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EXECUTIVE SUMMARY
This report describes recommended strategies to increase energy efficiency in existing
buildings in California, in response to AB 549 (Longville), Chapter 905, Statutes of 2001.
AB 549 directs the California Energy Commission to "investigate options and develop a
plan to decrease wasteful peak load energy consumption in existing residential and
nonresidential buildings," and report its findings to the Legislature. Wasteful peak load
consumption can be targeted through energy efficiency actions that reduce inefficient
energy use or through "demand response” actions that avoid energy use during critical
peak or emergency periods when the cost to provide energy is highest. This report
focuses primarily on energy efficiency actions while summarizing efforts underway to
advance demand response.

California's Successful Energy Efficiency Programs
California’s homes and buildings are relatively energy efficient today, compared to those
in other states and many countries of the world. Since the passage of the WarrenAlquist Act in 1975, homes and buildings in California have been made increasingly
efficient, due to periodically updated efficiency requirements in Building and Appliance
Standards. In this same 30-year period, the California Public Utility Commission (CPUC)
has directed the investor-owned utilities to commit over $5 billion to energy efficiency
information, technical assistance and incentive programs, an estimated 85 percent of
which has been targeted at retrofit energy efficiency investments in existing buildings.
Figure ES-1 illustrates the savings already achieved within California’s existing building
stock.
Figure ES-1
Cumulative Energy Savings of California Standards and Energy Efficiency Programs
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California’s Building and Appliance Standards and the utility efficiency programs work
together to increase the efficiency of both new and existing homes and businesses.
Building Standards target newly constructed buildings, but they also increasingly affect
additions and specific alterations of existing homes and commercial buildings.
Appliance Standards increase the efficiency of the appliance stock in new buildings and
existing buildings (as appliances are replaced). These Standards aim to build in
efficiency when it is most cost-effective to do so - at the start of a building's or
appliance's in-service life. Some utility programs provide incentives for new buildings to
be built even more efficiently than required by Standards, but most target retrofit actions
in existing homes and businesses. Figure ES-2 shows the effect of California’s legacy of
energy efficiency policies and investments in comparison to the rest of the nation.
Figure ES-2

Yet, even with all that we have accomplished in California, studies show that substantial
opportunities remain to cost-effectively improve the efficiency of existing buildings.
About three-quarters of California’s homes and apartments – more than 8 million homes
– were built prior to the 1982 1 Building Standards. On average, these homes are
smaller than new homes and have less energy-using equipment (such as air
conditioning), and hence use less energy. Many have been upgraded since they were
initially constructed and have been made more efficient through participation in utility
efficiency programs or because of applicable Standards. Generally, though,
considerable potential for increasing the efficiency of energy use in California’s older
homes remains untapped. Older commercial buildings in California, where half of the
1

This was the first version of the Standards to include energy performance requirements, sometimes
referred to as the "Second Generation Standards." Prior to that the Department of Housing and
Community Development had adopted insulation only Standards in 1975 and the Energy Commission
had adopted whole-building prescriptive Standards in 1977.
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floor area was built prior to the first Energy Standards, are similarly affected by
underinvestment in efficiency.

Current Efficiency Programs and Policies
Since 2001, California has significantly expanded its energy efficiency efforts. Building
on the successful foundation of its previous programs, California established a new
focus on energy efficiency as "first in the loading order" of resource options as guided
by the joint Energy Commission/CPUC Energy Action Plan.
Two successive rounds of updates to the Building Standards have been adopted by the
Energy Commission since 2001, and a third round is in progress for 2008. The
Standards that became effective in October of this year break new ground by mandating
efficiency testing and improvements in existing homes when heating or air conditioning
equipment is replaced. In addition, in 2002, 2004 and 2005 the Energy Commission
adopted new Appliance Standards that extend Standards to a variety of new appliance
and equipment categories, reducing energy use in both new and existing buildings and
homes. Additional Appliance Standards are in progress for adoption in 2006 and
beyond. The Energy Commission expects its regular updates of the Standards to save a
minimum of an additional 20 percent of the affected energy covered for nonresidential
buildings and 15 percent for all buildings by 2015.
The California Public Utilities Commission (CPUC), with the collaboration of the Energy
Commission, recently adopted significantly expanded program goals and spending
levels for the investor-owned utilities’ efficiency programs. The adopted long-term goals
for the four investor-owned utilities are to reduce energy consumption by an additional
23,183 GWh, 4,885 MW and 444 million therms per year by 2013. To launch the
intensified level of activity to reach these goals, the CPUC has authorized these utilities,
over the next three years, to spend approximately $2 billion on energy efficiency
programs, targeted mostly at retrofit investments in existing buildings. The Energy
Commission has recommended an increased focus on peak load savings as these
programs are further developed.
California’s municipal utilities are also investing in energy efficiency, albeit at a lower
level than the State’s investor-owned utilities. The Energy Commission, pursuant to
Senate Bill 1037 (Statutes of 2005), will be receiving additional information about
municipal utility energy efficiency efforts and working with these utilities to establish
efficiency goals and programs consistent with the investor-owned utility goals.
In December 2004, Governor Schwarzenegger signed Executive Order S-20-04,
establishing California’s Green Building Initiative (GBI). The Green Building Initiative
commits the State to a series of actions that will result in a 20 percent reduction in the
energy use of State-owned buildings by 2015 and calls for a 20 percent reduction in the
energy use of privately-owned commercial buildings. In June 2005, the Governor
established targets to reduce California’s greenhouse gas emissions through a series of
strategies including additional energy efficiency investments. These directives will place
v

OPTIONS FOR ENERGY EFFICIENCY in EXISTING BUILDINGS
COMMISSION REPORT

increased emphasis on efforts to reduce demand for electricity, especially at peak
times.

Peak Load Reduction Through Demand Response
A primary strategy for peak load reduction in both the residential and the commercial
sector is continued and expanded implementation of demand response programs and
equipment. Demand response programs facilitate the efficient use of energy
infrastructure, improving efficiency, reducing peak load, and reducing overall energy
costs.
The CPUC in June 2003 adopted goals for investor-owned utilities to reduce peak
electrical demand by 5 percent of annual system peak demand (an additional 1500 2000 MW) by 2007 through "demand response" programs. The investor owned utilities
filed a range of demand response programs intended to achieve 1529 MW of demand
response in the 2006-2008 period. This amount is roughly 3.7percent of the estimated
peak demand for bundled customers in 2006. Experiments in 2004 and 2005 revealed
that in addition to the known potential for large customers, substantial potential for this
price-induced demand reduction exists for existing residential and small commercial
electricity users.
The investor-owned utilities this year submitted plans to install advanced metering
systems for all their customers. These advanced systems will provide the necessary
platform from which to expand load management capabilities and customer usage
information. Critical peak pricing or other time-variant rate designs, when added to the
advanced metering infrastructure, will provide consumers the opportunity to reduce their
energy bills through efficiency, peak reduction, and peak-shifting actions and
investments. The CPUC already has approved two utilities' expenditures on the first
steps toward the advanced metering infrastructure, and expects to approve additional
demand response tariff designs in time for the summer of 2006.

Recommendations
The strategies recommended in this report build on the foundation of California’s historic
and current energy efficiency programs and policies. They aim to fill “gaps” identified in
these efforts, focusing on the times – or “trigger points” – that are the most likely
opportunities to effect a significant change in a building’s energy-consuming
characteristics.
Examples of these “trigger points” include the sale of a property, a change in the
leasehold on a property, the replacement of equipment and components installed on the
premises, and refinancing, remodeling, renovation or rehabilitation events. Providing
information about each specific building’s energy efficiency potential and access to
efficiency programs would be most effective at those times. These trigger points are
also candidates for mandating the provision of relevant information and efficiency
investments when appropriate.
vi
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The strategies also capitalize on the availability of improved databases and diagnostic
tools to identify individual buildings and building systems that offer the best
opportunities for efficiency retrofits and improved energy utilization. Such activities not
only identify targets for efficiency improvements, but also offer methods to convey to
buyers, operators, and lenders information about the expected operating costs and
market values of efficient or inefficient buildings.
The following strategies offer the most promise for further cost-effective energy and
peak load savings in existing buildings. Implementing these strategies could save 300 to
500 MW annually, cutting California’s annual peak load growth by about one quarter.

Residential Strategies
Time-of-Sale Information Disclosure – By 2010, California should begin requiring the
disclosure of home energy ratings when a house is sold. Prior to this requirement, the
Energy Commission should work with the real estate industry to develop and implement
a program for time-of-sale information disclosure, including an informational booklet
about home energy efficiency. In addition, the Energy Commission should conclude the
Home Energy Rating System rulemaking and ensure that the infrastructure for the timeof-sale requirement is sufficiently in place. Legislative action is recommended.
Information Gateway – By 2009, utilities should upgrade their efficiency information
programs into a central clearinghouse, or gateway, that motivates homeowners to take
advantage of applicable energy efficiency actions, programs and services. The gateway
should make maximum use of utility websites, target high peak demand and high
energy use homes, facilitate residential benchmarking, and provide information to those
homeowners that are unlikely to access web-based information. No legislative action is
needed.
Integrated Whole Building Diagnostic Testing and Repair – By 2008, the whole
building diagnostic testing industry should be expanded and transformed, targeting high
peak demand areas. Whole building diagnostic testing is a process to systematically
detect flaws in building construction or operation, diagnose their causes, and facilitate,
enable and verify their correction, leading to energy savings as well as increased
comfort, health, and safety benefits. Cost-effectiveness criteria should appropriately
account for the non-energy benefits realized. No legislative action is needed.
Assistance to Affordable Housing – By 2010, the State should improve and
coordinate existing energy efficiency policies and procedures among utilities and State
energy and housing agencies to improve the energy efficiency of affordable housing.
Trigger points for this strategy include property rehabilitation and equipment
replacement decisions. The strategy is also keyed to the unique financing and tax credit
opportunities that are available to the owners of affordable housing. Legislative action is
recommended.

vii
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Equipment Tune-Ups – By 2011, the HVAC maintenance industry should be prepared
to increase the frequency and effectiveness of heating, ventilating and air conditioning
(HVAC) system tune-ups and maintenance services for single family and multi-family
residential customers. Utility programs and industry training efforts should be expanded
and targeted appropriately to develop the industry, connecting to time-of-sale events
and leading to further Standards requirements for testing and correction when
equipment is replaced. No legislative action is needed.

Commercial Strategies
Benchmarking – By 2009, the State should establish a California-specific
benchmarking system available to all commercial buildings in the State, consistent with
the Green Buildings Initiative. Benchmarking will provide energy consumption
information in a form that commercial building owners and operators can use to
compare their building's performance to similar buildings. The Energy Commission is in
the process of developing a benchmarking tool and working with utilities, the Green
Action Real Estate Industry Leadership Council and other stakeholders to promote the
use of benchmarking as standard practice. The State should reach out more widely to
all commercial building owners. Legislative action is recommended to require
benchmarking be performed when a commercial building is financed or refinanced.
Retro-commissioning – By 2008, the State's utilities should establish a program
infrastructure that promotes and facilitates retro-commissioning of existing commercial
buildings. Retro-commissioning systematically investigates the operation of a building’s
energy consuming equipment to detect, diagnose, and correct faults in the installation
and operation of commercial building energy systems. No legislative action is needed.

Regulatory and Utility Actions
The 2006-2008 utility programs, under California Public Utilities Commission (CPUC)
oversight and with Energy Commission collaboration, include information, technical
assistance and incentive programs that can support the strategies recommended in this
report. Also, the program planning for the period commencing in 2009 will provide
another opportunity for accomplishing these strategies.
•

The utilities, with CPUC approval, should use the flexibility accorded under the
CPUC decision to re-allocate funds as necessary and appropriate to accomplish
the strategies in this report.

•

The Energy Commission should continue to work with publicly-owned utilities to
develop and support efforts to incorporate the strategies outlined here in a
coordinated statewide fashion.

•

To maximize the benefits of these strategies, the CPUC and the Energy
Commission should work with the utilities to develop and improve information
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and outreach programs to motivate home owners and business owners to
participate in the recommended energy efficiency actions.

Legislative Actions
In order to capture the long-term benefits of the strategies proposed in this report, the
Legislature should:
•

Require the Energy Commission to prepare a report on the experience and
results of the residential Time-of-Sale Information Disclosure pilot program.
Consistent with this report, require disclosure of efficiency information at time-ofsale.

•

Require energy ratings and energy efficiency upgrades for properties that
participate in subsidized housing tax credit programs. Allow the cost of energy
ratings to be an eligible cost under the tax credit.

•

Require benchmarking when commercial buildings are financed or refinanced.

•

Require the California State Teachers Retirement System and Public Employees
Retirement System to report on their progress in benchmarking and undertaking
energy efficiency improvements to their commercial building investment portfolio
to achieve at least a 20 percent savings as called for by the Green Building
Initiative.

•

Remove legislative constraints on the CPUC’s ability to adopt time-varying
electric rates for residential customers. Time-differentiated price signals would
offer these customers the ability to reduce their energy bills by reducing their
peak load electricity consumption.

.
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CHAPTER 1: Purpose and Structure of the Report
This report is in response to AB 549, which calls on the Energy Commission to
investigate options to reduce wasteful peak load energy use in California’s existing
residential and nonresidential buildings. The attention on existing buildings augments
the impact of the Energy Commission’s Building and Appliance Energy Efficiency
Standards.
There are over 13 million existing buildings in California, compared to the approximately
200,000 constructed each year. More than half of the existing buildings were built
before the first Energy Efficiency Standards were established in 1978. While many have
been upgraded over time, these older buildings represent a large reserve of potential
energy and peak demand savings.
Reducing energy consumption and peak demand through greater energy efficiency is
the cornerstone of the State’s energy policy. Homes and commercial buildings consume
66 percent of the State’s electricity. Improving the efficiency with which this energy is
used will contribute significantly to the adequacy of the State’s energy supplies.
Options for reducing peak consumption include those that increase the efficiency of
buildings and equipment that use electricity during peak periods as well as those that
shift or shave peak demand. Strategies that reduce natural gas consumption are also
included since a large and growing portion of California’s electricity generation is fueled
by natural gas.
The remaining report chapters are as follows:
Chapter 2. Current Programs and Initiatives
Chapter 3. Energy Savings Potential of Existing Buildings
Chapter 4. Reductions in Peak Load Electricity Use Through Demand Response
Chapter 5. Recommended Residential Strategies
Chapter 6. Recommended Commercial Strategies

1

OPTIONS FOR ENERGY EFFICIENCY in EXISTING BUILDINGS
COMMISSION REPORT

CHAPTER 2: Current Programs and Initiatives
Building and Appliance Energy Efficiency Standards
The Warren-Alquist Act, passed in 1974 and signed into law by Governor Reagan,
created the California Energy Commission and charged it with adopting Energy
Efficiency Standards for appliances sold in California and new building construction
(including newly constructed buildings and additions and alterations to existing
buildings). The Standards were required to be technically feasible and cost-effective.
Building Standards, which are adopted under Title 24, Part 6, of the California Code of
Regulations, apply to both residential and nonresidential buildings. First adopted by the
Energy Commission in 1977 and put into effect in 1978, they are periodically updated
and are enforced by local building departments.
The Energy Commission also regularly adopts Appliance Standards, which prohibit the
manufacture for sale in California of non-complying appliances. The first Appliance
Standards went into effect in 1976. The Building Standards adopt the Appliance
Standards by reference and, in some cases, set more stringent efficiency requirements
for appliances that are permanently installed in newly constructed or existing buildings.
The Energy Commission stepped-up the intensity of both Building and Appliance
Standards in response to the 2000-2001 energy crisis and subsequent energy policy
direction. In 2000, Assembly Bill 970, directed the Energy Commission to adopt
emergency updates to both Building and Appliance Standards. In 2001, Senate Bill 5X
required the Energy Commission to adopt Energy Efficiency Standards for outdoor
lighting, including lighting in unconditioned buildings, such as warehouses. As a result,
the Building Standards were substantially updated in 2001 and 2003 and the Appliance
Standards, in 2002 and 2004.
The recent Standards updating effort was targeted not only at raising the energy
efficiency of newly constructed buildings, but also of additions and alterations to existing
buildings and the installation of equipment in existing buildings. This emphasis is
partially in response to concerns, as raised in AB 549, about the need to achieve
greater efficiency in existing buildings. An example of the new Building Standards’
emphasis is the requirement to test and seal ducts in existing buildings when central
heating and air conditioning equipment is replaced.
It is estimated that between 1975 and 2003, the Building and Appliance Standards and
California’s other energy efficiency programs have saved close to 40,000 gigawatt
hours (GWh) of electricity and nearly 12,000 megawatts (MW) of peak demand,
equivalent to more than two dozen 500 MW power plants. 2 The Standards have saved
the equivalent of over $56 billion in electricity and natural gas costs above the costs of
2

Source: Integrated Energy Policy Report Draft, 2005.
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compliance. The Energy Commission expects that the Standards will save an additional
$23 billion by 2013.

Investor-owned Utilities’ Energy Efficiency Programs
California utilities have a long history of investing in energy efficiency programs. Since
1976, they have spent over $5.6 billion to reduce electricity and natural gas use in
existing buildings, ranging from $10 million to $310 million per year. Figure 2-1 shows
spending by the IOUs on energy efficiency programs for new and retrofit (existing)
buildings since 1985. Most expenditures (84 percent) have been directed toward the
existing buildings market.
Figure 2-1
Annual Spending by PG&E, SCE, and SDG&E
For Energy Efficiency Programs
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First year savings from these programs are shown in Figure 2-2. With the exception of
1985, savings achieved are proportional to expenditures, which have waxed and waned
over time. Savings for existing buildings have ranged from 626 to 1,661 GWh hours per
year.
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Figure 2-2
First Year Savings for Retrofit and New Construction Sectors for PY 1985-2004
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In the 2003 Integrated Energy Policy Report (Energy Report) the Energy Commission
recommended the following:
•

Increase public funding for cost-effective energy efficiency programs above then
current levels to reduce peak electricity demand by at least an additional 1,700
MWs and reduce total electricity used by 6,000 GWh by 2008.

•

Increase funding for natural gas efficiency programs to reduce natural gas use an
additional 100 million therms by 2013.

•

Standardize and increase the evaluation and monitoring of energy efficiency
programs to ensure delivery of savings and benefits.

•

Implement appropriate mandates, incentives, and funding to maximize the
energy efficiency potential of existing buildings.

The 2003 Energy Report concluded that the maximum achievable cumulative savings
from energy efficiency programs over the next decade would be 30,000 GWh. In
September 2004, the CPUC adopted a set of aggressive energy savings goals
designed to reach and exceed this potential. These are shown in Table 2-1.
If these goals are met, the energy savings could represent as much as 59 percent of the
investor-owned utilities’ additional electricity needs between 2004 and 2013, and could
increase natural gas savings by 116 percent over the next decade.
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Table 2-1
Electricity and Natural Gas Program Savings Goals
(All Investor-Owned Utilities)
Total Annual
Electricity
Savings
(GWh/yr)
Total Cumulative
Savings(GWh/yr)
Total Peak
Savings (MW)
Total Annual
Natural Gas
Savings
(MMTh/yr)
Total Cumulative
Natural Gas
Savings
(MMTh/yr)

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

1,838

1,838

2,032

2,275

2,505

2,538

2,465

2,513

2,547

2,631

1,838

3,677

5,709

7,984

10,489

13,027

15,492

18,005

20,552

23,183

379

757

1,199

1,677

2,205

2,740

3,259

3,789

4,328

4,885

21

21

30

37

44

52

54

57

61

67

21

42

72

110

154

206

260

316

377

444

Source: CPUC Decision 04-09-060, September 23, 2004, Interim Opinion: Energy Savings goals for
Program Year 2006 and Beyond.

On September 22, 2005, the CPUC approved the 2006-2008 program plans proposed
by the investor-owned utilities (see Table 2-2). The utility programs are expected to
provide greater energy savings than previously achieved by any set of utility programs
in California, over 2,000 GWh per year. Peak demand savings are projected to be 1500
MW over the three years, with natural gas savings exceeding 47 million therms annually
by 2008. The $2 billion funding will come from a combination of the utilities’ resource
procurement budgets and Public Goods Charge (PGC) funds. Eighty five percent of the
funds will be invested in electric efficiency programs with the balance going to natural
gas programs. Excluding funding for "other" programs 3 , approximately 60 percent of the
funding will be used for existing buildings.

3

Approximately 26 percent of the funding is for “other” programs that target both newly constructed and
existing buildings
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Table 2-2
Statewide Funding and Energy Savings Goals By Sector
Approved 2006 - 2008 Program Plan Filings
Funding
Existing
Residential
Residential
New
Construction
Existing
Nonresidential
Nonresidential
New
Construction
Other
Total

% of Total

Savings
(Net kWh)

% of
Total

Savings
(Net Therms)

% of
Total

$464,762,202

22

2,056,228,241

27

16,289,041

14

$452,783,659

22

1,800,785,019

24

32,658,196

28

$482,215,927

23

2,352,974,350

31

35,168,212

30

$169,760,051
$508,589,595
$2,078,111,434

8
24

547,246,658
724,062,580
7,481,296,847

7
10

19,725,897
12,397,971
116,239,318

17
11

Results of Current Programs
Figure 2-3 shows the estimated cumulative savings in GWh that have been achieved by
the Standards and the other efficiency programs.
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Figure 2-3
Cumulative Energy Savings of California Standards and Energy Efficiency Programs
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This result reflects some key elements of the State’s efficiency programs:
•

Between 1976 and 2004 the utilities spent more than $5.6 billion on energy
efficiency programs, and, in any given year, the utilities focused more than 50
percent of their programs on the achievement of cost-effective retrofits in existing
buildings. In the last five years, expenditures that are clearly targeted at new
construction programs, aiming to increase the efficiency of new buildings beyond
the Standards in place, amounted to about 15 percent of total expenditures.

•

Over half of the energy savings attributed to the Appliance Standards are from
the installation of new appliances in existing buildings. Over time, as existing
homes and buildings replace their energy-using equipment, the Appliance
Standards increase the efficiency of energy use in those homes and buildings.

•

While the Building Standards are usually seen as improving energy efficiency in
newly constructed buildings, they also apply to all additions and many alterations
made to existing buildings and have affected many vintages of existing buildings
constructed since they were first enacted in the late 1970s.
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Figure 2-4 indicates that while average per capita electricity consumption has continued
to increase significantly for the nation as a whole, the per capita use in California began
leveling off in the mid- to late-1970s.
Figure 2-4

Municipal Utility Energy Efficiency Programs
California's municipal utilities have implemented individual energy efficiency programs.
The two largest municipal utilities in the state, the Sacramento Municipal Utility District
(SMUD) and the Los Angeles Department of Water and Power (LADWP), have offered a
wide variety of programs to their customers since the late 1970s, approximately the
same time period as the California IOUs. For 2003, the combined energy savings from
these two utilities was approximately 118 GWh. Twenty-six other publicly-owned utilities
in California have conducted energy efficiency programs.
In 1996, Assembly Bill 1890, required all publicly-owned utilities to invest in public
benefit programs. As a result, the California Municipal Utilities Association (CMUA) has
recommended that publicly-owned utilities invest 2.85 percent of their total revenue in
public benefit programs (including energy efficiency, research and development,
renewables, and low-income programs). According to CMUA, California municipal
utilities spent an average of 3.02 percent on public benefit programs in 2004.
8
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More recently, Senate Bill 1037 (statutes of 2005) required publicly-owned utilities to
adopt the Energy Action Plan’s loading order policy, which posits that a utility should
first acquire all cost-effective energy efficiency before adding supply resources. In
addition, this bill also requires municipal utilities to report annually to the Energy
Commission on their energy efficiency programs.

Green Building Initiative
On December 14, 2004, Governor Schwarzenegger issued Executive Order S-20-04,
launching the Green Building Initiative, which establishes a high priority for energy
efficiency in existing nonresidential buildings. The Green Building Initiative (the
Executive Order and the accompanying Green Building Action Plan) sets a goal to
reduce energy use in both state-owned and other nonresidential buildings by 20 percent
by 2015, and provides specific guidance on accomplishing these savings.
The Green Building Initiative directs the Energy Commission to aggressively update the
Energy Efficiency Standards for nonresidential buildings so that by 2015, the Standards
will save 20 percent more energy. The Standards are expected to be updated three
times in that period with effective dates of 2008, 2011, and 2014. The Building
Standards support the Green Building Initiative in that these savings will occur not only
in newly constructed nonresidential buildings, but also in the large fraction of floor space
that annually undergoes renovation. The Standards are expected to advance the use of
building commissioning and special efforts are to be placed on improving compliance.
The Energy Commission’s efforts are to include cooperative initiatives with state license
boards. In July 2005, the Energy Commission entered into a Memorandum of
Understanding with the Contractors State License Board to launch this effort. Special
attention will be placed on achieving contractor compliance with Building Standards
requirements for alterations to existing buildings.
The Green Building Initiative also directs the Energy Commission to work with the
CPUC, utilities, other governmental agencies and the business community to develop a
building energy benchmarking system for all commercial buildings and public buildings
in the State. The Energy Commission is to prepare a plan and recommendations for
how to accomplish benchmarking in all commercial and public buildings, including
benchmarking at time of property sale and the disclosure of benchmarking results to
tenants, buyers, and lenders.
Furthermore, the Energy Commission is to develop guidelines and standards for
commissioning activities to achieve operational and maintenance efficiency savings in
commercial and public buildings.
The CPUC is directed to determine the level of ratepayer-supported funding that should
be devoted to achieving the 20 percent goal. The CPUC is also urged to collaborate
with the Energy Commission and other organizations to encourage energy efficiency
retrofits, benchmarking and building commissioning.
The Green Building Initiative requests that the California Public Employees Retirement
System and the State Teachers Retirement System cut energy use in their real estate
9
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investment portfolio by 20 percent by 2015 through retro-commissioning and retro-fitting
of energy using systems. The Executive Order also established a Real Estate Industry
Leadership Council, made up of commercial real estate industry leaders, to help
achieve the Green Building Initiative goals in the private sector.
Finally, specific actions for achieving the 20 percent reduction goal include
benchmarking of all state-owned buildings, retro-commissioning of all state-owned
buildings with over 50,000 square feet of floor space, and providing cost-effective
retrofits in all state-owned buildings.

Residential Energy Conservation Ordinances
Two cities, San Francisco and Berkeley, have Residential Energy Conservation
Ordinances (RECOs) that apply to existing homes at the time-of-sale. These may serve
as a model for statewide programs.
San Francisco’s ordinance, in place since 1982, applies to single and two-family
dwellings, apartment buildings and residential hotels which were granted building
permits before July 1, 1978. Certain energy efficiency and water conservation measures
are required to be installed at or before time-of-sale, with compliance checked by either
the Department of Building Inspection or a certified private energy inspector.
Homeowners pay for the cost of the measures up to a cap.
The Berkeley ordinance, in place since 1987, includes ten energy efficiency measures
triggered at the time-of-sale or major renovation. Inspections are carried out by an
independent agent with fees set by the City Council.
Berkeley records indicate that from September 2003 through September 2005, nearly
900 inspections were conducted on over 1,400 units. While 16 to 29 percent of the units
did not comply upon the first inspection, only 7 to 9 percent remained non-compliant.
Berkeley, San Francisco and Oakland are currently considering an upgraded regional
RECO that will focus on a performance approach to achieve more extensive
conservation measures, such as energy efficient windows.
Several other cities and counties have ordinances in place that require more stringent
energy efficiency measures than Title 24 for new construction. Santa Monica is currently
evaluating the potential energy savings and costs associated with a time-of-sale
ordinance.

The Federal Energy Policy Act of 2005
The Federal Energy Policy Act of 2005 provides 2006-2007 tax credits to homeowners
for specified efficiency improvements. The credit is 10 percent of the improvement cost
up to a two-year cap of $500. Incentives are also provided for major upgrades in
existing commercial buildings made between August 2005 (the date of enactment) and
December 31, 2007. The Act also provides for manufacturers of very efficient
10
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refrigerators, clothes washers and dishwashers to receive tax credits for appliances sold
in 2006 and 2007.
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CHAPTER 3: Energy Savings Potential of Existing Buildings
Characteristics of California’s Residential Building Stock
As shown in Table 3-1, the residential building stock is primarily single family units,
about 72 percent of which were built prior to the 1982 “Second Generation” version of
the Building Standards 4 . About 73 percent of the multi-family homes were built prior to
the 1982 Standards. Using the 1982 Building Standards as a benchmark, the likely
candidates for efficiency improvements would then exceed 8 million homes.
Table 3-1
Residential Building Stock by Year
1982
1991
2000
2004

Single Family Units
5,554,290
6,634,644
7,355,358
7,682,759

Multi-family Units
2,723,422
3,334,322
3,551,042
3,718,122

Total
8,277,712
9,968,966
10,906,400
11,400,881

Source: California Energy Commission, 2005 Forecast Data for Residential Buildings.

Survey data indicate that single family homes in California use an average of 7,000 kWh
of electricity per year. Multi-family units average about 4,000 kWh per year. These
averages vary significantly by location, size, income level and age of the home. Older
homes tend to use less energy because they are smaller and have a lower saturation of
installed central air conditioning systems. On average, homes built prior to 1996 use
less than 6,000 kWh per year, while homes built after 1996 use 20 percent more
electricity, or over 7,000 kWh per year. Table 3-2 summarizes the differences between
the electricity use of older and newer homes in California.
Table 3-2 provides some indication of where energy savings potential can be found in
existing homes. Because of the Building Standards, newer homes tend to have more
insulation, better windows, and more energy efficient equipment, such as compact
fluorescent lamps and efficient clothes washers, than older homes. Older homes that
have central air conditioning are likely to have significantly less efficient equipment.

4

This was the first version of the Standards to include energy performance requirements, sometimes
referred to as the "Second Generation Standards." Prior to that the Department of Housing and
Community Development had adopted insulation only Standards in 1975 and the Energy Commission
had adopted whole-building prescriptive Standards in 1977.
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Table 3-2
Comparison of Newer and Older Dwellings
Newer
Dwellings
(Built after
1996)
Annual Electric Household Consumption
(kWh)
Annual Gas Household Consumption (therms)

Older
Dwellings

Percent
Difference

7,159

5,960

20

468

459

2

2,039
3.14
$86,276
74%
83%

1,434
2.93
$58,082
58%
62%

42
7
49
28
35

Saturation of Central AC
Cooling Degree Days
Cooling Degree Days (those with central AC)
Programmable Cooling Thermostat
Swimming Pool Saturation
Average Number of Computers per Home

78%
962
1,119
85%
13%
1.21

41%
900
1,279
47%
8%
0.93

93
7
-13
83
59
30

Natural Gas Primary Heating
Heating Degree Days

86%
2,050

83%
2,023

5
1

91%
91%
79%
71%
2.29
13%

51%
66%
31%
54%
1.74
9%

77
38
157
32
32
43

Dwelling Size (square feet)
Number of Residents
Average Annual Income
Percent Single Family
Owner Occupied

Exterior Wall Insulation Throughout
Attic Insulation
Double Pane Windows Throughout
Low Flow Showerheads Throughout
Average Number of CFLs per Home
Horizontal Axis Washers

Source: California Statewide Residential Appliance Saturation Study Final Report, Executive Summary,
June 2004, publication no. 400-004-009.

The annual energy use per home also depends on climate zone within California,
ranging from about 5,000 kilowatt hours (kWh) in the cooler zones to 8,000 kWh or
more in hotter zones. In addition, the type of dwelling unit affects energy use. Single
family units tend to be larger and have more energy-consuming equipment than multifamily units.

Characteristics of Nonresidential Building Stock
California’s nonresidential building stock is much more diverse than the residential.
Table 3-3 shows that about 46 percent of nonresidential building space was built before
the 1978 Building Standards. Large offices, retail and non-refrigerated warehouses
represent approximately half of the total nonresidential space. These data indicate that
13
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over 5 million square feet of nonresidential buildings may benefit from efficiency
upgrades amounting to significant further savings.
Table 3-3
Percent of Nonresidential Floor Stock Area Built Prior to 1978
(Millions of Square Feet)
Year
Small Office
Restaurant
Retail
Food Store
Non Refrigerated Warehouse
Refrigerated Warehouse
School
University
Hospital
Hotel
Other
Large Office
Total

Pre-1978 Stock
264.6
143.9
799.0
220.4
611.6
39.3
581.2
321.7
239.3
219.9
974.3
833.7
5,248.9

Current
Total Stock
646.3
316.8
1,824.4
476.7
1,480.5
95.0
872.6
547.7
538.2
526.7
2,039.1
2,035.7
11,399.7

Percent of Pre-1978 Stock to
Current Total Stock
41
45
44
46
41
41
67
59
44
41
48
41
46

Source: California Energy Commission, 2005 Forecast Data for Nonresidential Buildings.

Estimated Potential Savings for Existing Buildings
Based on Energy Commission analysis, Table 3-4 demonstrates the potential savings in
electric energy, peak demand, and natural gas that might be able to be achieved in
existing buildings. If one examines the technical potential alone, there could be savings
of 12 percent of statewide electricity consumption, 17 percent of peak demand, and 20
percent of natural gas consumption. The cost-effective savings potential would be a
subset of the technical potential but would still offer significant savings of 9 percent, 11
percent, and 5 percent, respectively.
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Table 3-4
Energy and Demand Savings Potentials
Category
Total Statewide Consumption
Residential
Commercial
Efficiency Technical Potential
5

Residential
Commercial
Efficiency Economic Potential 6
Residential
Commercial

GWh
280,000
70,595
80,000

MW
55,000
15,700
16,500

Million Therms
14,344
5,000
2,100

34,431
19,710
14,721
26,270
15,643
10,627

9,316
5,643
3,673
5,937
3,564
2,373

2,899
2,148
751
799
370
429

5

These values were assembled from four efficiency potential studies authored by F. Coito and M. Rufo of
Xenergy, Inc., prepared for Pacific Gas and Electric Company, 2003 and 2001. The reports are available
at [www.calmac.org].
6
Source: Derived from the Energy Commission’s Staff Report Proposed Energy Savings Goals for
Energy Efficiency Programs in California, publication no. 100-03-021, prepared in support of the 2003
Integrated Energy Policy Report.
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CHAPTER 4: Reductions in Peak Load Electricity Use
Through Demand Response
In AB 549 the Legislature requested that the Energy Commission identify strategies to
reduce the peak load electricity use in existing buildings in California. This focus on
peak demands recognized that the growth of residential air conditioning was
concentrating electricity use into a few, peak hours of the year with consequent costs
and reliability concerns. The Energy Commission and the CPUC have put in place a
number of programs, referred to as Demand Response, to mitigate the peak load
problem.
Customers’ peak loads can be managed in a number of ways:
•

Customers can be provided with price signals that reflect the higher cost of
delivering electricity during peak time periods.

•

Customers can be provided with advanced meters, control equipment and
information to enable them to reduce their peak loads.

•

Utilities can install equipment to allow utility dispatchers to “interrupt” customers’
power for periods of time when needed.

•

Customers can agree to “curtail” their power use or be “interrupted” when called
upon by the utility.

•

Customers can voluntarily respond to public appeals for reductions in electricity
use.

•

Customers’ overall energy use can be reduced through effective energy
efficiency programs.

•

Customers can install photovoltaic systems which normally operate most
effectively coincident with system peaks.

The CPUC has a proceeding underway to enable the IOUs to provide all customers with
advanced meters that will, in addition to allowing time-differentiated rate designs, offer a
wealth of energy use information and communication possibilities. The CPUC has
authorized PG&E and SDG&E to spend $49 million and $8 million, respectively, to test
and deploy hardware and meters to implement the new advanced metering
infrastructure (AMI). Southern California Edison has proposed to spend $12 million on
development of more advanced meter functionality before a decision is made about full
deployment. A decision on full scale deployment of AMI in all service territories is
scheduled for June 2006.
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In addition, the CPUC is considering authorizing “critical peak pricing” tariffs under
which participating customers would pay significantly higher prices for the few highest
cost hours of the year. Extensive experimentation in California and elsewhere has
shown that both large and small customers will respond to these price signals by
reducing their electric usage during peak times. It is expected that real-time pricing will
be considered in each utility's next comprehensive rate case proceeding.
In September 2002, the Legislature directed the Energy Commission to report on the
progress for implementing dynamic pricing in California (Senate Bill 1976). The
Commission submitted Feasibility of Implementing Dynamic Pricing in California
(October 2003, 400-03-020F) in response. This report addressed a number of topics
related to continued success of the CPUC and Energy Commission to bring demand
response into fruition through new pricing mechanisms. One issue that was raised by
the report was that Assembly Bill 1x (Statutes of 2002) may constrain the ability to
introduce time-differentiated rates for residential customers. AB 1x amended the
California Water Code to cap residential rates for customers at or below 130 percent of
the baseline allowance. The Energy Commission expressed concern that the AB 1x
amendments may prohibit the CPUC from offering low usage customers the option of
time-differentiated rates, even if those rates would provide customers lower monthly
bills or more reliability. In the SB 1976 report the Energy Commission raised this issue
to the attention of the Legislature, noting that changes to law that were made by AB 1x
may need to be modified to allow price variation under certain conditions. This report
recommends that legislative constraints on the CPUC’s ability to adopt time-varying
electric rates for residential customers be removed.
Strategies for reducing peak load electricity use would include the following:
•

“Advanced metering infrastructure” for all electric customers in California.

•

“Critical peak pricing” tariffs available to all electric customers.

•

An extensive education campaign on the relationship between time of electricity
use and costs.

•

Comprehensive technical assistance services to customers who choose to alter
their consumption patterns and improve their equipment stock.

•

Requirements in the 2008 and subsequent Building Standards for cost-effective
advanced metering, communicating thermostats, and other energy management
controls.

•

Consideration in the 2008 Building Standards of photovoltaic systems to reduce
air conditioning loads coincident with peak use.
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The Energy Commission recommends continued active involvement of the Energy
Commission in demand response proceedings with the following priorities:
•

The Energy Commission and the utilities should educate consumers on the
rationale for time dependent pricing and the options available to customers to
respond to these rates and reduce their bills.

•

The Energy Commission should continue to support efforts by the CPUC to shift
customers to critical peak pricing tariffs.

•

California energy policy should support the development and deployment of
critical peak pricing rates for residential and small commercial energy customers
and the option of a dynamic real-time pricing structure for large (greater than 200
kW) customers.

•

The utilities and the Energy Commission should encourage the installation of
enhanced automation technologies that automatically provide demand reductions
in response to high price signals.

•

The Energy Commission should consider requiring demand response
technologies through the Building and Appliance Efficiency Standards as a
means to increase system reliability and reduce customers’ costs.

•

The Energy Commission should continue to pursue research related to
facilitation of demand response.
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CHAPTER 5: Recommended Residential Strategies
California Home Energy Rating System Program
Public Resources Code Section 25942 provides the Energy Commission with the
authority and responsibility to establish a statewide home energy rating program which
would have the following elements:
•

Consistent, accurate, and uniform utility ratings based on a single statewide
rating scale.

•

Reasonable estimates of potential utility bill savings, and reliable
recommendations on cost-effective measures to improve energy efficiency.

•

Training and certification procedures for home raters and quality assurance
procedures to promote accurate ratings and to protect consumers.

•

Procedures to establish a uniform reporting system for information on residential
dwellings.

•

Labeling procedures that meet the needs of home buyers, homeowners, renters,
the real estate industry, and mortgage lenders.

Once the California Home Energy Rating System (HERS) program was established, the
Energy Commission was to develop and publish an informational booklet to inform
homeowners, rental property owners, renters, sellers, brokers and the general public
about the program. Real estate sellers and brokers were to be responsible for disclosing
the program and furnishing home purchasers with the information.
Phase 1 of the HERS program, completed in 1999, created the basic operating
framework of the program, including training and certification procedures for raters, and
quality assurance procedures, and data collecting and reporting requirements. The
Phase 1 regulations, adopted by the Energy Commission, established the role of the
HERS provider, an entity to:
•

Train, certify and monitor home energy raters.

•

Conduct complaint investigations.

•

Collect data and report on services that raters provide.

The raters provide third-party diagnostic testing and field verification services to ensure
quality construction and installation of efficiency features.
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Phase 2, which was delayed due to the 2000 electricity crisis, will put in place the
remaining elements needed to provide oversight for energy ratings of existing
residences.
Home energy ratings provide valuable information regarding the existing condition of
energy consuming features in a home and the cost-effectiveness of alternatives to
improve their energy use. That information may be important to the value and
desirability of a particular property and is necessary if owners are considering investing
in energy efficiency improvements. The Energy Commission needs to complete
Phase 2 of the HERS Program proceeding to establish an oversight function for home
energy ratings, consistent with legislative intent. The HERS program will be a
foundational element of the strategies for improving the efficiency of existing
residences.

Strategies for Residential Buildings
The Energy Commission proposes five strategies for reducing peak load and energy
use in existing residential buildings. These strategies were evaluated based on their
applicability at important trigger events, their usefulness in closing gaps in existing
programs, and their ability to reduce known barriers, build supporting infrastructure, and
achieve significant energy savings cost-effectively.
Table 5-1 shows the estimated energy savings, costs, and cost-effectiveness of each
residential strategy. Most of these strategies address both single family and multi-family
buildings. The Assistance to Affordable Housing strategy primarily is expected to impact
energy use in multi-family buildings. Otherwise, each strategy is applicable to both
multi-family buildings and single family buildings.
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Table 5-1
Residential Annual Energy Savings Potential, Costs, and Cost-Effectiveness

Strategy
Home Energy Information
at Time-of-Sale
Disclosure
Pilot Program

Gigawatt
hours Megawatts

Million
therms

Program
Cost
($million)

Participant Total Resource
Benefit
Cost Benefit
Cost Ratio
Cost Ratio

19 - 29

6-9

1.1 – 1.5

3.7 – 5.6

2.1

1.0

164 - 174

49 - 52

9.3 – 9.9

15.1 - 16

2.0

1.0

251 - 266

73 - 77

12.0 – 12.7

0 – 14.6

2.0

1.0 - 1.1

73 - 307

19 - 80

6.6 – 27.8 28.0 – 117.9

1.9

1.0

Integrated Whole Building
Diagnostic Testing and
Repair

45 – 54

40 - 48

1.9 – 2.2

11.9 – 14.3

1.7

1.1

Assistance to Affordable
Housing

17 - 35

27 - 56

4.4 – 9.2

44.5 – 93.1

3.6

1.1

Residential Equipment
Tune-up

15 – 18

20 - 24

3.6 – 4.4

4.7 – 5.6

2.0

1.1

Phase 1
Implementation
Phase 2
Implementation
Information Gateway

Total

584 - 883 234 - 346 38.9 – 67.7 107.9 – 267.1

Time-of-Sale Information Disclosure
In California, over 600,000 existing homes are sold each year, triple the number of new
homes built, and, with the exception of two local ordinances, there are no requirements
for improving the efficiency of these buildings at the time ownership changes. Current
energy efficiency programs do not systematically target the opportunities that exist at
this trigger event.
Some sellers may provide the potential buyer with past utility bills, but this is not a
routine nor a sufficient activity. Utility bills can vary significantly based on occupant
behaviors and, therefore, are not necessarily a reliable indicator of home energy
efficiency. Home energy ratings would offer the customer more information, including
cost-effective options for improving energy efficiency. However, in order to do HERS
ratings systematically, there would need to be more qualified home energy raters and
the real estate industry would have to make HERS ratings a regular part of the sales
transaction.
The purchase of a home is an important opportunity to achieve energy efficiency
improvements. The buyer wants to know what size energy bills to expect, the condition
of the energy-related features and equipment, and the potential for improvements. The
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buyer may be motivated to consider upgrades that will make the home more affordable
to operate and more comfortable, and the seller may be motivated to make upgrades to
improve the prospect of a sale. Efficiency upgrades are likely to be included in the
mortgage at relatively attractive interest rates.
The Energy Commission believes that ultimately there should be a statewide
requirement for home energy ratings at the time-of-sale. However, we have concluded
that it is not currently practical to mandate ratings or efficiency improvements for every
home sold in California. We recommend a process that will move the State
expeditiously in that direction.
First, we propose that the Energy Commission work with the real estate community,
energy raters, and the utilities to develop and make available to home purchasers an
informational booklet about home energy efficiency. Current law (Civil Code 2079.10)
specifies that real estate sellers and brokers who provide such a booklet have met their
obligation for providing information about a statewide home energy rating program. The
booklet will:
•

provide buyers, sellers, brokers, and appraisers information about the opportunity
to invest in energy efficiency improvements at the time-of-sale,

•

explain the desirability of obtaining utility bills from the seller,

•

suggest questions that the potential buyer might ask the seller to assess future
energy bills,

•

explain the right of the purchaser to ask for an energy inspection [pursuant to
Business and Professions Code 7195(a)2],

•

provide information about energy inspection and home energy rating services
currently operating in California, and

•

provide information on utility programs and services.

Meanwhile, the Energy Commission would conclude the HERS Phase 2 proceeding,
conduct training for brokers, sellers, appraisers, and lenders, and work with the CPUC
and the utilities to allocate efficiency program funds to provide incentives for buyers and
sellers at the time-of-sale.
In collaboration with the utilities and the real estate industry, the Energy Commission
would conduct a one-year voluntary pilot program, to demonstrate the value of the
additional efficiency information to brokers, sellers, buyers, purchasers, appraisers and
lenders in selected communities around the State. Based on the results of the pilot, the
Energy Commission would recommend to the Legislature whether or not mandatory
energy ratings would be justified.
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Even with mandatory ratings, it would be the buyer’s decision to pursue energy
efficiency upgrades. While ratings are no guarantee of action on the part of the buyer,
they could provide material information about the energy use and potential for savings
in the 600,000 home sold each year in California. They are superior to the current,
occasional practice of reviewing utility bills in that they are based on a physical
inspection of the energy-using features of the home, provide a comparable rating to
other homes, and offer an assessment of cost-effective measures that will improve the
energy efficiency of the home. In addition, the home energy rating can inform the buyer
about financing options as well as utility and other incentives.
About 193 GWh of electricity could be saved each year if all homes built prior to 1982
participated in this program. This figure climbs to 296 GWh if all homes sold each year
participate.
The program’s cost ranges from $4 million in the early one year pilot program to $16
million annually in later mandatory years. The Energy Commission would fund the work
necessary to develop the booklet and conduct the HERS proceeding. The utilities would
provide incentives during the pilot project. The cost of administering the training,
certification and oversight of HERS raters would be covered by the HERS providers and
would be recouped in the private market as a value-added service. Property sellers and
buyers would pay for the HERS rating, depending upon the details negotiated in the
home sales agreement. The costs of implementing the energy efficiency measures
recommended by the rating, over and above the incentives provided by the utilities,
would be covered by the buyer or seller, and would commonly be included in mortgage
financing associated with the sale.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

The Energy Commission, in collaboration with the utilities, the California
Association of Realtors®, the Department of Real Estate and HERS providers
should develop an informational booklet to offer buyers, sellers, brokers, and
appraisers information about energy use and cost. The booklet should primarily
motivate prospective buyers to elicit information on energy use in homes. It
should also identify available programs and services.

•

Once the Energy Commission has concluded its HERS proceeding, homes being
sold, particularly homes that were built prior to the 1982 Building Standards
should receive a HERS rating. The rating should be easy to understand and
include a description of cost-effective upgrades available to the buyer. These
potential upgrades should be described in sufficient detail to allow a prospective
homebuyer to apply for an Energy Efficient Mortgage.

•

The Energy Commission, the Department of Real Estate and the California
Association of Realtors® should develop coursework for training real estate
agents and other industry professionals on topics related to disclosure of energy
efficiency and home energy rating information.
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•

The Department of Real Estate should make disclosure of energy efficiency and
home energy rating information part of its real estate agent coursework.

•

The Energy Commission working cooperatively with the real estate industry and
the California utilities should conduct a pilot program to demonstrate the value of
home energy ratings to the time-of-sale process.

•

Utility programs should provide incentives for buyers and sellers to obtain ratings
and to implement energy efficiency improvements recommended by the rating.
The incentive should be set, at a minimum, to cover portions of the rating itself
and the efficiency measure(s) cost.
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Table 5-2
Action Plan for Time-of-Sale Information Disclosure
Activity
Form strategy development group
from Energy Commission, industry
experts and service implementers
Provide input into design and
implementation of IOU
administered 2006-2008 programs
(e.g., SDG&E’s TOSEC program)
Assess information needs, funding
resources, develop first version of
informational booklet
Provide input into design of the
process evaluation and market
characterization studies of IOU
administered 2006-2008 programs
Conduct and complete HERS
proceeding
Develop second version of
informational booklet
Develop training materials
Conduct training
Design and conduct pilot program
to field test new HERS procedures,
booklet, materials and training in
selected communities
Assess pilot program results and
deliver report to the Legislature
Design and launch Phase 1
mandatory program for pre 1982
homes
Design and launch Phase 2
mandatory program
Evaluate program and modify to
improve

Lead Organization/Support Organizations
Energy Commission, Department of Real Estate
(DRE), Ca Assoc of Realtors® (CAR), utilities, HERS
providers, CA Real Estate Inspection Association
(CREIA), Office of Real Estate Appraisers (OREA)
Energy Commission, DRE, CAR, Utilities, HERS
providers, CREIA

Timeframe
2006

Energy Commission, CAR, utilities, HERS providers,
CREIA, OREA

2006

Energy Commission, DRE, CAR, Utilities, HERS
providers, CREIA

2006

Energy Commission
Energy Commission, CAR, Utilities, HERS providers,
CREIA, OREA
Energy Commission, HERS providers, CAR, DRE,
CREIA, OREA
CAR, HERS providers, DRE, Energy Commission,
CREIA, OREA
Energy Commission, DRE, CAR, Utilities, HERS
providers, CREIA, OREA

2006

2006-2007
2007
2007–2008
2007-2008
2008-2009

Energy Commission

2009

Energy Commission, CAR, utilities, CREIA, OREA

2010

Energy Commission, CAR, utilities, CREIA, OREA

2011

Evaluation Firm
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Information Gateway
Through their extensive efficiency programs, the State's utilities, both investor-owned
and municipal, currently play a role in managing the energy use of their customers.
There is, however, more that they could do by, for example, monitoring energy bills,
targeting homes that are good candidates for energy efficiency, and providing focused
information that will motivate customers to make energy efficiency improvements over
time. Each utility could provide an education and referral service, directing homeowners
and property managers (single family and multi-family buildings) to information and
services, including in-depth online energy audits and referrals to existing energy
efficiency programs. Customers would receive feedback on their energy consumption,
compared to similar customers, through utility websites, mailings or other direct
communication.
Many of the activities that would be part of this strategy are already included in the
utilities’ portfolio of efficiency programs. What is recommended here is that these
programs be given a high priority and, where indicated, expanded beyond current
intentions.
Specific elements of the strategy would include:
•

Targeting homes with the greatest potential for energy savings.

•

Requiring utilities to compile energy use data to identify those customers meeting
specific targeting criteria.

•

Providing feedback on customer energy use through utility websites.

•

Providing online home energy audit information in a multi-level format that allows
the customer to explore their energy use patterns, options for saving energy, and
comparisons to other customers. Additional levels of energy audits (e.g., overthe-phone, in-person) should be provided to targeted and/or interested
customers.

•

Coordinating home energy ratings with utility incentives programs.

•

Connecting customers with opportunities for financing energy efficiency upgrades
either through utility-administered or other financing.

•

Providing customers with energy efficiency program marketing materials through
bill stuffers, online customer service applications and media campaigns.

This strategy should make maximum use of utility websites where customers would
receive feedback on their energy consumption compared to like customers. The
feedback would be formatted to motivate customers to delve deeper into understanding
their energy use patterns and options for saving energy. While California utilities
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currently offer online audits, this strategy would represent an enhancement to those
services. The strategy would recognize that not all customers have internet access or
are motivated to use online services, and needs to be pursued through other means of
communication.
The Energy Commission recommends the formation of an advisory group of utilities,
third-party implementers and industry experts to assist in shaping and coordinating the
effort (this will allow for effectively building on current and 2006-2008 utility plans while
advancing the new approaches in this report). The Energy Commission views the
Information Gateway as a natural extension of current information services provided by
the utilities, and anticipates the need for utilities to work the recommended additional
elements into their program plans and budgets.
It is difficult to estimate savings from an information strategy, but the Energy
Commission believes that it is reasonable to expect at least 20 percent participation.
Greater participation is possible depending upon energy prices and the level of utility
outreach effort. Because of this uncertainty, the strategy has a much wider savings
range than others in the report.
Annual energy savings from the Information Gateway strategy range from 73 to 307
GWh. Funding requirements range from approximately $28 to $118 million per year,
and the strategy will be implemented by the IOUs under the Public Goods Charge
(PGC) - funded and existing procurement programs. 7
The Energy Commission recommends the strategy be implemented through the
following actions:
•

Each utility should establish a central Information Gateway for residential energy
efficiency information and referrals. The utilities should give priority to customers
with the highest energy use or the greatest potential for energy savings. This can
be determined through analysis of usage against such factors as location,
building size, and household composition. All residential building types should be
included, with the information focused at residents, property owners and/or
property managers, as appropriate.

•

The utilities should offer feedback on individual customer energy use through
their websites. Customers without access to the internet should be provided
written communications.

•

The home energy audit information should be provided on a multilevel format that
allows the customer to explore their energy use patterns and options for saving
energy to as much depth as necessary to motivate action. As discussed above,
utilities should collect building description information and deliver audit results
online, over the phone, through the mail or in person as necessary to reach

7

Advanced metering infrastructure is expected to be implemented by the IOUs over the next five years.
The value of this additional information was not included in the energy savings, strategy costs and cost
effectiveness calculations of this report.
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targeted customers. Local governments and community-based organizations
could help reach targeted customers.
•

The audit report should include marketing materials and referrals that are tailored
to the customer’s needs and that provide linkages to existing programs and
services available for the customer to take action on the audit findings.

•

The utilities should take steps to assure easy access to financing assistance.
Financing assistance could take the form of either on-bill or off-bill financing
offered through either existing programs or a separate initiative, to motivate
customers to make efficiency upgrades. Utilities should inquire whether
customers find this financing to be easily accessible and determine what actions
the utility could take to address access concerns.

•

A media campaign should be used to advertise and promote the Information
Gateway strategy.

•

The CPUC and utilities should investigate utility resources necessary to upgrade
utility billing information systems to offer customers more interactive energy
efficiency information.

•

The CPUC should encourage utilities to accept credit for energy savings that can
be linked to information programs.

•

Procedures should be developed to protect the confidentiality of customer billing
data while allowing non-utility implementers to work with high energy use
customers.
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Table 5-3
Action Plan for Information Gateway
Activity

Lead Organization/Support
Organizations

Timeframe

Form strategy development group from
Energy Commission, industry experts and
service implementers

Energy Commission

2006

Conduct market demand and participation
analysis

Energy Commission/ Contractor

2007

Conduct detailed review of feasibility,
desirability and potential benefits, barriers and
approaches

Energy Commission

2007

Examine current homeowner identification
systems and contact approaches and assess
their applicability

Energy Commission

2007

Review designs and approaches for base
lining homes and identifying priority
participants

Energy Commission

2007

Develop a coordinated information delivery
program that reaches all homeowners,
provides covered services and include design
strategies

Energy Commission

2007

Assess detailed program cost and
cost/benefit potentials for developing strategy
under various delivery approaches

Energy Commission

2007

Identify best approaches for information
delivery and incorporate into delivery system
strategy or devise new system that uses
current utility or other means

Energy Commission

2007

Form delivery development team to design
and test pilot program consistent with funding
capability

Energy Commission/IOU

2008

Establish financing programs, potentially link
to On-Bill-Financing Programs

Energy Commission/ Selected
Implementer

2008

Benchmark residential buildings with the
IOUs, using SDG&E’s 2007 Home Energy
Consumption Tool benchmarking efforts as a
potential model

IOU/Energy Commission/ Selected
Implementer

2009

Target customers

IOUs and Selected Implementer

2009

Market services

Selected implementer, linked with FlexYour-Power and other outreach and
strategy-focused marketing efforts

2009

Implement program

IOUs and/or non-utility program
implementers

2009

Evaluate program and modify to improve,
continue or eliminate

Evaluation Firm
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Equipment Tune-Ups
A significant amount of household energy could be saved by increasing the frequency
and effectiveness of tune-ups and maintenance services for heating, ventilating and air
conditioning (HVAC) systems. Homeowners would have HVAC technicians test and, if
indicated, correct airflow requirements, refrigerant charge, and duct leakage during
equipment replacement.
Currently, the Building Standards mandate proper refrigerant charge and duct sealing or
the installation of a thermostatic expansion valve (TXV) when equipment is replaced.
Future Standards could consider requiring checking proper airflow, as well as refrigerant
charge for package air conditioners. In addition, mechanisms should be considered to
encourage these measures at time-of-sale when home ownership changes, starting with
highlighting the importance of these measures in the time-of-sale informational booklets.
The strategy would require increasing numbers and the training and certification level of
HVAC contractors, expanding on programs such as those provided by the Institute for
Heating and Air Conditioning Industries, Inc. and North American Technician
Excellence, Inc.
Once installed, HVAC systems are typically ignored until they fail. Homeowners do not
have experience in determining if a system is operating properly and lack confidence in
the industry to remedy problems. The HVAC industry largely relies on rules of thumb
when replacing or servicing these systems and, because of strong seasonal demand,
technicians are often pressed for time when servicing a unit which can lead to later
HVAC performance problems.
Approximately 40 percent of California’s pre-1978 homes have central air conditioning
and would, therefore, be candidates for this strategy. The estimated energy savings
range from 15 to 18 GWh. This strategy was determined to be cost-effective with
favorable participant and the total resource cost/benefit ratios. Tune-ups in multi-family
applications are particularly appealing since the cost per transaction is lower than in the
more diffuse single family market.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

Training organizations, trade associations, the investor-owned and municipal
utilities, and the Energy Commission should work together to expand technical
training for certification of HVAC technicians.

•

Increased training opportunities to meet the need for additional qualified
technicians through community and vocational schools with HVAC technology
programs should be encouraged.

•

A media campaign should advertise and promote the importance of HVAC tuneups and performance to educate consumers and promote industry certifications.
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•

The 2006-2008 IOU programs to promote quality installation of HVAC equipment
should be actively pursued. The utility programs should rely on the protocols and
third-party verification procedures that the Energy Commission has developed
and put in place to require and promote quality installation of HVAC equipment
for "change-outs" and newly constructed buildings.
Table 5-4
Action Plan for Equipment Tune-Ups
Activity

Lead Organization/Support
Organizations

Timeframe

Review evaluation and technical reports; conduct
assessment and further refine potential savings

Energy Commission

2006

Conduct program market demand and
participation analysis

Energy Commission

2006-2007

Develop program design and funding
requirements

Energy Commission

2007

Conduct strategy go/no-go decision criteria and
make decision based on criteria and available
funding.

Energy Commission

2007

Develop stakeholder group with strong legislative
influence that can support effort over a reasonable
timeline

Energy Commission

2007

Design pilot program development and
implementation strategies consistent with funding

Energy Commission

2007-2008

Develop technical training approach for pilot area

Energy Commission/North American
Technician Excellence

2008

Design marketing and roll-out approach

Energy Commission/Marketing Firm

2008

Implement technician training and stage the
marketing rollout

Energy Commission

2009

Certify technicians

NATE

2009

Rollout initiative in pilot area

Energy Commission/Implementer

2009

Inform and educate consumers

Flex-Your-Power/IOUs

2009

Evaluate program and modify to improve, continue
or eliminate

Evaluation Firm

2009 2010

Phase in mandatory requirements

Energy Commission

2011

Integrated Whole Building Diagnostic Testing and Repair
An evaluation of the interactions of the many factors that affect a building’s performance
- climate, building materials, building assembly, occupant interaction, mechanical
equipment design and installation – would provide guidance on measures for improving
the building’s energy efficiency. Under this strategy, technicians would identify flaws in
construction or operation, use diagnostic tools to guide repairs, and verify improved
performance.
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A detailed diagnostic evaluation allows a technician to understand building performance
issues and implement measures that improve building comfort, health and safety, and
energy efficiency. At the time of remodeling, synergistic benefits are likely to be
realized. For example, when coupled with an air conditioning retrofit, other energy
efficiency improvements may contribute to reduced equipment size of the replacement,
saving the homeowner additional money. The whole building diagnostic approach
represents a more comprehensive way of addressing household energy issues and
more thorough testing and remediation than the residential air conditioning tune-up
strategy, alone.
The energy implications of integrated whole building diagnostic testing and repair
services are important, but may be secondary to issues of comfort, health and safety.
Significant non-energy benefits provide leverage in implementing energy efficiency,
since homeowners highly value comfort, health and safety enhancements.
For many of California’s 5.6 million single family homes built prior to 1982, integrated
whole building diagnostic testing and repair offers the potential for significant energy
and demand savings in addition to non-energy benefits. Due to the comprehensive
nature of the whole building approach, it is more costly than efforts that focus on a
single energy efficiency measure. The higher cost of the whole building approach may
not be cost-effective through reduced energy bills except for high energy users.
However, homeowners using whole building testing often find it valuable and worth the
cost due to the non-energy benefits that are realized. Non-energy benefits could be
included in cost-effectiveness calculations and efforts to engage the insurance industry
in exploring the risk reduction benefits of integrated whole building diagnostic testing
and repair services should be pursued.
The integrated whole building diagnostic testing and repair strategy could potentially be
tailored to target:
•

Sub-regions where peak demand is straining the local transmission and
distribution system infrastructure.

•

Situations where a standard home energy rating has identified problems that
need to be addressed through a more rigorous approach.

•

Homes that have been shown to have higher than normal energy consumption
that suggests an energy related problem may exist.

The California Building Performance Contractors Association currently conducts whole
building system training that involves four days of classroom education and two days of
field work. About 100 contractors have been trained to use the whole building approach
so far, but many more would be needed to implement this strategy if consumers began
to request the service in large numbers.
The Energy Commission received supportive comments from the public on this strategy.
The estimated energy savings range from 45 to 54 GWh. This strategy was determined
to be cost-effective for participants, and is cost-effective from a total resource cost
perspective when deployed in hot climates. Cost-effectiveness would be substantially
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improved if the costs that participants are willing to pay to achieve the comfort, health
and safety benefits, which they commonly value more than the energy savings, were
not included in a strictly energy benefit/cost analysis.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

The Energy Commission and the California Building Performance Contractors
Association should collaborate to develop the necessary training.

•

The CPUC should investigate methods to identify the costs that customers are
willing to pay for the non-energy benefits so as to be able to use these costs in
cost-effectiveness calculations. Utilities should provide incentives based on
careful matching of the energy savings with the costs associated with them. As
part of their 2006-2008 programs, the utilities should expand past efforts to
prepare contractors to deliver whole building diagnostics and repair services.

•

The Energy Commission should engage the insurance industry in exploring the
risk reduction benefits of integrated whole building diagnostic testing and repair
services.

•

A media campaign should advertise and promote the use of qualified contractors
to conduct integrated whole building diagnostic testing and repair.

•

The whole building strategy should be targeted to the sub-regions where peak
demand is straining the local transmission and distribution system infrastructure,
in situations where a standard home assessment has identified problems that
need to be addressed through a more rigorous approach, and for homes that
have been shown to have higher than normal energy consumption.
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Table 5-5
Action Plan for Integrated Whole Building Diagnostic Testing and Repair
Activity

Lead Organization/Support Organizations

Timeframe

Review evaluation and technical reports,
conduct assessment and further refine
potential savings

Energy Commission

2006

Conduct program market demand and
participation analysis

Energy Commission/Market research firm

Develop program design and funding
requirements

Energy Commission

2007

Conduct strategy go/no-go decision criteria
and make decision based on criteria and
available funding.

Energy Commission

2007

Design program development and
implementation strategies consistent with
funding

Energy Commission

2007

Review and revise technical training
approach

Energy Commission/ California Building
Performance Contractors Association
(CBPCA).

2007

Investigate valuation of non-energy benefits

CPUC

2007

Engage insurance industry

Energy Commission

2007

Design targeting and marketing approach

Energy Commission/Marketing expert

2008

Train contractors in target area

CBPCA

2008

Market and roll-out program in target area

Energy Commission with Flex-Your-Power
and other outreach efforts

2008

Evaluate program and modify to improve,
continue or eliminate

Evaluation Firm

2008 2009

2006-2007

Assistance to Affordable Housing
Multi-family apartments and condominiums represent 31 percent of the total housing
stock in California. About 56 percent of multi-family occupants earn less than $35,000
per year, so about 17 percent of the total units in the State can be characterized as
affordable multi-family housing. The combination of having units occupied by lowincome tenants and the “split incentive” situation, in which tenants pay the bill and the
building owners pay for improvements, makes this group especially hard to reach.
The financing options to implement energy efficiency improvements in affordable
housing differ from those available to standard property owners. The owner or manager
of an affordable housing unit may apply for financial support to the California
Department of Housing and Community Development (HCD), the California Tax Credit
Allocation Committee (CTCAC), the California Housing and Finance Agency (Cal HFA),
and possibly other sources for project financing. Resources include tax-exempt bonds
of which Cal HFA is one of the main providers, the CTCAC, and the multi-family housing
program that is administered by HCD. Nearly every type of affordable housing is
associated with one, if not multiple, agencies. In most cases, developers use both the
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tax-exempt bonds from the California Debt Limit Allocation Committee (CDLAC) and tax
credit financing to preserve the project as affordable. In affordable housing projects, tax
credits are involved in nearly 80 percent of the projects.
The following elements are envisioned for a coordinated strategy for affordable multifamily housing:
•

Technical assistance
The utilities should offer information, training and technical support services to
housing property and asset managers, including energy audits and technical
assistance to implement cost-effective upgrade projects. This should build on
2006-2008 programs such as SDG&E’s Multi-family Affordable Housing Retrofit
program. State housing agencies, local housing authorities and non-profit
agencies generally do not have the expertise to properly evaluate and manage
energy efficiency improvement projects. Provision of utility bill tracking software
to the property managers and training on its use would help highlight problems.

•

HVAC tune-up
The utilities’ energy efficiency programs should provide new funding for HVAC
system tune-up, retro-commissioning and operations and maintenance activities.
Housing authorities generally lack the funds for HVAC tune-ups and retrocommissioning projects.

•

Subsidized housing tax regulatory process
Developers that participate in subsidized housing programs generally receive tax
credits and other financial incentives for their investments in low-income housing.
Energy ratings and energy efficiency upgrades should be required as a condition
of participation in these programs. California should not be subsidizing lower
efficiency construction practices when better practices are cost-effectively
available that help lower tenant costs.

•

Efficiency improvements at the time of rehabilitation
Housing rehabilitation projects are frequently invasive to the point where tenants
are relocated during renovation, providing the opportunity to upgrade major
building systems such as windows, insulation, common area lighting, appliances,
HVAC and water heating.

•

Interagency partnerships between State housing agencies and the Energy
Commission
These partnerships would provide technical support services to local housing
authorities, non-profit organizations and project developers. The Energy
Commission has been encouraged to offer technical support services regarding
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energy efficiency to Cal HFA, HUD, CTCAC and SDLAC similar to the current
technical assistance program for public facilities.
•

Energy ratings
State housing agencies should authorize the use of existing state funding
sources or PGC funding to cover the cost of the energy rating and whole building
energy audits. Cal HFA has a predevelopment loan program, which covers both
pre-construction and/or pre-acquisition expenditures. Energy ratings and audits
would be an eligible cost under this program; or audit costs would be a
reimbursable item for successful projects. When a loan is closed with Cal HFA
the costs should be folded into the financing package without requiring a
separate application for predevelopment. Energy ratings should be required as a
condition for receiving the energy efficiency funding.

•

Revision of housing authority utility allowances to reflect energy efficiency
By lowering the utility allowance for housing authority subsidized properties to
reflect efficiency improvements, property owners would be permitted to charge
higher rents since tenant utility bills would be lower. Property owners that invest
in energy efficiency upgrades are currently penalized in the sense that utility
allowances for more efficient properties are the same as for conventional
properties so that owners are not able to charge these higher rents.

•

On-going energy efficiency training to operating and maintenance personnel,
property managers and asset managers
Property managers do not typically have expertise or resources to carry out an
energy audit and implement its findings. In addition, high turnover rates among
operations and maintenance staff mean that training in energy efficiency must be
consistent and continual. Training should be developed in partnership with HCD
and housing management associations.

The estimated energy savings range from 17 to 35 GWh. This strategy was determined
to be cost-effective with favorable participant and the total resource cost/benefit ratios.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

Information, training and technical support services should be offered to
affordable housing property and asset managers, including energy audits and
technical assistance to implement cost-effective upgrade projects. Utility bill
tracking software and appropriate training should be introduced for use by
property managers.

•

The Energy Commission and housing authorities should work together to
highlight property rehabilitation as key trigger events for efficiency upgrades. At
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this time, diagnostics and measure verification can be completed, reducing “per
unit” costs.
•

The Energy Commission should explore possible funding sources for HVAC
system tune-ups, retro-commissioning and operations and maintenance
programs targeted at multi-family properties.

•

The Legislature should require energy ratings and energy efficiency upgrades for
properties that participate in subsidized housing tax credit programs and identify
possible funding sources, such as the Public Goods Charge, to offer incentives to
lower the cost of ratings and whole building energy audits. Services should be
offered to help developers fill out participation forms, arrange for a rating and
determine equipment choices. Energy ratings and audits should be an eligible
cost or a reimbursable item for successful projects.

•

Interagency partnerships should be developed to provide technical support
services to local housing authorities, nonprofit organizations and project
developers.

37

OPTIONS FOR ENERGY EFFICIENCY in EXISTING BUILDINGS
COMMISSION REPORT

Table 5-6
Action Plan for Affordable Housing
Activity

Lead Organization/Support
Organizations

Timeframe

Form strategy development group of experts

Energy Commission

2006

Review research and form consensus on
program design

Energy Commission

2006

Obtain funding to support pilot program

Energy Commission

2007

Design pilot program to address rehabs,
assessments of existing buildings and HVAC
operations and maintenance

Energy Commission

2007

Pass legislation that requires energy ratings
and efficiency upgrades for properties
participating in tax credit programs

Legislature

2007

Coordinate with state housing authorities and
local low income housing organizations

Energy Commission /Strategy
Development Group

2007

Identify areas with planned rehab projects
and current buildings in need of upgrades
and designate pilot program area

Energy Commission/Strategy
Development Group

2007

Provide bill tracking software to prioritize
efforts for housing authorities

Energy Commission

2007

Revise utility allowances to encourage
efficiency

HUD/Energy Commission

2007

Launch educational and outreach efforts at
the local level and work with authorities and
owners to select projects

Energy Commission/ Strategy
Development Group

Provide training and technical education and
support to housing authorities

Energy Commission

2008

Provide audits

Energy Commission/Contractor

2008

Provide incentive programs for multi-family
projects

Utilities

2009

Implement projects in pilot area

Energy Commission/Strategy
Development Group

2008 2010

Evaluate program and modify to improve,
continue or eliminate

Evaluation Firm

2008 2011
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Table 5-7
Residential Strategy Summary
Description and Annual
Savings
Time-of-Sale Information
Disclosure (19 to 266 GWh)
Energy features of home
disclosed to buyer
Utility bills disclosed when
authorized by seller
Information booklet for
buyers, brokers, appraisers
on energy savings tips and
services available
Home Energy Rating System
process concluded and utility
incentives provided to reduce
rating cost and offset measure
cost

Actions
Department of Real Estate, Energy
Commission, real estate agents and
others develop training curriculum on
energy efficiency and energy efficient
mortgages

Lead Role
Department of Real
Estate, Energy
Commission and real
estate agents

Timeframe
2006 for information
booklet, partner with
realtors
2007 for HERS
proceeding

Department of Real Estate offers
home energy rating instruction

2007 for revised
booklet, training, and
incentive development

Energy Commission completes
proceeding to adopt regulations
establishing home energy rating
system for existing homes

Funding
Public Goods
Charge funds
Program cost:
$4 million annually to
$16 million,
depending on phase
and participation

2009 for pilot program
to gain experience

Energy Commission develops booklet
describing home energy rating system
as required by law

2010 for Phase 1 of
mandatory program
2011 for fully
mandatory program

Funding made available to
train raters, brokers,
appraisers and lenders on
energy efficiency and energy
efficient mortgages
Voluntary participation
followed by phased in
mandatory program for pre
1982 homes, then all homes
Information Gateway (73 to
307 GWh)
Central information gateways
established

Utilities establish information gateway
providing customers improved online
audits and feedback on customers
energy use

Customers receive feedback
on energy use

Utilities include referrals for customers
to act on

2007 finalize program
delivery

Online energy audits offer
multilevel details

Financing assistance offered to
encourage customer action

Online audit provides referrals
to energy services

Flex-Your-Power promotes strategy
through advertising campaign

2009 benchmark
residential buildings,
advertise and
implement program

Advertising campaign
Equipment Tune Ups (15 to
18 GWh)
Air conditioners checked at
time of property sale for
proper operation

Utilities, trade organizations, training
organizations, and Energy
Commission develop certification
training for current and new HVAC
professionals

Building standards are
updated to include check of
airflow in HVAC systems

Energy Commission updates Building
Standards, check and correction of
airflow

Utilities support certification of
technicians

IOUs and municipal
utilities

Energy Commission,
utilities and trade
associations

2006 assess resources
needed, evaluate
online audit options
and capabilities

Advertising campaign
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Program cost: $28
million to $118
million annually
depending on
participation

2007 to begin
certification training

Public Goods
Charge funds

2008 to update
Building Standards

$4.7 million to $5.6
million annually
depending on
participation

2009 to implement
strategy

Flex-Your-Power conducts advertising
campaign to promote certifications

Public Goods
Charge funds for
IOUs
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Description and Annual
Savings
Integrated Whole Building
Diagnostics Testing and
Repair (45 to 54 GWh)
Contractor training on building
diagnostic testing
Incentives to help fund
training and offset the cost of
diagnostic services to
customers
Non-energy benefits
considered in costeffectiveness determinations

Actions

Lead Role

Timeframe

Utilities offer incentives for training and
for customers choosing diagnostic
services

Energy Commission,
Public Utilities
Commission, and
utilities

2007 develop program,
design incentives, and
establish non-energy
valuation method

California Building Performance
Contractors Association conducts
additional training

Funding
Public Goods
Charge funds

2008 train contractors,
advertise strategy and
implement program

Program cost:
$12 million to $14
million annually
depending on
participation

2007 utilities offer
technical assistance

Public Goods
Charge funds

2008 property
manager and housing
agency training

Program cost:
$45 million to $93
million annually,
depending on
participation

Energy Commission and CPUC
establish methods to account for nonenergy benefits
Flex-Your-Power administers
advertising campaign

Advertising campaign
Assistance to Affordable
Housing
(17 to 35 GWh)
Technical services provided
Housing authorities trained in
energy efficiency (ratings and
upgrades)

Utilities provide technical services to
asset managers

Utilities and housing
agencies

Housing authorities focus on upgrades
during property rehabilitation,
maintenance and at time-of-sale
Administrators of tax credit programs
ensure energy ratings performed

Energy ratings and efficiency
upgrades required for housing
subsidized by tax credits
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CHAPTER 6: Recommended Commercial Strategies
The Energy Commission considered several strategies for reducing energy use in
existing nonresidential buildings. Two of these strategies - Commercial Building
Benchmarking and Retro-Commissioning - were determined to be potentially powerful
approaches that have had only minor application in past utility programs. They are the
keystones of the Green Building Initiative. The IOU’s 2006-2008 program plans include
these strategies and should serve as a baseline for expanded efforts. Table 6-1 shows
the estimated savings, cost and cost effectiveness of each commercial strategy.

Commercial Benchmarking
The Governor’s Green Building Initiative, Executive Order S-20-04, and its
implementing Action Plan, endorse benchmarking of all commercial and public buildings
in California, calling on the Energy Commission to produce a plan, timetable and
recommendations to accomplish this goal.
The benchmarking portion of the Order is a critical part of the Green Building Action
Plan. There are two distinct tasks: 1) the mandatory benchmarking of thousands of
State buildings, for which the Department of General Services is responsible, and
2) development of a statewide benchmarking system for voluntary use by the owners
and managers of over 1 million private commercial buildings, for which the Energy
Commission is responsible.
Table 6-1
Nonresidential Annual Energy Savings Potential, Costs, and Cost-Effectiveness
Strategy

Benchmarking

Gigawatt Megawatts Million
hours
therms
26 - 33

6-8

0.4 - 0.5

Program
Cost
($million)

Participant
Benefit Cost
Ratio

Total Resource
Cost Benefit Cost
Ratio

2.0 – 2.5

2.5

1.1

3.2

1.7

Retro-commissioning 152 - 182

77 - 92

7.6 – 9.1 41.0 – 49.2

Total

83 - 100

8.0 – 9.6 43.0 – 51.7

178 - 215

* Potential savings for demand response are high, but not quantified for this report.

The Green Building Action Plan directs the Energy Commission to perform the following
tasks related to benchmarking:
•

To propose a simple, California-specific energy efficiency benchmarking system
for California’s commercial buildings, with the input of other governmental
agencies, public and private utilities and representatives of the business
community.
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•

To provide the Governor with a plan, timetable and recommendations to
accomplish benchmarking for all commercial and public buildings including
benchmarking at the time-of-sale, and a system which discloses benchmarking
ratings to tenants and buyers at the time-of-sale.

Benchmarking will allow building owners and managers to compare their buildings’
energy efficiency performance in two ways: against the performance of similar buildings,
and as a baseline to demonstrate changes in building performance over time. The tool
alone will not reduce energy use: its purpose is to inform building managers about
energy performance and to motivate them to make their buildings more energy efficient.
It can also help establish investment priorities to take advantage of energy efficiency
opportunities.
Prominent commercial building benchmarking systems include the United States
Environmental Protection Agency’s (EPA) ENERGY STAR and the Lawrence Berkeley
National Laboratory’s (LBNL) Cal Arch California Building Energy Reference Tool. Both
systems use a web interface to compare the energy consumption data of a particular
building to a database of consumption data for a large number of other existing similar
buildings. The EPA tool uses the federal Commercial Building Energy Consumption
Survey (CBECS) data, while Cal Arch uses data from the Commercial Building End Use
Survey (CEUS) that is specific to California buildings. Both databases are updated
periodically. A current survey is now being conducted with building data being available
for use by Cal Arch in late 2006.

Benchmarking tools typically compare energy consumption per square foot of floor
space for comparable classes of buildings or Standard Industrial Code (SIC)
designations. To calculate a “first level” benchmark requires only information that should
be readily available without requiring energy audits of the building. By considering more
detailed information, more insightful comparisons can be drawn. Therefore, the
benchmarking tool should be designed to have multiple levels of increasing detail to
allow both the simplest benchmarking rating and potentially more meaningful
comparisons.
The overall elements of the commercial building benchmarking strategy include:
•

Encouragement of benchmarking at the time of financing and refinancing
Financing and refinancing are appropriate opportunities to consider the operating
costs of the building and ways to reduce them.

•

Utility billing information that can be used for benchmarking
Utilities would make available to building owners sufficient information to allow
them to compare their building’s energy use to that of other similar buildings. A
mechanism would be provided for continuous updating of benchmarking scores
with each utility billing cycle, or some other timeframe, to track the
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effectiveness/impact of changes in building operations or installation of energy
efficiency features.
Benchmarking also provides a means for utilities to identify poorly performing
buildings for purposes of offering energy audits and energy efficiency
information.
•

Referral to energy efficiency programs
Benchmarking alone leads to limited energy savings. To motivate further
investigation into what may be cost-effective for the individual building, referrals
to appropriate energy audit programs and opportunities for financial assistance
for making improvements would be made.

The Energy Commission received supportive comments regarding benchmarking at its
public meeting. The estimated energy savings range from 26 to 33 GWh. The strategy
was also determined to be cost-effective.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

The Energy Commission’s PIER program should continue working with the Oak
Ridge National Laboratory and the U.S. Environmental Protection Agency to
review new data for characterizing the California building stock and analytical
methods for whole-building benchmarking. In addition, discussions should
continue with the Lawrence Berkeley National Laboratory to explore approaches
for benchmarking at different end-use levels, as well as setting best practice
targets. The goal of this work is to improve upon the existing Cal Arch or the US
EPA energy performance rating system to better meet California's benchmarking
needs. In addition, discussions with the US EPA should continue on options both
for addressing California's benchmarking needs within the national energy
performance rating system, as well as linkages between California-based efforts
and the ENERGY STAR brand. Until an improved California-specific system is
available, the Energy Commission recommends that benchmarking be
accomplished by using the existing version of the EPA rating system.

•

Utilities should be required to make available, under appropriate confidentiality
considerations, billing information that could be used to benchmark all
commercial buildings. A mechanism should be provided for updating
benchmarking scores periodically to track the effectiveness of changes in
building operations or installation of energy efficiency features. The utilities have
committed to provide benchmarking services to all commercial customers.

•

Legislation should be considered to require benchmarking during financing and
refinancing events. Buildings are financed/refinanced periodically throughout
their lives. It is appropriate to consider the operating costs of the building and
ways to reduce those operating costs during these events.
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•

The utilities should provide referrals to retro-commissioning and retrofit services
for interested customers who have received benchmarking information on their
property.

•

Utilities should provide energy audits and retro-commissioning for poorly
performing buildings.

•

The Energy Commission should work with the Building Owners and Managers
Association (BOMA), the International Facilities Management Association
(IFMA), and the Real Estate Leadership Industry Council (RELIC) to get
benchmarking listed as a best practice for building property management.
Enlisting these powerful trade organizations would be very helpful in promoting
benchmarking.
Table 6-2
Action Plan for Commercial Building Benchmarking
Activity

Lead Organization/Support
Organizations

Timeframe

Form expert panel to guide program development
and direction

Energy Commission/DOE/EPA/LBNL

2006

Work with trade organizations and building owners
to promote benchmarking as best practice

Energy
Commission/BOMA/IFMA/RELIC

2006

Utilities integrate benchmarking into existing
energy efficiency programs

Utilities

2006

Require benchmarking of CALSTRS and PERS
buildings

Legislature

2007

Target poorly performing buildings for audits and
retro-commissioning services

Utilities/Energy Commission

2007

Design and Market program

Energy Commission/ Flex-YourPower

2008

Require utilities to provide referrals for retrocommissioning services for interested customers

CPUC/ Energy Commission

2008

Implement automated benchmarking

Utilities

2008

Require benchmarking of all commercial buildings
during financing and refinancing

Governor/Legislature

2009

Evaluate program and modify as needed

Evaluation Firm

2010

Retro-commissioning
Retro-commissioning is a process for detecting and diagnosing faults in building
operations so that system corrections can be made. It is recognized as a cost-effective
strategy, typically involving on going activities for improvement. Retro-commissioning
results in low-cost upgrades to building operations and control strategies and
replacement of failed components, as well as recommendations for larger capital
improvements and equipment replacements.
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Elements of the retro-commissioning strategy include:
•

Development of case studies relevant to commercial buildings

•

Current literature about building commissioning relies primarily on information
from government and institutional buildings where the operating issues may be
different than in commercial buildings. Therefore, there is a need to develop
relevant case studies as guidance to commercial building owners and managers.
Assurance that there are sufficient numbers of skilled technicians
Developing infrastructure is an important requirement for any commissioning
strategy. Few providers offer high level commissioning services. Developing the
skills and expertise of commissioning service providers through training is key.

•

Use of incentives and/or tax credits to stimulate demand for retro-commissioning
Although the energy savings potential from commissioning is strong, the market
demand for these services is weak. Financial incentives, potentially funded
through the utilities’ efficiency programs would stimulate market interest.

•

Recognition of the risk management attributes of retro-commissioning
Casting commissioning as a risk management tool, rather than strictly an energy
savings tool may provide greater value to the commercial building owner and
manager community. Retro-commissioning of buildings helps control risk from
volatile energy costs, as well as loss of tenants due to comfort issues and risks of
litigation stemming from indoor air quality problems.

The Energy Commission received several comments on this strategy including an
ongoing concern that the retro-commissioning industry needs to expand and that
continuing training is essential. Some utility experience with retro-commissioning
indicated that the services can be difficult to sell even when offered at no cost and that
owners can also be slow to have the commissioning agents’ recommendations
addressed.
The Green Building Action Plan requires retro-commissioning of all State buildings over
50,000 square feet with re-commissioning every five years. In addition, the CPUC is
directed to fund a statewide campaign to inform building owners and operators about
building commissioning and ensure that PGC-funded programs include building
commissioning. The Energy Commission is directed to develop guidelines and
standards for commissioning and that commissioning is incorporated into building
standards. The California Public Employees Retirement System (PERS) and the State
Teachers Retirement System (STRS) are directed to consider cutting energy use in the
California real estate portfolio through retro-commissioning. Case studies on retrocommissioning that result from the Green Building Initiative would serve as valuable
examples for government buildings and businesses as well.
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The estimated energy savings from this strategy range from 152 to 182 GWh. It was
determined to be clearly cost-effective.
The Energy Commission recommends that this strategy be implemented through the
following actions:
•

The Energy Commission and the California Commissioning Collaborative should
develop and make available case studies from the commercial building sector.
The case studies should emphasize risk management benefits.

•

Utilities should identify customers for retro-commissioning potential using
benchmarking information.

•

Utilities should direct energy efficiency program funds to reduce the cost of
commissioning services, building on 2006-2008 program plans.

•

The Energy Commission, utilities and the California Commissioning Collaborative
should develop materials for training building operators and commissioning
agents to increase awareness and build service capacity in the commissioning
industry.

•

The Department of General Services and the Energy Commission should
develop and distribute marketing messages encouraging building owners and
managers to have their buildings audited, upgraded, and retro-commissioned.
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Table 6-3
Action Plan for Retro-commissioning
Activity

1
2

Lead Organization/Support
Organizations

Timeframe

Form expert panel to guide program development
and direction

Energy Commission/
utilities/Commissioning Collaborative

2006

Review evaluation and technical reports, conduct
assessment and further refine potential savings

Energy Commission/utilities

2006

Conduct program market demand and participation
analysis

Energy Commission/ utilities/Research Firm

2006

Provide incentive programs

Utilities

20061

Develop program design and funding requirements

Energy Commission

2007

Develop case study selection and location criteria

Energy Commission/
utilities/Commissioning Collaborative

2007

Develop case studies

Energy Commission/ utilities/
Commissioning Collaborative

2007

Train commissioning service providers

Energy Commission/ utilities/
Commissioning Collaborative

2007

Target customers

Utilities

2007

Market program

Flex-Your-Power, Department of General
Services/ Energy Commission

20082

Evaluate program and modify to improve, continue
or eliminate

Evaluation Firm

2008 –
2010

Retro-commissioning is a component of the 2006-2008 Investor-Owned Utilities program portfolio.
Coordinate with roll out of benchmarking strategy
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Table 6-4
Nonresidential Strategy Summary
Description and
Annual Savings
Commercial Building
Benchmarking
(26 to 33 GWh)
Benchmarking tool
developed
All commercial buildings
benchmarked and
periodically rechecked
Referrals to audit and
retrofit improvement
services provided
Energy efficiency
information provided to
customers

Actions

Lead Role

Energy Commission completes
benchmarking methodology
(tool) as directed by Green
Building Initiative

CPUC, IOUs
and municipal
utilities,
Legislature

Timeframe

Funding

2006 complete
benchmarking
methodology

Public
Goods
Charge
funds for
IOUs

2006
implement
benchmarking

Utilities develop program to
benchmark all commercial
buildings based on tool
Legislature requires
benchmarking when building
financed or refinanced
CPUC funds statewide program
to promote benchmarking
through Flex-Your-Power as
specified in the Green Building
Initiative

Program
cost:
$2 million to
$2.5 million
annually,
depending
on
participation

Legislature requires CALSTRS
and PERS to report their
progress and experience in
benchmarking all buildings in
their portfolio and achieving a
20% savings from energy
efficiency actions
Retro-commissioning
(152 to 182 GWh)
Retro-commissioning
guidelines developed as
identified in Section
2.2.3 of Green Building
Initiative action plan
Develop infrastructure to
provide services through
additional training
Incentives offered to
increase demand for
services
Best candidate
customers identified
through benchmarking
Promotional efforts to
encourage property
owners/managers to
participate

Energy Commission develops
guidelines and standards for
commissioning private
commercial and public buildings
Utilities screen participants
using benchmarking information
and offer incentives to reduce
cost of retro commissioning
Energy Commission, utilities and
California Commissioning
Collaborative develop training
materials and cost/benefit
information to encourage greater
use of retro-commissioning
Department of General
Services, Energy Commission
and Flex-Your-Power develop
and distribute marketing
messages to engage building
owners
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IOUs and
municipal
utilities, Energy
Commission
and
Commissioning
Collaborative

2006 utility
incentive
programs and
commissioning
guidelines
developed
2007 training
of providers
2008 program
marketing

Public
Goods
Charge
funds for
IOUs
Program
cost:
$41 million
to $49
million
annually,
depending
on
participation
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APPENDIX A: AB 549 Research Approach
In compiling this report, the Energy Commission, through its technical consultants,
conducted literature searches, program manager surveys, key participant interviews,
and expert panel discussions; solicited public comment; and analyzed consumeropinion survey and appliance saturation survey data. Market barriers to adopting energy
efficient technologies were explored, as well as research into consumer behavior and
other market participant motivations. The Energy Commission held two public
workshops to gain input from stakeholders about possible strategies to improve the
energy efficiency of buildings. 8
From these discussions and research, 16 possible strategies were identified and ranked
according to their potential for energy savings. The energy savings calculations were
adapted from a model used by Energy Commission consultants, Xenergy, Inc., in 2002
for a series of studies conducted for existing residential and commercial buildings. The
technical potential of a strategy (defined as the energy savings resulting from complete
penetration of all measures in applications where they are deemed technically feasible)
considered the existing building stock (segmented by vintage, income, ownership and/or
building type), the fraction of building stock targeted by a particular strategy, the
saturation of equipment types in each market segment that are candidates for
upgrades, and the energy savings potential of the technologies promoted by the
strategy. The strategy’s energy savings were calculated from the technical potential, the
program adoption rate, (defined as the fraction of the population targeted by the
strategy that choose to participate) and the measure adoption rate (defined as the rate
of acceptance of individual measures by program participants). This process is
diagramed in Figure A-1. 9

8

To help guide this study, a Project Advisory Committee (PAC) was formed comprised of members of the
California Measurement Advisory Council (CALMAC), which includes representatives from the investorowned utilities, the CPUC and the Energy Commission. The Project Advisory Committee provided
guidance to the contractor, staff and the Committee and was involved in the review of products developed
over the course of the effort. In addition, four public workshops were held to receive input as the report
was being developed. Transcripts of workshops, presentations at workshops, and interim reports can be
found on the AB 549 web page: [www.energy.ca.gov/ab549/index.html]
9

Public Goods Charge (PGC) funds of $300,000 were used for this portion of the AB 549 work as well
as $80,000 from the Energy Commission’s Energy Resources Program Account. The technical support
aspect of this project was led by Architectural Energy Corporation (AEC) under Contract Agreement No.:
400-04-001. Subcontractors assisting in this effort were TecMarket Works, Lutzenhiser Associates, RLW
Analytics, Morton Blatt and the Davis Energy Group.
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Figure A-1

For example, the low range of the “Information Gateway” strategy targets 10 percent of
the pre-standards owner-occupied residential buildings. The technical potential of all
technically feasible measures in the targeted population is 1,195 GWh, 686 MW and
145 million therms (MMth). An estimated 19 percent of the targeted population
participates in the offering, and the participants adopt measures representing an
average of 27 percent of the savings potential in each building. Under these conditions,
the strategy is estimated to save 62 GWh, 18 MW and 6 MMth.
More detailed discussions of the approach used and the feedback received can be
found in two supporting consultant reports:
•

Technical Assistance in Determining Options for Energy Efficiency in Existing
Buildings (publication number CEC-400-2005-011-F)

•

Technical Assistance in Determining Options for Energy Efficiency in Existing
Buildings, Appendices (publication number CEC-400-2005-011-F-AP)

The cost-effectiveness analysis considered two broad measures. The first is participant
cost-effectiveness which includes energy cost savings, incentives paid to the customer
and the customer’s out-of-pocket cost for the measure. Total Resource Cost (TRC) is
the second indicator and includes the above costs as well as program administration
and advertising costs. In addition, the net present value of the utility avoided costs over
the life of the measures is calculated in determining TRC. The avoided cost calculations
take into account the time-dependent nature of avoided costs, meaning that summer
peak savings are valued more highly than off-peak savings, and also consider
generation, transmission, distribution and environmental costs.
Resulting benefit-to-cost ratios of greater than one indicate that the strategy is costeffective. The cost-effectiveness analysis is useful in indicating relative costeffectiveness with the understanding that the benefit-to-cost ratios for one strategy
could be higher or lower depending upon the assumptions used. Assumptions for each
strategy are described in Chapter 5. Detailed assumptions for each strategy and
measures within a strategy can be found in Appendix F of the consultant report.
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The Energy Commission concludes that the strategies presented in this document will
cost-effectively save from 762 GWh to 1098 GWh of electricity usage each year.
Of the 16 strategies formulated by the consultant team, seven are recommended for
implementation. These seven are described within this report.
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APPENDIX B: Strategy Assumptions
Time-of-Sale Information Disclosure
Building Stock and Target Population
The Time-of-Sale Information Disclosure strategy applies to all residential homes.
According to the prior research conducted for the AB 549 project 10 , single family homes
and condominiums were sold in 2002 at the rate of 5.5 percent and 6.3 percent
respectively. Assuming a total population of approximately 9.6 million residential
housing units, this represents approximately 552,000 resale transactions in these
market sectors annually.
Program Adoption
The strategy is designed to be implemented in several phases, starting with a voluntary
pilot program, followed by Phase 1 mandatory disclosures of energy ratings for preBuilding Standards homes, and Phase 2 mandatory disclosures of energy ratings for all
homes regardless of vintage. The program adoption rate for Phase 2 was estimated at
85 to 90 percent of eligible participants, based largely on the expected enforcement
level of the program.
Measure Adoption
Measure adoption rates for the strategy were taken from the evaluation, measurement
and verification (EM&V) study of a voluntary time-of-sale program conducted in the
PG&E service territory 11 , as shown in the Table B-1. Adoptions of energy efficiency
measures by homeowners receiving energy efficiency information at time-of- sale was
aided by referrals to existing equipment rebate programs that offset first costs.

10

Events and Measures, An AB 549 Project Interim Report, prepared by the Heschong Mahone Group for
Southern California Edison, HMG Project #0304, October 3, 2003.
11
GeoPraxis Time-of-Sale (TOS) Home Inspection Program Evaluation, prepared by Robert Mowris and
Associates, 2004, available at www.calmac.org.
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Table B-1
Time-of-Sale Information Disclosure Measure Adoption Rates
Measure category

Measure description

Adoption rate

Building Shell

Low-e window replacement

0.11

Ceiling Insulation

0.33

HVAC

Lighting
Appliances

Water Heating

Wall Insulation

0.2

Infiltration Reduction

0.73

High efficiency central AC

0.46

Programmable Thermostat

0.53

HVAC Diagnostic Testing And Repair

0.46

Duct Repair

0.44

Condensing Furnace

0.44

High efficiency room air conditioner

0.46

CFLs

0.63

Interior fluorescent lighting

0.39

ENERGY STAR Refrigerator

0.31

High efficiency freezer

0.31

ENERGY STAR clothes washer

0.1

ENERGY STAR dishwasher

0.25

High efficiency water heater

0.19

Low flow showerhead

0.17

Pipe wrap

0.64

Faucet aerators

0.8

Based on these measure installation rates, the average energy savings per participant
was estimated to be 535 kWh, 0.15 kW and 26 therms per year.

Total Savings
The total energy savings estimated for this strategy are summarized in Table B-2 below.
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Table B-2
Information at Time-of-Sale Disclosure Energy Savings
Phase
Homes targeted
Program adoption rates
(probable to high)
Number of participants
Savings per home

Gigawatt hours
Megawatts
Million therms

Pilot
356,000
.10 - .15

Phase 1
356,000
.85 - .90

Phase 2
552,000
.85 - .90

35,600 - 53,400
543 kWh/yr
0.16 kW
31 therm/yr
19 - 29
6-9
1.1 - 1.5

302,600 – 320,400
543 kWh/yr
0.16 kW
31 therm/yr
164 - 174
49 - 52
9.3 - 9.9

469,200 - 496,800
535 kWh/yr
0.15 kW
26 therm/yr
251 - 266
73 -77
12.0 - 12.7

Cost and Cost-Effectiveness
Costs for this intervention were estimated for each phase. For the pilot phase, the
program administrative costs were estimated based on costs for a similar program
implemented during the 2002-2003 program cycle 12 . The program costs were
normalized per home, resulting in an average cost of $73 per home. 13 Measure costs
for the measures adopted by the participants were taken from the statewide residential
efficiency potential study. Recommended incentive costs of $30 per home to offset the
cost of the energy ratings were taken from the program evaluation report. 14 During
Phase 1 implementation, training and incentive costs were removed, resulting in an
administrative cost of $50 per home. For Phase 2 and beyond, the program costs are
initially set to $25 per home, but will eventually go to zero as the program is taken over
by the private sector.

12

See the Geopraxis Time-of-sale Home Inspection Program proposal filed with the CPUC, program ID
180-02. Available at www.cpuc.ca.gov.
13
Planned program cost $875,931; planned inspections 12,000. Average cost per inspection: $73.00
14
Evaluation, Measurement and Verification Report for the Time-of-Sale Home Inspection Program #18002, Prepared for Geopraxis, Inc. by Robert Mowris & Associates, 2004. Available at www.calmac.org.

54

OPTIONS FOR ENERGY EFFICIENCY in EXISTING BUILDINGS
COMMISSION REPORT

Program costs and cost-effectiveness at probable and high adoption rates during each
phase of the program are shown in Table B-3 below.
Table B-3
Time-of-Sale Information Disclosure Cost and Cost-Effectiveness

Program Admin Cost
Participant Incentive Cost
Total Program Cost
Participant Benefits
Participant Costs
Participant Benefit/Cost
Ratio
Total Resource Benefits
Total Resource Costs
Total Resource
Benefit/Cost Ratio

Costs ($million) and Benefit/Cost Ratio
Pilot
Phase 1
Phase 2
Probable
High
Probable
High
Probable
High
adoption
adoption
adoption
adoption
adoption
adoption
$2.6
$3.9
$15.1
$16.0
$13.8
$14.6
$1.1
$1.7
$0.0
$0.0
$0.0
$0.0
$3.7
$5.6
$15.1
$16.0
$13.8
$14.6
$50.8
$76.2
$432.0
$457.4
$618.3
$654.7
$24.6
$36.9
$218.0
$230.8
$311.7
$330.0
2.1
$27.8
$28.2

2.1
$41.7
$42.4

2.0
$236.2
$233.1

2.0
$250.1
$246.9

2.0
$335.1
$325.5

2.0
$354.8
$344.7

1.0

1.0

1.0

1.0

1.0

1.0

Information Gateway
Building Stock and Target Population
The Information Gateway strategy targets single family homes and multi-family homes
built prior to the Building Standards, representing approximately 46.2 million units.
Based on discussions with the residential working group and the expert panel
representing program implementers from the IOUs and other stakeholders, an annual
target of 10 percent of the total eligible population was selected, representing
approximately 624,000 units.
Program Adoption
The program adoption rate was estimated at about 20 percent of the targeted
participants. In this strategy, seven different designs were considered with a variety of
levels of aggressiveness of the design, the implementation characteristics, and the
energy supply conditions. For this strategy, the program design focuses on distributing
information to targeted utility customers, working with an aggressive set of resource
acquisition support programs (such as the PGC programs for 2006-2008), and repetitive
message generation via multiple contacts with customers. Using this approach, an
additional 20 percent of the market was assumed to install one or more of the measures
promoted by the program.
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Measure Adoption
The analysis assumes measures adopted by homebuyers in the same frequency as
those reported in the evaluation of the SCE Residential Audit program 15 . Based on the
measure adoption rates observed in this program, approximately 58 percent of a
selected set of HVAC measures, 63 percent of lighting measures, and 40 percent of
water heater measures were assumed to be adopted by participants. The measures
selected and their respective adoption rates are shown in Table B-4 below.
Table B-4
Information Gateway Measure Adoption Rates
End-Use

HVAC

Lighting
Appliances

Measures Included
Ceiling insulation
Floor insulation
Infiltration reduction
Wall insulation
High efficiency central air conditioner
High efficiency room air conditioner
Programmable thermostat
HVAC diagnostic testing and repair
Duct repair
Condensing furnace
CFLs, interior fluorescent lighting
ENERGY STAR refrigerator
ENERGY STAR freezer
ENERGY STAR clothes washer
ENERGY STAR dishwasher

Measure Adoption ratio
0.58

0.58

0.63
0.40

Based on these measure installation rates, the average energy savings per participant
is 619 kWh, 0.16 kW and 56 therms per year.

15

See Evaluation of the SCE 2002 Residential Audit Program, prepared by Ridge Associates, 2004,
available at www.calmac.org.
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Total Savings
The total energy savings estimated for this intervention are summarized in the
Table B-5 below.
Table B-5
Information Gateway Energy Savings
Homes targeted
Program adoption rates (probable to high)
Number of participants
Savings per home

Gigawatt hours
Megawatts
Million therms

624,000
0.19 – 0.80
118,600 – 499,200
619 kWh/yr
0.16 kW
56 therm/yr
73 - 307
19 - 80
6.6 – 27.8

Cost and Cost-Effectiveness
The program administrative costs were estimated at $45 per survey, based on average
costs from the PG&E Home Energy Efficiency Survey program proposal for the 20042005 program cycle. 16 Measure costs for the measures adopted by the participants
were taken from the statewide residential efficiency potential study. Measure incentives
are assumed to be provided by referrals to existing programs, and are not included in
the budget. Program costs and cost-effectiveness at probable and high adoption rates
are shown in Table B-6 below.
Table B-6
Information Gateway Cost and Cost-Effectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Administrative Cost
$28.0
$117.9
Participant Incentive Cost
$0.0
$0.0
Total Program Cost
$28.0
$117.9
Participant Benefits
$243.6
$1,025.8
Participant Costs
$127.0
$534.7
Participant Benefit/Cost Ratio
1.9
1.9
Total Resource Benefits
$122.1
$514.3
Total Resource Costs
$117.5
$494.7
Total Resource Benefit/Cost Ratio
1.0
1.0

16

See the PG&E Home Energy Efficiency Survey Program proposal filed with the CPUC, program ID
1116-04. Available at www.cpuc.ca.gov
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Equipment Tune-Up
Building Stock and Target Population
This strategy examines voluntary tune-ups at time-of-sale and mandatory tune-ups at
time of replacement. The analysis of residential equipment tune-up and O&M services
calculated impacts of the strategy applied to all single family and multi-family homes
built prior to the Building Standards. Homes are targeted at time-of-sale and when
equipment is replaced, with an assumed equipment life of 20 years. The combined
trigger event frequency from resale and/or equipment replacement is 10.2 percent for
single family and 11 percent for town homes, representing approximately 532,000 units.
Central air conditioning saturations vary from 16 percent to 72 percent across the
building, ownership and income strata considered in the analysis, for an average
saturation of 36 percent. The residential efficiency potential study further assumes that
50 percent of the units have not been tuned-up 17 , giving a potential participation of
97,000 homes.
Program Adoption
The program adoption rate was estimated at 46 percent of the voluntary time-of-sale
participants and 50 percent of the replacement participants. The replacement strategy
can be expected to attain a 50 to 60 percent penetration based on prior experience with
Building Standards relating to HVAC replacements applied to existing buildings.
Measure Adoption
The analysis assumes refrigerant charge, airflow and duct leakage repairs on all homes
with central air conditioning systems and/or furnaces, assuming 50 percent of the
homes have not already had a tune-up. The estimated energy savings across all
building types and climate zones is 328 kWh, 0.42 kW and 74 therms per home.

17

The “incomplete factor,” or the fraction of the market that has not installed the measure estimated from
is the residential potential study is 0.50 for the air conditioning tune-up measure.
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Total savings
The estimated electricity, peak demand and natural gas impacts of the strategy are
shown in Table B-7 below.
Table B-7
Residential Equipment Tune-up Energy Savings
Resale or replacement events
Homes requiring a tune-up
Program adoption rates (probable to high)
Number of participants
Savings per home

Gigawatt hours
Megawatts
Million therms

532,000
97,000
0.48 – 0.57
46,600 – 55,300
328 kWh/yr
0.42 kW
74 therm/yr
15 - 18
20 - 24
3.6 - 4.4

Cost and Cost-Effectiveness
Program administrative costs were estimated at $130 per system including a $70 per
system upstream incentive paid to the contractor. These costs were based on average
costs from a similar program implemented during the 2004-2005 program cycle 18 . The
participant costs for the tune-ups were taken from the statewide residential potential
study. Program costs and cost-effectiveness at probable and high adoption rates are
shown in Table B-8.

18

See the Verify RCA Program proposal filed with the CPUC, program ID 1385-04, submitted by Robert
Mowris and Associates. Available at www.cpuc.ca,gov
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Table B-8
Residential Equipment Tune-Ups and O&M Services Cost and Cost-Effectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Admin Cost
$4.7
$5.6
Participant Incentive Cost
$0.0
$0.0
Total Program Cost
$4.7
$5.6
Participant Benefits
$74.8
$89.8
Participant Costs
$35.6
$42.7
Participant Benefit/Cost Ratio
2.0
2.0
Total Resource Benefits
$47.3
$56.8
Total Resource Costs
$40.2
$48.3
Total Resource Benefit/Cost Ratio
1.1
1.1

Integrated Whole Building Diagnostic Testing and Repair
Building Stock and Target Population
This strategy considers integrated whole building diagnostic testing and repair of owneroccupied single family and multi-family homes with central air conditioning built prior to
the Building Standards. A voluntary program without any particular trigger event was
analyzed. Approximately 7 percent of single family owner-occupied homes in warmer
climates are targeted per year, representing 270,000 units.
Program Adoption
The program adoption rate was estimated at 10 percent of the targeted participants.
The participation estimate ranged from a low of 2 percent to a high of 12 percent
depending on the strategy’s design and implementation approach. This strategy was not
considered to be a high-demand initiative since it requires substantial education and
marketing efforts to gain additional market share. The market is largely unaware of this
efficiency strategy or the range of potential benefits from the service. Added penetration
rates of about 2 to 5 percent were assumed based on only general information and
promotional efforts, to as high as 12 percent of the market with general market-sectorlevel promotion and educational efforts, linked with targeted promotion to high potential
customers, offering one-step service delivery. A 10 percent increase in penetration was
assumed as a likely result of a more aggressive strategy linked to incentives.
Measure Adoption
Based on research conducted by Lawrence Berkeley National Laboratory, electricity
savings for the whole building diagnostic service are estimated at 50 percent of the
cooling electricity consumption, and 20 percent of the annual gas consumption for
heating 19 . The average energy savings per home in the targeted climate regions are
estimated to be 1,650 kWh, 1.5 kW and 68 therms.
19

See Potential Benefits of Commissioning California Homes, LBNL-48258, Lawrence Berkeley National
Laboratory, Berkeley, California, 2002.
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Total savings
The participation, electricity, peak demand and natural gas impacts of the strategy are
summarized in Table B-9 below.
Table B-9
Integrated Whole Building Diagnostic Testing and Repair Energy Savings
Homes targeted

272,000

Program adoption rates (probable to high)

0.10 - 0.12

Number of participants

27,000 - 33,000

Savings per home

1,650 kWh/yr
1.5 kW
68 therm/yr

Gigawatt hours

45 - 54

Megawatts

40 - 48

Million therms

1.9 - 2.2

Cost and Cost-Effectiveness
Program administrative costs were estimated at $185 per home treated, based on
average costs from a similar program implemented during the 2004-2005 program
cycle. 20 The administrative costs include contractor training and program marketing.
Participant costs were estimated at $2500 per home, which covers the costs of testing
and repairs. Incentives provided for the service were estimated at 10 percent of the
participant costs.

20

See the California Retrofit Home Performance Program proposal filed with the CPUC, program ID
1398-04, submitted by the California Building Performance Contractors Association. Available at
www.cpuc.ca,gov.
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Program costs and cost-effectiveness at probable and high adoption rates are shown in
Table B-10 below.
Table B-10
Residential Integrated Whole Building Diagnostic Testing and Repair Cost and CostEffectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Admin Cost
$5.0
$6.1
Participant Incentive Cost
$6.8
$8.2
Total Program Cost
$11.9
$14.3
Participant Benefits
$112.3
$134.7
Participant Costs
$68.1
$81.7
Participant Benefit/Cost Ratio
1.7
1.7
Total Resource Benefits
$79.8
$95.8
Total Resource Costs
$73.2
$87.8
Total Resource Benefit/Cost Ratio
1.1
1.1

Assistance to Affordable Housing
Building Stock and Target Population
This strategy considers the impact of annual HVAC tune-ups of affordable multi-family
housing units combined with comprehensive shell, and HVAC upgrades of units
undergoing major renovations. Based on housing stock data from the residential
potential study and income distributions from the RASS analysis, the number of multifamily units is estimated at approximately 700,000 units. The analysis calculates the
impacts of tune-ups applied to units with central air conditioning systems and
comprehensive retrofits to all renovated buildings regardless of HVAC system type.
Buildings built prior to implementation of Building Standards are considered.
Rehabilitation events are assumed to occur every 20 years, giving an effective rate of
comprehensive rehabilitation of 5 percent per year. Considering the saturation of central
air conditioning in multi-family units and the number of expected rehabilitations per year,
a potential participation of 142,000 units per year was assumed.
Program Adoption
The program adoption rate was estimated at 43 percent of the targeted participants.
The penetration projections ranged from a low of 5 percent of the market to nearly the
entire market, depending on the design and implementation approach used. It was
assumed that a general information program can be successful at capturing about 5
percent of the affordable housing market if structured to gain attention at key decision
points. This level is because of the cost barriers for energy efficiency and the splitincentive issues associated with the benefits. Administration complexities and
entrenched operational approaches characterizing this market constrain interest and
participation in programs that promote energy efficiency. However, interviewees
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suggested that if the strategy includes the following features, that as much as 90
percent participation could occur:
•

uses aggressive, time-sensitive, and one-on-one promotional efforts,

•

links the above to targeted and participant-flexible program services that make
the changes cost neutral,

•

incorporates state and federal support, and

•

includes strong participant encouragement.

An average increased penetration of about 43 percent was assumed.
Measure Adoption
The analysis assumes comprehensive upgrades to building shell and HVAC systems
during rehabilitation, and annual tune-ups for all units with central air conditioning.
Comprehensive rehabilitation projects are assumed to install high efficiency air
conditioners and furnaces, low-e glazing, added attic and wall insulation, air leakage
sealing, and high efficiency water heaters or water heating boilers. Average annual
savings per unit are estimated to be 271 kWh, 0.44 kW and 72 therms.
Total savings
The estimated participation, electricity, peak demand and natural gas impacts of the
strategy are summarized in Table B-11 below.
Table B-11
Assistance to Affordable Housing Energy Savings
Homes targeted
Program adoption rates (probable to high)
Number of participants
Savings per home

Gigawatt hours
Megawatts
Million therms

142,000
0.43 - 0.90
61,000 - 128,000
271 kWh/yr
0.44 kW
72 therm/yr
17 - 35
27 - 56
4.4 - 9.2

Cost and Cost-Effectiveness
The program administrative costs were estimated for the two components of the
program. For the tune-up component, an administrative cost of $60 per unit was
assumed. For the major rehabilitation component, an administrative cost of $250 per
unit was used, based on average costs from low-income multi-family programs
operating during the 2004-2005 program cycle. Measure costs for the measures
adopted by the participants were taken from the statewide residential efficiency potential
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study. Measure incentives equal to 100 percent of the installed cost are included in the
analysis.
Program costs and cost-effectiveness at probable and high adoption rates are shown in
Table B-12 below.
Table B-12
Assistance to Affordable Housing Cost and Cost-Effectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Admin Cost
$12.3
$25.7
Participant Incentive Cost
$32.2
$67.5
Total Program Cost
$44.5
$93.1
Participant Benefits
$133.9
$280.3
Participant Costs
$39.0
$81.7
Participant Benefit/Cost Ratio
3.6
3.6
Total Resource Benefits
$59.0
$123.4
Total Resource Costs
$51.3
$107.4
Total Resource Benefit/Cost Ratio
1.1
1.1

Commercial Building Benchmarking
Building Stock and Target Population
The benchmarking analysis calculated impacts of the strategy applied to commercial
buildings built prior to the Building Standards, representing approximately 5 billion
square feet of floor space. The analysis assumes that 20 percent of the total population
is targeted, based on a mandatory benchmarking requirement during building
refinancing, and a refinancing interval of 5 years, for a total potential participation of 1
billion square feet.
Program Adoption
Of the 20 percent of the buildings targeted, 20 percent elected to have energy audits
conducted as a component of the benchmarking service. The estimates for increased
penetration of benchmarking derived savings ranged from a low of 3 percent to a high of
29 percent depending on the strategy design and implementation approach. If the
strategy provides only general distribution and limited targeted information efforts, the
expected penetration level is placed in the 3 percent to 8 percent range. A 25 percent
penetration rate is estimated if the strategy includes the following:
•

an aggressive educational effort,

•

linkage to monthly on-bill benchmarking,

•

one-on-one out-reach promotional efforts, and
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•

participation and installation incentives.

Measure Adoption
The analysis assumes that measures are adopted by commercial building owners in the
same frequency as was observed through the evaluation of Statewide Commercial
Audit program operated by the IOUs 21 . Unlike residential buildings, where audits
triggered measure adoption rates on the order of 50 percent, commercial building audits
are typically less effective at increasing measure adoptions. Typical measure adoption
rates were 7.6 percent for lighting measures, 1.8 percent for lighting controls, 0.4
percent for exterior lighting, 1.8 percent for central HVAC plant measures such as highefficiency chillers, VSD chilled water pumps and energy management systems, 4
percent for packaged HVAC system measures such as high efficiency rooftop units,
HVAC system tune-ups and programmable thermostats, and 0.6 percent for motor
measures and VSDs. Based on these measure adoption rates, the average savings
across all building types and climates are estimated at 0.13 kWh/square foot, 0.03
W/square foot and 0.002 therms/square foot.

Total savings
The estimated electricity, peak demand and natural gas impacts of the strategies are
shown in Table B-13 below:
Table B-13
Commercial Building Benchmarking Energy Savings
Targeted floor area
Program adoption rates (probable to high)
Participating floor area
Average savings per square foot

Gigawatt hours
Megawatts
Million therms

1,000 million square feet
0.20 – 0.25
200 – 250 million square feet
0.13 kWh/square foot
0.03 W/square foot
0.002 therm/square foot
26 - 33
6-8
0.4 - 0.5

Cost and Cost-Effectiveness
Program costs were estimated at $0.01/SF, based on average costs for commercial
building mail in and online surveys from the PG&E commercial audit program. 22
Measures are assumed to be financed by the program participants. Participant measure
21

Measure adoption rates were derived from the Evaluation of the Statewide Commercial Audit Program,
conducted by….
22
Based on the program implementation plan filed with the CPUC, a total of 26,359 audits were planned
under a total program cost of $1,400,000. Average cost per audit was $53. Assuming an average audited
floor space of 5000 square feet per audit, the average cost is $0.011 per square foot.
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costs were taken from the statewide commercial potential study. Program costs and
cost-effectiveness at probable and high adoption rates are shown in Table B-14 below:
Table B-14
Commercial Building Benchmarking Cost and Cost-Effectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Admin Cost
$2.0
$2.5
Participant Incentive Cost
$0.0
$0.0
Total Program Cost
$2.0
$2.5
Participant Benefits
$60.2
$75.3
Participant Costs
$24.0
$30.0
Participant Benefit/Cost Ratio
2.5
2.5
Total Resource Benefits
$27.4
$34.3
Total Resource Costs
$26.0
$32.5
Total Resource Benefit/Cost Ratio
1.1
1.1

Retro-commissioning
Building Stock and Target Population
The Retro-commissioning analysis calculated impacts of the strategy applied to
commercial buildings built prior to the Building Standards, representing approximately 5
billion square feet of floor space. The analysis assumes that 10 percent of the total
conditioned floor space per year is targeted, representing a total of 470 million square
feet of floor space.
Program Adoption
Of the 10 percent of the buildings targeted, 25 percent of the owners elected to have
their buildings retro-commissioned. The estimate of the added penetration for the retrocommissioning strategy ranges from a low of 3 percent to a high of 30 percent. The low
range includes the development of an information program targeting potential key
customers. The information would be designed to present the benefits of retrocommissioning to key decision makers. No incentives would be offered in the low
estimate. The high penetration estimate assumes a range of design components
including:
•

targeted customer information and educational efforts,

•

linkages with real-building demonstrations and publicized case studies, and

•

trade ally training and incentives to lower costs.

A range of 20 to 25 percent penetration was assumed.
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Measure Adoption
Average unit energy savings and retro-commissioning costs from several retrocommissioning programs offered during the 2004-2005 program cycle were used. The
average energy savings from retro-commissioning are estimated to be 1.3 kWh/square
foot and 0.065 therms/square foot 23 .

Total savings
The estimated participation, electricity, peak demand and natural gas impacts of the
strategy are shown in Table B-15 below:
Table B-15
Retro-commissioning Energy Savings
Targeted floor area
Program adoption rates (probable to high)
Participating floor area
Average savings per square foot

Gigawatt hours
Megawatts
Million therms

470 million square feet
0.25 – 0.30
117 – 140 million square feet
1.3 kWh/square foot
0.7 W/square foot
0.065 therm/square foot
152 - 182
77 - 92
7.6 – 9.1

Cost and Cost-Effectiveness
Program administrative costs were estimated at $0.10/SF, based on program
administrative costs submitted to the CPUC from a retro-commissioning program
implementer. 24 The participant costs were estimated at $0.68/SF, based on average
costs for all retro-commissiong programs filed with the CPUC for the 2003-2004
program cycle 25 . Incentives are assumed to be provided at 30 percent of the retrocommissioning cost.

23

These data are conservative relative to national average savings of 1.7 kWh/SF, 0.065 therms/SF from
a study conducted by Lawrence Berkeley National Laboratory. See The Cost-effectiveness of
Commercial-Buildings Commissioning. A Meta-Analysis of Energy and Non-Energy Impacts in Existing
Buildings and New Construction in the United States, Lawrence Berkeley National Laboratory, LBNL56637, 2004.
24

See the Statewide Retro-commissioning Program proposal filed with the CPUC, program ID 1381-04,
submitted by Portland Energy Conservation, Inc. Available at www.cpuc.ca,gov
25
The participant cost assumptions are conservative relative to a recent study conducted by Lawrence
Berkeley National Laboratory, where the average retro-commissioning costs were reported at $0.27 per
square foot. See The Cost-effectiveness of Commercial-Buildings Commissioning. A Meta-Analysis of
Energy and Non-Energy Impacts in Existing Buildings and New Construction in the United States,
Lawrence Berkeley National Laboratory, LBNL-56637, 2004.
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Program costs and cost-effectiveness at probable and high adoption rates are shown in
Table B-16 below:
Table B-16
Commercial Building Retro-Commissioning Cost and Cost-Effectiveness
Costs ($million) and Benefit/Cost Ratio
Probable adoption
High adoption
Program Admin Cost
$11.7
$14.0
Incentive Cost
$29.3
$35.2
Total Program Cost
$41.0
$49.2
Participant Benefits
$253.7
$304.4
Participant Costs
$79.5
$95.4
Participant Benefit/Cost Ratio
3.2
3.2
Total Resource Benefits
$153.5
$184.2
Total Resource Costs
$91.2
$109.5
Total Resource Benefit/Cost Ratio
1.7
1.7
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APPENDIX C: Strategy Evaluations
In developing the strategies, we reviewed the 2004-2005 energy efficiency program
portfolio for the state’s four IOUs which consisted of close to 100 programs offered by a
combination of the IOUs, partnerships between the IOUs and local governments, and
non-utility program implementers. Most programs offered some education, training or
information component. Audits, rebates, direct installation of measures, and design
assistance were examples of the portfolio offerings.
We identified known and potential market or regulatory barriers to implementing the
strategies and the actions needed to overcome them. Market barriers, for example, may
include high first cost, life-cycle cost, payback period, hidden or unexpected costs,
uncertain reliability and performance, design limitations, and product options. Further
discussion of barriers is provided in the consultant report Technical Assistance in
Determining Options for Energy Efficiency in Existing Buildings.
The Energy Commission also considered the interaction among stakeholders in
adopting energy efficiency improvements. For example, the homeowner’s selection of a
contractor is based on a large number of factors. Also, decisions are influenced by
elements such as technology choices, building codes, or contractor certifications.
Finally, market conditions, strategy costs and energy savings are also key elements to
consider in measuring the value of a proposed strategy.
The data for the residential sector analysis come primarily from the California Statewide
Residential Sector Energy Efficiency Potential Study 26 , the California Statewide
Residential Appliance Saturation Study (RASS) 27 and additional secondary research
conducted for this project by the consultant team 28 . Basic data on existing building
housing stock and the energy savings potential of common energy efficiency measures
were taken from the statewide residential potential study. Updated values on appliance
unit energy consumption (UEC) and appliance saturations were taken from the RASS.
The RASS data were also used to segment the residential building stock into subsegments by income and ownership type to better understand energy savings potential
of the intervention strategies within each segment.
The efficiency potential study segmented the building stock into buildings built prior to
the Building Standards and those built after the Building Standards. The residential
building stock for each of these vintages was divided into segments representing
owners and renters in three income groups (less than $35,000 per year, $35,000 26

California Statewide Residential Sector Energy Efficiency Potential Study (volumes 1&2), Prepared for
Pacific Gas and Electric Company by Xenergy, Inc., 2002, available at www.calmac.org.
27
California Statewide Residential Appliance Saturation Study, Prepared for the California Energy
Commission by KEMA-Xenergy, Inc., Publication number 400-04-009, 2004.
28
See Technical Assistance in Determining Options for Energy Efficiency in Existing Buildings,
Appendices. Prepared for the California Energy Commission by Architectural Energy Corporation,
Publication number CEC-400-2005-011-F-AP, 2005.
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$75,000 per year, and over $75,000 per year household income) according to the
fraction of the total population represented by each segment. The multi-family data were
further segmented into town homes, 2 to 4 unit buildings, and over 4 unit buildings. The
building stock data from the statewide residential potential study are broken out by
climate zone, but since the income and ownership segments are defined at a statewide
level, these fractions were applied uniformly across each climate zone. UEC data from
RASS study by building type were applied to the segmented population data. Since the
UEC data in the RASS are also statewide, the UEC distributions by climate zone from
the statewide residential potential study were used to assign UECs by building type and
climate zone.
Data on existing commercial building stock floor area, end-use intensity, saturation of
equipment types within each building type and the energy savings potential of the
technologies promoted by the intervention were taken primarily from the California
Statewide Commercial Sector Energy Efficiency Potential Studies 29 , with additional
secondary research conducted for this project by the consultant team. The overall
commercial building stock was divided into segments representing two vintages (preBuilding Efficiency Standards and post-Building Efficiency Standards), ten commercial
building types, the three electric IOUs (PG&E, SCE and SDG&E) and the three gas
IOUs (PG&E, SCG and SDG&E). The building types defined for this study are offices,
restaurants, retail, grocery, warehouse, school, college, hospital, lodging and other.
The level of increased market penetration of energy efficiency products and services
was estimated by a group of industry experts who provided their best estimates of
market penetration for specific strategies deployed under different levels of program
design and promotional efforts 30 . This expert opinion approach consisted of two levels
of penetration assessments that were then merged into one estimate. In the first level a
set of “strategy experts” were identified, those involved in the industry that would be
affected by the strategy. These experts were then interviewed to gain their opinions on
the need for the strategy, operational and design characteristics that would be important
to consider, and their estimates of the strategy’s market penetration levels.
The second level consisted of the consultant research team estimating market
penetration impacts. This team included consultants with experience in evaluating
energy initiative designs, operations and market strategies, and knowledgeable on
human behavioral responses to energy initiatives and the efficiency technologies used
to realize savings. In this “second level” effort, the estimates and notes from the
interviews were examined to help identify range estimates for the various strategies.
The strategies were broken down into different design components that would be
expected to influence customer demand and participation rates. Following the
generation of design components, a series of expert-opinion-estimated penetration
rates based on the strategy design characteristics was established. A range of expected
29

California Statewide Commercial Sector Energy Efficiency Potential Study, Prepared by Xenergy for
PG&E, 2002; and the California Statewide Commercial Sector Natural Gas Energy Efficiency Potential
Study, Prepared by Xenergy for PG&E, 2002. Both studies are available at www.calmac.org.
30
More accurate penetration estimates can be provided by developing specific concept initiatives and
conducting primary market research (surveys, focus groups and so on) within the target markets to
measure expected demand. This research approach was beyond the scope of the AB 549 project.
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penetration rates for each design characteristic within each strategy was identified,
along with an average overall expected penetration level for the strategies. Penetration
levels were developed for a set of progressively aggressive approaches for pursuing
each strategy, producing a corresponding increase in penetration levels.
The expected penetration level was then used to estimate the amount of energy that
could be saved if the strategy were implemented. The impact analysis used a most
likely penetration level and a highest estimated penetration level. The estimates
presented in this assessment assumed:
•

strategies would operate in a non-supply emergency environment most of the
time, with some isolated short-duration periods of limited supply constraints
during peak periods in June, July, August and September, and

•

stability of electricity and natural gas prices.

The strategies would be expected to result in added penetration in restricted supply
environments or in a situation in which energy costs increase substantially above the
rate of inflation.
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