselines. These prototypes
were previously developed for the Urban Footprint analysis work for incorporation into the
California Building Energy Explorer tool.
















Small School
Large School
Small Office
Medium Office
Large Office
Medium Retail
Large Retail
Strip Mall
Grocery Store
Small Restaurant
Small Hotel
Warehouse
High Rise Apartment
Refrigerated Warehouse
Hospital.

Refer to Appendix B1 for more detail on prototype model descriptions applicable to the
nonresidential Title 24 analysis.
Weather files from the following 16 representative California climate zones were used for the
analysis.
Table 5: Representative Climate Zones
Climate Zone
Climate Zone 01
Climate Zone 02
Climate Zone 03

Representative City
ARCATA_725945
SANTA-ROSA_724957
OAKLAND_724930

Energy Commission Contract 400-12-003, Work Authorization #15, Urban Footprint Nonresidential Modeling; Energy
Commission Contract 400-12-002, Work Authorization #13, Urban Footprint Residential Modeling.
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Climate Zone 04
Climate Zone 05
Climate Zone 06
Climate Zone 07
Climate Zone 08
Climate Zone 09
Climate Zone 10
Climate Zone 11
Climate Zone 12
Climate Zone 13
Climate Zone 14
Climate Zone 15
Climate Zone 16

SAN-JOSE-REID_724946
SANTA-MARIA_723940
TORRANCE_722955
SAN-DIEGO-LINDBERGH
FULLERTON_722976
BURBANK-GLENDALE_722880
RIVERSIDE_722869
RED-BLUFF_725910
SACRAMENTO-EXECUTIVE_724830
FRESNO_723890
PALMDALE_723820
PALM-SPRINGS-INTL
BLUE-CANYON_725845

Prototype Variation by Vintage:
The prototype buildings described above were modeled in each of the 16 California climate
zones. For each prototype and climate zone combination, four individual vintages were
modeled (1980s, 1990s, 2000s, and 2016) to account for typical variations in building design
and systems according to age.
 2016 vintage: represents new construction complying with the 2016 Title 24 code.
 2000 vintage: represents buildings built during the 2000- era (reference year 2006).
 1990 vintage: represents buildings built during the 1990- era (reference year 1992).
 1980 vintage: represents buildings built prior to 1990 (reference year 1982).
The exception is the Refrigerated Warehouse, which has only two vintages (2013 and pre-code)
because refrigerated warehouses only entered the purview of Title 24 in 2008. Title 24 of the
relevant year has been used as the basis for determining values for building parameters.
For each of the above vintages, building parameters were varied for envelope, lighting
efficiencies, lighting control, HVAC system type, HVAC system efficiencies, HVAC system
controls, service hot water efficiencies, and exterior light efficiencies. The models were
simulated in Energy Plus v8.1.0.
Refer to Appendix B2 for more detail on prototype vintage data applicable to the nonresidential
Title 24 analysis.
Baseline Model Calibration:
As part of the Urban Footprint analysis work, the baseline prototype site EUIs were compared
against published commercial building EUI data for the existing building stock. Data from CEUS
and Energy Star Portfolio Manager were used for this comparison. The table below shows the
building identifiers for this project and the corresponding buildings from CEUS and Energy Star
Portfolio Manager.
Table 6: UF Prototype Mapping with CEUS and Energy Star Building Types
Prototype Mapping
UF-Prototype

CEUS Building Type

Energy Star Building Type

Small Office

Small Office

Not Available

Medium Office

Small Office

Office

Large Office

Large Office

Office

Medical Office

Not Available

Medical Office

Retail Medium

Retail

Retail Store

Retail- GF of Mixed use

Not Available

Not Available
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Strip Mall

Not Available

Strip Mall

Large Retail

Not Available

Supermarket/Grocery Store

Grocery Store

Grocery

Supermarket/Grocery Store

Small School

School

K-12 School

Large School

School

K-12 School

Small Restaurant

Restaurant

Fast Food Restaurant

Large Restaurant

Not Available

Restaurant

Small Hotel

Lodging

Hotel

Warehouse

Warehouse

Non-Refrig. Warehouse

Refrigerated Warehouse

Refrig. Warehouse

Refrig. Warehouse

HR Apartment

Not Available

Multi-family Housing

Parking Garage

Not Available

Parking

Hospital

Health

Gas Station Convenience Store

Hospital

Not Available

Convenience Store w Gas Station

Initial Site EUI results from simulations were compared against CEUS and Energy Star Portfolio
manager EUI’s. Prototypes that require further calibration to fit the CEUS and Energy Star
reported EUIs were identified. For these prototypes modeled inputs were compared against
CEUS data to determine modeling updates required for the prototype buildings.
Table 7 summarizes the site EUI ranges of the calibrated models across all climate zones and
existing building vintages. CEUS and Energy Star EUIs are also included for comparison.

Table 7: Site EUI range for all California climates across all vintages
UF-Prototype

CEUS EUI
(kBtu/sf)

Energy Star EUI
(kBtu/sf)

Urban Footprint EUI
(kBtu/sf)
Min
Max

Small Office

55

-

35

66

Medium Office

55

67

33

65

Large Office

82

67

39

66

Retail Medium

53

47

37

114

-

94

51

138

Strip Mall
Large Retail

-

186

97

258

Grocery Store

168

186

123

198

Small School

41

58

35

95

Large School

41

58

36

78

-

224

165

223

Small Hotel

84

73

37

88

Warehouse

18

29

14

48

-

79

40

75

Small Restaurant

HR Apartment
Refrigerated Warehouse

74

253

249

296

Hospital

142

197

90

148
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Defining Long-Term Performance
To specify a set of energy efficiency measures that align with the long-term performance and
jurisdiction of Title 24, the NORESCO team leveraged relevant technical feasibility studies,
including:
•
•

Arup’s ‘The Technical Feasibility of Zero Net Energy in California’ from 201213,
ASHRAE’s ‘Final Report ASHRAE 1651-RP Development of Maximum Technically
Achievable Energy Targets for Commercial Buildings Ultra-Low Energy Use Building Set’
from 201514.

Where key end-uses fall outside the limits of current jurisdiction, the NORESCO team explored
more aggressive scenarios that assume expansion of jurisdiction would be implemented to
achieve the ZNE goal; areas for potential expansion that were incorporated into the analysis
include plug load controls and refrigeration loads.

13

Arup. “The Technical Feasibility of Zero Net Energy Buildings in California,” 2012.
Glazer, Jason. “Final Report ASHRAE 1651‐RP Development of Maximum Technically Achievable Energy Targets
for Commercial Buildings Ultra‐Low Energy U se Building Set,” 2015.
14
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Characterizing the California Nonresidential Building Stock
The scope of the analysis includes a set of prototype models that represent the IEPR building
types. Within each building type, multiple vintages were utilized to appropriately capture the
variation in building efficiency levels that exists within the California nonresidential building
stock. For each building type, the following existing building vintages were analyzed: (1) 1980s
vintage; (2) 1990s vintage; (3) 2000s vintage, and (4) 2016 new construction vintage. The
distribution of square footage across the combinations of vintage and climate zone were
determined for each building type using the IEPR building stock data set.
The starting points for the vintages for each building type was the set of models previously
developed for the Urban Footprint modeling analysis and approved by the Energy Commission.
Refer to Appendix B3 for more detail on how the NORESCO team mapped the 15 Urban
Footprint prototypes to the IEPR building types.
Where multiple prototypes map to a single IEPR building type, floor area weighting factors have
been applied as per the 2016 Impact Analysis Report15. As part of the Urban Footprint analysis,
key modeling inputs (plug load equipment density, exterior lighting power, etc.) were adjusted
from typical baseline values to better align with CBECS and CEUS data; the prototypes utilized
for this analysis reflect those adjustments.
2029 Energy Efficiency Measures
For the nonresidential analysis, the NORESCO team applied a set of energy efficiency measures
representing the anticipated level of building performance to be mandated by Title 24 by the
end of 2029. Because the 2028 iteration of Title 24 will be the last iteration of the code prior to
the end of the SB 350 analysis period, the applied measure package aligns with the NORESCO
team’s expectations for 2028 requirements. In general, the NORESCO team expects Title 24
2028 requirements to align with pre-established 2030 ZNE goals. Note however that potential
ZNE measures must be filtered to include only those measures that are expected to align with
Title 24 jurisdiction. The NORESCO team has selected 2029 energy efficiency measures
according to the following criteria:
•
•
•
•

Currently part of code that is likely to persist or become more stringent
Not currently in code but likely to be added to code by 2028
No or minimal overlap with Title 20 and Federal Appliances Standards
Applicability to a particular building type and/or climate zone

While certain measures are much less likely to be implemented in a retrofit scenario than in a
new construction scenario (for example, increasing exterior wall insulation), the same set of
measures defines the technical potential for both existing buildings and new construction. The
likelihood of adoption by scenario will be used to scale savings in post-processing. Refer to
Appendix B2 for more detail on the 2029 measure package that the NORESCO team selected for
analysis. Measures are grouped into packages according to how they were applied to the
prototype models. Relevant input parameters and associated references are included.

15
NORESCO; Nittler, Ken. “Impact Analysis: 2016 Update to the California Energy Efficiency Standards for Residential
and Nonresidential Buildings,” 2015.
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New Construction Modeling Approach
To account for new construction savings for the 2022, 2025, and 2028 iterations of Title 24 for
each of the IEPR building types, the NORESCO team compared the performance of minimallycompliant Title 24 2016 models (2016 new construction vintage) to the performance of those
same models with the 2029 code-representative efficiency measures packages applied.
Scope:




Climate zones: All 16 California Climate Zones (CZs)
Prototypes: All 15 Urban Footprint prototypes
Building Vintages: 2016 new construction

Baseline Models:


Minimally-compliant Title 24 2016 model for each combination of prototype and climate
zone

Proposed Models:


2029 energy efficiency measure packages, applied both individually and as a group

For each combination of prototype and climate zone, the difference in performance between
the baseline case and the case with all 2029 energy efficiency measure packages applied
represents the overall projected progression of the Title 24 new construction requirements
between the 2016 and 2028 iterations of Title 24. The NORESCO team then estimated what
portion of that overall progression would likely be attributed to each of the intermittent
iterations of the code. Combining the expected performance progression by iteration with IEPR
projections for new construction by building type through 2029 enabled the NORESCO team to
project annual electricity and gas savings from 2017 through 2029. To isolate the savings
during this analysis period that are attributable to the 2022, 2025, and 2028 iterations, the
NORESCO team subtracted out incremental savings reported by Navigant for earlier code
vintages. Subtracted savings include those that Navigant has attributed to the 2016 and 2019
vintages; the source of these savings is the 2018 Potential and Goals Results Viewer16.
Separately modeling each package is a forward-facing strategy that will enable savings
estimates to be adjusted (without the need for additional modeling) according to new
assumptions for 2029 performance thresholds at the measure package level. For example, if it
is later determined that the NORESCO team’s assumptions for 2029 interior lighting LPDs are
too aggressive, lighting savings could be scaled back accordingly and then recombined with the
savings attributed to other measure packages. The details regarding how this adjustment would
be made will be explored in greater detail in the subsequent section on existing building
modeling.
Existing Buildings Modeling Approach
The approach for existing building modeling combines: (1) the application of the simulation
techniques detailed in the previous section to an expanded set of baseline models with (2) a
post-processing step that enables savings estimates to be based on realistic predictions for the
state of the California nonresidential building stock at the beginning (January 1, 2017, when
Title 24 2016 requirements went into effect) and end (December 31, 2029) of the relevant
analysis period.
Scope:
California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at
http://www.cpuc.ca.gov/General.aspx?id=6442452619

16
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 Climate zones: All 16 California CZs
 Prototypes: All 15 Urban Footprint prototypes
 Building Vintages: 1980s, 1990s and 2000s, and 2016 new construction
Baseline model:


The baseline models for the 1980s, 1990s, and 2000s vintages were extracted directly
from the Urban Footprint analysis without additional modification. The 2016 new
construction baseline was the same minimally-compliant Title 24 2016 model that
served as the baseline for new construction modeling
 For each vintage, each combination of prototype and climate zone was modeled
Proposed model:
 2029 energy efficiency measure packages, applied both individually and as a group
For each combination of prototype, climate zone, and vintage, the difference in performance
between the baseline case and the case with all 2029 energy efficiency measure packages
applied represents the potential for cost-effective improvement through renovation between
when the building was originally constructed and 2029.
Title 24 Data Post-processing for Residential and Nonresidential Buildings:
To account for the fact that existing buildings improve gradually over time through cyclical
renovation, the NORESCO team developed a set of equipment turnover rates for each building
vintage17. Turnover rates are specific to measure category and are based on the estimated
useful life for equipment. Additional reduction factors were applied to turnover rates to
account for: (1) the fact that equipment (especially envelope constructions) often remains in
service well beyond its estimated life, and (2) the fact that newer buildings are less likely to
upgrade equipment than older buildings (for example, a 45-year old HVAC system is much
more likely to be replaced than a 5-year old HVAC system).
The final equipment turnover rates were applied to each vintage to predict reasonable starting
(January 1, 2017) and ending points (December 31, 2029) for each building vintage. Appendix
B4 contains the turnover rates for each combination of building vintage and efficiency measure
category as well as the resulting inputs that define the starting and ending performance levels
for each building vintage.
Savings for each combination of building type, vintage, and climate zone were calculated by
tracking the area-weighted performance improvement defined by the starting and ending tables
in Appendix B4. To determine the energy savings associated with progression from one
performance level to the next, the NORESCO team subtracted the total potential savings
(associated with improving to the 2029 measure package) for the newer vintage from that for
the older vintage. For example, the savings associated with improving from 1980-level
performance to 1990-level performance is the difference in potential between (1) improving
from 1980-level performance to 2029-level performance, and (2) improving from 1990-level
performance to 2029-level performance.
Savings were computed separately for each measure category and then summed to wholebuilding totals using interaction factors that were calculated by comparing savings associated
with application of the total set of measure packages to the sum of the savings for each
individual measure package.

This approach applied to the nonresidential analysis. For the residential analysis, engineering judgment was applied
to directly specify building portfolio performance levels at the starting and ending points of the analysis. The
NORESCO team views both approaches as valid: while the turnover rate approach is more traceable, the manual
approach allows for greater flexibility.

17
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For each combination of building type, vintage, and climate zone, per square foot electricity and
natural gas savings were calculated according to this approach and then multiplied by the
appropriate square footage (obtained from the IEPR data set) to obtain total energy savings. All
savings were then summed and distributed across individual years according to assumptions
regarding the progression of code performance over time.
Once annual cumulative savings were calculated, they were adjusted in two ways:



A Net-to-Gross factor was calculated according to the methodology established in the
2013-2015 Codes & Standards Integrated Standards Savings Model (ISSM)18.
Relevant savings from Navigant’s 2018 PG study16 were subtracted from the totals. For
new construction, this includes Title 24 2019 new construction savings (because the
analysis measured progression between the 2016 and 2028 code vintages). For existing
buildings, this includes all previous and future vintages for each Navigant’s study
captures addition and alteration savings.

Refer to Appendix B5 and C3 for more detail on the post-processing approach for
nonresidential and residential buildings, respectively.
Scenario-based Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumed typical equipment turnover rates for
estimating addition and alteration savings. See Appendix B4 for details on turnover
rates. Because the methodology for calculating new construction savings is wellestablished, scenarios only account for adjustments to addition and alteration savings.



Conservative Case: For the conservative case, the NORESCO team assumed a 10%
reduction in equipment turnover rates compared to the reference case. Because the
methodology for calculating new construction savings is well-established, scenarios only
account for adjustments to addition and alteration savings.
Aggressive Case: For the aggressive case, the NORESCO team assumed a 30% increase in
equipment turnover rates compared to the reference case. Because the methodology
for calculating new construction savings is well-established, scenarios only account for
adjustments to addition and alteration savings.



Results:
The Title 24 modeling analysis was designed for maximum flexibility. Because the actual
modeling runs capture the maximum possible (code-claimable) savings for each combination of
building type, vintage, climate zone, and measure category, any potential update (with the
exception of exploring performance levels beyond what the NORESCO team deemed technically
and economically feasible) can be made using the post-processing workbooks. Potential
supported updates would include: (1) accounting for updated IEPR data; (2) revising equipment
turnover rates; (3) revising program NTG ratio; (4) incorporating new Potential and Goals data,
or (5) manually adjusting portfolio assumptions for analysis starting and ending points
(bypassing turnover rates).

18

https://pda.energydataweb.com/#/documents/1322/view
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Table 8: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Building Energy Efficiency Standards
Energy Unit

2015

2016

-

-

0.0

0.0

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

125

284

455

680

823

955

1139

1329

1527

1786

2048

2312

2765

19.4

37.7

56.0

73.6

89.5

122

139

156

173

191

208

227

Elec (GWh)
105

NG (MM
therms)

Source: California Energy Commission staff.

APPLIANCE REGULATIONS – TITLE 20 FROM 201819 THROUGH
2029
Program Description:
Title 20, known as the California Appliance Efficiency Regulations, contains the efficiency
standards that establish the minimum performance for listed appliances to be sold or offered
for sale in California. The code includes performance and design requirements for the energy
and water use of appliances. The California Energy Commission, which develops and
implements Title 20, is not required to update the code on any specific interval; individual
standards are updated upon receiving sufficient data to support new or amended efficiency
standards or test procedures for individual appliances. The scope of Title 20 is limited by
federal appliance standards developed or implemented by the U.S. Department of Energy (DOE)
under the Energy Policy and Conservation Act of 1975 and its amendments. The federal
appliance statute states that no individual state can adopt appliance standards for products for
which there is a national standard, with some specific exceptions for individual appliances or
situations, or upon grant of a waiver of preemption on a specific appliance to an individual
state. Therefore, Title 20 can generally only regulate appliances outside the scope of DOE
appliance standards.

The starting year of the analysis depends on Navigant’s 2018 Potential and Goals study. The starting year is 2015, but
no savings is anticipated in the middle wedge until 2017 and increasing as the Navigant PG model tapers off to 2024.

19
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Buildings Affected:
Title 20 appliance standards indirectly affect all building types if the regulated appliance or
product is installed or used within a building; the standards extend beyond the building into
personal electronics and other devices that are not hard wired into a structure. These standards
are implemented at the manufacturing stage and impact any market sector where the products
are installed or used. Building markets affected include any in which a regulated appliance or
product will be installed or used and consume energy, this includes:



Residential and nonresidential.
New construction and additions, alterations, and repairs. New equipment in an addition,
alteration or repair will be affected.
 Private and public buildings
Methods
Relevant Measures:
Title 20 standards apply to most appliances, equipment, luminaires, and miscellaneous load
products, such as televisions, used in all types of buildings. The code covers a wide range of
consumer and commercial products. This study will analyze and estimate impacts to California
statewide energy consumption through 2029 due to future Title 20 standards based on
available data, limitations imposed by federal preemption, and accounting for overlap with
measures included in the 2015 and 2018 Potential and Goals Studies.
The analysis will investigate possible new standards for appliances and products which have
not been previously regulated, as well as updates to existing standards where technological
advancements, reduced costs, or improved test standards make it feasible to increase the
stringency of a standard. Potential opportunities include establishing indoor luminaire
standards for products that are not currently regulated under Title 20 or federal standards, and
updates to computers and computer systems standards, which the Energy Commission recently
adopted in 2016, due to technological advancements that may allow for an update from now
through 2029.
Additionally, there are measures worth evaluating for standard development that are either
emerging technologies or do not have a clear measure path at this time. The large scale
adoption of Internet of Things (IoT) and computerized building systems and controls, such as
Building Automation Systems (BAS) and monitoring panels for building systems, has a
significant upside in being able to monitor building energy use and respond to energy market
signals for improved grid harmonization. However, the introduction and potential widespread
implementation of these tools introduce a constant load for buildings that has not historically
been present. There are many devices in the building that are providing status or monitoring
information and enabling wired or wireless communication in the building systems that often
have a continuous load on the electrical system, regardless of equipment operation status.
Therefore, there is opportunity to regulate the amount of energy these tools can consume while
they are helping manage total building energy use.
Data Sources:
This study will use projected savings from individual measures that Navigant has not currently
included in the 2018 Potential and Goals calculations. For measures that are not currently in
Title 20 planning (and in the future measures list) the impact of various measures may be
difficult to collect. Data sources to identify potential measures and energy saving estimates
include:
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The Appliance Standards Awareness Project (ASAP) report “Next Generation Standards:
How the National Energy Efficiency Standards Program Can Continue to Drive Energy,
Economic, and Environmental Benefits.”20
ENERGY STAR® and other voluntary standard and specification product databases.
California Investor Owned Utility (IOU) and other utility-sponsored incentive programs
for specific appliance installations.
Additional information for measures not covered in the bottom wedge may be available
from Navigant or through simplified market review of the possible measures.
Discussions with IOU Codes and Standards program staff and their consultants working
on Title 20 efforts.
Shipment or installation data from manufacturing industry representatives, such as
NEMA, or U.S. imports data.
U.S. DOE Test Standards, which provide the opportunity to establish an appliance
performance standard.

Methodology:
The NORESCO team used available research to provide reasonable energy savings estimates for
future Title 20 measures. Research was based on the data sources listed above and any
applicable data from 2018 Potential and Goals documents.
Approach:
Phase 1 Approach: Phase 1 establishes a high-level, top-down savings estimate for future Title
20 updates. For this phase, the NORESCO team assumed that annual incremental savings
decrease over time as appliance standards become increasingly more stringent, reducing
available energy performance improvements, and opportunities for new standards decrease.
The analysis used the following assumptions:








Savings returns per unit of new appliance standards for currently regulated appliances
decrease for each iteration as standards become more efficient, and incremental savings
reduce (with the exception of some appliances where major technological innovations
may greatly reduce energy consumption).
Navigant 2018 PG Title 20 incremental savings end in 2024 (no new standards
considered beyond 2024, although savings due to standards implemented through 2024
persist into later years). Accordingly, savings attributed to standards projected to be
implemented after 2024 would fall into the middle wedge.
Navigant’s 2018 PG analysis considers interactive effects for electricity and natural gas
due to adopted measures. In their analysis, natural gas savings are negative in some
years due to an increase in heating load as certain electrical loads in a building decrease
due to Title 20 standards effective in those years. A reduction in cooling is also included
in the interactive effects for these measures, when applicable. There is a stabilization of
natural gas savings moving forward due to a combination of electrical and natural gas
savings opportunities in Title 20 appliances, and the general move toward electrification
in the future.
New Title 20 savings opportunities will occur at the same rate as historical trends21.

Phase 2 Approach: This program was not included in Phase 2.
20

deLaski, Andrew, et. al., “Next Generation Standards: How the National Energy Efficiency Standards Program Can
Continue to Drive Energy, Economic, and Environmental Benefits”, ASAP, Washington DC, 2016. Available online at
https://appliance‐standards.org/sites/default/files/Next%20Gen%20Report%20Final_1.pdf
21
There is no required schedule or review of Title 20 standards; therefore, the NORESCO team used historical
trends to estimate the rate of adopted standards.
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Phase 3 Approach: The NORESCO team developed a list of potential Title 20 measures that are
viable for development and inclusion into the Title 20 standards through 2029. This included
any known measures that are identified by Navigant but not included in the 2018 Potential and
Goals study, any known or expected long-term future measures that are in guiding documents
from the Energy Commission or other sources, and additional measure opportunities identified
from data collection and discussion with IOU Codes and Standards Staff. The NORESCO team
made minor updates to the analysis approach as follows:




The NORESCO team used a bottom-up approach to determine the savings potential for
viable Title 20 standards, based on currently available studies and discussion with
members from ASAP and the California IOU Statewide Codes and Standards team, both
of which are looking into future appliance standards at each level: federal and state.
Due to time and resource constraints, the NORESCO team did not reach out to individual
contacts within the market sectors for individual measures. Instead, the NORESCO team
relied on current analyses and studies, as well as information that the Energy
Commission provided regarding expected rulemakings.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumes that the Energy Commission will adopt
updates to current Title 20 standards, where feasible, and will also adopt new standards
for currently unregulated appliances and products, with consideration of federal
preemption. The compliance factor, which represents the proportion of the market that
will comply with the standard at the time it goes into effect, is set at 85 percent in
alignment with Navigant’s assumption. This equates to an average new standard
adoption rate of approximately 1 new standard every two years.



Conservative Case: In the conservative case, the NORESCO team assumes that the Energy
Commission will adopt updates to current Title 20 standards where feasible, and will
adopt new standards for currently unregulated appliances and products for which they
have indicated interest, as shown on the Energy Commission Pre-Rulemaking Title 20
docket. The compliance factor is set at 85 percent in alignment with Navigant’s
assumptions. This equates to an average new standard adoption rate of approximately 1
new standard every four years.



Aggressive Case: The aggressive case assumes that the Energy Commission will adopt
updates to current Title 20 standards where feasible, and will also adopt new standards
for currently unregulated appliances and products, with consideration to federal
preemption. The compliance factor is set at 100 percent as requested by the Energy
Commission.
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Results:
The results show that Title 20 standards have significant savings potential through 2029 due to
rapidly improving technology efficiencies and reduced costs for more efficient products. The
savings estimates are based on the “max tech” at the time of the most recent rulemaking, which
is the maximum feasible energy efficiency level for products at the time of the analysis or
previous rulemaking. With rapid improvements in technology and efficiency, this analysis as
well as ASAP’s analysis assumes that the max tech at the time of the last rulemaking for some
products will be surpassed in the market by the time of the next rulemaking. The realization of
these savings is dependable due to funding for research and standard development process
from the California Statewide IOU Codes and Standards team.
The associated Program Data Analysis workbook provides detail on the analysis results and
scenarios comparison for this program. As seen in the workbook, the analysis uses the
following assumptions:







Annual installation rates and naturally occurring market adoption (NOMAD) remain
static over the life of the standard in this analysis, which aligns with ASAP’s
methodology (2016). The rationale being that actual installation rates and NOMAD
would both likely increase over time, which counteract each other in claimable savings.
For the purposes of the analysis, the two factors are assumed to directly cancel out each
other remain constant year over year.
Consistent with ASAP’s methodology (2016) NOMAD is 10 percent for products which
do not have an ENERGY STAR® specification, and 25 percent for those that do.
Savings begin to accrue for a standard based on the noted effective date; the annual
installations are also based on the effective date.
For products that neither the Energy Commission nor DOE currently regulate, but both
have stated interest in developing a standard, this analysis assumes the product will fall
under the purview of Title 20.
For each year, the estimated savings reflect installations for all products effective that
year, as well as savings from products installed the year(s) prior. Saving from prior
installations are included because energy savings will occur in each year the product or
appliance is in use, regardless if it is the same product or a replacement meeting the
same energy performance criteria. An applicable decay rate is applied to the savings to
reflect diminishing performance over time. National annual installations were scaled to
California sales based on population; California represents 12 percent of the nation’s
population. Although scaling by population may introduce error in the market impact
for certain products, it is the best estimate available for the purposes of this analysis. If
a better estimate was available, such as through a Title 20 Codes and Standards
Enhancement (CASE) report for an individual measure, it was used.

Table 9: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Appliance Efficiency Regulations
Energy Unit

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

0.0

0.0

0.0

0.0

0.0

307

766

1,226

1,685

2,596

3,525

4,455

5,918

7,382

8,875

-

-

-

-

-

-

0.0

0.0

0.0

0.0

0.1

0.1

0.1

0.1

Elec (GWh)
NG (MM
therms)

Source: California Energy Commission staff.
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FEDERAL APPLIANCE STANDARDS FROM 201922 THROUGH
2029
Program Description:
Under U.S. legislation, starting with the Energy Policy and Conservation Act (EPCA) of 1975, the
U.S. Department of Energy (DOE) is directed to develop and update energy efficiency standards
and test procedures for certain appliances, equipment, lighting, and consumer products. The
federal standards set the minimum energy efficiency requirement for products. The DOE is
required by Congressional legislation to review each standard at least once every six years for
potential revisions, and to set appliance efficiency standards at levels that achieve the
maximum improvement in energy efficiency that is technologically feasible and economically
justified23. DOE establishes and updates the standards according to the deadlines established in
the federal appliance statute, on a rolling basis. The national standards program currently
covers the energy requirements of 60 categories of products.
Buildings Affected:
Federal appliance standards are not unique or specific to any particular building type. These
standards are implemented at the manufacturing stage and impact any market sector where the
products are installed or used. Building markets affected include:




Residential and nonresidential
New construction and additions, alterations, and repairs. New equipment in an addition,
alteration or repair will be affected.
Private and public buildings

Methods
Relevant Measures:
Federal appliance standards apply to most appliances, equipment, and lighting products used
in most building types, and some consumer products not designated to any particular building
sector, such as external power supplies and battery chargers. Potential appliances and products
for this analysis fall into the following two categories:




Those that currently have a federal appliance standard in place. These appliance
standards could be updated during DOE’s mandatory review process if there are
technology improvements, cost reductions, or other updates that allow a more stringent
standard to be adopted.
Those that are not currently regulated under DOE appliance standards either because
they are outside the scope of current standards or are new technologies.

Current federal standards cover, but are not limited to, the following technology categories:





Residential, nonresidential, and industrial heating and air conditioning systems
Residential and nonresidential water heating
Consumer Electronics, including:
o Battery chargers
Microwave ovens

The starting year of the analysis depends on Navigant’s 2018 Potential and Goals study.
U.S. Department of Energy. “Federal Appliance Standards.” Accessed in May 2017. Available online at:
https://energy.gov/savings/federal-appliance-standards
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Residential and/or nonresidential appliances, including:
o Clothes washer and dryer
o Dishwasher
o Ceiling fans
o Refrigerators and freezers
Lamps and ballasts used in residential and nonresidential installations (to a limited
scope)

Additional measures that will be investigated for energy savings potential include:







Establishing or improving test standards that will allow for adoption or improvement of
an appliance standard.
Lighting products and other appliances not currently covered in federal standards, such
as set-top boxes and commercial dryers.24
Emerging technologies.
Voluntary standards, specifications, and test procedures that can inform mandatory
standards, such as ENERGY STAR and WaterSense, and industry standards such as
ASHRAE, NEMA, AHRI, or IAPMO.
Connected products through the Internet of Things and building networks.
Improved compliance and enforcement of standards by DOE.

Federal appliance standards also cover water conservation measures, including those for
faucets, showerheads, and water closets. However, due to DOE’s failure to update these
standards by the deadline set in statute, states are no longer preempted from setting more
stringent standards for these products. 25 Therefore, savings potential from these products is
being considered under Title 20.
For each expected new or updated standard, the baseline will be the energy performance of the
previous appliance standard or, for new appliance standards, the market standard
performance. The DOE is required to review appliance standards at least once every six years
from the prior adoption date, but each standard is on its own unique schedule; that is,
standards are not all updated simultaneously.
Data Sources:
This analysis relied on several data sources to identify future updates to current standards and
potential new standards. A primary data source to identify known and adopted standards will
be the 2018 Navigant Potential and Goals (PG) study.
Additionally, the following data sources were used to identify current standards, potential
future updates to current standards, and potential new standards for appliances not yet
regulated by DOE:

24

When products or appliances are not currently regulated under either federal or Title 20 standards, both DOE
and CEC may have interest in adopting a new standard. For the purpose of this analysis, the NORESCO team
assumes that CEC will adopt the standard into Title 20, therefore avoiding preemption concerns. For that reason,
there may be some standards in which DOE has indicated interest which are not included in this analysis, but
rather, are included in the Title 20 analysis.
25

10 C.F.R § 430 (2010)
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Data Source
U.S. DOE Building Technology
Office (BTO) Multi-Year
Program Plan: Fiscal Years
2016-2020
2003 and 2012 Commercial
Building Energy Consumption
Survey (CBECS) from U.S.
Energy Information
Administration26

2006 California Commercial
End Use Survey (CEUS)27

2009 California Residential
Appliance Saturation Survey
(RASS)

California Energy Commission
Demand Forecast office
residential and nonresidential
building stock and new
construction forecast
Appliance Standard Awareness
Program (ASAP) U.S. DOE
Appliance Standards
Rulemakings Schedule 2016 –
2017 (including test
procedures)28
Expected U.S. DOE Standard
Update table29
ENERGY STAR® and other
voluntary standard and
specification product
databases
California Investor Owned
Utility (IOU) and other utilitysponsored incentive programs
for specific appliance

Expected Use
High level savings goals due to federal
appliance standards. The BTO set a goal of 20
percent reduction in energy consumption by
2025 due to appliance standards.
To estimate nonresidential building energy
use intensity (EUI) in kWh/ft2 and therms/ft2.
This will be used to identify the trends in
energy use from 2003 to 2012 to estimate
2010 EUIs. The actual EUIs from CBECS will
not be used because California building
energy use is likely different than the national
average; the trend data will be used.
To estimate California nonresidential building
energy use intensity (EUI) in kWh/ft2 and
therms/ft2. This will be used to estimate the
2010 EUIs in California, adjusted from 2006
using the trends in consumption determined
from the national CBECS data.
To estimate residential building energy use
intensity (EUI) in kWh/ft2 and therms/ft2. This
will be used to estimate the savings
associated with the goals set in the BTO MultiYear Plan to reduce energy consumption per
square foot by 20 percent.
Estimate the future square footage affected
by appliance standards.

Phase
Phase 1

Phase 1

Phase 1

Phase 1

Phase 1

Identify standards expected to be adopted
and likely included in 2018 PG study and
AAEE.

Phase 3

Identify potential future standards not
included in the 2018 PG Study.
Identify potential future standards not
included in the 2018 PG Study.

Phase 3

Identify potential future standards not
included in 2018 PG study. These programs
often increase market penetration of high
efficiency products and appliances and can be

Phase 3

Phase 3

U.S. Energy Information Administration. “Commercial Buildings Energy Consumption Survey (CBECS).” Accessed in
May 2017. Available online at: https://www.eia.gov/consumption/commercial/
27
California Energy Commission. “California Commercial End-Use Survey (CEUS).” http://www.energy.ca.gov/ceus/
28
Appliance Standards Awareness Project. “U.S. DOE Appliance Standards Rulemakings Schedule 2016-2017.” October
3, 2016. Available online at: https://appliancestandards.org/sites/default/files/doe_schedules/DOE_Schedule_by_Date_76.pdf
29
Appliance Standards Awareness Project. National Standards. https://appliance-standards.org/national
26
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installations, such as those for
refrigerators, water heaters,
and pool pumps
U.S. DOE Standards and Test
Procedures30
Expected Title 20 appliance
standards
Next Generation of Standards:
How the National Energy
Efficiency Standards Program
Can Continue to Drive Energy,
Economic, and Environmental
Benefits (ASAP 2016)31
Interview ASAP staff
Review information from
Statewide IOU Emerging
Technologies Program (ETP)
and Emerging Technologies
Coordination Council (ETCC)
Energy Conservation Program:
Energy Conservation Standards
Final Rulemaking documents
Product shipment or
installation data from
manufacturing industry
representatives, such as NEMA,
or U.S. government imports
data.

adopted as mandatory standards.
Identify current standards and those that may
be reviewed and updated from 2019 through
2029.
Title 20 adopts some standards in advance of
DOE standards. Overlap will be accounted for
with Title 20
Identify potential future standards not
included in Navigant’s 2018 Potential and
Goals study or AAEE.

Phase 3
Phase 3
Phase 3

Identify potential future standards and
energy savings potential.
Identify potential future standards.

Phase 3

Identify potential energy savings and
shipment or installation data for future
standards update current standards.
Identify potential market penetration of
appliances.

Phase 3

Phase 3

Phase 3

Additional data that supported Phase 3 of this analysis include:




Unit energy savings estimates for future potential appliance standard
Unit costs for future potential appliance standards
Current and expected sales of appliances for future potential standards, specifically in
California if available.

Methodology:
To estimate energy savings potential for future federal appliance standards, both new
standards and updates to current standards, the NORESCO team made high level estimates for
Phase 1 based on DOE Building Technology Office (BTO) goals, and then refined savings
estimates based on measure-by-measure data or estimates based on available sources. The
analysis used the following information, or made estimates based on professional judgment
and available data:



DOE energy reduction goals
List of measures or groups of measures expected to be adopted

30
Office of Energy Efficiency & Renewable Energy. “Standards and Test Procedures.” Accessed in May 2017. Available
online at: https://energy.gov/eere/buildings/standards-and-test-procedures
31
deLaski, Andrew, et. al., “Next Generation Standards: How the National Energy Efficiency Standards Program Can
Continue to Drive Energy, Economic, and Environmental Benefits.” Available online at: https://appliancestandards.org/sites/default/files/Next%20Gen%20Report%20Final_1.pdf
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Building sector, as applicable, for each expected measure
Timeline of expected measure adoption/effective date and updates (six year cycle per
standard)
Unit energy savings estimates
California sales estimates (or scaled by population)
Compliance rate for each standard
Normal market adoption (NOMAD) at time standard goes into effect

Approach:
Phase 1 Approach: The NORESCO team established a high-level savings estimate for future
updates to current federal appliance standards and future new appliance standards. The
NORESCO team based estimates on goals set by the Department of Energy’s (DOE) Building
Technology Office (BTO) to reduce building energy consumption by 30 percent compared to
2010 energy consumption through 202932. To support this, the BTO set a goal to reduce energy
use per square foot in buildings by 20 percent by 2025 through appliance and equipment
standards. The NORESCO team estimated California-specific savings by establishing 2010
building energy use intensities and reducing energy consumption per building by 20 percent by
2025. The analysis applied the savings to new construction and expected alteration and retrofit
square footage in California through 2029. The resulting savings impact both electricity and
natural gas usage. The following approach established Phase 1 estimates:







Estimated 2010 California building energy use intensity (EUI) for nonresidential and
residential buildings in California using CBECS, CEUS, and RASS data. 2010 EUIs are
needed to align with the BTO reduction goals. The NORESCO team used the 2003 and
2012 national CBECS data to identify trends in nonresidential building consumption.
The team then used the trending to adjust 2006 California CEUS data to estimate
nonresidential building kWh and therms consumption per square foot in 2010. The
CBECS and CEUS data do not include identical building types; therefore, the most
relevant CBECS building type was applied to the CEUS data. For example, CBECS does
not differentiate between small and large office buildings like CEUS does, so the office
building trend data was used for both. 2009 RASS data was collected in 2009 through
early 2010; therefore, the 2009 RASS data was used for residential kWh and therms use
per square foot33.
Estimated energy reduction from 2010 to 2025 based on the BTO goal of 20 percent
reduction by 2025. 20 percent is achieved by estimating that appliance standards will
reduce energy consumption by two to four percent every two years until 202434.
Identified affected square footage using Energy Commission Demand Forecast Office
new construction and building stock estimates. All new construction will be impacted by
appliance standards. Existing buildings will be impacted if replacing equipment or
performing a retrofit. The affected existing building square footage was estimated
assuming an effective useful life (EUL) of 15 years; meaning a replacement or retrofit
will occur every 15 years. The analysis team divided existing building square footage for
each year by 15 to estimate impacted square footage.
Estimated energy savings by applying the reduced EUI per year to the affected new
construction and existing building square footage per year. The analysis reduced the
2010 EUIs by two to four percent every two years and the savings are applied to the
applicable square footage from 2015 through 2029. For the analysis, the team assumed
that savings to meet the goal will begin to be realized at year 2011 and must commence
by 2024 to achieve 20 percent by 2025; however, the NORESCO team only includes

U.S. DOE Building Technology Office Multi-Year Program Plan: Fiscal Years 2016-2020.
https://energy.gov/eere/buildings/downloads/multi-year-program-plan
33
The the Energy Commission funded the study and began administering the survey in 2009; therefore it is called the
2009 RASS study.
34
Reductions only occur through 2024 because the BTO goal is to achieve 20 percent reduction by 2025.
32

Page 30



savings starting in 2015 under the assumption that prior savings are captured in
previous PG and AAEE studies. This requires 1.5 percent savings per year, or 3 percent
every two years. The analysis assumes annual savings will increase in 2016 due to
activity from the Obama administration, then ramp up again in the years preceding the
2025 goal. The Phase 1 analysis does not estimate additional energy reduction from
appliance standards beyond 2025; therefore, the energy savings per year estimated for
2024 are projected to continue each year through 2029.
There are considerations and limitations for the Phase 1 estimates, including:
o The savings estimates are based on BTO goals without identifying appliances and
equipment standards that will contribute to the savings.
o The 2010 EUIs are best estimates based on available survey data from years
before and after 2010.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team made minor updates to the analysis approach as follow:




Phase 3 did not further explore appliances and products, such as emerging technologies,
which do not have a clearly defined path to adoption at this time. Phase 3 instead
remained focused on products that are known to the market and for which DOE has
stated interest in pursuing a new or updated standard.
For products that neither the Energy Commission nor DOE currently regulate, but both
have stated interested in developing a standard, this analysis assumes the product will
fall under the purview of Title 20.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumes that DOE will adopt updates to current
Federal Appliance standards where feasible, and will also adopt standards for
appliances and products that were out for public review, but not fully completed under
the previous administration35. The compliance factor, which represents the proportion
of the market that will comply with the standard at the time it goes into effect, is set at
85 percent in alignment with Navigant’s assumption, unless documented in their report.



Conservative Case: In the conservative case, the NORESCO team assumes that DOE will
not adopt updates to current Federal Appliance standards or adopt new standards, but
will adopt standards for appliances and products that were out for public review, but
not fully completed under the previous administration. The compliance factor is set at
85 percent in alignment with Navigant’s assumptions.



Aggressive Case: The aggressive case assumes that DOE will adopt updates to current
Federal Appliance standards, where feasible, and will also adopt new standards for
currently unregulated appliances and products. The compliance factor is set at 100
percent as requested by the Energy Commission.

Results:

At the end of 2016, rulemakings for some standards were out for review, but are currently still in the final rulemaking
process during the change in presidential administrations. These are identified in ASAP’s U.S. DOE Appliance Standards
Rulemakings Schedule- 2017: https://appliance-standards.org/sites/default/files/DOE_Schedule_by_Date_2.pdf.

35
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The results show that Federal Appliance standards have significant savings potential through
2029 due to rapidly improving technology efficiencies and reduced costs for more efficient
products. The savings estimates are based on the “max tech” at the time of the most recent
rulemaking, which is the maximum feasible energy efficiency level for products at the time of
the analysis or previous rulemaking. With rapid improvements in technology and efficiency,
this analysis as well as ASAP’s analysis assumes that the max tech at the time of the last
rulemaking for some products will be surpassed in the market by the time of the next
rulemaking. The realization of these savings is dependable due to legislation that requires DOE
review current standards once every six years, and funding for research and standard
development process from the California Statewide IOU Codes and Standards team.
The associated Program Data Analysis workbook provides detail on the analysis results and
scenarios comparison for this program. As seen in the workbook, the analysis uses the
following assumptions:









Annual installation rates and naturally occurring market adoption (NOMAD) remain
static over the life of the standard in this analysis, which aligns with ASAP’s
methodology (2016). The rationale being that actual installation rates and NOMAD
would both likely increase over time, which counteract each other in claimable savings.
For the purposes of the analysis, the two factors are assumed to directly cancel out each
other and remain constant year over year.
Consistent with ASAP’s methodology (2016), NOMAD is 10 percent for products which
do not have an ENERGY STAR® specification, and 25 percent for those that do.
Savings begin to accrue for a standard based on the noted effective date; the annual
installations are also based on the effective date.
For products which neither the Energy Commission nor DOE currently regulate, but both
have stated interested in developing a standard, this analysis assumes the product will
fall under the purview of Title 20.
For each year, the estimated savings reflect installations for all products effective that
year, as well as savings from products installed the year(s) prior, because regardless if
the product is still in place or has been replaced by a new product meeting the same
energy performance criteria, the savings would still be occurring year over year. An
applicable decay rate is applied to the savings to reflect diminishing performance over
time.
National annual installations were scaled to California sales based on population size;
California represents 12 percent of the nation’s population. Although scaling by
population may introduce error in the market impact for certain products, it is the best
estimate available for the purposes of this analysis. If a better estimate was available, it
was used.

Table 10: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Federal Appliance Standards
Energy Unit

Elec (GWh)

2015

-

2016

2017

-

-

2018

-

2019

-

2020

-

2021

-

2022

2023

2024

2025

2026

2027

2028

2029

-

-

22.9

551.0

1,243.8

2,103.0

2,980.8

3,905.6
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NG (MM
therms)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.2

16.3

33.0

49.7

66.4

85.7

Source: California Energy Commission staff.

LOCAL GOVERNMENT ORDINANCES FROM 201636
THROUGH 2029
Program Description:
Jurisdictions within California develop and adopt local ordinances requiring that select or all
new construction and/or additions, alterations, and repairs projects improve energy efficiency
beyond Title 24, Part 6. Jurisdictions often adopt these ordinances when a new version of Title
24 Building Energy Efficiency Standards goes into effect. The main drivers for these ordinances
are for cities or counties to achieve goals set in their Climate Action Plans, such as greenhouse
gas emissions targets, carbon neutrality, and reduced energy consumption.
Buildings Affected:
The following building types, construction, and market sectors may be included under a local
ordinance. Each jurisdiction can determine which are appropriate and feasible to include for
their goals. Local ordinances may include:


Residential and nonresidential, excluding certain building types if exempt in the
ordinance (e.g. hospitals, industrial, etc.).
 New construction and additions, alterations, and repairs. Requirements for new
construction may differ from those for additions, alterations, or repairs to existing
buildings.
 Private and public buildings
Methods
Relevant Measures:
Local government ordinances can either require specific measure installation, such as a cool
roof, or whole building performance, such as a percent improvement over Title 24 baseline. The
baseline for energy savings is the current Title 24 code at the time the ordinance goes into
effect. As California has progressively moved towards zero net energy (ZNE) for all new
construction, jurisdictions have adopted whole building performance requirements more often
than individual measure requirements.

36

Navigant’s 2018 Potential and Goals study does not include this program.
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Jurisdictions can develop their own local ordinance, or can conduct an analysis to adopt Title
24, Part 11 California Green Building Standards Code (CALGreen), which includes voluntary
green building standards that become mandatory where adopted37. Whether adopting a
CALGreen tier or developing a specific local ordinance, jurisdictions must submit an analysis to
the Energy Commission showing the ordinance is cost effective and will not result in more
energy use than the Title 24, Part 6 baseline. Within 2016 CALGreen, there are residential and
nonresidential energy efficiency in Appendices A4 and A5 that list the tiers of whole building
performance for residential and nonresidential new construction. The whole building tiers
include:




Residential:
o Prerequisite: Quality Insulation Installation (QII)
o Tier 1: 15 percent compliance margin or Energy Budget that is no more than 85
percent of the Standard Design Energy Budget.
o Tier 2: 30 percent compliance margin or Energy Budget that is no more than 70
percent of Standard Design Energy Budget.
o Zero Net Energy design: Tier 1 (CZ 6 and 7 for single family, CZ 3, 5, 6, and 7
low-rise multifamily) or Tier 2 (CZ 1-5, 9-16 for single family, CZ 1, 2, 4, and 8-16
low-rise multifamily) + on-site renewable energy generation to achieve an Energy
Design Rating (EDR) zero as calculated by compliance software.
Nonresidential:
o Prerequisite:
 Outdoor lighting 90 percent or less of allowed outdoor lighting power,
 Restaurants 8,000 square feet or greater must install solar thermal with a
solar savings fraction of 0.15
o Tier 1: 5 percent (projects with either lighting or mechanical) or 10 percent
(projects with lighting and mechanical) reduction in Energy Budget compared to
Standard Design Energy Budget.
o Tier 2: 10 percent (projects with either lighting or mechanical) or 15 percent
(projects with lighting and mechanical) reduction in Energy Budget compared to
Standard Design Energy Budget.
o On-site Renewable Energy:
 Includes solar, wind, geothermal, low-impact hydro, biomass, and bio-gas
 1 percent of electric power or 1 kW, in addition to the electrical demand
required to meet 1 percent of natural gas and propane, OR
 Green power that provides a minimum of 50 percent electric from
renewable sources

To conduct the cost effectiveness study, jurisdictions follow the California Energy Commission
time dependent valuation (TDV)-based Life Cycle Cost Analysis methodology and only include
measures that are regulated under Title 24 to achieve whole building performance (i.e.
excluding equipment regulated by federal or Title 20 appliance standards). However, under the
whole building performance approach, projects are not limited to installing measures that are
regulated under Title 24 to meet the ordinance. It is expected that many projects will meet the
requirements through the following improvements:
 Quality Insulation Installation
 Efficient heating, ventilation, and air-conditioning equipment and distribution system
 Efficient domestic hot water systems
 Home Energy Rating System (HERS) verifications
 Daylighting, high efficacy lighting, and controls in nonresidential buildings
Data Sources:

California Building Standards Commission. “California Green Building Standards Code (Part 11 of Title 24, California
Code of Regulations).” Access in May 2017. Available online at: http://www.bsc.ca.gov/Home/CALGreen.aspx
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The following data sources are known and were used in this analysis:
Data Source
Energy Commission website list
of adopted and pending local
energy ordinances by
jurisdiction38
Energy Commission forecasted
new construction square
footage
Energy Commission existing
building stock data
Permits issued in local
jurisdictions that have adopted
or intend to adopt a local
ordinance
CALGreen Cost Effectiveness
Study (DEG 2016)
2016 Santa Monica Reach Code
Cost Effectiveness Analysis
2016 Palo Alto Reach Code Cost
Effectiveness Analysis
2016 San Mateo Reach Code
Cost Effectiveness Analysis
Energy savings results from
simulations
Technical feasibility studies for
ZNE, such as ARUP (2012)39.
IOU and POU above-code
incentive program participation
data

Expected Use
Identify jurisdictions that will or intend to
adopt ordinances, and identify the required
efficiency level

Phase
Phases 1
and 3

Determine portion of total new construction
that will be impacted by local ordinances

Phases
1and 3

Determine portion of existing building stock
that will be impacted by local ordinances
Determine portion of total new construction,
additions, and alterations that will be impacted
by local ordinances

Phases 1
and 3
Phases 1
and 3

Determine potential local ordinances and
energy savings for 2017 through 2020 based
on 2016 Title 24.
Determine potential energy savings for 2017
through 2020 for Santa Monica’s Local
Government Ordinance.
Determine potential energy savings for 2017
through 2020 for Palo Alto’s Local Government
Ordinance.
Determine potential energy savings for 2017
through 2020 for San Mateo’s Local
Government Ordinance.
Simulations for building types and climate
zones where local ordinances will go into effect
will be used to estimate energy savings
potential
Inform energy savings potential for ZNE for
residential and nonresidential building local
ordinances
Identify participation rates in jurisdictions that
adopt local energy efficiency ordinances to
determine and remove construction square
footage that will likely participate in an
IOU/POU incentive program.

Phase 3
Phase 3
Phase 3
Phase 3
Phase 3

Phase 3
Phase 3

California Energy Commission. “Local Ordinances Exceeding the 2016 Building Energy Efficiency Standards.” Accessed
in May 2017. Available online at: http://www.energy.ca.gov/title24/2016standards/ordinances/
39
ARUP. “The Technical Feasibility of Zero Net Energy Buildings in California.” December 2012.
http://www.energydataweb.com/cpucfiles/pdadocs/904/california_zne_technical_feasibility_report_final.pdf
38

Page 35

Methodology:
To estimate potential electricity and natural gas savings for local government ordinances, the
analysis team estimated the portion of California new construction that were impacted by a
Local Government Ordinance and the estimated energy savings for a Local Government
Ordinance in each jurisdiction. For the analysis, the team assumed that each Local Government
Ordinance will adopt performance requirements in line with the expected improvement for the
next version of Title 24. That is, a local ordinance adopted for 2019 Title 24 will be in line with
the expected efficiency improvements for 2022 Title 24. The savings from the Local
Government Ordinance are achieved until the next version of Title 24 goes into effect. At that
point, it is assumed that each jurisdiction would adopt a new reach code in line with the next
version of Title 24; therefore, no overlap occurs between Local Government Ordinances and
Title 24.
The NORESCO team used the same projected Title 24 efficiency improvements as those used
for the Title 24 program analysis for each future cycle of Title 24 from 2019 through 2029. The
team gathered data on the jurisdictions that will likely adopt a Local Government Ordinance
requiring energy efficiency improvement over Title 24 baselines; this was based on historical
data from the Energy Commission40. For local ordinances requiring efficiency above 2016 Title
24, data is currently available on the Energy Commission website and was used to determine
unit energy savings, that is, savings per square foot. Square footage impacted was determined
based on publicly available permit data from jurisdictions that have adopted, intend to adopt,
or are expected to adopt a local ordinance.
Local government ordinances have not previously been included in PG studies and was not be
captured in the 2018 PG study.
Approach:
Phase 1 Approach: For Phase 1 potential energy savings, the analysis team assumed that
jurisdictions that adopted a Local Government Ordinance above 2016 Title 24 will continue to
adopt Local Government Ordinances for future versions of Title 24. Phase 1 estimated the
square footage that will likely be impacted by future Local Government Ordinances in each of
these jurisdictions and applied the expected statewide efficiency level and energy savings for
the next Title 24 code update through 2029. The following steps were used to estimate
potential energy savings:





Established baseline: in coordination with the Title 24 program energy savings
estimates, the team used expected energy efficiency improvements for 2019, 2022,
2025, and 2028 Title 24 as the baseline for future Local Government Ordinances.
Determined the portion of affected California construction: based on Energy
Commission data of previously adopted local ordinances, the analysis team assumes the
same jurisdictions will continue to Local Government Ordinances. The estimated square
footage is based on available issued permit data in these jurisdictions and Energy
Commission forecast construction data. The eligible square footage in each jurisdiction
will be reduced to the affected square footage based on historical participation rates for
IOU/POU above-code incentive programs, such as Savings by Design, to account for
overlap. IOU program participation rates will be applied to the granularity available; the
rates may not be available by city or county, but instead, by IOU territory. POU program
participation will be more specific to the cities and counties where a Local Government
Ordinance is adopted.
Estimated energy savings: For Phase 1, the analysis team assumed that jurisdictions will
adopt local ordinances that require whole building performance in line with the

California Energy Commission. “Local Ordinances Exceeding the 2016 Building Energy Efficiency Standards.” Accessed
in May 2017. Available online at: http://www.energy.ca.gov/title24/2016standards/ordinances/

40
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expected efficiency improvement for the next version of Title 24. For example, local
ordinances adopted for 2016 Title 24 will require performance equivalent to the
expected efficiency improvements for 2019 Title 24. Although Local Government
Ordinances are localized requirements, TRC applied the statewide energy savings
estimates from the Title 24 program analysis, which the NORESCO team is also
conducting.
Determined total potential energy savings: using the affected square footage and the
expected future Title 24 energy efficiency levels, the analysis team estimated the total
potential energy savings for Local Government Ordinances through 2029.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team updated the analysis approach as follows:


Information regarding the specifics of expected local government ordinances by
jurisdiction is not available beyond the level used in the Phase 1 approach. Therefore,
the analysis methodology is consistent with the above-stated approach:
o Jurisdictions which have historically or most recently adopted local government
ordinances to go beyond current Title 24 requirements are expected to continue
proposing and adopting ordinances in the future.
o Jurisdictions adopt ordinances at the same level of energy efficiency expected in
the future Title 24 code cycle. Therefore, the analysis uses the energy savings
estimates for the future Title 24 analysis, but due to earlier adoption of local
ordinances in these jurisdictions, the savings are realized earlier for the new
construction in those jurisdictions than they would be under the Title 24 code
update schedule.
 Note that while the evaluation approach has not changed since Phase 1, savings
estimates still needed to be updated for Phase 3 according to subsequent updates to the
Title 24 savings projections.
Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumes that jurisdictions which have historically
adopted or most recently adopted local government ordinances for 2016 Title 24 will
continue to propose and adopt ordinances for future cycles of Title 24. According to
floor area weighting, this is expected to generate savings equivalent to 0.7 percent of
what is expected for the next iteration of Title 24 (updating according to typical code
cycles).



Conservative Case: The conservative case assumes that some jurisdictions which have
previously adopted local government ordinances will not continue to pursue ordinances
for future Title 24. This may be because it will be deemed to be not cost effective in
their climate zone(s) at that time. According to floor area weighting, this is expected to
generate savings equivalent to 0.3 percent of what is expected for the next iteration of
Title 24 (updating according to typical code cycles).



Aggressive Case: The aggressive case assumes that more jurisdictions than those that
have historically adopted local government ordinances will pursue adoption of
ordinances. This may be supported by on-going Energy Commission and California
Statewide IOU Codes and Standards program work to develop tools for local
governments to streamline ordinance adoption. According to floor area weighting, this
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is expected to generate savings equivalent to 2.0 percent of what is expected for the
next iteration of Title 24 (updating according to typical code cycles).
Results:
The energy savings potential for local government ordinances is relatively small compared to
other program opportunities. This is because the effected statewide square footage is small
based on the jurisdictions that have historically adopted local government ordinances.
Additionally, if above code incentive programs are offered in those jurisdictions, the savings
potential has already been mostly accounted for through those programs. As Title 24 becomes
more stringent, jurisdictions may find it increasingly difficult to find cost effective solutions
that are regulated under Title 24 to make a feasible case for adopting a local government
ordinance.
To account for this in the analysis, the NORESCO team assumes the opportunity of LGO savings
goes to zero once code requirements reach net zero energy-ready (NZE-ready) levels of
performance. Based on known Title 24 goals, the NORESCO team anticipates code-required
NZE-ready performance requirements as of the 2019 code cycle (effective January 1, 2020) for
residential buildings, and as of the 2028 code cycle (effective January 1, 2029) for
nonresidential buildings. Accordingly, the last year of incremental LGO savings is assumed to
be 2019 for residential buildings and 2028 for nonresidential savings.
Table 11: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Local Government Ordinances (CALGreen)
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

0.8

1.4

2.8

4.4

6.0

7.2

8.3

9.4

10.9

12.3

13.8

15.9

17.5

19.3

19.3

0.1

0.1

0.2

0.3

0.4

0.5

0.5

0.5

0.5

0.5

0.5

0.6

0.6

0.6

0.6

NG (MM
therms)

Source: California Energy Commission staff.

AIR QUALITY MANAGEMENT DISTRICTS POLLUTANT
MITIGATION
Program Description:
The California Environmental Quality Act (CEQA) requires state and local agencies within
California to follow a protocol of analysis and public disclosure of environmental impacts of
proposed projects and adopt all feasible measures to mitigate those impacts. In California,
there are 35 different air quality districts tasked with enforcing the requirements of CEQA: 23
Air Pollution Control Districts (APCDs) and 12 Air Quality Management Districts (AQMDs).
Where any project under CEQA’s jurisdiction is identified as having potentially significant
environmental impacts, the relevant APCD or AQMD is tasked with identifying mitigation
measures and alternatives by preparing an Environmental Impact Report. Environmental impact
is assessed according to a variety of different environmental resource factors: (1) agricultural
resources, (2) air quality, (3) biological resources, (4) cultural resources, (5) geology and soils, (6)
greenhouse gases (GHGs), (7) hazards and hazardous materials, (8) hydrology and water quality,
(9) land use and planning, (10) mineral resources, (11) noise, (12) population and housing, (13)
public services, (14) recreation, (15) transportation and traffic, and (16) utilities and service
systems.
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Guidelines published by individual air quality districts identify energy efficiency measures that
can be applied to reduce GHGs and other Criteria Air Pollutants (CAP) to below the threshold
values established by CEQA, or the discretion of the District.
Buildings Affected:
CEQA applies to nearly all projects in California. All public agencies are required to mitigate or
avoid significant effects on the environment of projects that they carry out or approve
whenever it is feasible to do so. Additionally, CEQA applies to all private projects for which a
government permit or other entitlement for use is required. While specific guidance regarding
ensuring CEQA compliance varies from district to district, all districts are tasked with enforcing
the same set of CEQA requirements.
Methods
Relevant Measures:
Specific efficiency-based environmental impact mitigation measures include:


















Envelope/Site
Shade trees
Cool roof membranes
Green roof construction
Increase roof insulation
HVAC
Smart meters and programmable thermostats
Duct sealing
Domestic hot water heaters
Solar water heaters
Tank-less water heaters
Low water use appliances and fixtures
Lighting
Daylighting
Whole building measures
New construction compliance with CA GBC standards
Existing buildings retrofit to meet CA GBC standards

Data Sources:




2016 California Environmental Quality Act (CEQA) Statute and Guidelines41. This
document contains all of the specific requirements that each air quality district is
tasked with enforcing. It includes detailed descriptions of the environmental resource
factors and thresholds of significance as they relate to pollutants and other impact
metrics.
Bay Area Air Quality Management District CEQA Air Quality Guidelines42. This document
captures the guidelines that the Bay Area Air Quality Management District (BAAQMD)
has implemented to enforce CEQA requirements. It establishes a clear process for how
to identify the need for impact mitigation and how to execute the resulting mitigation

Association of Environmental Professionals. CEQA Statute and Guidelines. 2016. Available online:
http://resources.ca.gov/ceqa/docs/2016_CEQA_Statutes_and_Guidelines.pdf
42
Bay Area Air Quality Management District. CEQA Air Quality Guidelines. May 2017. Available online:
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines%20May%
202011.ashx?la=en
41
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process. With respect to energy efficiency, the document recommends a set of energy
efficiency measures that result in GHG and other CAP reductions.
California Air Pollution Control Officer’s Association. Association website43 provides
information on relevant energy efficiency efforts.
Air Pollution Control District San Luis Obispo County. Website44 provides information on
relevant energy efficiency efforts.

Data has not been found to indicate the specific impact of CEQA on commercial and residential
building efficiency via the enforcement of the air quality districts. Presumably, complying with
applicable codes and standards (i.e. Title 24, Title 20, and Federal Appliance Standards) would
go a long way towards bettering environmental impact thresholds.
Methodology:
With respect to estimating program impact, Air Quality Management District Criteria Pollutant
Mitigation aligns more closely with Codes and Standards than with financing or rebate
programs; CEQA establishes requirements and the air quality districts are tasked with enforcing
those requirements. Accordingly, it is anticipated that the approach through which the savings
potential of Air Quality Management District Criteria Pollutant Mitigation will be estimated will
approximate that which will be developed for relevant codes and standards (i.e. Title 24, Title
20, and Federal Appliance Standards). However, while the expectation is that much of the data
for codes and standards analysis was provided by Navigant, there is no current expectation that
Navigant has considered the savings potential associated with regional air quality districts.
While it is expected that compliance with applicable Building and Appliance Standards will
contribute significantly to meeting CEQA requirements, the NORESCO Team’s literature review
clearly indicates that meeting code minimum requirements for a new construction or alteration
project is not expected in general to fully satisfy CEQA requirements. In particular, a memo
published by the law firm Shute, Mihaly & Weinberger, LLP45 clearly indicates that Title 24 “does
not extend beyond the buildings themselves” and therefore “does not address many of the
considerations required under Appendix F of the CEQA Guideline.” Indeed, CEQA Appendix F
highlights a number of potentially significant energy implications of a project that extend
beyond the scope of Title 24, including: (1) energy consuming equipment and processes which
will be used during construction, operation, and/or removal of the project; (2) total estimated
daily vehicle trips to be generated by the project and the additional energy consumed per trip
by mode; and (3) the effects of the project on peak and base demand periods for electricity and
other forms of energy.
Where a project is anticipated to exceed environmental impact thresholds established by CEQA,
mitigation is required. While a wide range of action can contribute to mitigation, energy
efficiency interventions factor prominently into recommended strategies. In particular,
BAAQMD Air Quality Guidelines specifically identify exceeding the energy efficiency
requirements of Title 24 as a potential approach to mitigation.
Approach:
Phase 1 Approach: AQMD requirements are currently assumed to result in an additional 5
percent of electricity and gas savings currently projected for iterations of Title 24 starting in
2016 and continuing through 2028.
Phase 2 Approach: This program was not included in Phase 2.

California Air Pollution Control Officers Association. May 2017. Available online: http://www.capcoa.org/
Air Pollution Control District San Luis Obispo County. May 2017. Available online: http://www.slocleanair.org/
45
Shute, Mihaly & Weinberger, LLP. “Don’t Forget the Energy Implications of New Projects – CEQA Guidelines Appendix
F”. http://www.smwlaw.com/files/CEQA_Guidelines_Appendix_F.pdf
43
44
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Phase 3 Approach: In discussions following Phase 1, the Energy Commission recommended that
the NORESCO team evaluate AQMD from a Financing Program perspective rather than from a
Codes & Standards Program perspective. Initially, the NORESCO team assumed that individual
projects would have to implement measures on site to meet mitigation requirements. The
Energy Commission suggested that a more effective approach could be to require projects to
pay a fee to address mitigation requirements. This approach would have multiple benefits,
including: (1) reducing the schedule and resource burden imposed on individual projects by
pollution mitigation requirements; and (2) enabling money to be pooled into a larger fund that
could be used to address large-scale pollution concerns across a district.
That being said, the NORESCO team continued to apply the Phase 1 calculation approach.
Whether mitigation is applied at the project-level or a fee commensurate with the mitigation
requirements would be applied to reduce pollution at another location, the net effect should be
approximately the same with respect to pollution/energy consumption averted per mitigation
dollar spent. While it could be argued that program yield would be higher if funds are applied
to targeted sources of pollution as opposed to whatever particular mitigation can be
implemented within the constraints of a particular project, given the overall uncertainty around
expected program impact, it seems appropriately conservative to keep savings projections at
Phase 1 levels.
Note that while the evaluation approach has not changed since Phase 1, savings estimates still
needed to be updated for Phase 3 according to subsequent updates to the Title 24 savings
projections.
Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumes that mitigation requirements will result in
annual energy savings equivalent to 5 percent of what is projected to be achieved by
Title 24 in the reference case.



Conservative Case: The reference case assumes that mitigation requirements will result
in annual energy savings equivalent to 1 percent of what is projected to be achieved by
Title 24 in the reference case.



Aggressive Case: The reference case assumes that mitigation requirements will result in
annual energy savings equivalent to 10 percent of what is projected to be achieved by
Title 24 in the reference case.
Results:
As requested by the Energy Commission after Phase 1, the NORESCO team attempted to reach
out to representatives of the most prominent and active AQMDs (Bay Area and South Coast) to
get a better sense of the typical level of mitigation required and how that translates to
electricity and natural gas savings. However, due to the compressed timeline for this effort, no
meaningful data were able to be collected prior to project completion. As such data become
available, savings projections could be updated accordingly.

Table 12: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Air Quality Management District Programs
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Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

10.7

26.1

41.9

64.1

88.6

112.3

138.4

164.6

191.1

220.4

249.8

279.2

317.9

0.0

0.0

1.2

2.5

3.8

5.5

7.5

9.5

11.5

13.5

15.6

17.6

19.7

21.8

23.9

NG (MM
therms)

Source: California Energy Commission staff.

LOCAL GOVERNMENT CHALLENGE (LGC)
Program Description:
This program consists of four awarded energy innovation grants to local governments, and a
number of small government grants, primarily directed towards climate action plans, in
response to Energy Commission solicitation GFO-16-404. The individual projects were recently
awarded under funding stemming from the American Recovery and Reinvestment Act (ARRA).
The energy innovation grants were (Awardee-Project):
1) Marin Clean Energy – Building Efficiency Optimization Project
2) City of San Diego – Smart City Open Urban Platform (SCOUP)
3) City of San Leandro – Innovative Energy Efficiency and Renewable Energy Deployment
Project
4) Stop Waste Energy Council – Accelerating Multifamily Building Upgrades
The small government leadership challenge awards were:
1) City of Del Mar - Civic Center Energy Efficiency Enhancements
2) Gateway Cities Council of Governments - Climate Action Planning (CAP) Framework
3) San Bernardino Council of Governments - Sub-Regional Greenhouse Gas Reduction Plan
Update
4) County of San Luis Obispo - EnergyWise Plan Energy Section Update including Zero Net
Energy Neighborhood Feasibility, Design, and Implementation Study
5) City of Santa Cruz - Deep Energy Efficiency at Municipal Facilities through Advanced
Building Controls
6) Ventura County Regional Alliance - Central Coast Energy Plan
7) Marin General Services Authority - Marin Climate and Energy Partnership/Resilient
Neighborhoods Grassroots Climate Action
8) City of Galt - City of Galt Climate Action Plan, Corridor Plan, and Master Plan
9) City of Santa Barbara - City of Santa Barbara, ZNE Roadmap and Implementation Plan
Due to the funding source, the energy savings estimate will be limited to the projects listed
above.
Buildings Affected:
Residential and non-residential. The affected building type varies by project. The approach
taken is to evaluate the energy innovation grants in detail, and evaluate a small subset of the
climate action plans.
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Methods
Relevant Measures:
The savings measures for this program vary by project, from multifamily building upgrades, to
a detailed energy upgrade to a wastewater treatment plant, to outdoor lighting and street
lighting energy savings. Where measures may not fall into a standard building end use category,
they may need to be evaluated separately.
Data Sources:
A list of data sources is provided below.








Energy Commission Award Notice46
Brief Summary of awarded projects scope and project narratives47
Program request for proposal guidelines48
Interviews with project proposal authors (city governments and other organizations)
Published literature on similar climate action plans
Methodology for converting GHG emissions to energy savings
Interviews with subject matter experts (Energy and Environmental Economics, and
others)
 Information on Climate Action Plan(s) from other, similar cities and jurisdictions in
California
 Proposal submittals for the awarded projects49
Methodology:
Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.





Some projects only included greenhouse reduction goals (GHG) reduction goals as the
metric of performance, with no energy savings data available.
First, the analysis categorized the Energy Innovation Grant projects and Local
Government Challenge programs into projects (1) with specific energy efficiency
measures or targets, and (2) with general GHG reduction goals. For programs with
specific performance targets, the NORESCO team extracted electricity and gas savings
from relevant project narratives or conversion of GHG reduction goals. The programs
with specific targets as a direct result of photovoltaics systems or other renewable or
storage technologies will not be considered in the Phase 1 savings estimate.
For climate action plans at the city or county level, the Phase 1 savings approach is the
following:
o Developed estimates of greenhouse gas (GHG) reduction per capita, either from
program data or from a representative city. NORESCO determined that the City
of Pleasanton Climate Action Plan50 was an exemplary model51, with detailed
projections of energy savings and greenhouse gas reductions by sector.
Estimates of existing energy consumption or GHG production for the awarded
cities were not available for the Phase 1 analysis.
o Used a conversion from GHG reduction targets to energy savings targets from
the City of Pleasanton Plan, and also used the City of Pleasanton’s breakdown of

46
California Energy Commission. Notice of Proposed Award. Local Government Challenge. Grant Solicitation, GFO-16404. April 11, 2017.
47
Confidential. Local Government Challenge one-pagers of awarded projects from the Energy Commission.
48
California Energy Commission. Request for Proposals - Local Government Challenge. GFO-16-404. February 2017.
49
Confidential. Local Government Challenge proposal submittal packages from the Energy Commission.
50
City Of Pleasanton 2011. City of Pleasanton Climate Action Plan, December 2011. Available online at:
http://www.cityofpleasantonca.gov/civicax/filebank/blobdload.aspx?BlobID=24757
51
Note that the City of Pleasanton was not awarded LGC funding.
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energy consumption among the buildings, transportation, waste treatment and
industrial sectors. While this will vary among local jurisdictions, NORESCO
considers this a fair starting point for an estimate. The fraction of planned GHG
savings that are due to building energy efficiency is approximately 50 percent of
the total GHG planned reductions.
o Applied conversions between electricity and gas use and avoided CO2 emissions
from the Statewide IOU Codes and Standards Program.
o Applied an estimate (assumed for Phase 1 at 25 percent) of the fraction of the
energy savings target that can be attributed to the Climate Action Plan itself.
For GHG to energy savings conversion, the split between electricity and gas was
assumed to be 80 percent electricity and 20 percent gas for small municipalities.
Although this was an assumption, data on non-residential buildings shows a similar
split for non-residential and residential buildings.

Phase 2 Approach: Update the analysis approach as follows:







Identify Baseline energy consumption for the affected area. This was collected from
either the Proposal and project narrative, information from local government officials,
or where neither of those methods was feasible, through city census estimates and
comparison of energy use with similar local governments.
Projects for Del Mar and Marin Clean Energy were deemed as not relevant to this savings
estimate, since they deal with PV generation and supply side distributed energy resource
(DER) management.
For San Luis Obispo Country, since neither baseline energy usage nor energy savings
targets were available, NORESCO first estimated the residential population that live in
low-income areas as 20 percent of the county. An approximate EUI estimate and home
size was applied to determine a baseline energy use. It was also assumed that 25
percent of single-family homes in this category could potentially receive efficiency
upgrades through 2029.
Each of the projects was evaluated through an attribution matrix that considered the
following mitigating factors:
o PV: where programs included PV among broad goals, the contribution of PV
towards savings was set to 25 percent. Where PV was the only identified
measure, it was set to 100 percent. Where targeted measures were identified
with specific savings targets without any use of PV, the contribution was set to 0
percent.
o IOU/POU Overlap: to align with other program methodologies, the overlap from
any IOU and POU programs was fixed at 10 percent. For these programs,
aggressive goals with building-level energy target reductions exceed many
focused IOU and POU programs, so the anticipated overlap is limited.
o Non-Building Fraction: many climate action plans addressing GHG reduction
identify measures well outside of building energy efficiency programs
(streetlights, transportation, city planning, etc.). NORESCO estimated the fraction
of planned savings attributed to measures outside of buildings based on the
project narratives and review of program data.
o Attribution Factor: the percentage of the potential targeted building stock that
would likely be directly affected by the program. For programs that are targeting
specific buildings, the attribution factor is 100 percent. For others, it is assumed
to be 25 percent.

A combination of each of these factors yields a “Potential Rate”, which is the fraction of
potential target savings that can be directly attributed to the program.

Table 13: Summary of Program Potential against Targeted Savings
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PV Fraction

Non-Building Fraction

IOU/POU Overlap

Attribution

Potential Rate

StopWaste

25%

0

10%

100%

65%

Santa Barbara

25%

0%

10%

25%

16%

Galt

25%

40%

10%

25%

6%

Gateway Cities

25%

10%

10%

25%

14%

San Bernardino
COG
Del Mar

25%

25%

10%

25%

10%

100%

0%

10%

25%

0%

Marin Clean
Energy
San Leandro

100%

0%

10%

25%

0%

75%

0%

10%

100%

15%

San Luis Obispo

25%

0%

10%

25%

16%

Santa Cruz

0%

0%

10%

25%

23%

Ventura County

25%

0%

10%

25%

16%

Programs with specific building targets provided specific savings targets, so those targets were
assumed for the savings estimate. From the potential rate of savings, a savings multiplier of 33
percent across all programs without a specific target was applied.
Finally, savings calculations were divided into annual incremental savings. For broader projects
that affect a large number of buildings, it is assumed that the projects will ramp up in scope
and savings steadily from 10 percent of targeted savings in 2021 to 100 percent through 2029.
The following considerations were also factored into the analysis:






Accounting for Codes & Standards Overlap. Because this program targets public
buildings, the NORESCO teams assumes little-to-no natural construction turnover in the
absence of additional financing. As such, zero percent of program savings were
assumed to overlap with Navigant’s 2018 Potential and Goals52 (2018 PG) codes and
standards estimates.
Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the program, were assigned as follows: 21.5 percent HVAC equipment,
3.2 percent HVAC control equipment, 8.6 percent HVAC operation, 53.9 percent lighting
equipment, 4.8 percent lighting control equipment, and 8 percent other.
Correcting for Market Saturation. The 2015 Existing Buildings Energy Efficiency Action
Plan53 indicates that: (1) the DGS reports about 125 million square feet of state-leased or
–owned floor space; (2) nationwide, approximately 64 percent of government-owned
buildings or municipality-owned, while 22 percent are state-owned. Additionally, the
DGS reports54 about 20 million square feet of state-leased floor space. Combining that
information with project data that indicates an approximate 90/10 split between local
government buildings and public schools, and an assumption of average per project
electricity savings of 15 percent, the NORESCO team estimates the total market for this
program at around 320 million square feet. Accordingly, the analysis team predicts that
the calculated savings projection through 2029 would result in less than 10 percent of

California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
53
CEC. California’s Existing Buildings Energy Efficiency Action Plan. September 2015.
52

54

Department of General Services. “Real Estate Leasing and Planning Section ‐ Private Sector Leases.” April 2017.
Available online at: http://www.dgs.ca.gov/resd/Programs/LeasingandPlanning.aspx
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all applicable buildings being improved through 2029. As this seems reasonable, no
correction was made to account for market saturation.
Phase 3 Approach: The NORESCO team updated the analysis approach as follow:
•

•

•

•

Updating Ratepayer Program Overlap Assumption. As the Local Government Challenge
projects are newly awarded, there is no utility incentive information available for this
program. Conservatively, this analysis assumed that the ratepayer savings overlap will
be 4 percent based on the project data from Proposition 39. The savings estimates for
this program therefore subtracted 4 percent from the raw projections prior to further
adjustments. As more overlap data becomes available for this program, the results shall
be updated accordingly.
Updating Market Saturation Adjustments. The NORESCO team did not make
adjustments to account for market saturation, as the savings potential of the building
sectors relevant to this program likely will not saturate through 2029.
Analyzing Additional Scenarios. The NORESCO team developed a more conservative and
a more aggressive scenario, to quantify the potential impact associated with certain
assumptions (program funding trends, project savings rates, fraction of project savings
due to renewables or non-building areas such as transportation and street lighting).
Incorporating Newest Available Data. NORESCO incorporated data on a small number of
qualifying projects that were not awarded funding, to gain a better sense of the
program’s potential in future years.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario. All values have been rounded.


Reference Case: It was assumed that the savings level for projects where no specific
building targets were identified were 33 percent, and that the attribution of savings to
the LGC project is 25 percent. Also, the reference case used the assumption that
between 10 percent and 40 percent of anticipated project savings was due to nonbuilding measures, such as transportation or street lighting, or due to renewables, and
was therefore excluded from the savings.



Conservative Case: For the conservative case, the NORESCO team reduced project
savings level from 33 percent to 25 percent for most programs, and also assumed that a
higher percentage of project savings would come from non-energy efficiency savings
(PV, transportation, street lighting, etc.).



Aggressive Case: For the aggressive case, the NORESCO team assumed that two
additional rounds of funding would take place every 3-4 years, resulting in an aggregate
program iteration savings level similar to the current round of awarded projects.
Results:
The NORESCO team estimates LGC program savings of approximately 3.94 GWh and 0.15 MM
therm annually. This estimate excludes all renewable savings and non-building measure savings
planned from awarded projects. The more conservative estimate reduces the predicted annual
savings by nearly 50 percent, due to adjusted assumptions on the fraction of PV in projects,
and reducing the estimated overall savings level from 33 percent to 25 percent for most
projects.
Table 14: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for the Local Government Challenge
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Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

-

-

-

-

4.4

8.9

13.3

17.6

21.8

26.1

30.2

34.4

38.3

0.0

0.0

0.0

0.0

0.0

0.0

0.2

0.3

0.5

0.6

0.8

0.9

1.1

1.2

1.3

NG (MM
therms)

Source: California Energy Commission staff.

PROPOSITION 39 (CALIFORNIA CLEAN ENERGY JOBS ACT)
Program Description:
Proposition 39 (Prop 39), the California Clean Energy Jobs Act, provides funding for planning
and installing energy efficiency upgrades and clean energy generation at schools. The initiative
changed California’s corporate income tax code and allocates projected revenue to the General
Fund and the Clean Energy Job Creation Fund for five fiscal years, annually from 2013-2014
until the 2017-2018 fiscal year. As a result, funding for each fiscal year varies based on the
State budget. The State of California requires that a large portion of Prop 39 funds be allocated
to eligible Local Educational Agencies 55(LEA) and California Community Colleges (CCC) for
energy efficiency and self-generation projects. A small percentage of the Prop 39 funds is
appropriated for other components of the program, including financing, technical assistance,
workforce development, and energy planning services. All five years of funding (2013-2018)
have been committed to eligible LEAs and CCCs. In the K-12 system, funds are allocated to
specific LEAs according to average daily attendance (85 percent weighting) and number of
students eligible for free and reduced-price meals (FRPM) (15 percent weighting) applicable to a
funding year. In the CCC system, funds are allocated according to number of Full Time
Equivalent Students (FTES).
As of July 2017, Governor Brown has signed Senate Bill 110 (SB 110)56 to extend the Prop 39
program, allowing the program to continue indefinitely. The future funding level of Prop 39 will
be subject to the annual State Budget process. In general, Prop 39 funds can be applied to
energy efficiency retrofits and clean energy installations. Additionally, funds can be
appropriated to hire energy managers and provide relevant energy related staff training. The
use of funds must comply with two factors: loading order and cost effectiveness. Projects
applying for Prop 39 funding shall be sequenced in accordance to California’s “loading order”
of energy resources. Energy efficiency and demand response projects are first priorities,
followed by renewable energy generation, distributed generation, combined heat and power
applications, and clean and efficient fossil-fired generation, in the order stated. Projects are
also evaluated by the cost effectiveness criteria, calculated in terms of Savings to Investment
Ratio (SIR), based on the total energy savings and net project costs over the project life-cycle.
Additionally, Prop 39 funds can be combined with other project financing and funding
mechanisms such as utility incentives (mandatory), utility On-Bill Financing (OBF) programs,
and the Energy Conservation Assistance Act (ECAA) loan programs. The Energy Commission
published a Progress Report 57 in January 2017 that indicates the appropriation of Prop 39
funds from 2013 to 2017.
LEAs include K-12 school districts, county offices of education, charter schools, and state special schools.
California Legislative Information. “SB-110 Clean Energy Job Creation Program and citizen oversight board.” July 11,
2017. Available online at: http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB110
57
California Energy Commission. The California Clean Energy Jobs Act: Proposition 39. Sacramento, California. January,
2017.
55
56
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Buildings Affected:
Non-residential only
 Existing K-12 school facilities
 Existing County offices of education facilities
 Existing Charter school facilities
 Existing State special school facilities
 Existing Community College facilities
Note: New construction is excluded from Prop 39.
Methods
Relevant Measures:
Data collected for Prop 39-funded projects indicates a clear list of commonly implemented
measures, while there may be additional measures not yet reported and captured. Final
reporting for project completion is due June 30, 2021, after which more data will be made
available. For all cases, savings are measured against the existing building conditions. The
currently available list of measures58 that relate to energy efficiency is as follows:









Building Envelope
o Cool Roofs
o Insulation
o Shading Devices/Window Film
o Windows/Skylights
Domestic Hot Water (DHW)
o DHW Heater
o Waste Heat Recovery
o Water Tank/Pipe Insulation
Electrical
o High Efficiency Transformer
HVAC
o Chiller/Boiler Replacement
o Condensing Furnace
o Door Switch/Occupancy Sensors
o Energy Management System
o Programmable/Smart Thermostats
o Cooling Towers
o Demand Controlled Ventilation
o Duct Sealing
o Evaporative Coolers
o HVAC and Air Handler Repairs
o New Economizer
o Packaged/Split System AC/Heat Pump/VRF
o Room/Window AC
o VAV System
o Retro-commissioning (Continuous)
Irrigation
o High Efficiency Sprinkler
o Irrigation Pump Control

List of measures are based on various data sources, including the Energy Commission’s K-12 Postsecondary Education
Participants System (PEPS) Data Workbook and the Chancellor’s Office Prop 39 Data Workbook.

58
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Kitchen
o High-Efficiency Appliances
o Strip Curtain/Auto Closer
 Lighting
o CFL Lamp Retrofit
o Lighting Controls
o Exterior Fixture Retrofit
o Interior Fixture Retrofit
o LED Exit Signs
o Retrofit Interior Lamps to LED
 Plug Loads
o Power Management
o Vending Machine Misers
 Pool
o Swimming Pool Cover
 Pumps, Motors, and Drives
o Energy Efficient Pumps
o Premium Efficiency Motors
o Variable Frequency Drives
Note the following about the above list: (i) energy storage was removed from the list for not
being an efficiency measure (while energy storage reduces peak demand, it is not a net energy
saver); (ii) solar water heating is classified as renewable generation; and (iii) while irrigation
measures primarily reduce water usage, they are included due to potential for at least some
corresponding electrical savings.
Data Sources:
The process of data collection and analysis relies on available reports and workbooks published
by the Energy Commission59 and the Chancellor’s Office60. An overview of relevant data sources
used for this analysis is summarized below.


K-12 Postsecondary Education Participants System (PEPS) Data Workbook. This
workbook provides detailed information for each individual K-12 Prop 39 project. It is
updated on a regular basis by the Energy Commission as more applications are
approved; the latest version covers information through 2016-2017 fiscal year. The
NORESCO team extracted information from the following available data parameters to
support SB 350 analysis:
o Detail of Prop 39 funding appropriations
 Total annual grant amount requested by LEA’s (2013-2017)
 Total annual grant amount requested for Energy Manager
 Total annual grant amount requested for Training per year
 Total annual grant amount requested for Energy Efficiency Measures
o Detail of energy efficiency measures funded by Prop 39
 Energy efficiency measure title
 Fiscal year in which the measure is funded
 Estimated completion date
 Average time gap between funding year to completion year
 Estimated square footage affected by measure
 Estimated annual electric savings
 Estimated annual gas savings
 Estimated measure cost

California Energy Commission. Proposition 39 K-12 Program. 2017.
http://www.energy.ca.gov/efficiency/proposition39/
60
California Community Colleges Chancellor’s Office. Proposition 39. 2017.
http://extranet.cccco.edu/Divisions/FinanceFacilities/Proposition39.aspx
59
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 Estimated utility rebate
Detail of self-generation projects funded by Prop 39
 Estimated measure cost
 Estimated project rebate
o Cost effectiveness
 Savings-to-investment ratio at the measure level
 Savings-to-investment ratio at the Energy Expenditure Plan level
K-12 Proposition 39 Program: Energy Expenditure Plan Handbook. This handbook
provides detail regarding project and measure eligibility, as well as the process through
which an LEA can submit, execute, and track a Proposition 39 project. For projects that
wish to bypass the need for a professional energy audit, 28 separate energy saving
calculators are available to estimate the performance of specific measures (12 lighting
measures, 9 HVAC measures, 2 plug load measures, 3 envelope measures, the electrical
transformer measure, and a PV measure). Excluding the solar photovoltaic (PV) measure
calculator, the details embedded in these calculators will be useful to specifying energy
modeling inputs for relevant measures.
K-12 Proposition 39 Progress Report to the Citizens Oversight Board. This report is
published annually to summarize program outcomes to date for all active projects
implemented by the LEAs. The latest version of the Progress Report covers information
through the end of the 2015-2016 fiscal year (June 30, 2016). Summaries provided in the
Progress Report will inform overall program performance, cost effectiveness, and
limitations.
CCC Chancellor’s Office Project Data Workbook. This workbook provides detailed
information for each individual CCC Prop 39 project. It is updated on a regular basis as
more applications are approved; the latest version captures information through 2016.
The NORESCO team extracted information from the following available data parameters
to support SB 350 analysis:
o Detail of Prop 39 funding appropriations
 Total annual grant amount requested by CCC (2013-2016)
o Detail of energy efficiency measures funded by Prop 39
 Energy efficiency measure title
 Fiscal year in which the measure is funded
 Estimated annual electric savings
 Estimated annual gas savings
 Estimated measure cost
 Estimated utility rebate
o Detail of self-generation projects funded by Prop 39
 Estimated measure cost
 Estimated project rebate
o Cost effectiveness
 Savings-to-investment ratio at the measure level
CCC Prop 39 Implementation Guidelines and Addenda. This program guideline provides
detail regarding project and measure eligibility, as well as the process through which a
CCC can submit, execute, and track a Prop 39 project. Qualification criteria and cost
effectiveness thresholds are provided along with calculation methodology and code
compliance requirements.
CCC Prop 39 Progress Report to the Citizens Oversight Board. This report is published
annually to summarize program outcomes to date for all active projects implemented
by community colleges. The latest version of the Progress Report covers information
through the end of the 2014-2015 fiscal year (October 2015). Summaries provided in the
Progress Report will inform overall program performance, cost effectiveness, and
limitations.
o











Methodology:
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While Prop 39 funding is expected to end in the 2017-2018 fiscal year with project close-out
expected by June 2021, the SB 350 analysis will assume that Prop 39 (or a similar program able
to generate comparable savings) will be extended through 2029 for purposes of developing
incremental savings projections that can be applied to SB 350. The analysis of this program will
be conducted through a phased approach as follows:
Approach:
Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.
















For K-12, the first-year data for 2013-2014 demonstrates a relatively slow ramp-up in
projects and funding requests, with later years showing increase in projects and funding
requests that align more closely with allocated funding.
For CCC, the data covers only up to 2016 with partial project data available for 20152016. There is no information for 2016-2017 published in the workbook.
Since the Prop 39 data sets include both energy efficiency and self-generation projects,
this analysis extracted the energy efficiency-only data to serve as basis of the savings
projections.
For the purpose of savings projections, the annual energy savings data were normalized
by the associated funding amount. This method produced two normalized energy
savings estimates for kWh savings and therm savings per dollar of funding.
Using the normalized energy savings estimates along with the known funding amounts
for 2013-2017 and the estimated funding amount for 2017-2018, the analysis
extrapolated the available project data to generate annual funding and energy savings
data for all five years of the current program cycle (2013-2018).
The estimated five-year data were plotted to evaluate trends. However, the results did
not reveal any clear patterns of energy savings or funding levels. Data seems to
primarily vary by the approved funding amount which is dependent on the State budget
approval. It appears that energy savings potential may fluctuate based on budget
variance for each year.
For the purpose of Phase 1, the analysis calculated an average annual funding level
based on the five-year estimates and assumed that the funding level will remain
constant from 2015 through 2029. The projected funding level was then applied to
extrapolate average annual electric and gas savings projected through 2029.
Funding level to remain constant through 2029 for the purpose of Phase 1 estimates.
Publicly available data is limited to the information from K-12 and CCC workbooks.
More project savings will be reported through 2021 as more projects are verified.
The actual funding and energy savings data will better correspond to the approved
budget as more data becomes reported.
Average of funding and energy savings data by normalization can serve as a preliminary
method of savings projections in Phase 1, despite many variables yet to be considered.

Phase 2 Approach: The NORESCO team updated the analysis approach as follow:



Correcting for Renewable Generation. Solar PV savings had already been removed during
Phase 1. During Phase 2, the NORESCO team also removed solar thermal savings (only
0.2 percent of total savings).
Accounting for Codes & Standards Overlap. Because this program targets public
buildings, the NORESCO teams assumes little-to-no natural construction turnover in the
absence of additional financing. As such, zero percent of program savings were
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assumed to overlap with Navigant’s 2018 Potential and Goals61 (2018 PG) codes and
standards estimates.
Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the program, were assigned as follows: 21.5 percent HVAC equipment,
3.2 percent HVAC control equipment, 8.6 percent HVAC operation, 53.9 percent lighting
equipment, 4.8 percent lighting control equipment, and 8 percent other.
Correcting for Market Saturation. Assuming that 90 percent of K-12 schools in
California are public62, 44 percent of college buildings are at community colleges63, and
that each project achieves 15 percent electricity savings on average, the NORESCO team
estimates that the calculated savings projection through 2029 would result in
approximately 260 percent of public school and community college buildings being
improved through 2029. While it is possible that some schools would execute multiple
projects through the program through 2029, this seems like a clear indication of market
saturation. To correct for market saturation, the NORESCO assumed program funding
(and subsequent savings) would start to decrease by 30 percent each year starting in
2019. This correction lowers the market saturation rate to approximately 100 percent,
which assumes that the number of repeat customers would be roughly equivalent to the
number of schools that don’t participate.

Phase 3 Approach: The NORESCO team updated the analysis approach as follow:
•

•

•
•

•

Reincorporating Solar Thermal Projects as Energy Efficiency. Upon further evaluation,
the Energy Commission directed that solar thermal projects for domestic hot water64
qualify as energy efficiency. Previously, the savings estimates for Prop 39 subtracted
0.2 percent due to solar thermal projects. In Phase 3, the NORESCO team
reincorporated energy savings from solar thermal projects into the savings projections
for Prop 39.
Ratepayer Program Overlap Assumption. Previously, a 10 percent ratepayer program
overlap was applied as an approximate average between what the team identified for
the community college projects and the K-12 projects. Upon detailed analysis, the
assumption was further refined to apply a weighted average based on the average
proportion of K-12 funding versus the community college funding. The adjusted utility
overlap assumption decreased from 10 percent to 4 percent to more accurately reflect
the Prop 39 data. The savings estimates for this program therefore subtracted 4 percent
from the projections attributable to SB 350.
Market Saturation Adjustment. No update has been made to the market saturation
adjustment that the NORESCO team applied in Phase 2.
Analyzing Additional Scenarios. In addition to the reference case, the NORESCO team
considered both a more conservative and a more aggressive scenario, to quantify the
potential impact associated with project funding and market saturation assumptions.
See Scenario-based Approach section for details.
Incorporating Newest Available Data. No new data have become available since Phase 2.

Scenario Approach:
California Public Utilities Commission. “2018 Potential & Goals Study.” April 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
62
Niche. “Private School vs. Public School Breakdown.” May 2017. Available online at: https://articles.niche.com/privateschool-vs-public-school-breakdown/
63
Public Policy Institute of California. Higher Education Center. “Higher Education in California.” April 2016. Available
online at: http://www.ppic.org/content/pubs/report/R_0416HEBKR.pdf
61

64

Department of Community Services and Development. “Low Income Weatherization Program (LIWP) – Funded
from the State of California’s Greenhouse Gas Reduction Fund.” Available online at:
http://www.csd.ca.gov/Portals/0/Documents/LIWP%20Public%20Hearing%20Presentation%20Final.pdf
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Based on this information, the NORESCO team made the following assumptions for reference,
conservative, and aggressive savings scenarios.


Reference Case: The NORESCO team estimated savings for the reference case according
to the analysis approach described above, assuming that Prop 39 program funding will
continue indefinitely beyond 2018, as enabled by SB 110, , but the energy savings
projections are scaled back by 10 percent each year beginning 2019 to account for
potential funding decrease through 2029.



Conservative Case: To calculate a more conservative scenario, the NORESCO team
assumed that Prop 39 program funding will continue indefinitely beyond 2018, as
enabled by SB 110, but the energy savings projections are scaled back by 10 percent
each year beginning 2019 to account for potential funding decrease and additionally by
30 percent to account market saturation.



Aggressive Case: To calculate a more aggressive program savings estimate, the
NORESCO team removed potential market saturation adjustment from the reference
case and assumed that the current savings rate will persist through 2029 unimpeded.
Results:
The results of this analysis reveal that the Prop 39 program demonstrates significant potential
in achieving energy efficiency savings through 2029, however, the realization of the estimated
savings largely depend on the future prospect of the program. The anticipated availability in
funding through SB 110 provides an encouraging outlook for Prop 39, however, the main
question remains as whether the program will continue at its current pace without saturating
the public school market? While initial estimates indicate that the market will become saturated
(saturation is defined by each school executing a single Prop 39 project), there really is no
reason why the program couldn’t accommodate repeat schools.
Table 15: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Proposition 39
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

149

299

448

591

719

834

933

1022

1096

1160

1210

1255

1293

1327

1357

1.3

2.6

3.9

5.1

6.2

7.2

8.1

8.9

9.5

10.1

10.5

10.9

11.2

11.5

11.8

NG (MM
therms)

Source: California Energy Commission staff.

GREENHOUSE GAS REDUCTION FUND – LOW INCOME
WEATHERIZATION PROGRAM
Program Description:
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Low Income Weatherization (LIW) is a statewide program funded by the Greenhouse Gas
Reduction Fund (GGRF) through California Cap-and-Trade auction proceeds. The program aims
to implement energy efficient measures in low-income single family and multi-family
complexes in disadvantaged communities, including PV installations, solar hot water heaters,
and other energy reducing projects.
The overarching goals of the LIW program are as follows:




Reduce Greenhouse Gas emissions in disadvantaged communities.
Create jobs and provide training for members of disadvantaged communities.
Reduce the energy bills of the low-income households served.

The LIW program received $75 million in funding through the 2014-15 budget approved by the
State legislation in order to implement these goals. It is estimated that 17,700 households will
benefit from this program.
Buildings Affected:
Residential only – This program specifically targets 100 percent of the households located in
disadvantaged communities as identified by CalEnviroScreen 2.0. The building stock of these
households includes:
 Single-family buildings
 Small multi-family buildings
 Large multi-family buildings
Methods
Relevant Measures:



Health and safety assessments and measures
Weatherization and renewable energy measures
o Energy efficient light bulbs
o Ceiling fans and appliances
o Insulation (ceiling, wall, floor)
o Microwaves, solar water heating and solar photovoltaics
Data Sources:


Low Income Weatherization Program Fact Sheet65: This resource supplies general
program information:
o Details on program overview, as well as building types affected.
o Funding information
o Low Income Weatherization Program Overview:
o Details on how funding was allocated for 2015



Data_LIWP_SF_SMF_EE_Only_04_03_2017 data workbook66: This resource provides
measure data, limited to the 2015 program year for energy efficiency projects:
o Counties and agencies
o Total project costs
o GGRF funding amount granted

California Department of Community Services & Development. Low Income Weatherization Program Fact Sheet. March
22, 2016.
66
Data_LIWP_SF_SMF_EE_Only_04_03_2017 data workbook provided by Community Services and Development (CSD).
65

Page 54

o
o
o
o
o
Methodology:

Project life/equipment life
GHG reductions in MT CO2-equivalent
Estimated cost savings
Estimated energy savings (kWh and therms)
MISSING: Project/measure name

The analysis of this program will be conducted through a phased approach as follows:
Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.







The historical data set provides one full year of savings data for 2015. The lack of data
for additional years prohibited the application of data trends or average values.
The historical data set provides funding data for 2015.
The Energy Commission provided feedback to indicate that additional data may be
available to derive savings claims for past LIW program participants.
2015 project savings data were leveraged to determine total electricity and natural gas
savings for the entire program year. The total savings from 2015 was then applied as
the savings projections for 2015-2029.
Annual growth of savings and funding level remain the same as the 2015 values.
10 percent of program savings are claimed by IOU/POU programs for rebates and
incentives provided

Phase 2 Approach: The NORESCO team updated the analysis approach as follow:






Accounting for Codes & Standards Overlap. Because this program targets low-income
housing in disadvantaged communities, the NORESCO teams assumes little-to-no
natural construction turnover in the absence of additional financing. As such, zero
percent of program savings were assumed to overlap with Navigant’s 2018 Potential and
Goals67 (2018 PG) codes and standards estimates.
Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the Proposition 39 program, were assigned as follows: 21.5 percent
HVAC equipment, 3.2 percent HVAC control equipment, 8.6 percent HVAC operation,
53.9 percent lighting equipment, 4.8 percent lighting control equipment, and 8 percent
other.
Correcting for Market Saturation. Assuming 2.2 million68 of 12.3 million69 households
qualify as “low-income,” at that each project achieves 15 percent electricity savings on
average, the NORESCO team estimates that the calculated savings projection through
2029 would result in approximately one third of low-income households being improved
through 2029. As this seems reasonable, no correction was made to account for market
saturation.

Phase 3 Approach: The NORESCO team updated the analysis approach as follow:

California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
68
http://www.csd.ca.gov/Portals/0/Documents/LIWP%20Public%20Hearing%20Presentation%20Final.pdf
69
California Energy Commission. Integrated Energy Policy Report (IEPR) Building Stock Data. 2016
67
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•

•

•

•

•

Reincorporating solar thermal projects as energy efficiency. Upon further evaluation,
the Energy Commission directed that solar thermal projects for domestic hot water70
qualify as energy efficiency. Previously, the savings estimates for LIWP subtracted 36
percent from total program savings due to solar PV projects, and another 15 percent
due to solar thermal projects. In Phase 3, the NORESCO team reincorporated energy
savings from solar thermal projects into the SB 350 projections for LIWP. As a result,
the total program savings were reduced only by 36 percent to isolate renewable project
savings from energy efficiency improvements.
Updating Ratepayer Program Overlap Assumption. According to the CPUC, the utilities
currently do not claim savings from this program. However, the projects funded by this
program likely receive utility incentive and may be claimed by IOU/POU as ratepayer
savings. Due to the lack of utility incentive information in the data sources, this
analysis assumed that the ratepayer savings overlap will be 4 percent based on the
project data from Proposition 39. The savings estimates for this program therefore
subtracted 4 percent from the raw projections prior to further adjustments. As more
overlap data become available for this program, the results shall be updated
accordingly.
Updating Market Saturation Adjustments. No adjustment was made to account for
market saturation, as the savings potential of the building sectors relevant to this
program likely will not saturate through 2029.
Analyzing Additional Scenarios. The results of this analysis represented the “reference”
case where savings estimates were projected assuming a consistent trend of funding or
policy requirements. The “reference” case then served as the basis for a more
“conservative” and a more “aggressive” case, assuming variations in funding or policy
requirements.
Incorporating Newest Available Data. The analysis did not incorporate any new data, as
none was made available to the NORESCO team.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


All Scenarios: Data indicates approximately 36 percent savings come from solar PV
projects; exclusive of solar thermal. For this analysis, solar thermal is considered energy
efficiency.



Reference Case: This scenario assumes that program funding will persist at the same
level, resulting in a steady increase in cumulative savings.



Conservative Case: Due to the lack of policy or funding projects after the funding year
of 2016, this scenario assumes that program funding will decrease by 50 percent after
2017, resulting in a smaller increase in cumulative savings from 2018 through 2029.



Aggressive Case: Due to the lack of policy or funding projects after the funding year of
2016, this scenario assumes that program funding will increase by 50 percent after
2017, resulting in a larger increase in cumulative savings from 2018 through 2029.

Department of Community Services and Development. “Low Income Weatherization Program (LIWP) – Funded from
the State of California’s Greenhouse Gas Reduction Fund.” Available online at:
http://www.csd.ca.gov/Portals/0/Documents/LIWP%20Public%20Hearing%20Presentation%20Final.pdf

70
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Results:
The results of this analysis reveal that the DWR Low Income Weatherization program, funded
by GGRF, demonstrates a significant potential in achieving energy efficiency savings for
residential buildings through 2029, however, the realization of the estimated savings largely
depend on the future level of funding for the program. Compared to other financing programs,
the funding trend of LIWP may be uncertain as it is dependent on the future prospect of the
GGRF allocation of funds. If the current funding persists after 2017, even at 50 percent more or
less than the current level, the scenario results show that this financing program may still
contribute a substantial amount of residential energy savings attributable to SB 350.
Table 16: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for the Low Income Weatherization Program
Energy Unit

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

44.3

88.6

133.0

175.4

217.8

260.2

301.7

343.1

382.8

422.0

459.5

496.9

534.1

571.3

608.5

2.5

5.0

7.5

9.9

12.3

14.7

17.0

19.3

21.6

23.8

25.9

28.0

30.1

32.2

34.3

Elec
(GWh)
NG (MM
therms)

Source: California Energy Commission staff.

GREENHOUSE GAS REDUCTION FUND – DEPARTMENT OF
WATER RESOURCES WATER-ENERGY GRANT PROGRAM
Program Description:
The Water-Energy Grant Program (WEG), funded by the Greenhouse Gas Reduction Fund (GGRF)
and operated by the Department of Water Resources (DWR) is a statewide program to promote
reduction of greenhouse gas emissions primarily in the residential and non-residential sectors
and particularly in disadvantaged communities. Proceeds from the California Cap-and-Trade
Program are allocated each year to the WEG program to fund projects that reduce greenhouse
gas emissions in California, while also delivering economic, environmental, and public health
benefits for Californians, particularly including benefits to disadvantaged communities.
Another key objective of the WEG program is to establish an incentive structure for making
climate investments through clean technologies and innovative solutions. Water reduction or
conservation is the main criterion for program eligibility, but energy use and greenhouse gas
reduction are also prioritized.
Buildings Affected:
The following building types, construction, and market sectors may be included under a local
ordinance. Each jurisdiction can determine which are appropriate for their goals. Local
ordinances may include:


Residential and nonresidential, excluding certain building types if exempt in the
ordinance (e.g. hospitals, industrial, etc).
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New construction and additions, alterations, and repairs. Requirements for new
construction may differ from those for additions, alterations, or repairs to existing
buildings.
Private and public buildings

Methods
Relevant Measures:













Replace high-water-use and high-energy-use fixtures with WaterSense labeled efficient.
Implementation of an Automated Metering Infrastructure (AMI) system
Retrofit residential turf and expand water-energy programs by installing water-saving
devices
Augment local gas company programs with water saving devices and development of
marketing materials
Design and installation of smart irrigation control systems
Installation of low-flow irrigation units and timers.
Increase large landscape irrigation efficiency at commercial, industrial and institutional
sites (CII)
Direct installation of clothes washers and dryers in disadvantaged communities.
Replace turf grass with Central Valley-appropriate drought tolerant landscapes.
Retrofit faucet aerators and low-flow showerheads
Install water meters and upgrading 10,100 existing water meter transponders to the
advanced metering infrastructure/automatic meter reading (AMI/AMR) system
transponders.
Increase the total number of rebates distributed by including rebates for water and
energy-efficient dishwashers.

Data Sources:


Cap and Trade Annual Report71. This report is published annually to summarize
program outcomes to date for all active projects. The latest version of the Progress
Report covers information through the end of the 2016. Summaries provided in the
Progress Report will inform overall program performance, cost effectiveness, and
limitations.



Fixed_DWR_WUE Excel workbook72: This workbook provides detailed information for
each individual WUE project including:
o Detailed list of measures to be applied
o Estimated total cost for each measure

Methodology:
The analysis of this program will be conducted through a phased approach as follows:
Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.
California Air Resources Board. Cap and Trade Annual Report. March 2017.
https://arb.ca.gov/cc/capandtrade/auctionproceeds/cci_annual_report_2017.pdf
72
Department of Water Resources. “Fixed_DWR_WUE Excel workbook.” April 12, 2017. Sourced by the Energy
Commission.
71
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The historical data set provides a full-year of savings data for 2014 and a partial-year
savings data for 2016.
The historical data set provides only one year of funding data for 2014. The funding
amount for 2016 and 2017 were based on research of publicly available data.
An estimate of the projected savings for this program was made by taking the average
of electricity and gas savings from 2014 and 2016 historical savings data. The average
savings from 2014 and 2016 was then applied as the savings projections for 2015-2029
due to a lack of more granular historical data.
Annual growth of savings and funding level remain the same as the average of 2014 and
2016 values.
10 percent of program savings are claimed by IOU/POU programs for rebates and
incentives provided

Phase 2 Approach: The NORESCO team updated the analysis approach as follow:







Correcting for Renewable Generation. There is no indication from the program data set
that solar thermal projects are included. As such, the NORESCO team made no
correction to correct for savings due to renewable generation.
Accounting for Codes & Standards Overlap. Because this program targets disadvantaged
communities, the NORESCO teams assumes little-to-no natural construction turnover in
the absence of additional financing. As such, zero percent of program savings were
assumed to overlap with Navigant’s 2018 Potential and Goals73 (2018 PG) codes and
standards estimates.
Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the Proposition 39 program, were assigned as follows: 21.5 percent
HVAC equipment, 3.2 percent HVAC control equipment, 8.6 percent HVAC operation,
53.9 percent lighting equipment, 4.8 percent lighting control equipment, and 8 percent
other.
Correcting for Market Saturation. For the GGRF Low Income Weatherization Program
(LIWP), the NORESCO team estimated that 2.2 million of 12.3 million households,
approximately 18 percent, qualify as “low-income.” By extending this ratio to
disadvantaged communities as a whole, biasing towards building types that consume
the most water (restaurants, schools, hospitals, and dwellings), and assuming that each
project achieves 10 percent74 electricity savings on average, the NORESCO team
estimates that the calculated savings projection through 2029 would result in
approximately 40 percent of low-income households being improved through 2029. As
this seems reasonable, no correction was made to account for market saturation.

Phase 3 Approach: The NORESCO team updated the analysis approach as follow:
•

Updating Ratepayer Program Overlap Assumption. According to the CPUC, the utilities
currently do not claim savings from this program. However, the projects funded by this
program likely receive utility incentive and may be claimed by IOU/POU as ratepayer
savings. Due to the lack of utility incentive information within the DWR Water Energy
data sources, this analysis assumed that the ratepayer savings overlap will be 4 percent
based on the project data from Proposition 39. The savings estimates for this program
therefore subtracted 4 percent from the raw projections prior to further adjustments.

73

California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
74
Note that this is less than the 15 percent estimate applied to other retrofit programs because only domestic hot
water generation is impacted.
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As more overlap data becomes available for this program, the results shall be updated
accordingly.
Updating Market Saturation Adjustments. The NORESCO team did not make
adjustments to account for market saturation, as the savings potential of the building
sectors relevant to this program likely will not saturate through 2029.
Analyzing Additional Scenarios. The results of this analysis represented the “reference”
case where savings estimates were projected assuming a consistent trend of funding or
policy requirements. The “reference” case then served as the basis for a more
“conservative” and a more “aggressive” case, assuming variations in funding or policy
requirements.
Incorporating Newest Available Data. The analysis did not incorporate any new data, as
none was made available to the NORESCO team.

•

•

•

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: This scenario assumes that program funding will persist at the same
level, resulting in a steady increase in cumulative savings.



Conservative Case: Due to the lack of policy or funding projects after the funding year
of 2016, this scenario assumes that program funding will decrease by 50 percent after
2016, resulting in a smaller increase in cumulative savings from 2017 through 2029.



Aggressive Case: Due to the lack of policy or funding projects after the funding year of
2016, this scenario assumes that program funding will increase by 50 percent after
2016, resulting in a larger increase in cumulative savings from 2017 through 2029.

Results:
Overall, the results of this analysis reveal that the DWR Water Energy Grant program, funded by
GGRF, demonstrates a relatively moderate potential in achieving energy efficiency savings
through 2029, however, the realization of the estimated savings largely depend on the future
level of funding for the program. WEG is a relatively new program, with funding approved in
2014 and 2016. Compared to other financing programs, the funding trend of WEG may be
uncertain as it is dependent on the future prospect of the GGRF allocation of funds. If the
current funding persists after 2016, even at 50 percent more or less than the current level, the
scenario results show that this program may still contribute a moderate amount of energy
savings attributable to SB 350.

Table 17: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for the Water-Energy Grant
Energy Unit

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

Elec (GWh)

27.2

54.5

81.7

107.8

133.8

159.9

185.4

210.9

235.2

259.3

282.4

305.4

328.2

351.1

373.9

9.4

18.9

28.3

37.3

46.4

55.4

64.2

73.1

81.5

89.9

97.8

105.8

113.7

121.6

129.6

NG (MM
therms)

Source: California Energy Commission staff.
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DEPARTMENT OF GENERAL SERVICES STATEWIDE ENERGY
RETROFIT PROGRAM
Program Description:
This program, administered by the Department of General Services (DGS), provides funding to
State agencies to fund energy efficiency (EE) retrofits in their buildings through the Energy
Efficient Property Revolving Fund. The funds for this program were supplied by the American
Recovery and Reinvestment Act of 2009 (ARRA). The funding is expected to be paid back from
the energy savings that result from the energy retrofit projects, at which point, the funds will
be replenished and become available for subsequent projects.
There are several EE projects remaining in the current funding cycle, but most have completed.
A new funding cycle has been approved for 2017-18. DGS improved the process by
streamlining program implementation.
Buildings Affected:
Public buildings owned or operated by State agencies.
Methods
Relevant Measures:
The list of current and past projects provided by DGS presents a set of applicable measures
that could be employed in this program. The following are the most prevalent energy efficiency
measures funded by this program:








Lighting retrofit
Lighting controls
Energy management system upgrade
HVAC equipment replacement
HVAC retro-commissioning and optimization
Variable Air Volume (VAV) conversion
Variable speed drive installation

Data Sources:




DGS 2015-2017 project list: In June 2017, DGS provided a list of projects that had
received DGS financing in the 2015-2017 program year, including the amount of
financing provided by each source (utility incentives, DGS financing, and customer
funds), and annual energy savings (electricity and natural gas) for each project.
DGS ESCO_EE_data_current workbook75. This data, which were provided by DGS, provide
information on the amount of funding that has been paid back to the fund, the simple
payback of the measures, and the annual savings in kWh, therms, and project
implementation costs. The projects in the “DGS 2015-2017 project list” were a subset of
the “DGS ESCO EE Data current workbook”. However, several of the projects in the “DGS
ESCO EE Data current workbook” had not moved forward with the program, so were not
included in the list of projects that participated in the 2015-2017 program.

Department of General Services. “DGS ESCO_EE_data_current workbook.” Sourced by the Energy Commission. April
12, 2017.

75
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DGS Annual Legislative Report (ALR)76. This report provides information regarding loans
to state departments and agencies for energy projects on state owned buildings.



Telephone interview with the DGS Program Manager. The DGS program manager
provided information regarding current and future funding and participation levels. As
described below, the DGS program manager emphasized that future funding and
participation levels are uncertain, so projects should be viewed as high level estimates.

Methodology:
There are a number of variables that may impact how this program will continue into the
future. Assuming the current funding will remain available and the program will continue to
replenish the funds from energy savings, it is possible to calculate the weighted average simple
payback for the projects to determine the rate at which funds are recycled into new projects.
Combining this with a calculation of the annual kWh or therm savings for the projects that have
occurred will provide a reasonable estimate for future efficiency savings through this program.
Additionally, it will be necessary to apply adjustment factors to the energy savings projections
in order to account for opportunities that may be front-loaded in the priority list and newer
technologies and techniques that will be adopted in the future. An evaluation of this program
will be conducted to chart the savings opportunities available in the future.
Approach:
Phase 1 Approach: ALR and other DGS-supplied information will be used to estimate the
savings and annual growth of savings assuming the program parameters and funding levels
remain the same. At this time, the future energy savings for this program will be based on DGS
estimates for future annual savings from the program rather than based on historical trends.
Assumptions employed as part of the analysis include:








Approximately 50 percent of the savings in this program are claimed initially through
other utility incentive programs for equipment replacement. Utility incentive claims will
decrease in the future as the oldest buildings are retrofitted and less attractive projects
are available for future retrofits, but may increase (as a percentage) as the building
approach ZNE and incentives to push buildings over emerge.
The feedback from Energy Commission Staff indicates that there is an anticipated
reduction in the investment levels as the revolving fund is paid back and becomes
available for new projects. This is reflected in the savings rates. Based on input from the
Energy Commission, the NORESCO team assumed 2 GWh annual savings beginning in
2018.
Beyond the initial reduction guidance, the funding rate will be maintained as the fund is
assumed to be managed sustainably into the future.
The savings of natural gas will track comparably with electricity, and there is no
adjustments made for electrification.
For cumulative savings, the NORESCO team assumed all projects have an effective
useful life (EUL) equal to 15 years so assumed no decay of savings. This is because the
most recent program reporting document77 shows the program measures as interior
and exterior lighting upgrades, HVAC upgrades, and envelope measures – all of which
have an EUL of at least 15 years. This analysis also assumed no savings from renewable

Department of General Services. “Energy Efficient State Property Revolving Fund Annual Legislative Report.” 2016.
Department of General Services. “DGS ESCO_EE_data_current workbook.” Sourced by the Energy Commission. April
12, 2017.

76
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energy, since no renewable energy measures (e.g., solar PV) were shown in the program
reporting document.
Phase 2 Approach: In general, the NORESCO team was not able to find publicly available
information beyond the sources used for Phase I. The one change made for Phase 2 was to
adjust the assumption of savings claimed by utility incentive programs – i.e., adjust the
assumption listed in the first bullet under the Phase 1 approach.





In Phase 1, the NORESCO team assumed that this varied by year but average
approximately 50 percent.
In Phase 2, NORESCO team assumed that utility incentive programs claimed 10 percent
of savings each year. This is based on the NORESCO team’s default assumption for state
financing programs; the default assumption stems from the average fraction of project
costs covered by utility programs for Proposition 39 projects.
As part of Phase 3, the NORESCO team will seek to identify a value specific to the DGS
program, as described in the Phase 3 Approach.

As part of Phase 2, the NORESCO team conducted an initial outreach to the DGS EE revolving
loan fund program manager to request additional program information including future
funding, projected savings, expected overlap with utility incentive programs, and other factors
that would affect program savings. As described in the Phase 3 Approach, the NORESCO team
will update the savings estimate accordingly based on the DGS response.
Because this program targets public buildings, the NORESCO teams assumes little-to-no natural
construction turnover in the absence of additional financing. As such, zero percent of program
savings were assumed to overlap with Navigant’s 2018 Potential and Goals78 (2018 PG) codes
and standards estimates.
The 2015 Existing Buildings Energy Efficiency Action Plan79 indicates that the DGS reports about
125 million square feet of state-leased or –owned floor space. Additionally, the DGS reports80
about 20 million square feet of state-leased floor space. Given the size of the potential market,
by assuming that program projects achieved 15 percent electricity savings on average the
NORESCO team estimates that the calculated savings projection through 2029 would result in
less than 10 percent of state-owned buildings being improved through 2029. As this seems
reasonable, no correction was made to account for market saturation.
Phase 3 Approach: To project savings from the DGS program, the NORESCO Team reviewed the
list of projects that had received DGS financing in the 2015-2017 program years to understand
past trends, and conducted an interview with the DGS program manager to understand how the
DGS program funding and energy savings may change in the future.
For the seven projects that had participated in the 2015-2017 DGS program:



Total savings were 12.9 GWh and 0.026 MMTh, or an average of 4.3 GWh and 0.009
MMTh annually
Total costs were $38.8M, of which
o Utilities provided $1M (3 percent)
o DGS provided $30.5 (79 percent)
o The customer provided $7.3M (19 percent)

California Public Utilities Commission. “2018 Potential & Goals Study.” April 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
79
California Energy Commission. “California’s Existing Buildings Energy Efficiency Action Plan.” September 2015.
80
Department of General Services. “Real Estate Leasing and Planning Section - Private Sector Leases.” April 2017.
Available online at: http://www.dgs.ca.gov/resd/Programs/LeasingandPlanning.aspx
78
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Because the utilities only claim the portion of savings that they fund, the NORESCO Team
assigned the portions contributed by DGS (79 percent) and the customer (19 percent), or 97
percent cumulatively (after rounding) to the middle wedge. Consequently, the NORESCO team
calculated that DGS financing contributed 4.2 GWh and 0.008 MMTh annually.
The DGS program manager emphasized that all projections in funding and energy savings were
rough estimates. Current funding levels should continue for the next 3 to 4 years (until
approximately 2020). After 2020, funding-in-place dropped by approximately one-third,
although the DGS program manager reported that more funding could become available. For
example, in the past, Department of Energy programs had ended and provided their remaining
funds to the DGS program. Consequently, funding could decrease, increase, or remain
approximately the same in the future. The DGS program manager reported that even under
steady funding levels, project flows may not be constant, and some customers that complete
applications ultimately do not complete a project or put the project on hold. Thus, the
NORESCO team notes that all projections should be viewed as high level estimates, particularly
beyond 2020.
Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario. All values have been rounded.


All Scenarios: The analysis assumed that DGS financing and customer contributions (i.e.,
the contributions not claimed by the utilities) would continue to finance 97 percent of
project costs, so counted 97 percent of savings towards the middle wedge. The savings
described subsequently in each scenario represent savings after removing the utility
savings, or 97 percent of total savings.



Reference Case: The NORESCO team assumed that current trends would continue – i.e.,
annual savings of 4.2 GWh and 0.008 MMtherms for 2016 through 2029. The DGS
program manager reported this was the most likely outcome, although both increasing
and decreasing funds are distinct possibilities.



Conservative Case: Building off of the reference case, this scenario assumed that
funding would decline by 33 percent beginning in 2020 decrease, and that energy
savings (both GWh and therms) would decline similarly. The NORESCO team assumed
this decline would occur over three years –i.e., 11 percent decline each year from 2020
to 2023. Consequently, the conservative case assumes:
o 4.2 GWh and 0.008 MMtherms for 2016 to 2019
o 3.7 GWh and 0.008 MMTherms81 for 2020
o 3.3 GWh and 0.007 MMTherms for 2021
o 2.8 GWH and 0.006 MMTherms for 2022 through 2029.



Aggressive Case: This scenario assumed that funding would increase by 33 percent
starting in 2020, and that energy savings (both GWh and therms) would increase
accordingly. This scenario also assumes that project participation will increase,
including from Department of Corrections and Rehabilitation (DCR) projects, since the
DGS project manager identified DCR facilities as having significant energy efficiency
savings opportunity.82 The NORESCO team assumed this increase would occur over three

Before rounding, this analysis assumed 0.0084 and 0.0075 MMTherms for 2019 and 2020, respectively.
The NORESCO team conducted a brief telephone interview with a DCR staff member that focuses on energy efficiency
projects. The DCR staff member confirmed that the department often conducts energy efficiency projects, particularly
81
82

because most of its 39 functioning correctional facilities operate lighting continuously (8,760 hours annually). DCR
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years –i.e., 11 percent increase each year from 2020 to 2023. Consequently, the
conservative case assumes:
o 4.2 GWh and 0.008 MMtherms for 2016 to 2019
o 4.6 GWh and 0.009 MMTherms for 2020
o 5.1 GWh and 0.010 MMTherms for 2021
o 5.6 GWH and 0.011 MMTherms for 2022 through 2029.
Results:
Overall, the NORESCO team estimates DGS program savings will continue at approximately the
same level as current DGS program savings, which is a relatively small portion of savings
compared to total statewide savings. However, The NORESCO team’s review found that the
majority of financing for projects in the 2015-2017 program cycle came from DGS, rather than
utility incentives, indicating that the program provides crucial financing for energy efficiency
projects in state agency buildings. In addition, because of the “cap” (maximum financing
amount) for projects from the utilities’ On-Bill Financing program, DGS is able to finance larger
projects – e.g., more measures or deeper savings measures. Although the DGS program
represents a small portion of total savings, continuation of this program (through continued
funding) will help the State meet its SB 350 goals.

Table 18: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for the Energy Savings Program
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

4

8

13

17

21

25

29

33

38

42

46

50

54

59

63

0.01

0.02

0.03

0.03

0.04

0.05

0.06

0.07

0.08

0.08

0.09

0.10

0.11

0.12

0.13

NG (MM
therms)

Source: California Energy Commission staff.

projects can also include mechanical upgrades and other non‐lighting projects. While DCR projects often leverage
the IOUs’ On Bill Financing (OBF) program, because of the OBF cap ($1 to $2M, depending on utility), the DGS
program often contributes the majority of financing for large projects. In addition, approximately half of DCR
projects are outside of IOU territory. The list of projects for the 2015‐2017 DGS program includes one DCR project
for $3M, for which DGS provided 100 percent of financing. DCR staff reported they will soon submit another DGS
application for a $4M project outside of IOU territory.
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ENERGY CONSERVATION ASSISTANCE ACT (ECAA)
Program Description:
The Energy Conservation Assistance Act (ECAA), is a revolving loan program administered by
the Energy Commission to support energy efficiency and energy generation projects pursued by
public institutions. ECAA provides loans of up to $3 million per application on a first come,
first served basis. The ECAA Financing Program is designed to facilitate the adoption of energy
projects, through a simple process that does not involve credit underwriting, collateral or fees.
In order to be eligible for a loan, projects must demonstrate energy savings over the loan
repayment period. ECAA loans must be repaid in energy cost savings within 20 years, including
principal and interest, which is equivalent to a maximum of 20 years of simple payback for 0
percent loans and a maximum of 17 years for 1 percent loans. Project guidelines require that
energy projects must be cost-effective and technically feasible in order to qualify for ECAA
financing.
Buildings Affected:
Public agencies are eligible to receive ECAA funds; the bulleted list below indicates which types
of public agencies are eligible for 0 percent loans and which are eligible for 1 percent interest
rate loans. Residential, commercial, and/or private non-profit institutions are not eligible for
these funds.




Eligible for 0 percent Interest Rate Loans:
o School districts
o Charter schools
o County offices of education
o State special schools
o Community college districts
Eligible for 1 percent Interest Rate Loans:
o Cities
o Counties
o Special districts
o Public Colleges or Universities (except community college districts)
o Public Care Institutions/Public Hospitals
o University of California and
o California State University

Methods
Relevant Measures:
The following measures are common examples of energy efficiency measures implemented in
past projects:











Electrical
High efficiency transformers
Generation
Solar photovoltaic systems
Combined heat and power (cogeneration)
Heating, Ventilation, and Air Conditioning (HVAC) and HVAC controls
Heating, ventilation and air conditioning equipment upgrades
Chiller replacements
Direct digital control systems
Programmable thermostats
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Kitchen
Kitchen equipment controls
Lighting and lighting controls
Interior fixture retrofits
LED exit signs
Exterior fixture retrofits
Lighting controls
Street lighting retrofits
Pumps, Motors, Drives
Premium efficiency motors
Pools
Pool controls

Although renewable generation measures qualify for ECAA funding, they have not been
included in this analysis because they do not contribute to reducing electricity and natural gas
consumption.
Data Sources:


2015-2016 Project Data Workbook83. The Energy Commission has provided both high-level
and measure-level product data for the past two years. Key data captured include:
o Detailed list of measures to be applied
o Estimated electricity and gas savings for each measure
o Estimated useful life
o Estimated total cost by project
o Cost effectiveness, in the form of simple payback, for each measure
o Rollup summaries at the project level



Energy Efficiency Financing Website84. This resource outlines eligibility criteria, application
requirements, and the process to apply for financing.



California's Local Government Energy Efficiency Portal85. This resource provides a high level
overview of the ECAA program as well as application requirements.
ECAA Program Loans Website86. This resource lists the loan projects approved by the Energy
Commission since July 1, 2009 by county. It also provides a summary of loans by recipient
type as well as energy savings information since March 1, 2000, which is when the
Commission started tracking this information. This website is updated quarterly.



ECAA Project Data Workbook was sourced by the Energy Commission.
California Energy Commission. Energy Efficiency Financing. State of California. 2017.
http://www.energy.ca.gov/efficiency/financing/
85
California's Local Government Energy Efficiency Portal. http://eecoordinator.info/cec-offers-1-loans-for-efficiencygeneration-projects/
86
California Energy Commission. ECAA Program Loans. State of California. 2017.
http://www.energy.ca.gov/efficiency/financing/calmap/county/.
83
84
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Methodology:
The analysis of this program will be conducted through a phased approach as follows:
Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.







There is no annual budget limit; however, the loan limit per application is $3M.
There is no data on utility rebates applied to the measures in the data set.
Since the ECAA data sets include both energy efficiency and self-generation projects,
this analysis extracted the energy efficiency-only data to serve as basis of the savings
projections.
Historical data was gathered and organized based on project year. Where available,
electrical and gas savings data were then utilized to project trends for future savings
assumptions. There was no clear trend in the data, so instead an average value was used
to project out through 2029.
For Phase 1, the NORESCO team assumed that no ECAA savings can be assigned to the
middle wedge because the current savings projections have been captured by the
Demand Forecast.

Phase 2 Approach: The NORESCO team updated the analysis approach as follow:






Accounting for Codes & Standards Overlap. Because this program targets public
buildings, the NORESCO teams assumes little-to-no natural construction turnover in the
absence of additional financing. As such, zero percent of program savings were
assumed to overlap with Navigant’s 2018 Potential and Goals87 (2018 PG) codes and
standards estimates.
Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the Proposition 39 program, were assigned as follows: 21.5 percent
HVAC equipment, 3.2 percent HVAC control equipment, 8.6 percent HVAC operation,
53.9 percent lighting equipment, 4.8 percent lighting control equipment, and 8 percent
other.
Correcting for Market Saturation. The 2015 Existing Buildings Energy Efficiency Action
Plan88 indicates that: (1) the DGS reports about 125 million square feet of state-leased or
–owned floor space; (2) nationwide, approximately 64 percent of government-owned
buildings or municipality-owned, while 22 percent are state-owned. Additionally, the
DGS reports89 about 20 million square feet of state-leased floor space. Combining that
information with project data that indicates an approximate 80/20 split between state
or local government buildings and public schools, and an assumption of average per
project electricity savings of 15 percent , the NORESCO team estimates the total market
for this program at around 550 million square feet. Accordingly, the analysis team
predicts that the calculated savings projection through 2029 would result in
approximately 16 percent of all applicable buildings being improved through 2029. As
this seems reasonable, no correction was made to account for market saturation.

California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
88
California Energy Commission. “California’s Existing Buildings Energy Efficiency Action Plan.” September 2015.
89
http://www.dgs.ca.gov/resd/Programs/LeasingandPlanning.aspx
87
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Phase 3 Approach: The NORESCO team updated the analysis approach as follow:
•

•

•

•

Updating Ratepayer Program Overlap Assumption. According to the CPUC, the utilities
currently do not claim savings from this program. However, the projects funded by this
program likely receive utility incentive and may be claimed by IOU/POU as ratepayer
savings. Due to the lack of utility incentive information in the data sources, this
analysis assumed that the ratepayer savings overlap will be 4 percent based on the
project data from Proposition 39. The savings estimates for this program therefore
subtracted 4 percent from the raw projections prior to further adjustments. As more
overlap data become available for this program, the results shall be updated
accordingly.
Updating Market Saturation Adjustments. The NORESCO team did not make
adjustments to account for market saturation, as the savings potential of the building
sectors relevant to this program likely will not saturate through 2029.
Analyzing Additional Scenarios. The results of this analysis represented the “reference”
case where savings estimates were projected assuming a consistent trend of funding or
policy requirements. The “reference” case then served as the basis for a more
“conservative” and a more “aggressive” case, assuming variations in funding or policy
requirements.
Incorporating Newest Available Data. The Energy Commission noted that additional
funding may be expected in 2018 through SB 110, as such, the NORESCO team
evaluated the impact of such new funding on energy savings potential. The analysis
took into account the new funding information in the various scenarios that determine
savings estimates for this program. No other new data was made available to the
NORESCO team.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: This scenario assumes that additional ECAA-Ed funding will be expected
July 2018, per SB 110 where ECAA-Ed may receive up to $100 million in additional
funding. However, the implementation cycle of this funding is unknown, therefore, the
analysis was unable to estimate annual funding additions to the program.
Conservatively, the reference case assumes that about 10 percent of the total program
savings can be attributed to SB 350, beginning 2019 when the SB 110 funding
contributes to the ECAA program. In this scenario, all energy savings from 2015 through
2018 remain captured in the Demand Forecast with no “incremental” savings for SB 350.



Conservative Case: This scenario assumes that the additional funding from SB 110 will
not significantly increase savings level beyond the current funding level, and that all
savings after 2018 will continue to be claimed by Demand Forecast.



Aggressive Case: The scenario assumes that with SB 110 providing additional funding,
there may be a significant increase in ECAA loans that achieve energy savings
attributable to SB 350. Beginning 2019 through 2029, the aggressive case estimates that
approximately 30 percent of the program savings may go beyond the Demand Forecast
and can be captured as SB 350 savings potential.
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Results:
Based on the analysis, the ECAA program has the potential to contribute a relatively small
amount of energy savings to SB 350, due to the nature of much of the savings assumed to have
already been counted by the Demand Forecast. To avoid double-counting, the NORESCO team
applied an overall conservative approach in estimating savings potential in all of the scenarios,
even if the program may receive new funding from SB 110. In order to evaluate the full
potential of ECAA in the framework of SB 350, this analysis will require more data to show the
extent of which program savings have been claimed by the Demand Forecast through 2029, so
that any savings counted towards SB 350 would meet the “incremental” requirement.

Table 19: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for ECAA
Energy Unit

2015

Elec (GWh)

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

-

-

1.0

2.1

3.1

4.1

5.1

6.1

7.1

8.0

9.0

9.9

10.7

-

-

-

-

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.1

NG (MM
therms)

Source: California Energy Commission staff.

PROPERTY ASSESSED CLEAN ENERGY (PACE)
Program Description:
Property assessed clean energy (PACE) is a financing program that provides property owners
with alternative financing options to fund energy efficiency, renewable energy, and water
conservation upgrades on existing and new residential and commercial buildings. In California,
the first commercial and residential PACE programs were created in 200890. This financing
program is offered by private lenders; hereafter referred to as PACE providers, and does not
rely on public funding. PACE is designed to provide viable financing options to increase
adoption of energy efficiency, renewable energy, and water conservation measures throughout
California. Property owners of residential and commercial buildings can finance up to 100
percent of the project costs for qualifying projects through PACE. The fundamental mechanism
of PACE relies on the existing framework of building property taxes whereby the entire loan,
including principal and interest, can be repaid through a special tax assessment made on the
property where energy projects are implemented. Loan payments can be amortized for a period
of up to 20 years, with an option to extend payback period as necessary. By leveraging property
taxes, the property improvements funded through PACE will be associated with the physical
properties rather than the borrowers. In addition, the loan can be transferred between property
owners at the time of sale or ownership transfer. Furthermore, the interest may be tax
deductible. According to several PACE providers, the following features are representative of
the key benefits of PACE:
•
•

Long-term, fixed-rate financing
No down payment required

Kaat, Joe, et al. Residential and Commercial PACE Financing in California Rooftop Solar Challenge Areas. October
2014.

90
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• Financing terms independent of credit history
• Non-recourse, no financial covenants
• Easy credit approval
• Fully transferable and assignable upon sale
• Repaid through property taxes
 Treated as an operating expense and available for pass-through to tenant
• Available in active PACE participating districts in California
PACE financing is only available in participating districts where the private lenders have
established legal agreements with cities and counties to channel the loan repayment through
property taxes. This may be one of the limitations in the statewide adoption rate of PACE,
although the number of PACE providers is on the rise. There are currently 19 PACE providers in
California available to both residential and commercial property owners91. The number of
projects funded by PACE is higher for residential than for commercial, primarily due to the
simplicity in ownership for residential buildings. The complexity of commercial buildings may
arise from the variance in owners, investors, lease holders, lease terms, and other factors that
inhibit the adoption of PACE financing for improvement projects.
Despite the potential wide reach of PACE financing, the PACE providers are not currently
required by law to publish any loan and project data. To address the lack of statewide data
pertaining to PACE, ongoing legislative actions have been in place to advocate for more data
reporting requirements. Senate Bill 242 (SB 242)92 is one of the more prominent bills that
include data reporting clauses. SB 242 has undergone several iterations since it was introduced
in February 2017. In its current form, SB 242 primarily serves as a consumer protection bill,
which outlines several parameters for how the PACE provider needs to communicate to the
consumer and what type of disclosures need to be provided. There are, however, several
aspects of the bill that relate to data collection. This bill only applies to residential properties
with four or fewer units and does not apply to public agencies that administer PACE programs
without a public administrator to administer a PACE program.
If this bill passes it will make modeling efforts in future years much easier if the Energy
Commission can collect the data reported to local jurisdictions. Within SB 242, a large portion
of the language pertaining to data collection requirements (originally Article 4. Reporting, now
section 5954a) was redlined until August 28, 2017 when it was added back into the bill.

Up to this point the following parties have filed comments in support of the bill:













Advanced Energy Economy
California Solar Energy Industries Association
California State Association of Counties
Center for Sustainable Energy
City of Indian Wells
City of Rancho Cucamonga
City of Thousand Oaks Efficiency
First California League of California Cities
Natural Resources Defense Council
Renew Financial Renovate America
Vote Solar
WattzOn

The most recent bill analysis, dated August 18, 2017 indicated no arguments against the bill.

Center for Sustainable Energy®. PACE Searchable Database. California. State of California. 2016.
http://energycenter.org/policy/property-assessed-clean-energy-pace
92
Senator Skinner. “SB-242 Property Assessed Clean Energy Program.” California Legislative Information. February 6,
2017. Available online at https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB242
91
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Excerpt from SB 242, Article 4. Reporting, section 5954 (a):
For each PACE program that it administers, a program administrator shall submit a report to
the public agency no later than February 1st for the activity that occurred between July 1st
through December 31st of the previous year, and another report no later than August 1st for the
activity that occurred between January 1st through June 30th of that year. Those reports shall
contain the following information, along with all methodologies and supporting assumptions or
sources relied upon in preparing the report:





















The number of PACE assessments funded, by city, county, and ZIP Code
The aggregate dollar amount of PACE assessments funded, by city, county and ZIP Code
The average dollar amount of PACE assessments funded, by city, county, and ZIP Code
The categories of installed efficiency improvements whether energy or water efficiency,
renewable energy, or seismic improvements, and the percentage of PACE assessments
represented by each category type, on a number and dollar basis, by city, county and ZIP
Code
The definition of default used by the program administrator
For each delinquent assessment:
o The total defaulted amount
o The number and dates of missed payments.
o ZIP Code, city, and county in which the underlying property is located
For each defaulted assessment:
o The total defaulted amount
o The number and dates of missed payments
o ZIP Code, city, and county in which the underlying property is located
o The percentage the defaults represent and the total assessments within each ZIP
Code
o The total number of parcels defaulted and the number of years in default for
each property
The estimated total amount of energy saved, and the estimated total dollar amount of
those savings by property owners by the efficiency improvements installed in the
calendar year, by city, county, and ZIP Code. In addition, the report shall state the total
number of energy savings improvements, and number of improvements installed that
are qualified for the Energy Star program of the United States Environmental Protection
Agency, including the overall average efficiency rating of installed units for each
product type.
The estimated total amount of renewable energy produced by the efficiency
improvements installed in the calendar year, by city, county, and ZIP Code. In addition,
the report shall state the total number of renewable energy installations, including the
average and median system size.
The estimated total amount of water saved, and the estimated total dollar amount of
such savings by property owners, by city, county, and ZIP Code. In addition, the report
shall state the total number of energy savings by property owners, by city, county, and
ZIP Code. In addition, the report shall state the total number of water savings
improvements, the number of efficiency improvements that are qualified for the
WaterSense program of the United States Environmental Protection Agency, including
the overall average efficiency rating of installed units for each product type.
The estimated amount of greenhouse gas emissions reductions.
The estimated number of jobs created.
The average and median amount of annual and total PACE assessments based on ZIP
Code, by city, county, and ZIP Code.
The number and percentage of homeowners over 60 years old by city, county, and ZIP
Code.
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o
o
o

All reports submitted pursuant to this section shall include only aggregate data,
and shall not include any nonpublic personal information.
A public agency that receives a report pursuant to this section shall make the
data publicly available on its Internet Web site
This section does not limit another governmental or regulatory entity from
establishing reporting requirements.

Buildings Affected:
The PACE financing program is primarily available to residential and commercial property
owners. It may also be available to public or municipal properties depending on local
jurisdiction. As such, the following building types will be considered, as primary and secondary,
for the purpose of this analysis:
•
•
•

Residential (primary)
Commercial (primary)
Municipal (secondary)

However, currently not all buildings in California in the residential, commercial and public
sectors are affected by PACE due to the limited number of participating cities and counties. It
may be reasonable to assume that PACE will become available statewide in all regions, since the
program has expanded rapidly in the past few years and is continuing to expand. Many districts
are in the process of offering PACE in their areas. Amongst the building sectors affected by
PACE, those with the following circumstances may be ideal candidates for this financing
program:





Routine building improvements
Recent property acquisitions
Large tenant improvement projects
New construction and redevelopment

Methods
Relevant Measures:
Eligible measures that can be financed with PACE may vary by PACE providers. In many
jurisdictions, energy audits are recommended though not required for residential applications,
whereas ASHRAE-level energy audits are often required for commercial buildings. Since the
basis of PACE is on property valuation, the qualification of energy measures prioritizes building
improvements that are permanently affixed to a property and can reduce on-site electric, gas or
water consumption. As measures are approved by local PACE providers and may vary across
districts, there is not a comprehensive list of measures available that applies to all districts.
Below is a list of common measures:











Building Envelope
Attic insulation
Building insulation
Air Sealing and Ventilation
HVAC equipment and controls
Building control systems
Lighting equipment and controls
Daylighting
Water heating
Refrigeration
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Compressed air
EV charging stations
Elevator modernization
Cool Roofs
Cogeneration

Note that renewable generation measures are not included because they do not contribute to
reducing electricity and natural gas consumption. The list of relevant measures may also
include water conservation measures that reduce pumping load which in turn achieves energy
savings. Further analysis will be necessary to understand the scope of water conservation
measures.
Data Sources:
The process of data collection and analysis relies on the program insight provided by the
Energy Commission, Center for Sustainable Energy (CSE), and other publicly available
information. The lack of statewide reporting mandates enforced on PACE has limited the
availability of project data with energy savings reported by measure. Further outreach and data
collection efforts will be necessary to expand the breadth and depth of the data sources used
for this analysis. An overview of relevant data sources used for this study is summarized below.






Residential PACE in California: Feasibility of Studying Impacts on Mortgage Performance
and Energy Savings93: This feasibility study is published by Lawrence Berkeley National
Laboratory (LBNL) to assess the overall performance of the residential PACE activity
statewide. The study states a list of objectives including (1) categorize residential PACE
activity in California, (2) establish research questions relevant to PACE, and (3) identify data
sources required to address the research questions, (4) identify existing data available, and
(50 make recommendations on future PACE studies. However, the study does not provide
concrete project or savings data that can be leveraged for this analysis. The NORESCO Team
may apply findings of this study to establish outreach efforts and scenarios development in
Phase 2/3 of this analysis.
California State Treasurer PACE Loss Reserve Program94: This is a residential program that
reports on residential projects enrolled into the PACE Loss Reserve Program, administered
by the California Alternative Energy and Advanced Transportation Financing Authority
(CAEATFA). Under this program, the PACE providers are required to report on the size and
status of their portfolios on a semi-annual basis for all participating residential projects.
Although this data source only represents a subset of all residential projects within the
PACE framework and does not include commercial, the data available present a reference
point for annual enrollment, funding and energy savings for the residential sector. The
NORESCO team extracted information from the following available data parameters to
support SB 350 analysis:
o Annual kWh savings by PACE provider (2014-2016)
o Annual therm savings by PACE provider (2014-2016)
o Annual MT CO2 savings by PACE provider (2014-2016)
o Annual self-generation in kWh by PACE provider (2014-2016)
o Annual total enrollment applications (2014-2016)
o Annual total PACE financing amount (2014-2016)
PACENation Market Data95: This data source aggregates commercial and residential statistics
for PACE programs implemented throughout the United States. Most data points are
reported on a national level, while a few select parameters are reported at the state level.

Fadrhonc, Emily Martin, et al. Lawrence Berkeley National Laboratory. Residential PACE in California: Feasibility of
Studying Impacts on Mortgage Performance and Energy Savings. January 2016.
94
California State Treasurer John Chiang. PACE Loss Reserve Program. State of California. June 30, 2016. Available
online at http://treasurer.ca.gov/caeatfa/pace/activity.asp
95
PACENation. “PACE Market Data.” Accessed May 2017. Available online at http://pacenation.us/pace-market-data/
93
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The NORESCO team extracted information from the following available data parameters to
the refinement of savings estimates in Phase 2/3 of this analysis:
o Commercial:
 Total financing approved nationwide
 Total financing approved in California
 Number of projects financed through PACE
 Percent by project type (energy efficiency, renewable energy, mix)
 Percent by building type (office, retail, etc.)
 Annual funding amount (2010-2016)
o Residential:
 Total financing approved nationwide
 Total financing approved in California
 Number of projects financed through PACE
 Percent by project type (energy efficiency, renewable energy, mix)
 Annual funding amount (2010-2016)
Residential and Commercial PACE Financing in California96. This paper provides a high-level
overview of the PACE program, enabling policies and case studies. From the case studies
that analyzed five PACE districts, the following data may be extracted to a varying extent:
o Total funded amount in a defined period
o Total bill savings in a defined period
o Total energy savings in a defined period
o Types of measures, if specified
o Percent of loans for energy efficiency vs. renewable energy, if specified
PACE districts searchable database91. There is a public web database available that can
search for PACE district by address and shows a comprehensive list of active PACE districts
in California.
California HERO Public Stats97. Through Center for Sustainable Energy, there may be public
statistical data available for specific PACE providers. Data that can be extracted may
include:
o Total funded amount in a defined period
o Total bill savings in a defined period
o Total energy savings in a defined period
o Quantity of applications submitted and approved in a defined period
o Percentage of improvements associated with energy efficiency versus other
categories

Methodology:
The analysis of PACE focused on the energy efficiency component that can be used to establish
energy savings potential through 2029. There appears to be significant potential for PACE to
continue to penetrate the residential market while increasing saturation in the commercial
sector.
The data sources identified was leveraged to produce initial savings estimates and refined
savings estimates as described below. The analysis of this program was conducted through a
phased approach as follows:
Approach:

Kaat, Joe, et al. Residential and Commercial PACE Financing in California Rooftop Solar Challenge Areas. October
2014.
97
CaliforniaHERO PACE Program. PACE Statistics on Improvements and Lifetime Impact. 04/19/2017.
http://www.herogov.com/faq
96

Page 76

Phase 1 Approach: Generate top-down estimates of the savings potential for the program. For
this phase, the NORESCO team performed the following calculations and employed a set of
assumptions to project the energy savings potential from 2015 through 2029.
•

•

•

•

•
•
•

The lack of statewide reporting mandates enforced on PACE limited the availability of
project data with energy savings reported by measure. Further outreach and data
collection efforts will be necessary to expand the breadth and depth of the data sources
used for this analysis.
The Energy Commission and the NORESCO team identified some high-level statistics
published by various PACE programs that can be used to generate initial savings
estimates. However, the high-level statistics only represent a subset of the current PACE
market. More data will need to be collected and analyzed to consider the entire market
potential.
Since the PACE data sets include both energy efficiency and self-generation projects,
this analysis extracted the energy efficiency-only data to serve as basis of the savings
projections.
Due to limited project data, the SB 350 savings projections for Phase 1 were assumed to
continue at a constant level based on the annual energy savings data reported by the
CAEATFA PACE Loss Reserve Program for residential projects. This method took a
conservative approach in leveraging existing data that only represents a subset of the
residential market and a subset of the PACE programs.
There is no comprehensive PACE data set available to indicate energy savings by
building sector at the project level.
The CAEATFA data consists of a subset of residential projects and does not cover the
entire residential portfolio of PACE projects in California.
Phase 1 savings projections are conservative and will be refined in Phase 3 with more
scenarios and funding trends.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team conducted further outreach and data collection efforts
and refined the results of Phase 1 to the extent possible using the additional data found to
support energy savings estimates for this program. Outreach efforts included the following:
•
•
•

Contacted PACE providers with no success in collecting project data.
Confirmed the challenge in collecting statewide data for PACE.
Interviewed the PACE Loss Reserve Program point of contact from CAEATFA and
confirmed the following information:
 CAEATFA data are subject to public records
 CAEATFA only collects aggregate data available as published on the web
 CAEATFA has not collected any project-level data from PACE providers
 CAEATFA has observed as a general trend that PACE data is very limited
 CAEATFA conducts outreach to recruit residential PACE providers, currently
with 17 out of approximately 20 residential PACE providers enrolled in PACE
Loss Reserve Program
 CAEATFA defines residential buildings as "3 units or less" units
 Some PACE providers report lifetime savings to CAEATFA, while some report
annual savings.
 CAEATFA does not verify energy savings reported by PACE providers, but
instead uses high-level estimates from Energy Protection Agency (EPA) to gauge
the order of magnitude of the data.
 CAEATFA refers to PACENation for general market data, since a group of PACE
providers participate on the Board of PACENation and provide aggregate data
for commercial and residential overview of PACE projects nationwide.
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•

Reached out to contacts at Lawrence Berkeley National Laboratory (LBNL) with no
success in collecting project data, but they recommended CAEATFA and PACENation as
data sources, which had already been used for the analysis

Given the lack of additional project savings data, the NORESCO team built upon previous
analysis and refined top-down estimates of the savings potential from 2015 through 2029 by
applying the following methodologies:
•

•
•

Estimated total annual savings in electricity and gas from the aggregate savings data
published by CAEATFA PACE Loss Reserve Program98, which only covers residential
programs enrolled in the program as of June 30, 2016.
Extrapolated total annual savings in electricity and gas for the entire residential market
by applying data statistics about residential PACE providers99 provided by CSE.
Extrapolated nonresidential savings by using the market data published by
PACENation100, coupled with the residential data derived from the CAEATFA reports.

The NORESCO team further adjusted the savings estimates as follow:
•

•

•

•

Accounting for Measure Savings Decay. The NORESCO team applied the approach
described in the Phase 2 deliverable memo to account for measure savings decay.
Weighting factors by measure category, which were based on detailed measure data
collected through the Proposition 39 program, were assigned as follows: 21.5% HVAC
equipment, 3.2% HVAC control equipment, 8.6% HVAC operation, 53.9% lighting
equipment, 4.8% lighting control equipment, and 8% other.
Updating Ratepayer Program Overlap Assumption. According to the CPUC, the utilities
currently do not claim savings from this program. However, the projects funded by this
program likely receive utility incentive and may be claimed by IOU/POU as ratepayer
savings. Due to the lack of utility incentive information in the data sources, this
analysis assumed that the ratepayer savings overlap will be 4% based on the project
data from Proposition 39. The savings estimates for this program therefore subtracted
4% from the raw projections prior to further adjustments. As more overlap data become
available for this program, the results shall be updated accordingly.
Updating Market Saturation Adjustments. The NORESCO team did not make
adjustments to account for market saturation, as the savings potential of the building
sectors relevant to this program likely will not saturate through 2029.
Analyzing Additional Scenarios. The results of this analysis represented the “reference”
case where savings estimates were projected assuming a consistent trend of funding or
policy requirements. The “reference” case then served as the basis for a more
“conservative” and a more “aggressive” case, assuming variations in funding or policy
requirements.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: This scenario assumed that the combined residential and nonresidential
savings, which were extrapolated from 2016 data, will continue at a constant trajectory
to achieve the same level of annual savings through 2029.

California State Treasurer John Chiang. PACE Loss Reserve Program. State of California. June 30, 2016. Available
online at http://treasurer.ca.gov/caeatfa/pace/activity.asp
99
Center for Sustainable Energy®. PACE Searchable Database. California. State of California. 2016.
http://energycenter.org/policy/property-assessed-clean-energy-pace
100
PACENation. “PACE Market Data.” Accessed May 2017. Available online at http://pacenation.us/pace-market-data/
98
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Conservative Case: This scenario assumed that the combined residential and
nonresidential savings, which resulted from data extrapolation as described above, will
result in 50% less savings if the project data were available for a formal verification
process. This assumption factored the uncertainly in data reported by PACE providers,
when they are not bounded to supply detailed project data.



Aggressive Case: This scenario assumed that the combined residential and
nonresidential savings, which were extrapolated from 2016 data, will experience an
exponential growth to reflect the corresponding growth in PACE financing data as
reported by PACENation. As a result of this assumption, the annual savings increased
exponentially beginning 2018 through 2029, assuming that 2017 followed the same
funding level as 2016.

Results:
The results of this analysis reveals that the PACE financing program demonstrates a large
potential in achieving energy savings attributable to SB 350. This finding illustrates the wide
impact that PACE could have on promoting energy efficiency projects across the residential and
commercial building stocks. The capitals enabled by PACE financing may serve as a market
driver to implement energy efficiency projects that customers would not be able fund
otherwise. However, as described above, there are inherent political concerns involving
consumer protection and data reporting that remain in place, calling to question the extent of
growth that PACE will experience through 2029 if the political issues were not addressed
appropriately.

Table 20: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for PACE
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

531

1,062

1,594

2,103

2,611

3,120

3,617

4,114

4,590

5,060

5,509

5,958

6,404

6,850

7,296

0.8

1.6

2.4

3.2

4.0

4.8

5.5

6.3

7.0

7.7

8.4

9.1

9.8

10.5

11.2

NG (MM
therms)

Source: California Energy Commission staff.
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WHOLE-BUILDING DATA ACCESS, BENCHMARKING, AND
PUBLIC DISCLOSURE (AB 802)
Program Description:
AB 802101 contains provisions requiring utilities to provide whole-building energy use data
access to building owners on request and directing the Energy Commission to develop
regulations for benchmarking and public disclosure of energy performance data for certain
buildings; these regulations are currently under development. Giving decision makers access to
actionable building performance data (along with a clear metric for energy performance, such
as the ENERGY STAR score in the U.S. Environmental Protection Agency’s ENERGY STAR
Portfolio Manager102) is expected to result in cost-effective energy efficiency improvements via
behavioral and operational improvements as well as building improvements. Mandatory statewide benchmarking first appeared in California in 2007 with the passage of Assembly Bill 1103
(Saldana, Chapter 533, Statutes of 2007). AB 1103 required the owner or operator of a
nonresidential building to disclose benchmarking information for the building to a prospective
buyer, lessee, or lender. AB 802 repealed this requirement. Other provisions in AB 802 shift the
way utilities provide rebates and claim energy efficiency savings by allowing programs to
incentivize (1) all energy savings, including those resulting from a building being brought up to
code103, and (2) energy efficiency achieved through behavioral and operational efficiency
interventions (BROs). AB 802 also allows the Energy Commission to receive account-level energy
use data from utilities.
Proposed Regulations:
The Energy Commission has proposed regulations that would implement the benchmarking and
public disclosure provisions of AB 802. Specifically, the regulations would require the owners of
most commercial and residential buildings larger than 50,000 square feet to report buildinglevel energy performance information to the Energy Commission annually, with commercial
buildings beginning in 2018, and residential buildings beginning in 2019. The Energy
Commission would publish this information on a public website. The increased availability of
energy performance information would help:




Potential buyers and lessees better understand buildings they are considering
purchasing or leasing.
Policy makers and planners make better-informed decisions.
Energy service companies target their services.

Under the proposed regulations, local jurisdictions with benchmarking and public disclosure
ordinances would be allowed to apply to the Energy Commission for a determination that, if
granted, would exempt building owners who report to a local jurisdiction from also reporting to
the Energy Commission.

Williams, Chapter 590, Statutes of 2015
Energy Star. PortfolioManager. April 2017. Available online at: https://www.energystar.gov/buildings/facility-ownersand-managers/existing-buildings/use-portfolio-manager
103
Prior to AB 802, utility rebate programs could only claim savings for above-code improvement in repair-eligible
equipment
101
102
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Assessment and Opportunities for Improvement:
Once the program has been implemented, the Energy Commission will analyze the results and
consider program enhancements, which could include:



Expanding the population of buildings included in the program, for example by
decreasing the minimum building size (currently 50,000 square feet).
Requiring action beyond benchmarking and reporting, for example by requiring building
owners to complete energy audits. San Francisco, Berkeley, and Los Angeles all require
energy audits in addition to benchmarking.)

Support for Local Programs:
At this time, San Francisco, Berkeley, and Los Angeles have ordinances requiring benchmarking,
reporting, and audits. Energy savings from these early adopters are not estimated in this report,
but will be considered in future updates. Increased access to building-level energy use
information will make it easier for jurisdictions to create their own ordinances. As local
ordinances with requirements exceeding the state-wide requirements (for example, by including
smaller buildings or by requiring audits or retro-commissioning) become more common, the
role of the Energy Commission could shift from primarily that of the implementer of the statewide program to that of an advisor to local governments on matters including:




Designing and implementing a benchmarking and disclosure program.
Aligning data transfer protocols with state and national standards.
Encouraging building owners to go beyond what is required for compliance
(benchmarking or completing an audit) to performing retro-commissioning or
implementing cost-effective improvements to buildings and equipment.

Buildings Affected:
The owners of commercial buildings larger than 50,000 square feet, and residential and mixeduse building larger than 50,000 square feet with more than 16 utility accounts, will be required
to report building and energy use information to the Energy Commission annually.
Methods
Relevant Measures:
This program has the potential to improve building energy efficiency through a wide array of
measures spanning the full range of building systems. Any measure category for which an
existing baseline condition exists that fails to meet current code-minimum requirements
creates an additional opportunity for below-code energy savings. The types of programs that
would result in behavioral and operational efficiency interventions include, but are not limited
to (1) building operator certification, (2) HVAC control retrofit, (3) lighting control retrofit, (4)
building information and energy management systems, and (5) tenant engagement.
Data Sources:


CEC Benchmarking Calculation. Energy Commission staff collaborated with NORESCO to
generate a calculation method that estimates energy savings through 2021 based on
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policy outlooks, and projects savings from 2022 through 2029 based on other factors.
The calculation was reviewed and adopted for this analysis.
AB 802 Technical Analysis. Navigant produced a comprehensive report (and associated
results viewer) that details the additional savings opportunities that AB 802 makes
available to utility rebate programs, including BROs savings and additional below-code
savings104.
2018 Potential and Goals Study. This analysis references the CPUC potential and goals
analyses for 2018105. The impacts of AB 802 from an IOU standpoint with respect to
BROs savings and additional below-code savings will be captured as part of that effort.
A parallel effort for POUs is underway as well.
Resources for the Future: Energy Benchmarking and Disclosure. This paper106
summarizes the outcomes of a December 2014 workshop that included representatives
from electric utilities, the real estate sector, ESCOs, energy data analytics companies,
academia, and government and non-government organizations. The focus of the
workshop was to characterize existing benchmarking and data disclosure programs and
assess the ability of such programs to generate energy savings and reduce greenhouse
gas emissions.
Department of Energy: Benchmarking & Transparency Policy and Program Impact
Evaluation Handbook. This handbook107 is designed as a ‘how-to guide’ for assessing the
impact of benchmarking and transparency (i.e., data disclosure) policy. Analysis
methods are presented along with clear steps and data requirements. The presented
methodologies provide means for estimating energy savings over time and identifying
the component of savings directly attributable to the benchmarking and transparency
policy.
Institute for Market Transformation: Energy Benchmarking and Transparency Benefits.
This fact sheet108 provides a high-level overview of energy benchmarking and
transparency, including savings estimates.
Institute for Market Transformation: The Benefits of Benchmarking Building
Performance. This report109 provides a more in-depth assessment of the wide-ranging
benefits of building benchmarking policies, including energy savings, market
competition, government efficiency, job creation, and other indirect economic,
environmental, and health benefits.
U.S. EPA: ENERGY STAR Benchmarking and Energy Savings. This fact sheet110 details
trends in building performance improvement (both in terms of energy use reduction
and ENERGY STAR score increase) associated with the use of the ENERGY STAR Portfolio
Manager to track and manage energy use.
Benchmarking Tools that NORESCO Prepared for the City of Boulder. To facilitate the
data-reporting requirements of the City of Boulder Energy Ordinance, NORESCO
developed guidance for entering information into Portfolio Manager and reporting
results to the city using a unique Building ID. Additional how-to guides were developed

California Public Utilities Commission. “2018 Potential & Goals Study.” April 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
105
California Public Utilities Commission. “2018 Potential & Goals Study.” April 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619
106
O’Keeffe, Palmer, Walls, Hayes. ‘Energy Benchmarking and Disclosure: Summary of a Workshop on City Experiences,
Market Impacts, and Program Evaluation,’ March 2015.
107
Navigant, Steven Winter Associates. ‘Benchmarking & Transparency Policy and Program Impact Evaluation
Handbook,’ May 2015.
108
Institute for Market Transformation. “Energy Benchmarking and Transparency Benefits.” June 2015. Available online
at: http://www.imt.org/uploads/resources/files/IMTBenefitsofBenchmarking_Online_June2015.pdf
109
Institute for Market Transformation. “The Benefits of Benchmarking Building Performance.” December 2015.
Available online at: http://www.imt.org/uploads/resources/files/PCC_Benefits_of_Benchmarking.pdf
110
Energy Star. PortfolioManager. “Benchmarking and Energy Savings.” October 2012.
https://www.energystar.gov/sites/default/files/buildings/tools/DataTrends_Savings_20121002.pdf
104
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with respect to energy assessments, retro-commissioning, and an Energy Use
Estimator.111
LBNL: Evaluation of U.S. Building Energy Benchmarking and Transparency Programs:
Attributes, Impact, and Best Practices. This report112 provides a summary of
benchmarking and transparency programs across the country, including report results
and impacts, focusing on the efforts of 24 states and local jurisdictions.

Methodology:
This benchmarking analysis will focus on savings specifically associated with benchmarking
and public disclosure. Because no program-specific data is available, the research-based data
sources listed above will be leveraged to make reasonable estimates for energy savings that can
be attributed to the AB 802 benchmarking and public disclosure requirements. There is a
general expectation that the majority of savings that can be attributed to benchmarking and
data disclosure will ultimately be realized through financing or incentive programs. The
analysis of this program will be conducted through a phased approach as follows:
Approach:
Phase 1 Approach:








Floor area data by building type were extracted from IEPR building stock data. For
multifamily buildings, IEPR data capture number of households. To convert number of
multifamily households, the research team followed the same assumptions leveraged by
the 2016 Impact Analysis Report113: 26 percent of multifamily households are high-rise
units with a floor area of 1,248 ft2; the remaining households are contained within 6,960
ft2, two-story, 8-dwelling buildings (870 ft2 per unit).
Distribution of nonresidential floor area by building type and size was collected from
2012 CBECS114. Data were collected to determine what fraction of floor area by building
type is expected to be contained within buildings larger than 50,000 ft2.
The research team assumed that 30 percent of multifamily households are contained
within buildings larger than 50,000 ft2 (the 26 percent that are included in high-rise
buildings plus a small additional percentage).
Nonresidential building energy use intensities (for electricity and gas, separately) were
extracted from the California Commercial End-Use Survey (CEUS)115. To account for the
age of CEUS data, values were updated according to the ratio of energy use data
captured by 2012 CBECS and 2003 CBECS116 (ratios were calculated for each combination
of fuel and building type).
Multifamily building energy use intensities (for electricity and gas, separately) were
extracted from the California Statewide Residential Appliance Saturation Study (RASS)
for 2009117.

City of Boulder, Colorado. “Boulder Building Performance – How to Apply.” April 2017.
https://bouldercolorado.gov/sustainability/boulder-building-performance-how-to-comply
112
Berkeley Lab, Electricity Markets Policy Group. “LBNL Benchmarking.” May 2017.
https://emp.lbl.gov/sites/default/files/lbnl_benchmarking_final_050417.pdf
113
NORESCO; Nittler, Ken. “Impact Analysis: 2016 Update to the California Energy Efficiency Standards for Residential
and Nonresidential Buildings,” 2015.
114
US Energy Information Administration. “2012 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2012
115
Itron. California Commercial End-use Survey. May 2017. Available online at:
http://capabilities.itron.com/CeusWeb/Default.aspx
116
US Energy Information Administration. Available online at: “2003 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2003/
117
DNV-GL. “California Statewide Residential Appliance Saturation Study.” 2010. Available online at:
https://webtools.dnvgl.com/rass2009/
111
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Annual benchmarking savings are derived from data collected from 2008 to 2011 for
buildings in ENERGY STAR Portfolio Manager. While ENERGY STAR reports 2.4 percent
annual savings, the data seem to indicate diminishing year-after-year returns118;
accordingly, the NORESCO team’s savings estimates are based on a logarithmic data fit
that assumes savings decrease in out years once the low-hanging fruit have been
harvested. Based on a 60/40 distribution between electricity and gas across the
nonresidential and multifamily building stock, the NORESCO team assumes that the
majority of savings due to benchmarking would be electricity savings. Based on a 60/40
distribution between electricity and gas across the nonresidential and multifamily
building stock, assuming first-year benchmarking savings of 3.9 percent for electricity
and 1.3 percent for gas results in an 80/20 split between electricity and natural gas
savings and total savings that align with the logarithmic fit to the ENERGY STAR data.
The NORESCO team assumes that current financing and incentive programs could
accommodate energy improvements resulting from benchmarking and public disclosure
for 5 percent of eligible buildings each year119.
The research team assumes that 90 percent of benchmarking savings would ultimately
be realized through a financing or incentive program (the other 10 percent are assumed
to occur naturally according to the initiative of the building owner or operator). For this
phase, to make a clear distinction between savings expected to be claimed by utilities
and those expected to be attributed to programs run by the state, the NORESCO team
assigned a portion of the 90 percent of benchmarking and public disclosure savings
expected to be realized through financing and incentive programs to expected enhanced
IOU and POU programs according to the ratio of projected cumulative IOU and POU
savings (both known and expected) to the total projected cumulative savings across all
programs. The remainder of benchmarking and public disclosure savings is currently
attributed to this program itself; however, it may be appropriate in later phases to
assign a portion of that savings to other state-run programs.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: It is not straightforward to estimate the savings attributable to the
benchmarking program, as the proposed regulations do not require building owners to take any
action to reduce energy use; the regulations would only require building owners to report
energy performance information to the Energy Commission. However, the increased visibility of
building energy performance the program provides may drive building owners and tenants to
reduce energy use, either through making behavioral and operational changes, or through
making building improvements.




Energy Commission staff used investor-owned utility electricity sales as a portion of
state-wide electricity sales120 to estimate the portion of state-wide energy consumption
in commercial and residential buildings121 that is in investor-owned utility territories,
then divided energy savings from investor-owned utility efficiency programs122 by
consumption to estimate percent savings from current participation in efficiency
programs.
Energy Commission staff assumed that participation in the benchmarking program
would cause a doubling of the savings expected from participation in investor-owned

The most significant opportunities for savings will be addressed first, leaving lesser opportunities for additional
savings in future years.
119
In 2018, 5 percent of the existing building stock are assumed to start along the logarithmic savings curve (based on
ENERGY STAR data); in 2019, that same 5 percent of the building stock continue to see savings (albeit somewhat
reduced) while an additional 5 percent of the building stock start along the same savings curve.
120
California Electric Utility Service Areas, http://www.energy.ca.gov/maps/serviceareas/electric_service_areas.html, July
18, 2017
121
https://www.eia.gov/state/?sid=CA#tabs-2, July 18, 2017
122
http://eestats.cpuc.ca.gov/Views/EEDataPortal.aspx, July 18, 2017
118
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utility energy efficiency programs in those buildings subject to the state-wide
benchmarking and public disclosure program that are not already subject to a local
mandatory benchmarking and public disclosure ordinance (which have more stringent
requirements than the proposed state-wide program).
Energy Commission staff’s estimates of affected floor area are based on the proposed
regulations, which only include commercial buildings larger than 50,000 square feet and
residential buildings larger than 50,000 square feet with more than 16 utility accounts.
To calculate consumption expected to be avoided due to the state-wide program, Energy
Commission staff then multiplied the estimated savings rate by the estimated
consumption in buildings subject to the program but not to local programs.
NORESCO aligned near-term program savings with Energy Commission guidance.
Farther out, an increased whole-building savings rate of 2 percent is assumed for the
reference case. This savings rate is an aggregate rate of savings that can be expected to
be attributed to the benchmarking program. This savings rate is somewhat lower than
other recent studies123, 124, due to expected overlap between programs and difficulties
with attributing savings to benchmarking as distinguished from other programs.

Once savings for included buildings were determined, the NORESCO team applied a decay
function to adjust the program savings levels. Compared to some programs, benchmarking is
expected to have slightly below-average persistence, because it is typically easier to improve a
building’s performance rating over time by applying no-cost or low-cost measures, such as
controls or operational changes. Measures such as major HVAC renovations are deemed less
likely under this program. The decay causes the cumulative savings to decrease from 1,587
GWh to 1,348 GWh for electricity and 22.7 MM therm to 19.3 MM therm, a decrease of 15
percent to account for cumulative savings decay. Due to the projected increase in program
participation and savings in 2022, there is a slight decline in annual savings in the subsequent
year. However, the more important metric in estimating the effects of decay is the impact on
cumulative energy savings.
The program estimates of decay are based on estimated savings shown in the table below.
Measures that affect either controls or operations are expected to be disproportionately high,
relative to other programs, given the potential for these measures to impact building ratings.
Decay inputs
Measure Category

Weighting

HVAC Equipment

EUL (years)

5.00%

15

HVAC Control Equipment

15.00%

8

HVAC Control Operations

20.00%

3

Lighting Equipment

50.00%

15

Lighting Control

10.00%

8

Other

0.00%

10

Total

100%

Meng, Ting, D. Hsu and A. Han 2016. “Measuring Energy Savings from Benchmarking Policies in New York City,” 2016
ACEEE Summer Study Proceedings, American Council for an Energy Efficiency Economy, Washington, D.C.
124
Mims, Natalie, et. al. 2017. “Evaluation of U.S. Building Energy Benchmarking and Transparenc7y Programs:
Attributes, Impacts and Best Practices,” Lawrence Berkeley National Laboratory, April 28 2017.
123
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Scenario Approach:
Based on this information, the NORESCO team made the following assumptions:


For All Scenarios: The NORESCO team aligned estimates through 2021 with the Energy
Commission’s analysis.



Reference Case: The NORESCO team estimated savings for the reference case according
to the analysis approach described above, by first aligning savings with Energy
Commission projections through 2021. Beyond 2021, an aggregate whole-building
savings level of 2 percent is assumed. This is somewhat conservative compared to other
studies in other cities and jurisdictions, which show confirmed savings levels of 6
percent or higher.



Conservative Case: To calculate a more conservative program savings estimate, the
NORESCO team assumed a whole-building average savings rate of 1 percent beginning in
2022.



Aggressive Case: To calculate a more aggressive program savings estimate, the
NORESCO team assumed that year-over-year savings improvements could increase after
certain durations of participation in the program; whole-building savings are increased
to 2 percent beginning in 2022, and to 4 percent beginning in 2025. This increase is
based on a scenario in which, given more time to assess the opportunities suggested by
benchmarking data, building owners and operators would be better equipped to make
more aggressive, more impactful decisions that could lead to increased energy savings.

Results:
Overlap with the baseline demand forecast is unlikely but overlap with ratepayer programs is
possible. Because the Energy Commission’s draft regulations have not yet been adopted, energy
savings from them are not incorporated into the baseline forecast. Three cities in the state
currently have local benchmarking programs; however, savings from those programs have been
excluded by only projecting savings for buildings not subject to local benchmarking
requirements. Ratepayer program savings may overlap with benchmarking energy savings
because benchmarking is included in the measure list developed by Navigant as part of its IOU
potential and goals study.125 The NORESCO team’s current assumption is that the Energy
Commission’s analysis does not include any savings that would overlap with ratepayer or other
programs.

Table 21: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Benchmarking and Disclosure
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

0.0

0.0

0.0

64.7

109.8

111.6

113.7

1394

0.0

0.0

0.0

0.7

1.2

1.3

1.3

19.9

2023

2024

2025

2026

2027

2028

2029

1413

1438

1464

1351

1369

1394

1420

20.2

20.6

20.9

19.3

19.6

20.0

20.3

NG (MM
therms)

Source: California Energy Commission staff.
125

Navigant. Energy Efficiency Potential and Goals Study for 2018 and Beyond. June 2017.

Page 86

BEHAVIORAL, RETROCOMMISSIONING AND OPERATIONAL
SAVINGS (BROS) FROM 2016126 THROUGH 2029
Program Description:
This program consists of energy efficiency measures that achieve energy savings through
behavioral, retrocommissioning, and operational savings (BROS) with at least two- or three-year
expected useful life into the 2018 Potential and Goals study (2018 PG)127. BROS programs target
behavioral changes that result in energy savings (e.g., changes in thermostat set points,
improvements that result in accomplishing the same work (e.g. space cooling) more efficiently,
or reducing/eliminating energy use without relying on installation of new energy efficient
technologies.
Buildings Affected:
BROS affect all market sectors, depending on the specific program target. Existing buildings are
targeted more than new construction, where operational changes can result in energy savings
without requiring expensive retrofits or equipment upgrades. The following building markets
are impacted:




Residential, primarily through behavioral programs, with small savings through
competitions
Non-residential, primarily through operational and retro-commissioning programs, with
small savings through behavioral programs
Public and private buildings

Methods
Relevant Measures:
To identify relevant measures, this study reviewed programs that Navigant has identified for
the 2018 PG as well as additional program offerings from IOUs and POUs. Overall, this study
found significant overlap with the 2018 PG programs, although the NORESCO team identified a
small amount of additional savings potential from other possible BROS programs.
This study evaluated savings from the following programs.
*Indicates measures that Navigant is including in the 2018 PG.
Potential residential measures:






Home Energy Reports*
Challenge/Competitions*
Residential Pay for Performance (P4P) – a PG&E pilot program that provides incentives
for meter-based savings from behavioral changes and energy efficiency measures
Manage Act Save – a SDG&E behavioral program that offers prizes for reaching energy
efficiency goals
A potential smart thermostat program

Potential commercial measures:
Start year of analysis depends on Navigant’s analysis period.
California Public Utilities Commission. “2018 Potential & Goals Study.” June 2017. Available online at:
http://www.cpuc.ca.gov/General.aspx?id=6442452619

126
127
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Building Operator Certification (BOC)*
Strategic Energy Management (SEM)*
Building Energy Management and Information Systems (BEIMS)*
Business Energy Reports (BERs)*
Retrocommissioning (operations and controls solutions)*
Challenge/Competitions*

This analysis excluded the following measures because they were included in other SB350
analysis



Real-Time Feedback*: Online Portal and in-home Display: Included in the Smart Meter
analysis
Benchmarking*: Included in the Benchmarking analysis

In addition, this analysis investigated the following measures, but ultimately excluded them
from the BROS analysis, because the NORESCO team found that the measures would not result
in significant, reliable savings, or because savings would potentially overlap with other
programs:






Audits: Overlap with measure-based programs
Green leases: Significant, reliable savings not identified
Tenant-Operator Engagement (COMFY): Significant, reliable savings not identified
Use of social media: Significant, reliable savings not identified, and potential overlap
with behavioral programs and competitions
Prepay (for example, mPower): Potential overlap with residential behavior programs

Data Sources:
This analysis used the following data sources:











Navigant 2018 Potential and Goals (2018 PG) analysis, including supporting BROS
documentation and studies, for current and projected savings from the Investor Owned
Utilities (IOU)
The Energy Commission report, Energy Efficiency in the Public Power Sector, 2017 (“EE
in Public Power”)128, which describe savings from the Publicly Owned Utilities (POUs) for
2015 programs, and includes Appendix B which provides results of the POU potential
study conducted by Navigant
Interviews and communications with utility staff at PG&E, LADWP, and SMUD to discuss
current and future BROS offerings
Impact evaluation reports for the HER and MAS programs129
Res P4P data program filing and data from EE Stats130
A study describing results from a smart thermostat program in Oregon131
Additional studies and evaluation reports, including:
CIEE: Behavioral assumptions underlying energy efficiency programs for businesses132
CIEE: Behavioral assumptions underlying California residential sector energy efficiency
programs133

Energy Efficiency in California’s Public Power Sector 11th Edition — 2017
http://www.calmac.org/publications/DNVGL_PGE_HERs_2015_final_to_calmac.pdf, and
http://www.calmac.org/publications/DNVGL_SDGE_HERs_2015_final_to_calmac.pdf
130
http://eestats.cpuc.ca.gov/Views/EEDataPortal.aspx, for the 2015-2017 program cycle
131
Lieb, Noah, “Thriller in Asilomar: Battle of the Smart Thermostats”. ACEEE Summer Study 2016.
132
Sullivan, Michael, et al. “Behavioral Assumptions Underlying Energy Efficiency Programs for Businesses.” CIEE.
January 2009.
http://www.calmac.org/publications/Behavioral_Assumptions_in_EE_Programs_for_Businesses_White_Paper.pdf
133
Lutzenhiser, Loren, et al. “Behavioral Assumptions Underlying California Residential Sector Energy Efficiency
Programs.” April 2009. https://energy.gov/sites/prod/files/2013/12/f6/ba_ee_res_wp.pdf
128
129
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See Change Institute: From Categorizing to Characterizing: A Landscape Analysis of
Behavior-Based Energy Programs134

Methodology:
The analysis method for estimating BROS potential energy savings was to identify potential
measures that can be offered in California, estimate savings potential, then determine
feasibility and applicability to California participants. For Phase 1, the NORESCO team used
representative measures with the best available data. During Phase 3, the NORESCO team
refined those estimates, as well as included additional measures not assessed in Phase 1.
Approach:
Phase 1 Approach: To identify relevant programs for Phase I, the NORESCO team considered
programs that Navigant identified for the 2018 PG as well as additional program offerings from
IOUs, POUs, and third-parties.
For Phase I, the NORESCO team included ten BROS programs from the 2018 PG study. These
programs were not included in the Navigant 2015 AAEE workbook135, so the team considered
them to be incremental to savings included in the baseline wedge. articipation in these
programs.

SeeChange Institute. “New Report: From Categorizing to Characterizing - A Landscape Analysis of Behavior-Based
Energy Programs.” April 3, 2017. https://www.seechangeinstitute.com/news/new-report-from-categorizing-tocharacterizing-a-landscape-analysis-of-behavior-based-energy-programs
135
The “AAEE CS Prog by Measure CED2015” workbook, sourced by California Energy Commission.
134
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Table 22 provides a list of the BROS programs included in this study’s Phase I BROS analysis.
The NORESCO team used the 2018 PG to develop assumptions for electricity and natural gas
savings, and participation in these programs.
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Table 22: 2018 PGT BROS Programs included in the Phase I Analysis
Bldg Type
(Res or
Nonres)

Program Name (Abbreviation)

Program Summary

Res

Home Energy Report (HER)

Provides periodic mailings with feedback on home’s energy use,
normative comparisons to neighbors, and tips for improving energy
efficiency

Res

Real-time Feedback: In home
display (RT In home)

Uses advanced metering data to provide real-time electricity usage
via an in-home display (IHD

Res

Real-time feedback: online portal
(RT online)

Uses advanced metering data to provide real-time electricity usage
via an online portal, such as a website or a smart phone application

Res

Small competitions (<10,000
people) (Small Comp.)

A small number of participants compete in energy- related challenges,
events, or contests to reduce energy consumption either directly or
through education;

Res

Large competitions (>10,000
people) (Large Comp.)

A large number of participants compete in energy- related challenges,
events, or contests to reduce energy consumption either directly or
through education

Res

Strategic Energy Management
(SEM)

A continuous improvement approach that focuses on changing
business practices to enable commercial and industrial companies to
save money by reducing energy consumption and waste.

Nonres

Building Operator Certification
(BOC)

Offers energy efficiency training and certification courses to
commercial building operators

Nonres

Building Energy Management and
Information Systems (BEMIS)

Provides IT-based monitoring and control systems that provide
information on the performance of components of a building’s
infrastructure

Nonres

Business Energy Reports (BERs)

Provides small and medium businesses with mailings with feedback
on energy use, normative comparisons to similar businesses, and
energy saving tips (the commercial equivalent to HERs). 2018 PG
assumes savings only for retail, lodging, restaurants, and “other”.

Nonres

Retrocommissioning (RCx)

Commissioning to optimize performance of systems (primarily HVAC)



For Phase I, this study included three programs that were outside of the 2018 PG: (1)
Smart Thermostat; (2) PG&E Pay for Performance (P4P), and (3) Advanced Metering
Initiatives: Real-time Feedback.

Smart thermostat programs include initiatives that provide or incentivize smart thermostats –
as in, devices that allow users to adjust the temperature remotely, use occupancy-based
temperature management, automate settings, and provide other features to control and
optimize thermostat settings. The NORESCO team used an ACEEE conference paper that
described savings from an Energy Trust of Oregon program for smart thermostats to estimate
savings (Lieb, 2016). Because the ACEEE paper only documented natural gas savings, the
research team included only natural gas savings for Phase I. For Phase II, this research team will
look for savings estimates for electricity savings, taking into account possible double-counting
with other programs.
PG&E launched the P4P program as one of its High Opportunity Program and Projects (HOPPs).
The P4P program works with Aggregators -- parties responsible for managing a portfolio
consisting of numerous residential homes that receive energy efficiency interventions – to
maximize energy savings from those sites. The Aggregators work directly with residential
customers and contractors to achieve energy savings through retrofits in addition to
operational and/or behavioral interventions. Aggregator payments are determined based on
gross energy savings through a PG&E facilitated weather normalized pre/post analysis of each
participating customer’s metered energy consumption. PG&E pays each aggregator a set rate
per therm and kWh. For Phase I, the NORESCO team took information on program savings and
participation from the California Energy Data and Reporting System (CEDARS) (CPUC, 2017) and
the HOPPs program filing (PG&E, 2016).
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The NORESCO team used a meta-analysis conducted by the American Council for an Energy
Efficient Economy (ACEEE) to estimate savings from advanced metering initiatives that provide
real-time feedback, either through an on-line portal or in-home display (ACEEE, 2010). The
savings documented in the ACEEE study from real-time feedback programs (4-6 percent) were
higher than the savings estimated for the real-time programs in the 2018 PG (approximately 1-2
percent). As described in the Methodology section, the NORESCO team only counted
incremental savings for the real-time feedback programs beyond the savings estimated in the
2018 PG for the real-time in-home display and real-time only programs.
The NORESCO team did not include savings from the following programs, because our initial
data collection efforts did not identify documented savings from these programs. However, the
NORESCO Team will conduct a more in-depth review for savings from these programs in Phase
3.
Potential residential measures:





Audits
Prepay (e.g. mPower)
Community Based Social Marketing
Social Media

Potential commercial measures:









Commercial Challenge/Competitions
Audits;
CBSM - Community Based Social Marketing
Green leases
Tenant-Operator Engagement (COMFY)
ISO 50001:2011 support for Energy Management Systems
PG&E Step-up, Power-down
PG&E Smart Choice

For the Phase I savings analysis, the NORESCO team used the assumptions shown in Table for
savings, participation, and effective useful life (EUL) for BROS programs identified in the 2018
PG. The source for each assumption is indicated with a superscript letter (a, b, c, or d) described
below the figure. As shown, this study primarily used the 2018 PG for savings and participation
assumptions.
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Table 23: Savings Assumptions for BROS Programs Identified in the 2018 PGT
Program

% kWh Savings per
participant (Range)

HER

1.5% (1-2.3%)

RT In-home

2.3%

a

0.6% (0.6-1.9%)

b

0.0%

b

RT Online

1.3%

Small Comp.

8.1%

Large Comp.

4.1%

b

5.2%

b

5.2%

b

BOC

63 per 1000 sf (18-151 per
d
1000 sf)

BEMIS

3% (0-4.2%)

BERs

1.9% (1.6%-2.2%)





b

4.7% (0-12.7%)

d

a

1

b

b

1

b

10%, with additional 8% growth annually

1

b

1

b

1

b

5

b

b

0.02%

b

b

115,000 in 2015

b

1.0%

6 per 1000 sf (0.8-14.2
d
per 1000 sf)
3.5% (0-7.4%)

d

EUL
(years)

1.6M in 2015 ; participation increases
b
according to population growth

b

3.5%

d

Participation Assumption

4%, with additional 8% growth annually

1.3%

3.0%



a

b

SEM

RCx

% Therm Savings per
participant (Range)

d

4.7% (0-12.7%)

1.18%, with additional 12.5% growth
b
annually
5.60%

0.9% restaurants

b

d

c

b

b

1%, 1% increase each year
1.28%

b

b

6.5
5

b

2

b

5

b

b

Savings vary for each IOU from 1-2.3 percent for kWh and 0.6-1.9 percent for therms. This
study assumed the savings percentages for the PG&E HER program (1.5 percent kWh, 0.6
percent therms, based on the PG&E HER 2014 Impact Evaluation), because the PG&E HER
program had significantly more participants than the SCE and SDG&E HER programs. For
Phase 3, this study calculated savings specific to each IOU, and used the 2015 PG&E HER
Impact Evaluation136. For the participation assumption, this study followed the 2018 PG and
assumed that the number of participants in the 2015 HER programs would grow according
to California population growth.
Based on 2018 PG assumptions, as described in 2.PG Appendix - BROS Methodology_201704-13.
Based on 2014 San Diego Gas & Electric Manage Act Save (MAS) participation numbers
Based on 2018 PG assumptions. To identify an estimate with the range, this study averaged
the values across all building types and Program Administrators (PAs). For Phase 3, this
study calculated savings for each building type for each PA, and multiplied these by the
estimated square footage of each building type in each PA territory.

For the Phase I savings analysis, the NORESCO team used the assumptions shown in Table for
savings and participation for BROS programs identified outside of the 2018 PG. Because the
research team did not identify estimates of savings persistence for these programs, this study
used the conservative assumption of 1 year as the EUL for these programs.




136

Smart Thermostat: The Energy Trust of Oregon study (Lieb, 2016) found 4.9-6 percent
natural gas savings. Given that California has a milder climate than Oregon, the NORESCO
team assumed half of the higher end savings: 6 percent / 2 = 3 percent. For participation,
this study assumed 1 percent of households would participate based on industry judgment.
AMI Real-time feedback: To estimate kWh savings per participant, the NORESCO team
started with the ACEEE study findings, which found approximately 4 percent savings
nationally. Because California is a mild climate compared with the rest of the U.S. (including
a lower cooling load), the NORESCO team assumed 3 percent savings total from AMI realtime feedback. Because the 2018 PG assumed 1-2 percent savings from real-time feedback
programs, the NORESCO team assumed an incremental savings of 1 percent for Phase I. For
participation assumptions, the team used the 2018 PG assumption for in-home display
programs of 4 percent, since this is more conservative than the assumption of 10 percent
for on-line portals

Published on May 22, 2017, after development of this study’s Phase I analysis.
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Res P4P: To estimate savings per participant, the NORESCO team used projections from the
program HOPPs filing (PG&E, 2016). For the participation assumptions, the team assumed
the number of participants from the HOPPs filing, and used our industry experience to
assume that participation increases by 5 percent annually.

Table 24: Savings Assumptions for BROS Programs Outside the 2018 PGT
Program

% kWh Savings
per participant

% Therm Savings per
participant

Participation Assumption

EUL
(years)

Smart
Thermostat

0%

3%

1%, with growth according to population
growth

1

AMI Real-time
Feedback

1%

0%

4%

1

Res P4P

6%

16%

2,000 households initially, with
participation increasing by 5% annually

1

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team analyzed energy savings that can be attributed to BROS
measures through various POU and IOU programs. This analysis delineated energy savings that
have been captured by the 2018 PG Study, which are assigned to the bottom wedge, from the
energy savings that can be counted as “incremental” for SB 350.
This analysis assumed no gas savings from POU programs, since almost all POUs (including
LADWP and SMUD) provide electricity only.137 For POU electricity savings, the analysis consisted
of the following:


For 2015:
o This analysis took BROS based on the Residential Behavioral programs from the
EE in the Public Power Sector study. (Residential Behavior programs were the
only BROS measures identified explicitly in the EE in the Public Power sector
report, 2017.) The Residential Behavior savings were primarily comprised of
SMUD HER savings, which currently serves 9 percent of SMUD households138.
LADWP did not claim savings from residential behavioral programs in 2015 and
is not currently operating HER, because their Instructional Technology
department is addressing issues with its billing system. However, LADWP staff
report that they intend to widely implement HER once the billing issue is
resolved139.
o RCx: While the POUs have RCx measures, they are not delivered as a standalone
RCx program, but rather as offerings in deemed and custom programs.
Consequently, this analysis assumed the POUs’ savings were the same as IOUs’
RCx savings, adjusted by population – i.e., multiplied by 0.33, based on 25
percent of the population in POU territories / 75 percent in IOU territories140.
o This analysis assumed no savings from other BRO programs, because most of
the POUs (including the two largest - LADWP and SMUD) do not have other BROS
programs, such as BIEMS, BOC, SEM, or commercial energy reports.

The City of Palo Alto Utilities (CPAU) provides gas, but this utility is relatively small. For example, CPAU’s electricity
savings comprised 1% of POU savings (Energy Efficiency in Public Power, 2017) so approximately 0.25% of statewide
savings.
138
Personal communication from SMUD staff Richard Oberg, August 25, 2017
139
Interview with LADWP staff David Jacot, August 23, 2017.
140
CPUC presentation, “Customer and Retail Choice in California”, Nicolas Chaset, May 10, 2017. Available at:
http://energy.nv.gov/uploadedFiles/energynvgov/content/Programs/TaskForces/2017/Agenda%20item%204%20%20California%20Presentation.pdf
137
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For 2016-2018, this analysis assumed a 10 percent increase in HER savings
annually, as POUs (except LADWP) increase penetration of the HER program. For
RCx savings, this analysis assumed a similar incremental increase as the IOUs – 5
percent annually.
o For 2019, this analysis assumed a 25 percent increase in HER savings, based on
the assumption that LADWP would launch its HER program and reach half of its
eligible customers this year. This analysis also assumed POU savings from
residential competitions that were the same as IOUs’ RCx savings, adjusted by
population – i.e., multiplied by 0.33. For RCx savings, this analysis assumed a
similar incremental increase as the IOUs – 5 percent annually (as the NORESCO
teamdid for 2016-18).
For 2020, this analysis assumed another 25 percent increase in HER savings, based on
LADWP reaching the other half of its eligible customers. For RCx savings, this analysis
assumed a similar incremental increase as the IOUs – 5 percent annually (as the
NORESCO teamdid for 2016-18). Because the Navigant POU Potential Study (Appendix B
in EE in the Public Power Sector, 2017) assumed that commercial programs would
expand in 2020 to 2021, the NORESCO team also assumed that the POUs would launch
similar commercial BROS programs as the IOUs, so the NORESCO teamassumed the
same savings for BIEMs, BOC, BER, COM, and SEM as the IOUs, adjusted for population -i.e., multiplied by 0.33.
For 2021-2030, this analysis assumed that all POU BROS programs would have similar
savings as IOU BROS, adjusted for population – i.e., multiplied by 0.33.
o





For IOU electricity savings beyond those captured by 2018 PG study, the analysis consisted of
the following:


P4P Program: PG&E recently launched the P4P program as one of its High Opportunity
Program and Projects (HOPPs). The P4P program works with aggregators -- parties
responsible for managing a portfolio consisting of numerous residential homes that
receive energy efficiency interventions – to maximize energy savings from those sites.
The aggregators work directly with residential customers and contractors to achieve
energy savings through retrofits in addition to operational and/or behavioral
interventions. Aggregator payments are determined based on gross energy savings
through a PG&E facilitated weather normalized pre/post analysis of each participating
customer’s metered energy consumption. PG&E pays each aggregator a set rate per
therm and kWh. The NORESCO team took information on program savings and
participation from the California Energy Data and Reporting System (CEDARS) (CPUC,
2017) and the HOPPs program filing (PG&E, 2016), to assume that 2,000 customers
participated in 2015, with 6 percent electricity and 16 percent natural gas savings. For
all other years (2016-2030), this analysis assumed a 5 percent increase in savings, due to
a 5 percent increase in PG&E customers’ participation. This analysis multiplied total P4P
savings by 0.5 to estimate that half the savings would be behavioral, and the other half
measure-based (which are already accounted for in deemed programs).
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MAS Program: The MAS program is an SDG&E residential behavioral program that
provides comparative reports via mail or email and personalized tips on how to save
energy and information regarding their energy usage. Customers earn points by
completing the suggested tips, saving energy and enrolling in other SDG&E programs,
and can redeem points for products or experience awards. The 2018 PG study did not
include savings from MAS, but the 2018 PG study assumes savings from residential
competitions beginning in 2019. Consequently, the NORESCO team assumed the savings
values for MAS from the 2015 impact evaluation of the program for SDG&E for 20152018. Beginning in 2019, the NORESCO team assumed zero savings from MAS, based on
the assumption that MAS would be phased out and replaced with a residential
competition program that is already included in the 2018 PG. This analysis assumed
that all savings would be behavioral and did not apply an adjustment factor for
measure-based savings, since the most recent impact evaluation found little overlap
with deemed or upstream programs.141

Table 25: Savings Assumptions for BROS Programs Outside the 2018 PGT
Scenario

Program

% kWh Savings
per participant

% Therm
Savings per
participant

Participation Assumption

EUL
(years)

Reference,
Aggressive,
and
Conservative

MAS: Source:
MAS Impact
142
Evaluation

1%

0.4%

Reference and Aggressive: 200,000
households for 2015-2018, 0 in
2019 (replaced with other
behavioral programs)

1

Conservative: Half the savings as
reference by 2029
Reference,
Aggressive,
and
Conservative

Res P4P

6%

16%

Reference: 2,000 households
initially, with participation increasing
by 5% annually in PG&E territory
only: 4,200 households by 2030.

1

Aggressive: All IOUs and POUs
implement P4P in 2019 -2020, and
participation increases 5% each
year: 50,000 households by 2030.
Conservative: Half the savings as
reference by 2029
Aggressive



141

Smart
Thermostat

0%

3%

1%, with growth according to
population growth

1

Cumulative Savings: To calculate cumulative savings, this analysis assumed the
following EUL for BROS programs. The EUL values for programs in the PG 2018 study
align with the PG 2018 EUL assumptions. The NORESCO team used the assumption of 1
year as the EUL for the MAS, P4P, and smart thermostat programs, since residential
behavioral programs generally have a 1 year EUL.

http://www.calmac.org/publications/DNVGL_SDGE_HERs_2015_final_to_calmac.pdf, Table 40.
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Table 26: EUL Assumptions
Program

EUL
(years)

HER

1

Small Comp.

1

Large Comp.

1

SEM

1

BOC

1

BEIMS

1

BERs

1

RCx

1

MAS

1

P4P

1

Smart Thermostat

1

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: This analysis assigned 2018 PG reference savings from IOU programs to
the bottom wedge. For the middle wedge, NORESCO team identified the following
sources of BROS:
o Savings from POU programs,
o Savings from the MAS and P4P, since they were not included in the 2018 PG
study. In general, savings from these programs were small compared with
programs in the 2018 PG.



Conservative Case: The conservative scenario reduced savings from all programs
compared with the reference scenario by 50 percent by 2029. This scenario reflects the
possibility that BROS energy savings per customer will decline in the future, because
other SB350 initiatives will reduce total energy use, thereby reducing energy savings
opportunities from BROS measures.
o Assumed the same savings as the reference scenario from 2015 to 2020, because
many SB350 initiatives are projected to be ramping up until 2020.
o By 2029, assumed that savings would be 50 percent of the energy savings from
the BROS reference prediction for 2029. This analysis selected 50 percent using
industry judgement, to represent the lower limit of what the NORESCO team
considered to be feasible for reduced energy savings opportunities for BROS.
o Developed a smooth curve for energy savings from 2021 through 2029, using the
difference in BROS from 2020 through 2029 and dividing this value by 10 years.



Aggressive Case: This analysis assigned the 2018 PG aggressive scenario savings to the
bottom wedge. For the middle wedge, the NORESCO identified:
o Savings from POU programs. For the POUs, this analysis assumed that BROS
would increase at the same rate as IOU BROS. For each year, the NORESCO team
took the ratio of IOU savings under the aggressive scenario to IOU savings in the
reference scenario, and multiplied this ratio by BROS from POUs under the
reference scenario.
o Additional savings from HER (beyond the 2018 PG savings) from increasing the
penetration rate by an additional 12.5 percent statewide (from 37.5 percent to 50
percent) through a reduction in the number of households used as a control
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o

Savings from the MAS, P4P (with higher P4P savings due to increased penetration
compared with the reference scenario), and a smart thermostat measure (for
natural gas savings only). Savings from all of these programs are small compared
with 2018 PG savings and savings from the HER penetration increase.

Results:
Overall, this analysis found that there is little significant BROS beyond what is included in the
2018 PG study. The 2018 PG study found that the HER program delivers the majority of BRO
savings. Besides adding savings from the POU BROS programs, the NORESCO team found that
most of the additional BROS could come from an expansion in the HER program by moving
some households from the control group to treatment. Savings from IOU programs not
included in the 2018 PG study (including MAS, P4P, and smart thermostat programs) were
small.
This analysis developed a conservative scenario by assuming that BRO savings would drop by
half per customer by 2029, because the success of other SB 350 programs would reduce savings
opportunities from BROS measures. This reduction in energy savings per customer is likely to
occur to some degree under all scenarios (reference and aggressive). On the other hand, the use
of smart meters may assist customers in continuing to achieve savings through BROS programs
from 2020 through 2029 at the same levels as they achieved from 2015 to 2020. It is difficult to
project how much each factor will affect BROS. The NORESCO team did not discount savings in
the BROS reference and aggressive scenarios for reduced savings potential. However, the team
was conservative in our assumptions for smart meter programs – i.e., assumed almost no
incremental savings from smart meter programs, as described in the Smart Meter Appendix.
However, due to reduced savings opportunities, it is possible that savings will fall somewhere
between the conservative and reference scenario under current program plans, and somewhere
between the reference and aggressive scenario if the aggressive actions described above are
taken for BROS programs.

Table 27: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Behavioral, Retrocommissioning, and Operational Programs
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

32

39

47

55

67

84

129

152

178

205

234

258

282

308

336

0.3

0.3

0.3

0.3

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

NG (MM
therms)

Source: California Energy Commission staff.
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ENERGY ASSET RATINGS
Program Description:
This program consists of two similar but separately funded programs, the California Home
Energy Rating System (HERS) Whole House program, and Nonresidential Energy Asset Rating
Program (a potential program that is not currently established). Both programs are designed to
determine an asset rating of new and existing buildings that are measures of building
performance, decoupled from operational details such as operating hours and building
controls. Energy asset ratings characterize the major energy uses of the building through
surveying and energy modeling. The program also provides some level of information on
recommended efficiency measures to improve building performance. While the residential HERS
Whole House program has been active for a number of years, the Nonresidential Energy Asset
Rating program completed a pilot phase but was not fully rolled out to the marketplace. The
rating aspects of the residential HERS program are assumed to be captured in existing forecast
estimates. The measure-specific aspects of HERS such as duct sealing and other tests are
included in the Title 24 program estimates.
Other national programs, such as ASHRAE’s Building Energy Quotient (eQ) program, and
international programs present in Ireland, Portugal and other countries have developed and
implemented programs to develop asset ratings for commercial buildings.
Nonresidential Energy Asset Rating:
As part of a comprehensive program (AB 758 – 2009) to achieve greater energy savings in
existing residential and nonresidential buildings, the Energy Commission developed and
implemented a pilot program in 2012 to develop a protocol for asset ratings. The goals of the
program were:






Rate the inherent energy efficiency of the commercial building’s envelope, lighting and
HVAC systems relative to code and existing commercial building stock;
Provide a metric relating to the financial implications of a building’s energy efficiency;
Communicate the importance of zero net energy buildings as a reference point for
California’s energy policy;
Communicate a building’s potential for an improved energy efficiency infrastructure, by
comparing performance to other buildings of similar type and location;
Be a reasonably priced rating for building owners to obtain.

The program complements an operational rating, such as EnergyStar. EnergyStar bases ratings
on actual, energy performance (bills), but the Nonresidential Energy Asset Rating is intended to
normalize for operational effects and provide insights to relative building performance and
potential energy efficiency capital improvement projects.
At an individual building level, the rating process required the following steps:




Data collection: an auditor collected high-level information about existing HVAC
equipment, lighting, and building envelope performance from available information
onsite (actual nameplate information and model information, for example). Where
information was not available, defaults would be specified based on building vintage.
Data analysis: the collected data would be fed into a streamlined building performance
model, applying intelligent defaults and applying fixed operational data. The building’s
performance is compared against a fixed benchmark for a given building type and
climate. The benchmark can be based on either historical data (CEUS or CBECS, for
instance), or based on a code-vintage basis (a building that minimally complies with2005
Title 24 code, for example).
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Rating Calculation: a performance rating on a 0-100 scale is provided, and can be paired
with a letter grade (A-F).
Rating Communication: A certificate is generated, explaining the rating. The certificate
can also include some possible insights into energy efficiency upgrades. While the
Nonresidential Energy Asset Rating is not intended to take the place of an audit, it can
provide some good guidance on energy end uses and relative efficiency of different
building systems and features.

A key distinction between energy asset ratings and other efficiency programs is that onsite
photovoltaics and cogeneration systems could potentially be considered an asset, as they
provide persistent savings. For this estimate, only energy efficiency aspects are considered;
however, the program may have additional benefits. The program was suspended after the pilot
due to funding availability, but shows promise and is well-aligned with other programs and
with Energy Commission goals.
Residential Energy Asset Rating:
The Home Energy Rating System (HERS) program consists of two functions: to provide a
certified authority to perform field verification of code requirements for Title 24 new
construction, and to conduct the necessary field data gathering and energy modeling to
generate a whole-house rating for the building. As the Whole-House Rating element is
voluntary, and required neither for new construction nor for existing buildings nor at time-ofsale, the participation rate for the rating aspect is expected to be very low. The benefits of HERS
field verification for building attributes such as duct sealing, air leakage tests, and HVAC
system tests are assumed to be wholly incorporated in the Title 24 program benefits.
For this analysis, a participation rate for residential ratings, combined with the energy savings
level, is estimated to be 50 percent of the participation rate for commercial energy asset rating
programs. If the program were modified in the future to require ratings, the participation rate
would be much higher. With lack of available data, the savings rate per building is estimated in
the same manner as the commercial asset rating program and CEC benchmarking estimate.
Because the program is voluntary and impacts the homeowner primarily for newly constructed
buildings, it is assumed that existing buildings will not receive a rating.
Buildings Affected:
The Nonresidential Energy Asset Rating Program would affect most commercial building types,
with the exception of some buildings with process loads, including labs, data centers and likely
refrigerated warehouses, grocery stores, and hospitals. Mixed use buildings could fall into the
scope, but would require additional research to adequately define the reference point and the
required building inputs. The table below shows the planned scope of the Nonresidential
Energy Asset Rating Program.
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Table 28: Proposed Nonresidential Energy Asset Rating Building Type Classification
Proposed Building Types
Large Office
Medium Office
Small Office
Data Processing/Computer Center
Lab/R&D Facility
Quick Service Restaurant
Full Service Restaurant
Bar/Tavern/Nightclub/Similar
Supermarket
Convenience Store
Stand-alone Retail
Strip Mall
Refrigerated Warehouse
Unconditioned Warehouse
Conditioned Warehouse
Small Hotel
Large Hotel
Primary School
Secondary School
College or University
Religious Assembly
Health/Fitness Center
Theater/Performing Arts
Library/Museum
Conference/Convention Center
Other Recreational/Public Assembly
Service
Assembly/Light Mfg.
Police/Fire Stations

Use Existing DOE
Reference Building
X
X
X

Use Modified DOE
Reference Building

New Modeling
Prototype Required

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Source: Crowe, Elliot, et. al. 2012. California’s Commercial Building Energy Asset Rating System (BEARS): Technical Approach and Design Considerations, ACEEE 2012 Summer Study
Proceedings.

Some buildings would be excluded due to the lack of available protocols necessary to establish
the “100” reference point on the scale. The precise scope of the program would depend on the
willingness of the different building sectors to embrace the rating program.
A cross-reference comparison between the IEPR building stock and the included building types
results in an estimated 90.7 percent of commercial building stock greater than 50,000 sf is
affected by the commercial asset rating program. This estimate is used to normalize savings
against AB802 program savings. A similar area estimate is applied to the building stock less
than 50,000 sf in area, which applies to the asset ratings program but not the AB802 regulation.
The HERS program impacts only newly constructed single-family buildings. Through interviews
with HERS raters, it was determined that the whole-house rating typically is not performed for
existing buildings, even at time-of-sale.
Methods
Relevant Measures:
While a building energy asset rating does not replace an energy audit of the building, a
secondary benefit of this program is to identify potential energy upgrade projects. Efficiency
improvements that would result in savings beyond normal end-of-life replacement projects
could include:



Equipment upgrade replacement (chiller, boiler, packaged rooftop units)
Lighting upgrades
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Control upgrades – upgrade to DDC controls
Envelope Upgrades
Plug-load controls

The granularity of recommendations depends upon the detail of energy audits performed as a
part of the rating process. This program assessment requires an estimate of the net increase in
probability that rated buildings would undergo efficiency improvement projects sooner than
buildings not rated by the program. A possible benefit as well is a richer source of data for
portfolio management, for companies that have a number of similar facilities in California.
Data Sources:
The team will leverage a number of data sources for the Nonresidential Energy Asset Rating
program estimates. Where possible, interviews and other correspondence with various actors in
the programs (administrative staff, raters, and energy efficiency upgrade providers) will yield
supporting information for the savings estimates.
Data sources include:






NORESCO and Energy Commission Data on Nonresidential Energy Asset Rating Pilot
Project
Other Asset Rating Programs (DOE, ASHRAE Building eQ, Massachusetts DOER)
CEUS143 and CBECS144 Databases for historical energy performance of existing buildings
by type
Estimates of site energy use intensity (EUI) by building type and building vintage, from
the Urban Footprint project
Interviews with HERS raters with in-depth knowledge of both the practical
implementation of the HERS program and its application to new and existing residential
construction

Methodology:
Approach:
Phase 1 Approach:








Because HERS Whole House is an established program, the NORESCO team assumed that
associated savings would already by captured in the state demand forecast, and
therefore not contribute to SB 350 savings goals. This assumption will be revisited in
Phase 3.
Identify affected building types and building stock. The estimate includes office, retail,
restaurant, warehouse, school and hotel buildings. High-rise residential, grocery,
hospital buildings and other buildings with significant process loads (labs, data centers)
are excluded.
Floor area data by building type were extracted from the IEPR building stock data.
Distribution of non-residential floor area by building type and size was collected from
2012 CBECS. Data were collected to determine what fraction of floor area by building
type is expected to be contained within buildings larger than 50,000 ft2.
Nonresidential building energy use intensities (for electricity and gas, separately) were
extracted from the California Commercial End-Use Survey (CEUS). To account for the age

Itron. California Commercial End-use Survey. May 2017. Available online at:
http://capabilities.itron.com/CeusWeb/Default.aspx
144
US Energy Information Administration. “2012 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2012
143
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of CEUS data, values were updated according to the ratio of energy use data captured by
2012 CBECS and 2003 CBECS145 (ratios were calculated for each combination of fuel
and building type.
Annual benchmark savings are derived from ENERGY STAR data collected from 2008 to
2011 for buildings in Portfolio Manager. While ENERGY STAR reports results of 2.4
percent annual savings, the data seem to indicate diminishing year-after-year
returns146; accordingly, the NORESCO team’s savings estimates are based on a
logarithmic data fit that assumes savings decrease in out years once the low-hanging
fruit have been harvested. Based on a 60/40 distribution between electricity and gas
across the non-residential and multifamily building stock, the NORESCO team assumes
that the majority of savings due to benchmarking would be electricity savings. Based on
a 60/40 distribution between electricity and gas across the non-residential and
multifamily building stock, assuming first-year benchmarking savings of 3.9 percent for
electricity and 1.3 percent for gas results in an 80/20 split between electricity and
natural gas savings and total savings that align with the logarithmic fit to the ENERGY
STAR data.
For buildings larger than 50,000 ft2, for which benchmarking and data disclosure will be
required by AB 802, the NORESCO team assumed that Nonresidential Energy Asset
Rating would increase ENERGY STAR-predicted savings by 50 percent (assumption is
that savings would increase but at a diminishing rate due to benchmarking data already
being available).
For buildings between 25,000 ft2 and 50,000 ft2, the NORESCO team assumed that
Nonresidential Energy Asset Rating would be the only form of benchmarking and
estimated savings equivalent to ENERGY STAR-predicted savings.
Amongst the selected building types, the NORESCO team assumes that an additional 2
percent of the existing building stock would get Nonresidential Energy Asset Rating
each year and begin to realize energy savings.
The research team assumes that 90 percent of Energy Asset Rating savings would
ultimately be realized through a financing or incentive program (the other 10 percent
are assumed to occur naturally according to the initiative of the building owner or
operator). For this phase, to make a clear distinction between savings expected to be
claimed by utilities and those expected to be attributed to programs run by the state,
the NORESCO team assigned a portion of the 90 percent of Energy Asset Rating savings
expected to be realized through financing and incentive programs to expected enhanced
IOU and POU programs according to the ratio of projected cumulative IOU and POU
savings (both known and expected) to the total projected cumulative savings across all
programs. The remainder of Energy Asset Rating savings is currently attributed to
Energy Asset Rating itself; however, it may be appropriate for later phases to assign a
portion of that savings to other state-run programs.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team updated the analysis approach as follows:


The floor area applicable to the asset ratings program was determined by analyzing the
existing building stock by end use, and comparing it to the total building stock used in
the CEC AB802 program assumption. This results in an estimated 90.7 percent of the
building stock applicable to the asset ratings.

US Energy Information Administration. Available online at: “2003 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2003/
146
The most significant opportunities for savings will be addressed first, leaving lesser opportunities for additional
savings in future years.
145
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Weighted average building stock energy use intensity (EUI) is assumed to match the
AB802 program assumptions, for consistency.
Similar assumptions to the AB802 analysis for savings rate across the building stock will
be applied. Since the asset ratings program is believed to be complementary to the
AB802 benchmarking program, the savings rate for buildings that overlap with AB802
(greater than 50,000 sf, affected building types) is assumed to be 50 percent that of
AB802 for the reference case. For buildings less than 50,000 sf where there is no
overlap, the saving rate (percent) per square foot of building stock is assumed to be
equal that of AB802. The “aggressive scenario” assumes a higher savings rate for both
building categories. (It is assumed that while the asset ratings program can have a
potentially much greater savings level per building, the number of a buildings rated that
receive a high-level audit, a component of the asset ratings program,
For the commercial building stock that is subject to AB802 jurisdictions, it is assumed
that the savings rate to due asset ratings will be 50 percent of the savings rate of AB802.
An increase in savings rate to 1 percent, 2 percent and 3 percent for commercial
buildings subject to AB802 is assumed to occur in 2022, through increased program
adoption.
Overlap between asset ratings and other programs is effectively incorporated in to the
savings rate.
For the building stock NOT subject to AB802 but for which asset ratings can be
performed, the savings rate is assumed to be twice that for buildings that overlap with
AB802 (e.g., the same savings level as AB802).
For the HERS program, the residential building stock affected is assumed to be new
construction only, as there is no established process in place for linking ratings to timeof-sale or other existing buildings.147
For residential ratings, an estimated average end use intensity of 29 kBtu/ft2 for
California single-family construction is estimated.148 An electricity-gas breakdown is
assumed to be 80 percent electricity, 20 percent gas.
For residential ratings (HERS), the following adoption rate over time is assumed:
o Reference Case: increasing from 2 percent in 2018 to 24 percent in 2029, in 2
percent increments per year
o Conservative Case: 0.7 percent in 2020, increasing to 1.7 percent in 2029, in 1
percent increments
o Aggressive Case: 5 percent in 2020, increasing to 60 percent in 2029
Participation Rate and Response Rate assumptions are based on an assumed 2 percent
program uptake rate.

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario. All values have been rounded.


For All Scenarios: The NORESCO team assumed that the building types affected exclude
restaurants, grocery, refrigerated warehouses, and hospitals, adjusting the total building
stock to 90.7 percent of the AB802 commercial building stock. The aggregate building
energy use intensity (EUI) across the building stock matches the CEC AB802
assumptions.

Interview with Brian Selby, experienced HERS rater with in-depth knowledge and experience at the building
department level.
148
Energy Information Adminstration 2009. Household Energy Use in California,
https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/ca.pdf.
147
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Reference Case: The NORESCO team assumed that there is a 2 percent year-over-year
uptake in the program savings, due to increased adoption and more effective realization
of program savings through implementing capital improvement projects. The team also
assumed that the savings level across the affected building stock would be 50 percent of
the AB802 savings for buildings greater than 50,000 square feet and 100 percent of the
AB802 savings rate (per ft2) for buildings less than 50,000 square feet. A reference case
was added for Home Energy Rating (HERS) System whole-house ratings, to estimate
savings potential for the rating itself, independent from Title 24 Part 6 code
requirements. For residential ratings (HERS), NORESCO assumed an effective adoption
rate that increases from 2 percent in 2018 to 24 percent in 2029.



Conservative Case: The NORESCO team assumed that the uptake rate is reduced from 2
percent to 0.5 percent year over year, to reflect a more conservative adoption rate.
Moreover, the program savings are not expected to begin until the year 2020, as
opposed to 2018 for the reference case. The conservative case reduced the rate of
implementation for HERS ratings as well. For residential ratings, NORESCO reduced the
adoption rate as previously described.



Aggressive Case: The NORESCO team assumed that the savings rate for buildings
applicable to the asset rating program is doubled: 100 percent of the AB802 savings rate
for buildings greater than 50,000 sf, and 150 percent of the AB802 savings rate for
buildings less than 50,000 sf not impacted by AB802. The aggressive case assumed a 50
percent increase in building stock adoption, which incorporates an assumption that a
fraction of existing homes will obtain a rating, and apply the rating results to initiate
energy efficiency measures. For residential ratings, NORESCO increased the adoption
rate as previously described.

Results:
Overall, the NORESCO team estimates Asset Rating cumulative savings of 549 GWh in the 2029
program year, and 6.2MM therm gas savings. Conservative and aggressive estimates of
electricity savings for PY 2029 are 369 GWh and 1,046 GWh, respectively. The HERS rating
program constitutes about 1 percent of the total program savings, primarily due to the reduced
applicable building stock and reduced use of ratings in existing residential buildings. Moreover,
the energy use intensity (EUI) for residential buildings is roughly one-third of the estimated EUI
of the commercial buildings that are eligible for commercial asset ratings.
The asset ratings should provide very persistent savings. Improvements in rating scores
require changes to either physical attributes (window replacement, for example) or other HVAC
equipment that has a degree of permanence. In this sense, the program is a good complement
to AB802 benchmarking. The table below shows the estimated breakdown of measures by type
and their useful life.
Table 29: Measure Savings Decay Assumptions
Measure Category

Weighting

Expected Useful Life (yrs)

HVAC Equipment

30.00%

HVAC Control Equipment

10.00%

8

HVAC Control Operations

0.00%

3

Lighting Equipment

50.00%

15

Lighting Control

10.00%

8

Other

0.00%

10
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A procedure was applied to decrement savings of measures after their useful life using the
assumptions above. The net effect is a attenuation of cumulative savings of about 12 percent
of the total without degradation, indicating a strong degree of persistence.
There are a few unknowns with this program that will affect savings, such as the date the
program resumes and the building types that are affected by this program. The potential
savings level is significant, but there will also be significant overlap with other efficiency
programs that involve capital improvement projects (such as financing).

Table 30: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Energy Asset Rating
Energy

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

-

176.0

179.0

182.5

520.1

529.8

539.7

549.8

560.1

553.0

563.3

573.8

551.0

0.0

0.0

0.0

2.0

2.0

2.1

5.9

6.0

6.1

6.2

6.4

6.3

6.4

6.5

6.3

Unit

Elec
(GWh)
NG (MM
therms)

Source: California Energy Commission staff.

SMART METER AND CONTROLS
Program Description:
This program is intended to leverage the smart meters that have been installed in California to
encourage reduction in energy consumption by providing consumers with real-time information
on the costs associated with energy consumption at that time. As energy is reduced during
peak load periods, some of the load may be shed to lower periods, saving the consumer money,
and also saving energy consumption via the employment of a direct, Internet of Things (IoT) or
otherwise-connected device. Smart meters can be installed on electric, gas, and water meters.
While not a currently established program, there is support to suggest that implementation of a
smart meter and controls program can result in energy savings. As of 2015, over 80 percent of
meters in California are listed as Advanced Metering Infrastructure (AMI) electricity meters.
These meters enable the variable rate structures, demand response, and improved customer
feedback and control149.
As the smart meter market develops, there is potential for feedback to include historical
baseline information, and enable the control of energy consumption in a manner that reflects
the Time Dependent Valuation (TDV) of the energy consumed.

Walton, Robert. “How smart meters are changing energy efficiency in California.” Utility DIVE. December 9, 2015.
http://www.utilitydive.com/news/how-smart-meters-are-changing-energy-efficiency-in-california/410489/

149
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Further, the smart meter may be able to communicate through the internet with devices in the
building that are connected as part of the IoT. For example, the air conditioner can be sent a
signal to only operate minimally when the electricity rates are above a threshold, or the clothes
dryer can be set to run as soon as the electricity rate drops below a desired level. This
communication will be automatic, but the decision-making will initially be made by the
consumer, rather than the utility. Utilities, however, have chosen to incentivize this through
programs to encourage reduced demand peaks, lower overall energy consumption, and lower
overall TDV for the consumption profile in some circumstances. For example, PG&E uses this to
encourage peak reduction through their SmartRate rate plan, with an incentive of lower overall
rates predicated on the consumer reducing electricity usage on certain days of peak demand;
which is limited to 15 per year150.
Note that smart meters are effectively the enabling technology needed to create behavioral
programs, which results in a potential for substantial overlap with the Behavioral,
Retrocomissioning, and Operational Savings (BROS) program. For this reason, the NORESCO
team has adopted a narrow interpretation of smart metering; that is, the employment of a
direct, IoT or otherwise-connected device. Energy efficiency opportunities that involve semiactive or ongoing participant decision-making fall outside the scope of this definition (such
opportunities are included in the BROS program). Additionally, as part of this analysis, the
NORESCO team only considered smart meter-based interventions that reduce energy
consumption (not interventions that only shift demand).
Buildings Affected:
Residential buildings are candidates for smart meter savings because they generate a relatively
high level of discretionary energy consumption. There is opportunity for smart meter savings in
nonresidential buildings as well. For example, a facility manager may choose to reduce light
levels when the energy cost crosses a threshold, even if there isn’t a demand response event
occurring. In some cases, BAS controls may facilitate action that enables automated smart
meter savings; in other cases, BAS capabilities may be able to determine the necessary
efficiency intervention without the need for smart meter input at all.
Methods
Relevant Measures:
The NORESCO team focused on savings from real-time programs in existing, residential
buildings. Although commercial buildings can also use real-time programs, there is potential
for double-counting savings from other commercial BROS programs and measures for energy
management systems (EMS) and other operational tools.
Data Sources:



Savings from real-time programs in the PG 2018 study
Advanced metering initiatives and residential feedback programs: a meta-review for
household electricity-saving opportunities151

PG&E. “Discover SmartRate: Determine if SmartRate is right for you.” Accessed in May 2017. Available online at:
https://www.pge.com/en_US/residential/rate-plans/rate-plan-options/smart-rate-add-on/discover-smart-rate/discoversmart-rate.page?
150

Ehrhardt-Martinez, Karen, et al. “Advanced Metering Initiatives and Residential Feedback Programs: A Meta-Review
for Household Electricity-Saving Opportunities.” June 2010.

151
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Methodology:
The analysis of this program was conducted through a phased approach as follows:
Phase 1 Approach:









The research team evaluated smart meter and controls potential for buildings of all
types and sizes, including all non-residential buildings and all multifamily and singlefamily homes. The source of expected energy savings is reduction in consumption
associated with automatic response of IoT or otherwise connected devices to smart
meter feedback.
Floor area data by building type were extracted from the IEPR building stock data. For
multifamily buildings, IEPR data capture number of households. To convert number of
multifamily households, the research team followed the same assumptions leveraged by
the 2016 Impact Analysis Report152: 26 percent of multifamily households are high rise
units with a floor area of 1,248 ft2; the remaining households are contained within 6,960
ft2, two-story, 8 dwelling buildings (870 ft2 per unit). For single family homes, 45 percent
of homes are assumed to be 2,100 ft2 and 55 percent are assumed to be 2,700 ft2.
Commercial building energy use intensities (for electricity and gas, separately) were
extracted from the California Commercial End-Use Survey (CEUS)153. To account for the
age of CEUS data, values were updated according to the ratio of energy use data
captured by 2012 CBECS154 and 2003 CBECS155 (ratios were calculated for each
combination of fuel and building type.
Residential building energy use intensities (for electricity and gas, separately) were
extracted from the California Statewide Residential Appliance Saturation Study (RASS)
for 2009156.
Due to the lack of data availability related to the potential for smart meter and controls,
as well as the general indication that demand and time-of-use response interventions
are the area of focus for the technology, the NORESCO team made the following
conservative assumptions regarding the energy efficiency potential of smart meter and
controls:
o Energy savings from smart meter and controls will not begin to be realized until
2020.
o Approximate savings will increase to approximately 0.5 percent for electricity
and 0.25 percent for natural gas by year five and then flatten out after that. A
logarithmic fit is applied to determine savings by year.
o Starting in 2020, an additional 2 percent of buildings will begin to realize savings
via smart meter and controls each year.

Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The NORESCO team analyzed energy savings that can be attributed to Smart
Meter and Controls primarily based on results from the BROS program. This analysis delineated
energy savings that have been captured by the 2018 PG Study, which are assigned to the bottom
wedge, from the energy savings that can be counted as “incremental” for SB 350.

NORESCO; Nittler, Ken. “Impact Analysis: 2016 Update to the California Energy Efficiency Standards for Residential
and Nonresidential Buildings,” 2015.
153
Itron. California Commercial End-use Survey. May 2017. Available online at:
http://capabilities.itron.com/CeusWeb/Default.aspx
154
US Energy Information Administration. “2012 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2012
155
US Energy Information Administration. Available online at: “2003 CBECS Survey Data.” Available online at:
https://www.eia.gov/consumption/commercial/data/2003/
156
DNV-GL. “California Statewide Residential Appliance Saturation Study.” 2010. Available online at:
https://webtools.dnvgl.com/rass2009/
152
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Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: This analysis assigned 2018 PG reference savings from IOU real-time
programs to the bottom wedge. The 2018 PG study includes two residential programs:
In Home Display (IHD)- Real Time Feedback and Web-Real Time Feedback. For the
middle wedge, the NORESCO team added savings from POU programs, based on the
assumption that POUs would launch similar real-time programs as the IOUs beginning in
2019.
o For 2019 through 2029, this analysis assumed the POUs’ savings were the same
as IOUs’ RCx savings, adjusted by population – i.e., multiplied by 0.33, based on
25 percent of the population in POU territories / 75 percent in IOU territories.157
o The NORESCO team did not include other real-time programs (beyond those in
the 2018 PG study) in the middle wedge, because of the potential for overlap
with other residential behavioral programs, or overlap with commercial BROS
programs.



Conservative Case: this analysis modeled the following: Real-time measures reduce
energy savings through conservation efforts such as reducing hours of operation and
changes in set-points (e.g., higher temperature set-points for air conditioning). As other
SB 350 measures increase energy efficiency, operational energy declines, and the energy
savings from real-time measures declines. The NORESCO team considered how real-time
measure savings would decline in the future as follows:
o Assumed the same savings as the reference scenario from 2015 to 2020, because
many SB350 initiatives are projected to be ramping up until 2020.
o For 2029, assumed that savings would be 50 percent of the energy savings from
the reference prediction for real-time programs through 2029. This analysis
selected 50 percent using industry judgement, to represent the lower limit of
what the NORESCO team considered to be feasible for reduced energy savings
opportunities.
o Developed a smooth curve for energy savings from 2021 through 2029, using the
difference in real-time savings from 2020 through 2029 and dividing this value
by 10 years.
o Real-time feedback primarily affects electricity savings, since California’s AMI
infrastructure installed to date has been for electricity. However, some
electricity-savings measures can provide small ancillary gas savings. The
NORESCO team used the 2018 PG assumptions for gas savings for the two
programs included in that study: 0 for the IHD program and 1.5 MM Therms by
2029 (under the reference scenario) for the web-based portal program. For the
additional savings in the aggressive scenario, this analysis assumed zero natural
gas, because the ACEEE study findings were for electricity savings only.
o The NORESCO team assumed 1 year for the EUL of real-time programs, so
cumulative savings were the same as annual savings.



Aggressive Case: This analysis assigned 2018 PG aggressive savings from the two IOU
real-time programs to the bottom wedge. For the middle wedge, for the POUs, this
analysis assumed that smart meter savings would increase at the same rate as IOU
smart meter savings.

CPUC presentation, “Customer and Retail Choice in California”, Nicolas Chaset, May 10, 2017. Available at:
http://energy.nv.gov/uploadedFiles/energynvgov/content/Programs/TaskForces/2017/Agenda%20item%204%20%20California%20Presentation.pdf

157
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o

o

o

o

o

o

For each year, the NORESCO team took the ratio of IOU savings under the
aggressive scenario to IOU savings in the reference scenario, and multiplied this
ratio by smart meter savings from POUs under the reference scenario.
The NORESCO team also included additional savings from enhanced smart-meter
programs, based on a meta-analysis conducted by the American Council for an
Energy Efficient Economy (ACEEE). The ACEEE study estimated savings from
advanced metering initiatives that provide real-time feedback, either through an
on-line portal or in-home display (ACEEE, 2010). The savings documented in the
ACEEE study from real-time feedback programs (4-7 percent) were higher than
the savings estimated for the real-time programs in the 2018 PG (approximately
1-2 percent).
To achieve these additional savings, smart meter programs use enhanced billing
with household specific information and advice (to achieve an average of 4
percent savings) or web-based energy audits with information provided on an
ongoing basis (to achieve an average of 7 percent savings) (ACEEE, 2010).
Because California is a mild climate compared with the rest of the U.S. (including
a lower cooling load), the NORESCO team assumed 3 percent savings total from
AMI real-time feedback.
Because the 2018 PG assumed 1-2 percent savings from real-time feedback
programs, the NORESCO team assumed an incremental savings of 1 percent. For
participation assumptions, the team used the 2018 PG assumption for in-home
display programs of 4 percent, since this is more conservative than the
assumption of 10 percent for on-line portals.
The NORESCO team assumed average household electricity use of 6,296
kWh/year based on the California Statewide Residential Appliance Saturation
Study (RASS) for 2009.

Results:
Except for assuming proportional savings from POU programs, this analysis assumed no
additional savings beyond those included in the 2018 PG study from smart meter programs in
the reference scenario. The NORESCO team made these conservative assumptions to avoid
potentially double-counting savings between smart meter programs and BROs programs. The
NORESCO team views smart meters (either delivered through a program or used as a tool by
customers) as an important enabling mechanism for customers to continue to achieve the same
electricity savings through BROS programs from 2020 through 2029 as they currently save,
despite reduced savings opportunities in the future as other SB 350 initiatives reduce energy
use. In other words, smart meters will be an important tool for guiding customers to achieve
BROS, but this analysis accounted for these savings in the BROS programs (not in Smart Meter
programs).
This analysis assumed small additional savings in the aggressive scenario, from an increase in
energy savings per participating customer compared with the 2018 PG study. To achieve the
aggressive savings, smart meter programs would need to use enhanced billing with household
specific information and advice, or web-based energy audits with information provided on an
ongoing basis. Savings increase by 16 GWh by 2029 from these additional measures.
This analysis also developed a conservative scenario by assuming that smart meter savings in
the 2018 PG study would drop by half per customer by 2029, because the success of other SB
350 programs would reduce savings opportunities from smart meter measures. Smart meter
savings in the conservative scenario are half the reference scenario savings by 2029.
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Table 31: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for the Smart Meters and Controls
Energy Unit

Elec (GWh)

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

-

-

10.7

11.7

12.8

14.1

15.5

17.0

18.7

20.5

22.6

24.7

27.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

NG (MM
therms)

Source: California Energy Commission staff.

FUEL SUBSTITUTION (ELECTRIFICATION)
Program Description:
While not a program per se; the Fuel Substitution category captures energy savings that can be
achieved at the site level by substituting one utility-supplied fuel for another. By definition, that
means substituting electricity for natural gas, or vice versa. Because it is not anticipated that
substituting natural gas for electricity would result in net site energy savings, electrification will
be the main area of focus for this category of savings.
Buildings Affected:
Any commercial or residential new construction or retrofit project for which site energy usage
can be reduced by replacing existing natural gas-powered equipment with electrical equivalents.
Because there is no specific program in place, the current approach is to not limit the potential
savings to any particular building sector. Additionally, as it relates to projecting savings
potential, different funding mechanisms (grants, standard loans, no interest loans, on-bill
financing, etc.) will be considered.
Methods
Relevant Measures:
Anticipated energy efficiency measures include replacing natural gas-powered equivalents with
the following electrical alternatives:




Standard efficiency electrical equipment
o Electric resistance heating
o Electric resistance clothes dryers
o Electric resistance domestic hot water heaters
High efficiency electrical equipment
o Heat pump heating and cooling systems, including min-split systems
o Heat pump domestic hot water heaters
o Combined space and water heating heat pumps
o Heat pump clothes dryers
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Data Sources:










Electrification Technology White Papers158. White papers detailing anticipated energy
performance are available for a number of relevant high efficiency technologies,
including: (1) variable capacity heat pumps, (2) ducted and space-decoupled heat pump
water heaters, (3) combined space and water heating using CO2 refrigerant air-to-water
heat pumps, (4) ductless mini-split heat pump systems, and (5) heat pump clothes
dryers. Such papers will facilitate the specification of energy efficiency measure energy
modeling inputs.
City of Palo Alto Electrification Work Plan159. This report recommends 10 tasks to reduce
Palo Alto’s use of natural gas and gasoline and to electrify its buildings and vehicles
over a 5 year period. The subset of the 10 recommended tasks that relate to building
energy consumption are as follows: (1) promote heat pump water and space heating in
existing homes; (2) provide resources to homeowners to convert existing homes to allelectric homes; (3) explore the development of retail electric rate schedule for homes
that electrify; (4) explore additional residential and commercial building code changes to
expedite electrification; (5) evaluate utility connection fees and permitting fees
associated with electrification projects; (6) explore opportunities to electrify existing
and new city buildings; (7) explore new financing sources to expedite electrification; and
(8) analyze options for district heating to reduce natural gas in commercial buildings.
Additional relevant tasks recommended to be deferred include: (1) facilitate
electrification of space heating in existing large commercial buildings, and (2) study
electrification as a potential element in any future residential or commercial energy
efficiency ordinance.
Space and Water Heating Electrification in Palo Alto: Code Feasibility and Cost
Effectiveness Analysis160. Palo Alto engaged TRC Energy Services to provide analysis for
electrification of new and existing buildings within the city. The scope of the analysis
includes: (1) consideration of potential ramifications on electrical service at the building
level, (2) evaluation of the cost effectiveness of a number of different electrification
strategies by building type (single family residential, low-rise multifamily, small office,
and medium office); and (3) evaluation of potential code, technical and operational
barriers to electrification in both the residential and commercial building sectors.
Urban Footprint Energy Modeling Analysis161. NORESCO recently executed a large scale
analysis that evaluated the potential impacts of a number of perspective policy changes;
electrification was amongst the policy changes analyzed. The analysis spanned a
number of different building types and climate zones.
Sacramento Municipal Utilities District (SMUD)162. SMUD offers heat pump water heater
rebates, indicating that the adoption of measures that enable fuel substitution is
incentivized in certain cases

Methodology:
The analysis of this program was conducted through a phased approach as follows:

158
159
160
161
162

Southern California Edison. Electrification Technology White Papers.
City of Palo Alto. City Council Staff Report. “Fuel Switching/aka Electrification.” August 17, 2015.
City of Palo Alto. TRC Energy Services. “Palo Alto Electrification Final Report.” November 16, 2016.
California Energy Commission. Urban Footprint Energy Modeling Analysis. 2015-2016.
Sacramento Municipal Utility District. 2017. https://www.smud.org/en/index.htm
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Phase 1 Approach: The NORESCO team estimated the energy savings potential for a statewide
fuel substitution program by analyzing the additional natural gas heating load that is expected
to be added to the utility grid from 2018 through 2029. Based on data presented in Palo Alto’s
Electrification Work Plan159, the NORESCO team estimated the fraction of this additional natural
gas load that would serve space and water heating needs. With respect to efficiency, the
NORESCO team assumed that, on average, a fuel substitution program would replace 80 percent
efficient natural gas combustion equipment with heat pump equivalents with a heating COP of
3. With respect to market penetration, the NORESCO team assumed that a fuel substitution
could impact 10 percent of the new construction (both residential and nonresidential) market
moving forward, starting in 2018. Because electrification replaces natural gas load with
electricity load, the net effect is a decrease in natural gas consumption and corresponding
increase in electricity consumption (although, based on the efficiency assumption, a net
reduction in both site and source energy is expected to be achieved).
Phase 2 Approach: This program was not included in Phase 2.
Phase 3 Approach: The Phase 3 approach is a refinement of the Phase 1 approach, where the
potential for natural gas savings through electrification was based on an estimate for the
heating load that could be offset in new construction, both residential and nonresidential.




While the NORESCO team had anticipated pursuing a bottom-up energy modeling
analysis for Phase 3, subsequent investigation revealed that energy modeling was not
likely to result in substantially more accurate savings estimate. While energy modeling
could provide a slightly more accurate indicator of seasonal performance for heat-pump
technology and better predict the variation in the fraction of natural gas use that could
be offset for each combination of building type and climate zone, the impact of such
refinements would be in the noise compared to the impact of relevant market uptake
assumptions.
The key questions that determine potential market impact are: (1) would an
electrification program target existing buildings or only new construction, and (2) what
fraction of the target market could be expected to implement electrification through
2029. To facilitate the Phase 3 analysis, the NORESCO team assumed that major fuel
substitution efforts would be largely limited to new construction due to potential
infrastructure limitations for retrofit cases. Additionally, based on feedback from the
Energy Commission, the NORESCO team scaled back the market penetration assumption
from the Phase 1 approach, delaying any penetration until 2020 and then ramping up
gradually to 10 percent penetration (for the reference case) through 2029. See the
Scenario-based Approach section for more details on the scenarios analyzed

Scenario Approach:
Based on this information, the NORESCO team made the following assumptions for a reference,
conservative, and aggressive savings scenario.


Reference Case: The reference case assumes that fuel substitution program(s) would
impact residential and nonresidential new construction starting at a penetration rate of
1 percent in 2020 and ramping up linearly to a rate of 10 percent through 2029.



Conservative Case: To account for a potential scenario in which fuel substitution does
not become cost effective through 2029, the conservative case assumes no savings.



Aggressive Case: The aggressive case assumes that fuel substitution program(s) would
impact residential and nonresidential new construction starting at a penetration rate of
2.5 percent in 2020 and ramping up linearly to a rate of 25 percent through 2029.
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Results:
The big question with respect to fuel substitution is if, and when, technology costs, renewable
penetration, and utility costs converge to make it cost effective. While the general consensus is
that it the market has not reached that tipping point, the NORESCO team believes it is likely to
occur in the near future. Accordingly, while the conservative case allows for a scenario in which
no fuel substitution savings are achievable through 2029, the reference and aggressive cases
assume that cost-effective fuel substitution will be enable at least limited uptake of fuel
substitution programs at the municipality level starting in 2020.

Table 32: Electricity (GWh) and Natural Gas (MM therms) Savings Projected From 2015 Through
2029 for Fuel Substitution
Energy

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

-

-

-

0.0

0.0

-14.3

-43.5

-88.0

-148

-223

-314

-420

-543

-683

-841

0.0

0.0

0.0

0.0

0.0

1.8

5.6

11.3

18.9

28.6

40.2

53.8

69.6

87.5

107.7

Unit

Elec
(GWh)

NG (MM
therms)

Source: California Energy Commission staff.

STANDARD SAVINGS INCLUDED IN THE 2016 IEPR UPDATE
MANAGED DEMAND FORECAST
The analyses described in the previous sections for Energy Commission and federal standards
do not include savings for the impacts of standards adopted in 2015 and futures up to 2019
that are embedded in the Energy Commission’s managed demand forecast last adopted in the
2016 IEPR Update proceeding.
Methods
Staff reviewed the baseline demand forecast and the corresponding AAEE projections
(subtracting AAEE from the baseline makes the managed demand forecast) from the 2016 IEPR
Update proceeding to determine the size of these impacts. The 2016 IEPR Update cycle did not
include new AAEE analyses; rather, the AAEE analyses developed in the 2015 IEPR proceeding
were simply scaled down by the first year of savings (added into the 2016 baseline forecast)
and extrapolated out one additional year into the future. 163 Table 12 of the 2015 California

California Energy Commission, California Energy Demand Updated Forecast, 2017-2027. Publication Number: CEC200-2016- 016-CMF, p. 47. See http://docketpublic.energy.ca.gov/PublicDocuments/16-IEPR05/TN215745_20170202T125433_FINAL_California_Energy_Demand_Updated_Forecast_20172027.pdf
163

Page 114

Energy Demand Update report summarizes the vintages of Title 24, Title 20, and federal
appliance efficiency standards that were assessed in that proceeding.164
As the five AAEE cases are defined to include some of the same vintages of prospective Title 24
building standards that have been reassessed and described earlier in this report, staff selected
the Mid Baseline-Mid Low AAEE case to obtain savings projections for just 2016 updates to Title
24 Building Standards, Title 20 Appliance Standards, and federal appliance standards enacted,
but not yet effective. Further, since the CPUC is now implementing revised programs to address
AB 802 requirements to use existing baseline in most instances, staff believes that some
portion of the Title 24 Building Standards savings reported in the 2016 IEPR Update duplicates
behavior, retrocommissioning, operational efficiency (BROs) savings projections included in the
staff companion paper describing utility target setting. Thus of the selected AAEE case, only
appliance standards have clearly incremental savings that do not duplicate other assessments
in the two utility potential studies165 or the assessments of future standards described above in
this paper.
Table 33 reports the electricity and natural gas savings for recently adopted Title 20 and
federal appliance standards affecting appliances purchased in 2015 and future years. In staff’s
judgment these are incremental savings to those reported earlier in this paper.
Results:
Table 33: Electricity (GWh) and Natural Gas (MM Therms) Savings Projected from 2015 Onwards
for Recently Adopted State and Federal Appliance Standards

Energy Unit

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

Elec (GWh)

92

242

502

851

1200

1541

1864

2185

2505

2769

3029

3287

3506

3752

3990

NG (MM Therms)

3.9

11.4

15.5

18.8

22.1

25.5

29.1

32.6

36.2

40.4

44.7

49.0

53.3

57.6

61.8

Source: California Energy Commission staff.

California Energy Commission, California Energy Demand 2016-2026, Revised Electricity Forecast. Publication
Number: CEC-200-2016-001-V1., p. 58. See http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR03/TN207439_20160115T152221_California_Energy_Demand_20162026_Revised_Electricity_Forecast.pdf
164

165
California Energy Commission, Senate Bill 350 Energy Efficiency Target Setting for Utility Programs, Chapter 2,
forthcoming.
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AGRICULTURAL AND INDUSTRIAL METHODOLOGY
The same methods are used to estimate potential energy savings from both industry and
agriculture sectors. This is an approximation of the potential energy savings that can be
captured by programs not funded through utility rates. For this estimation, staff used the
recently published Total Resource Cost with greenhouse gas (GHG) adder #1 (TRC GHG #1) and
Program Administrator Cost test-Aggressive (PAC-Aggressive) scenarios from the
Navigant/CPUC 2018 Potential and Goals Study.166 The TRC test measures the net costs of a
demand-side management program as a resource option based on the total costs of the
program, including both the participants’ and the utility’s costs.167 The GHG adder #1 scenario
uses business-as-usual incentive levels but with an additional cost included for GHG emissions.
Whereas the PAC is a test measures the net costs of a demand-side management program as a
resource option based on the costs incurred by the program administrator, including incentive
costs but excluding any net costs incurred by the participant.168 In the aggressive scenario, the
PAC has more incentives available and a greater marketing strength beyond what is modeled in
the reference case.
Methods
These tests represent a slightly above business-as-usual and a most aggressive energy efficiency
market potential scenario, respectively. The energy savings estimated for the programs not
funded through utility rates, is the difference between the PAC-Aggressive and TRC GHG #1
cost-effectiveness test scenarios. Staff has chosen this increment of savings because it has
already been determined to be cost-effective and, since it is an aggressive scenario reliant upon
additional funding for incentives, it is possible that the funding and additional savings could
come from programs non-utility entities. To estimate these energy savings, staff summed the
individual measures from the Navigant industrial and agricultural market potential results
viewer to get electricity and natural gas savings. The PAC-Aggressive electricity totals for both
sectors are subtracted from the TRC GHG #1 electricity totals. The same process is done for
natural gas totals for both sectors. The differences that result from this subtraction are the
incremental energy savings. Table 34 shows the expected electricity and natural gas savings
potential up to 2029 for the industrial sector and Table 35 shows these savings for the
agricultural sector. The incremental energy savings were then converted to Quad BTUs to show
the overall incremental energy savings that are potentially available from these two sectors
(Table 36). To capture the incremental energy savings, the Energy Commission will need to
collaborate with stakeholders in the industrial and agricultural sectors to determine which
measures have the greatest potential for energy savings and the best means through which, a
program not funded through utility rates, can implement those measures.

Navigant, Energy Efficiency Potential and Goals Study for 2018 and Beyond, Prepared for the California Public
Utilities Commission, June 2017.
167
California Public Utilities Commission, California Standard Practice Manual, page 18. 2001. Available at:
http://www.cpuc.ca.gov/egyefficiency/
168
California Public Utilities Commission, California Standard Practice Manual, page 23. 2001. Available at:
http://www.cpuc.ca.gov/egyefficiency/
166
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Results:
Table 34: Industrial Sector Incremental Savings: A- Electricity (GWh), B- Natural Gas (MM Therms)
1A
Industrial Sector
Incremental
Electricity Savings
(GWh)
TRC GHG #1
PAC‐Aggr
Incremental Savings

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

136.3
138.1

294.2
314.3

415.7
450.5

533.9
592.9

619.3
697.0

625.6
700.9

611.4
677.6

569.1
624.2

512.1
550.1

465.2
489.8

436.0
450.2

422.7
430.6

419.5
426.1

424.1
436.0

438.0
459.3

1.8

20.2

34.8

59.0

77.7

75.3

66.1

55.1

38.0

24.6

14.2

8.0

6.6

11.9

21.2

Source: Navigant and California Energy Commission staff.
1B
Industrial Sector
Incremental Natural
Gas Savings (MM
Therms)
TRC GHG #1
PAC‐Aggr
Incremental Savings

2015
4.8
5.1

2016
14.3
14.6

2017
24.3
24.8

2018
35.0
35.8

2019
46.0
47.2

2020
54.3
55.9

2021
63.3
65.3

2022
75.1
78.9

2023
89.8
94.0

2024
103.0
107.4

2025
114.5
119.1

2026
124.6
129.6

2027
133.3
135.3

2028
135.2
141.8

2029
137.5
147.7

0.2

0.3

0.4

0.8

1.2

1.5

1.9

3.8

4.3

4.4

4.5

5.0

2.1

6.6

10.2

Source: Navigant and California Energy Commission staff.

Table 35: Agriculture Sector Incremental Savings: A- Electricity (GWh), B- Natural Gas (MM
Therms)
2A
Agricultural Sector
Incremental
Electricity Savings
(GWh)
TRC GHG #1
PAC‐Aggr
Incremental Savings

2015
27.7
28.0

2016
97.1
109.9

2017
170.9
194.3

2018
238.6
274.9

2019
315.9
356.7

2020
388.3
434.2

2021
454.9
505.2

2022
515.4
569.5

2023
569.8
626.2

2024
618.8
677.4

2025
664.6
726.6

2026
709.0
776.4

2027
754.2
829.7

2028
803.0
890.6

2029
856.8
962.1

0.3

12.8

23.4

36.2

40.8

46.0

50.3

54.1

56.4

58.6

62.0

67.4

75.5

87.6

105.3

Source: Navigant and California Energy Commission staff.
2B
Agricultural Sector
Incremental Natural
Gas Savings (MM
Therms)
TRC GHG #1
PAC‐Aggr
Incremental Savings

2015
0.3
0.3

2016
1.6
1.6

2017
2.8
2.9

2018
4.3
4.4

2019
5.9
5.9

2020
7.4
7.5

2021
9.0
9.1

2022
10.6
10.7

2023
12.4
12.5

2024
14.2
14.3

2025
16.1
16.2

2026
18.0
18.2

2027
20.0
20.3

2028
22.0
22.5

2029
24.2
24.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.1

0.1

0.2

0.3

0.4

0.6

Source: Navigant and California Energy Commission staff.

Table 36: Agricultural and Industrial Energy Savings (Quad BTUs)
Energy Savings
(Quad BTU)
Industrial
Agricultural

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2.83E‐05 0.000207 0.000403 0.000676 0.000943 0.001149 0.001127 0.001415 0.001886 0.002271 0.00257 0.002651 0.002516 0.00248 0.002366
4.26E‐06 0.000191 0.000385 0.000576 0.000742 0.000919 0.001091 0.001267 0.001443 0.001625 0.001818 0.002025 0.002251 0.002503 0.002793

Source: Navigant and California Energy Commission staff.
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