
Changing the Efficiency in New Buildings: California's Perspective

California is the fifth largest consumer of energy in the world, with one of the world's most diverse
portfolio of electric generating systems including hydroelectric, geothermal, wind, solar, and nuclear 0

The key component of the California portfolio is improved energy efficiency that has reduced the State's
per capita energy consumption by 15 percent since 1978 (California Energy Plan 1991). This reduction
has been achieved in part by implementing demand-side management programs for new buildings and
appliances.

The recent coupling of two demand-side management programs, the Energy Efficiency Standards and
utility new construction programs, placed California in the forefront of statewide energy efficiency
programs. This report will focus on the integration of these programs and their effects on changing the
efficiency of new commercial buildings. It will include a brief discussion of the history of their programs,
the tools used to implement those programs, the impediments encountered during program
implementation, and their efforts at quantifying program results. See reference to figures further on that
report this. The study of California's experience in integrating its demand-side programs
was undertaken to disseminate the practical knowledge by California during the evolution of its
program0

Introduction and state programs, how these programs and
issues the of these programs.

The discussion win identify the elements of
Califolnia's energy the relationships between

California's Plan lists energy and new
OUJlIOllD2: and apl=)lHIJnCe as its number one and
number two the Governor in

1991 is the document
for the state.

In order to identify the benefits associated with new
programs, a common definition of savings needed to be
identified (Messenger 1991.) The potential for program
savings must be to savings that would occur in
the absence of a program, savings that would be tech­
nically feasible, and the savings that are economically
viable. In order to plan, and evaluate a
program, these savings potentials must be identified.

Defining Program Savings

Technical is an estimate of the energy
peak savings that would result over the next 20 years from
the installation of the most efficient equipment and build­
ing designs that are commercially available and teCJt1nl lCalJlV
feasible.

Maximum economic potential is an estimate of the poten­
tial energy and peak savings that could be obtained from
the installation of all technologies that are cost effective
from the either consumer's or society's over
the 20 year forecast horizono Societies is used
in developing Title 24 and a consumer is con-
sidered in utility incentive programs.

Inc:reaLSUJl2 pOP1Jla1l101CL, Califomia has
energy consumption by 15 % since

This reduction has been achieved
statewide energy efficiency

and appliances, and by
energy conservation

The National of Sciences recently urged the
entire to ffmake conservation and efficiency the
chief element in energy U The first efficiency
recommendation was simple: "adopt nationwide energy
efficient building standardso n California has been in the
national forefront of promoting energy efficiency and
conservation for two decades to the National

in
standards for new

programs.
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Achievable program savings is an estimate of the amount
of peak and energy savings that could be achieved by
conservation programs over the next 20 years after
considering market and political barriers that may impede
the attainment of maximum economic potential.

Naturally occurring energy savings are the energy savings
expected to occur from conservation investments made in
response to energy price increases or general technology
innovations.

These defmitions were developed to assist the utilities and
the state in developing common terms when referring to
conservation potential. California's savings potential are
shown in Figure 1 (Energy Efficiency Report 1990).

Achievable program savings in new building efficiency
programs is defined as savings potentiaL The role of
regulatory and economic programs is to raise the achiev­
able program savings through improved minimum stan­
dards and increase the cost-effectiveness of conservation
technologies.

alifornia's Efficiency alleles

the California enacted the Warren-
Act as the foundation for state new building

As a of the Public Resources Code, it
mandates the Commission to n •••prescribe, by
re lighting, climate control system, and

other building design and construction standards which
increase the efficiency in the use of energy for new resi­
dential buildings"; and "...prescribe, by regulation energy
conservation design standards for new residential. and non­
residential buildings ... [which] shall be performance
standards and shall be promulgated in terms of energy
consumed per gross square foot of floor space, but may
also include devices, systems, and techniques required to
conserve energy"(Public Resources Code 1991.) These
provisions form the basis for the Energy Efficiency
Standard for Buildings (Title 24). The Warren-Alquist Act
also contained a provision to provide funding for the
formation of the California Energy Commission.

Sixteen years later, representatives of California's major
energy policy stakeholders worked together with environ­
mentalists and industry to forge a collaborative agreement
to reassert California's leadership in energy efficiency.
Their goal was to develop a consensus on major new
energy efficiency programs and regulatory initiatives. In
January, 1990 they reached an agreement titled "An
Energy Efficiency Blueprint for California" that made
possible the single biggest leap forward for energy
efficiency in California since the formation of the Cali­
fornia Energy Commission (CEC)e The California Public
Utility Commission (CPUC) was the key public agency
charged by the legislature with implementing this agree­
ment Together, the CEC and the CPUC, are responsible
for implementing the policies that change the energy
efficiency in new buildings. .
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Incentive Programs

Building Efficiency Standards

Appliance Efficiency Standards

20 California's Energy Efficiency Blueprint

The Standards follows a three year standard revision
process that coincides with the triennial edition of the
State Building Code. The Standards are based on life­
cycle cost effectiveness from a societal viewpoint, a
real discount rate of 3% and the average cost of energy
(Leber 1990). Time-of-use rates and demand rates are not
taken into account when performing the cost
ana.lysiso

The for developing the collaborative agZ'eelneJlt
focused on a number of issues including the program
ground persistence of savings, minimum perform­
ance requirements, and incentives based on measurement
and evaluation. An additional goal included developing a
regulatory focus for the programs Collabora­
tive 1990.) All of these goals forged the basis for an
integrated policy approach to new building efficiency.

One of the principles agreed to in the collaborative
process was to develop a relationship between the
California Energy Commission (CEC) and the state's
utilities in order to capture lost opportunities in new
building construction 0 This included having the utilities
cooperate with the CEC in administering and funding
demonstration projects and developing programs that
reward customers and builders for going beyond the
state's energy efficiency Standards for new buildings. The
purpose of this was to increase the efficiency of new

The California Commission rolled out its first
energy code for new buildings in 19780
Since then the have undergone numerous

in response to new technologies and improve-
ments in new design 0 The Energy Efficiency
Standards for New (Standards) cover the four

bUIJldml2 energy components: the building envelope,
the mechanical the water heating system, and the

are enforced by local enforcement
process 0 Today,

these re~ruHitl()nS are some of the most
energy '\lj4>~.r'Ilr'll'1l S""'.ll_"'~.n in the ...... _.. ·~"""'· .._7

Regulatory Programs

Commission works with the Residential
the Professional lJ.f1'U1Qjr"l.1"'1.1

and the California Officials to
lInt",i:::<l>1i""V"I1'll"&:fot and update the The RAG consists of
various members of the community, including
energy contractors, and enforce-
ment agency The PAG consists of members of
the including designers and architects,
enjzm4eer:s~ contractors, American Association of Heating,
Kel:"njl;leratlon and Engineers (ASHRAE)
and Society (IES) representatives,
trade groups, energy developers, building
owners and public interest groups, and enforce­
ment agency personnel 0 CALBO consists of enforcement
agency from throughout the state.
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lost in new con-
struction, and reduce the environmental costs associated
with using generating facilities to meet the

in demand from new OUJll(11ll2S.

Residential, and Hotel/Motel (1992 Nonresiden­
tial Standards) 0 Low-rise residential buildings will have to
comply with the revised Second Generation Standards that
also takes effect in January, 1993 ..

Efficiency Programs

jjr]rlClenc~v programs in California consist of a variety of
both regulatory and economic programs. The main regula­
tory program that win be discussed is Title 24. 'The main
economic programs that will be discussed are the new
construction DSM programs of the investor owned
utilities.

The 1992 Nonresidential Standard is the result of over 14
years of experience.. It has an envelope, lighting and
building performance methods that are being considered
by ASHRAE in the development of the next version of
Standard 90.1. It was developed in response to the
building community's need to simplify and clarify the
Standards, to improve enforcement, and to be more
compatible with the building construction process ..

Development'8 The development of energy efficiency
standards is a complex public process. The building
industry is one of the major industries in the state and a
balance must be achieved between energy efficiency and
economic development. The of the 1992
Nonresidential Standard at an informal
between industry and the Energy Commission. The
CALBO and other interested parties provided feedback on
the success of the ~tand4ards..
and enforcement issues.

Title 24

to any new construction that requires a
whether it be for an entire or

for a few fixtures. The primary
enforcement mechanism is the OU1U(11tD2: n&20"&'''?''iI'Illl·.FlI .....'''''''

process; until the is satisfied that the
apI>!lc:ablle code reqlulf'ements ..

statldal['ds .. it may withhold the build-
""' ................ "'".lllo<!>...... IIo-.&.'loJ.lUl. .. the occupancy I!J"V.l..!l.8.ll8.'.

The process consisted of with the
groups to achieve consensus and for modifications
to the Standards $ Figure 3 depicts the various groups
mentioned above that interact in the Nonresidential
Standards process~

issued identified at this meeting became the
of the Standards revision process. These goals were

developed through years of experience in trying to
energy efficiency standards throughout the

state0 addressed the key issues that
standards development must face; that efficiency only
occurs if the Standards can be successfully ImlPlemente~d

and enforced.

The objective of the design of an efficiency program is to
have the achievable program savings approach the maxi­
mum economic potential. This can be accomplished

the minimum standard for new construction
through regulation, and lowering the economic hurdle of
• $ the maximum economic potential through utility
mcentlve programs. If a balance is not struck between
these two programs, the achievable savings is

If a regulation is set too tightly, tremendous pressure is
placed on the structure of the standards and if loopholes

will be exploited. the building
cornmluni1t'! win the on the job site by

J.n was identified
as one of the focuses of energy

The was as
an excellent for Imtlfo'ved O' .....Ii".. ~ .. , ..............."'l' This was the
oe~nrurun2 of the first program
in the state, Title 24.

The so-caned UPirst Generation V~ Title 24 Standard took
effect in 1978 for all That Standard
remained in effect until 1987. In the Second
Generation Standard took effect for office buildings a

Second Generation Standards for retail and wholesale
took effect in at which time

nonresidential requirements switched
to the format of the Second Generation Standards

Manual In 1993, aU
hotel/motel

under one the 1992
.AJ.a~LJl""".il.vll"oI'V ~1tan.daJrds for NO'nfE:;su1eIlltial .. _lIClrll"ll_lIM"lI<t1o.

These Standards have evolved from a
standard to a Standard that covers
service water and space and
energy 0 recovered energy, and

thermal energy are also the
Standards. The methods the
Standards use some of the most advanced metnc~dolo~~les

in the ,vorld~
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3~ Parties Involved in Standards VeveIO!JJ"tleJ1l

manual and Establish a feedback
between the and enforcement and

the state code officials 0 Make consistent and
mt~erplretatl4JnS and have a formal review process estab­
lished to (3) Create a process that allows
for v.l\.,,,,vl!J~J!.VJua.l methods and so as to encourage

while a minimum standard of

These goals form the foundation of California's efforts to
enforce the Standardse have been with
over thirteen years of t').V~"li.O>'ll"1o.flf"'O; ""'''''0 n .••• _

and enforcement to Iml01elrneJtlt

Another examp.le of how standards structure effects
mentation is the documentation
New bUlldll12S are built in the shell or

the mechanical and the electrical

1ne of a standard is on
the structure and clarity of the standard itselfs In the
First Generation Standards were not enforced the
bUllldlLn2 de]:>an:me:nts because had not been trained in
time. The fact was that the Standard was so
simple and clear that builders were installing the measures
required the standards In
contrast, the Second Generation Nonresidential Standards
were that enforcement has been a
major problem.

Imple:me:nUlLtloln is a element of
The structure of the

~tandJuds~ or the way that it is critical
to the to the Standarde The key goals of
the Standards process are: (1) Establish a
n~ll..tft":''l!'''C!!hlln between the agency and enforce-
ment agency s The must include a commitment
to in s~dards

This occurred in California with the of the
Second Generation Nonresidential Standard for retail

These Standards were set at 80% of the
maximum economic but 10% of the builders

with the standards in the first years This
prc~dUlced an overall of 8% of the maximum
economic in their first year, a 22% reduction
from the Standard The
reason for the low was because the 'n~1r'tn'r1l'n<lJIn('~~

method was the weakest link in the standards structure$

that a existed in the nP-1i"'1',n'Ir'1nr"ll<!lnrb f2'\

method resulted in the method used for over 66 % of
the The enforcement

of the methods weak
c:ot'1l"~'R .....h·;·l!"i.'l'>\ resulted. in lower achievable ~"lU,""'H="-"'.

to circumvent the standards process.. This is
demonstrated in 4$ As the

iJot:entlaL the rate
OPl)ortUrJutH~Sare losts
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Commission to tram thework with the California
designers in the state.

Training programs can help accelerate the compliance
thereby increasing energy efficiency. Figure 5

depicts the impact of training and early implementation on
the compliance ratio. When the Second Generation Office
Standards took effect in 1987, sufficient training had been
conducted by the the utilities and private sector
trainers. This resulted in an increased awareness
of the changes to the Standard. Also, the utilities imple­
mented rebate programs based on early use of the
Standards for showing compliance. These standards were
set at 80 % of the maximum economic potential and 40 %
of the builders complied with the Standards in the first
year. This produced an overall savings of 32% of the
maximum economic potential in their first year, a 2 %
increase over the previous Standard 1991).

When a new regulation takes effect, there is a drop in
compliance. This drop is usually takes two to three years
to overcome. By providing a thorough training program,
the time frame for overcoming the in compliance
ratio is savings.

sv~;telns. In order to maximize the of good energy
these were considered as integrated

COlnp()ne~nts and the Standards that when one item
was the others also needed to be considered.

order to track of this a document was
created to maintain the historical record of the building's
energy features. It was to be filed in the building

and when were sought,
these were to be met This to be
.ll.~Ii-o'.a4;l~vIll.A"'UA because there was no way to track of this
historical document. As a consequence, once
elrlClc~nc:v measures were not and the programs

was reduced.

A. .,.""..............,........t-t, is a critical elelnent of Im'ple;mt~n~i­

tiona California has teamed up with the utilities to
de,relclO tr'aJnm~ materials that can be used throughout the
state to a consistent program to design
pr()tessl~Dn~Us. The California Codes Institute was
't"p.("\I~'ntil" established through a grant from the Legislature

nrC~Vl(le -g-"""<I'll'f1l"llI'll"il4"if to CALBO members~ Additional train-
on the Standards is by professional organiza-

tions the California Association of Building
Consultants these resources
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IJ;n:fOlrceme~m~ The to developing more
standards are of the enforcement

agency to enforce theme As designers require
more technol ies to conserve energy, the ability
to their installation is dramatically reduceeL
when bu et constraints are placed on OUllOrrU!

ments, the efforts to enforce the energy standards are
COllI1PrOlmsecL This is true in of the

DUl.ICUrU! official to assure the health

In order to ease the enforcement burden on offi-
their role in the process needs to be

identified in the Standards development cycle. One
of the that was used to develop the 1992
Nonresidential Standards was that of identifying Design,

and Field items that are included in the Standard"

The areas where verification can be made in the inspection
process is identified in Table 1" Designers can include an
aSSluml0t!C)n rt~e:a1rd.rru! track but a length of track
on the cannot be assigned an accurate wattage value

with knc:lw'unO' what of track heads win be installed.
Duct can be shown on the plans but is difficult to

because the sealant is usually covered with insula­
tion by the time the inspector visits the job site.. The
eCll11pJmelt1t efficiency is even difficult to verify in the field
because the make and model number usually require the
removal of an access panel which adds valuable inspection
time.

The key to enforcement is to focus on developing require­
ments that; (1) can be field checked first, (2) plan check
items, and if it is very important, (3) design itemse
This means that expectations are established for the
enforcement community based on what can be reasonably
inspected through plans examination and field verification.
For example, the wattage of lamps installed in office
furniture cannot be reasonably verified to issuing a
final permit because they are an integral part of the furni­
ture.. It would be unreasonable to expect a code official to
verify the watts of that equipment many standards
require that it be included in the calculation of total actual
watts. Setting expectations helps code officials
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understand their role in the ..........._""'~... '8- ... ,..._ process and makes
the Standards less to them when it is

2. in any
lighting, etc.

end-use category:

Utility Programs
3. per

The incentives remains in effect for a C!n,:::l.(,\,1't1!~rI

period of time. Purchase and installation of equipment
must be by the and verified the
utility during this time period.

The utilities in California have been new
programs for over two years. The

programs are revision in response
to the Standards. This is a
because the same that make the Standards easier
to win the success of the
programs.

4. Incentive not exceeding incremental

The to program based on an
standard is rules are

defmed. The Standards level the Standards)
becomes the baseline for the new construction program.

have to deal with issues
related to the not the
baseline in the first The of a
program based on the standard is that if the standard is
v_.l!...u.~"I!.VA and hard to the program must
suffer the same If a can assist
the in the the benefits can
far the costs.

luis summary of programs in California demon­
strates how some of the utilities have taken of
the Standards as a baseline.

In some utilities support these incentives pro­
grams with a design assistance service which helps guide
projects into eligibility for the incentives programs, an
awards competition to recognize exceptional completed
projects, and commissioning programs to assure that the
i)UllCiIJl1gS operate as designed.

The prescriptive method of
delno:nstratm2 el1~~lblllty for in the program
is incorporated into some utility programs. After it is
shown that a project meets program participation guide­
lines by achieving a set level of energy performance
which is 10% better than Title 24, incentives are then paid
on a basis of dollars/unit for each energy efficient
measure.

The following measures are included in the various
programs:

1.
2. Daylighting and Performance ...... "...,L.-u""'.=-

3. Motors
a. Energy Efficient Motors
b. Adjustable Drives

at
'n<Ol1l"'tllt"I_<OIll-sf' has burden of

Performance programs are
rules which establish the broad

and ope~rat]"on.

based on several
P&lranlel)erS for program

1$ Exc Title 24 na.~'t'n'Z"'n"'8O'~"""i.:Il\

least 10%. The program
"-lhnull1"H71-'itle 24 cOlnpJ.laIllce.
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1. Fans
2.

4.
a. AlC or ChiBers
b. Oversized Condensers
c. Chiller Controls

5. Heat Recovery
a. Passive Heat Recovery
b. Heat Water Heaters

6. Refrigeration Im1nrc~ve'me'nts

a. Oversized Condensers
b. Floating Heat Pressure
c. VmabIe Speed Compressors
d. Liquid-to-suction Heat .bxcn~mgers

e. Multiplex Compressor ~v:s;tems

Integration of egulation and
tility rograms

All of the California investor owned utilities are required
to use the Standards as the baseline of their 'demand-side
management programs. results from one
utility show that over 1.4 million square feet of projects
have resulted a reduced load of over 414 kW and 2.6
minion kWh in estimated energy savings in their first year
of program This a market n~IlIra.IT:}I-

tion of over 20 % despite economic conditions
in the commercial sector.

onclusions

The of an integrated approach between
re~~Ultol~ standard and DSM incentive programs
can be a successful for energy
efficiency in new i)UlllOll11.2;S. Some goals must be set
in order to assure the overall success.
include:

should aPt)rO~3.cn the

programs must be based on the same
standard as economic programs;

The achievable program
maximum economic """,,,:§',o,'ll"Ilf''lI4''1la·

P1"('llO"r~lm~ must be deS.lgI1OO to overcome Im'pecllITlents

must have the necessary
tools to maximize .o>t"T,~('bt11",::lo,n~C!IC!.

ImJ>lerneDltatJ,On; and

of the California Collaborative
the energy of new

the base level would achieve absent
the programs. This is achieved
incentive from the to the customer to
encourage When the customer
can demonstrate a certain level of above the

either some measure of overall
m(llrt~tjlY tJJrrOl:uzn installation of 1"'IloQljl'"t'llI""1I'111~]I1l'"

Measurement and evaluation are of n'Si"""'1,l"'hnilV

feedback to a action. In new construction programs
it is very to define how the energy ""Jll.., 'Y

which incentive are

@ results must have a foundation that is based
on the to measure the results in order to
facilitate the feedback of the

California

California
Commission.

The of these concerns CotLPlt~ with a
coordinated effort in program and ImlDleltnell-
tation win enable new
programs to achieve their maximum pOlten1t1als.

1. California's
Commission.

Endnotes

2.

While in ....._.... """"""'~""'.~

energy

are determined.

for a can be
because it involves a between the

energy of a new may not
even be built and the n~1I"t"n·~'~nr'~ of a non-existent
base case Iml"Dr'o;ve>A1 energy e:rrlCl~~nc~y must be
calculated for each individual OUJUOJtng

in the program. It can be calculated on the basis of how
that individual would have been built absent the
program:; or it can be calculated on the basis of how a

butlcUru! would have been built determined
statistical me;t.b()QS:) ~

The more the Standards reClluu~errlents

harder it is to evaluate the programs
enforcement tend to

and programs. these proper
p!alDDJm~ and program design can achieve resultss

3. Summary of Cost Effectiveness, and
AS~~Un1,1JrllOnS'!l March Jon Leber P.E0' California

Commission0



5. Michael Messenger, California Energy Commission,
May 1991.

6. Energy Efficiency Report, October 1990, California
Energy Commission.
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