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Overview

Description
This code and standards enhancement initiative will reduce residential new construction lighting energy use by
encouraging the use of high efficacy lighting, occupancy sensors and photosensors in high-use areas of the home and
exterior.  This initiative also addresses low compliance rates, enforcement confusion, and unpopularity of the current
residential lighting requirements with designers and builders.  This initiative will apply to residential single-family
and multifamily low-rise and high-rise new construction.  Applicable sections will also apply to guest rooms of hotels
and motels.

This proposal:

1. provides a definition of high efficacy lighting that can be shared with the nonresidential section of the code,

2. expands the required locations for high efficacy lighting to include utility areas, garages and exterior lighting
(areas that previously were allowed as tradeoffs for bathrooms),

3. expands the definition of bathroom to areas with either a tub, toilet, or a personal hygiene sink, and requires
all lighting in bathrooms to be high efficacy, but provides an exception if motion sensors are installed,

4. requires that at least 50% of the total installed lighting wattage in kitchens be high efficacy,

5. requires track, recessed and pendant lighting be high efficacy or be on  dimmers,

6. requires all recessed lighting in insulated ceilings to be IC-rated and air-tight (ICAT).

Benefits
This requirement will increase the efficiency of lighting systems in residential occupancies.  The success of this codes
and standards enhancement hinges upon successful enforcement by field inspectors.  Kitchens and baths have been
targeted for high efficacy lighting since the 1988 code with limited success.  Problems with room interpretation and
subjective definitions like “general lighting” have been problematic.  Builder acceptance has been limited due to a
perception of the lack of aesthetically pleasing fluorescent fixtures at reasonable costs and quality of light issues.
These requirements attempt to address these problems by clarifying definitions, and providing reasonable tradeoffs
and exceptions.  The proposal also reflects the market shift toward increased availability and reduced cost of pin-
based compact fluorescent fixtures and greater market acceptance of the improved “tri-phosphor” compact
fluorescent light sources (lamps).

Environmental Impact
The environmental impacts from the proposed changes are positive in the aggregate.  Indoor air quality is improved if
leakage-induced pressure differentials are reduced to pull less contaminants from attics, garages, and crawlspaces into
the home through openings created by non-air-tight recessed lighting.  Environmental emissions from power plants
are lower because of the reduced annual energy consumption and, more importantly, because of the reduced
consumption on peak when higher emitting power plants are on line.

The efficiency of compact fluorescent lamps depends upon a small amount of mercury vapor in each fluorescent tube.
Increased use of compact fluorescent lamps has the potential to increase the presence of mercury in the environment
and landfills in particular.  The mercury in compact fluorescent lamps does not present an immediate hazard to the
homeowner.  However, the lighting industry is working to minimize the amount of mercury in fluorescent lamps and
has an active recycling campaign.  New lamp technologies include so-called “amalgam” materials that reduce
mercury content and increase lamp life.  Mercury is also released at power plants.  Studies show that the energy
savings at power plants related to high efficacy sources reduces mercury pollution more than what is added locally
from the use of fluorescent lighting.  Furthermore, power plant emissions of mercury are airborne, which produces
more damaging effects.
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Type of Change
This code change proposal involves a revision to the Mandatory Measures, Section 150(k) and Definitions and Rules
of Construction, Section 101of the Energy Efficiency Standards.  In addition, Section 130(b) is revised to eliminate
the redundant mandatory measures for high-rise residential and hotel/motel occupancies by referring to the
requirements in Section 150(k).

The revised Section 150(k) mandatory measures would be rewritten to expand locations, provide an objective
measure for proportion of energy efficient lighting versus standard lighting for kitchens, eliminate tradeoffs for
bathrooms, and specify that all lighting in bathrooms shall be high efficacy.  Tradeoffs between rooms were
previously introduced into the code in response to the builder request for an alternative to fluorescent lighting in
bathrooms.  Builders felt that a lack of a quality product limited their ability to comply with the requirement.  Now
that high quality compact fluorescent lamps are more widely available and have much more favorable lifecycle cost
to incandescent bulbs, these tradeoffs should be removed.

The use of an occupancy sensor in a bathroom, utility area and garage is provided as an alternative for high efficacy
luminaires in these rooms.  Automatic occupancy controls with “manual on” functionality provide a reasonable
tradeoff to high efficacy lighting.  Limiting the operating hours of hardwired incandescent light fixtures saves
approximately 20 percent when compared to manual control of incandescent luminaries.  It also provides for more
design choices for those who do not wish to install a high efficacy luminaire.

Lastly, ceiling-mounted pendant luminaires, recessed downlights and track lighting are of particular concern because
of their energy use and their increasing prevalence in homes.  This code proposal requires that these luminaire types
be high efficacy throughout the home or be controlled by a dimmer.  Dimmers provide some energy savings, can
increase the longevity of the lamp, and provide for more design alternatives than requiring high efficacy lamps for
these types of luminaires.

The ACM manual would not be affected by this change.  The compliance forms would be modified to include a
check-off list of required locations for high efficacy lighting.  The manual would need to be modified to reflect this
change, including application scenarios that would illustrate the requirements, the 50% test for the kitchen and
clarification of approved generic high efficacy luminaire types.  The appropriate mounting strategies for occupancy
sensors should also be presented in the revised version of the manual.  The change should be supported by the
development of additional training materials targeted for builders and building inspectors.  

Technology Measures
This measure would increase the number of pin-based compact fluorescent fixtures in a home. The measure allows
the use of occupancy sensors, motions sensors and dimmers to reduce lighting energy use in the home cost
effectively.

Measure Availability and Cost
There are many types of compact fluorescent fixtures available in today’s market covering a wide spectrum of
application types and styles.  The standard types of fixtures commonly used in new construction are widely available
at reasonable cost through the existing distribution channels.  These fixtures will become more widely available in the
coming years because the adoption of the code will increase the demand for such products.  The Energy Star fixture
program is also contributing to the increased availability of pin-based compact fluorescent fixtures.

The availability of replacement lamps for pin-based CFLs is currently somewhat limited to home improvement
centers, hardware stores and specialty lighting stores.

It is accepted by the consensus of participants in the code development process that replacement pin-based CFLs
lamps will become available in sufficient quantities and wider distribution channels as demand for these types of
lamps increases due to wider use of pin-based CFL fixtures.  In addition, industry groups are actively working to
standardize the range of pin-based CFLs lamps which will reduce the variety of lamps needed to be stocked on
retailer shelves further increasing the motivation and reducing the cost to stock such lamps.
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The measure proposes to allow an occupancy sensor as an alternative to high efficacy lighting in bathrooms and other
support areas.  Two of the three largest manufacturers of residential occupancy sensors have at least one device that
meets the criteria of the proposed code enhancement.

Useful Life, Persistence and Maintenance
The useful life and persistence of pin-based compact fluorescent fixtures is generally accepted to be the life of the
building.  The life of a residential compact fluorescent fixture is limited by the life of its ballast (typically 10 years).
The ballast can be replaced without removing the fixture.  In the absence of abuse, vandalism or inappropriate
installation, motion sensors can be expected to last the life of the building.  However, the success of this alternative
compliance approach depends upon the likelihood that the motion sensor will remain installed in the building.

Performance Verification
The residential lighting mandatory measures have historically been a concern for some builders and building
inspectors.  This code change provides simplified and more specific requirements for building officials to enforce.  In
kitchens, building inspectors will need to determine the installed watts of fluorescent versus incandescent lighting
sources.  In addition, there are certain fixture types (ceiling-mounted pendants, track lighting, and recessed lighting)
that will require some additional inspection.  Additional compliance gains can be expected through education and
outreach efforts.

The occupancy sensor alternative to high efficacy lighting in bathrooms may introduce some initial confusion
because of the novelty of this measure.  Builders may not be aware of the differences between occupancy sensor
product lines.  Some effort will be necessary to properly educate field inspectors and the building community about
occupancy sensors that meet the proposed standards requirements.

Cost Effectiveness
Our analysis shows that the proposed change is cost effective for every room type included in the scope of the
measure.  These cost effectiveness estimates are based upon recent cost data obtained through surveys, and surveyed
hours of operation per room from the California Baseline Study1.  On a room-by-room basis, all of the proposed code
enhancements involving the upgrade of the luminaire to a high-efficacy source have a 30-year discounted benefit/cost
ratio greater than 1.0.  No analysis of the TDV impacts of residential lighting was conducted due to a lack of hourly
usage profile data for residential lighting.

Analysis Tools
A spreadsheet analysis of the cost effectiveness of the measures was performed.

Relationship to Other Measures
This change is related to the nonresidential lighting measures in that a common definition of “High Efficacy
Luminaire” is provided for both sections of the code.  Any definitions that go into Sec 101 must be applicable to
nonresidential lighting as well. Some coordination between this proposal and the requirements for Section 130 (c) are
needed.  This subsection deals with mandatory measures for exterior lighting of nonresidential buildings.  Currently,
the code language refers to “luminaires with lamps rated over watts shall either: have a source efficacy of at least 60
lumens per watt, or be controlled by a motion sensor.”  Since a definition of “High Efficacy Luminaire” would now
exist in Section 101, it would be advantageous to use this terminology in section 130(c) because it would further
eliminate duplicate code language.

                                                          
1 Lighting Efficiency Technology Report, Volume I, California Baseline, Prepared by the Heschong Mahone Group.
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Methodology

There were two main efforts used to support the final recommendations in this report 1) incremental cost and
availability research and 2) cost effectiveness comparisons.  Research efforts also hinged upon a careful review of the
existing body of literature to determine market readiness, persistence and assumptions for operating hours.  The
analysis of the benefits of ICAT feature requirements for recessed downlights was conducted separately from the
analysis of the other luminaire types.

Incremental Cost and Availability
The research team identified a variety of lighting fixture distribution channels in the mass market, including retail
chain outlets, home improvement stores and grocery stores.  In addition, the team searched the various Internet-based
purveyors of residential lighting equipment.  The first step in the process was to identify a set of commonly used
residential fixture types including at least one fixture type for each room of the home.  For each fixture type, we
collected price information from the distribution channels for the base case (usually an incandescent fixture) and an
equivalent upgraded fixture (a pin-based compact fluorescent and for some measures, an incandescent fixture with a
control upgrade such as dimmer or occupancy sensor).  These data were entered into a spreadsheet and used as the
basis for the cost comparisons.  The fixture data are based upon pricing and availability obtained in the first two
weeks of April 2002.  A table of the selected fixture types including an illustration of each is in Appendix A.

While contacting the suppliers and searching Internet databases for pricing information, we also kept track of the
amount of shelf space devoted to pin-based compact fluorescent fixtures as compared to incandescent fixtures.  This
data supplemented the findings of other research organizations on the availability of pin-based compact fluorescent
fixtures.

The cost effectiveness analysis depends upon a set of fixture upgrade functional equivalents.  A fixture upgrade was
considered a functional equivalent if it provided approximately the same number of lumens and was an appropriate
luminaire selection (in terms of mounting, aesthetics and other factors) for use in the same room locations as the
original.  For example, an incandescent downlight can be upgraded to a fluorescent downlight, or an incandescent
vanity light can be upgraded to a pin-based compact fluorescent vanity light, but a surface-mounted ceiling fixture
could not be upgraded to a wall-mounted sconce.  Upgrade equivalents for recessed downlights involving air-tight
improvements were considered separately.  A table of each base case and upgrade option is included in Appendix B.

The cost effectiveness analysis also depends upon a set of assumptions about the hours of operation of fixtures in
each room of an average family home.  This is accomplished by first computing the minimum hours per year that it is
necessary to operate the fixture in order to be a cost effective upgrade.  A fixture upgrade is deemed to be cost
effective (independent of it actual usage) when its discounted energy savings and lamp replacement costs exceeds its
incremental cost.  For example, an upgrade from an IC-rated incandescent downlight to an IC-rated fluorescent
downlight (Appendix B, B0 B2) was shown to save 65% of the energy of the base case luminaire and has an
associated incremental cost of $63.25.  To offset this cost, the luminaire must be operated at least 428.5 hours per
year.  The threshold “minimum cost effective hours” per fixture was computed according to the following formula:

Equation 1:   Hmin = ∆Cost / [ (∆Energy / 1000 • ERate) + (FPV (Drate, Dterm, (LCost1 / LLife1 – LCost0 / LLife0) ) ]

where:
Hmin = minimum hours of operation
∆Cost = incremental cost of the fixture
∆Energy = reduced wattage of the fixture in watts
ERate = 30-year energy rate ($2.06/kWh)
Drate = discount rate (.03)

Dterm = discount term (30 years)
FPV = Present Value Function
LCost0 = original lamp cost
LLife0 = original lamp life
LCost1 = upgrade lamp cost
LLife1 = upgrade lamp life

Equation 1.  This equation calculates the minimum hours of operation per year (Hmin) needed for a
particular fixture upgrade before that upgrade can be considered cost effective.  To simplify the calculation,
the lamp replacement costs are amortized on an annual basis based on the expected life of the lamp.

A table of the incremental costs and “minimum cost effective hours” for each of the fixture upgrade options is shown
in Appendix C.  A summary of the results for each type of upgrade is provided in Table 1.
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Table 1.  Summary of incremental cost and minimum hours of operation to be cost effective for all
luminaires in the cost effectiveness study.

Incremental
cost

min hours

pin CFL min -$72.72 0.0
max $63.25 915.1
mean $16.04 134.3

dimmer min $1.55 0.0
max $51.66 915.1
mean $17.81 327.9

occupancy sensor min $0.34 1.0
max $27.93 1773.9
mean $21.04 701.9

Assessing the threshold hours of operation for each upgrade option is the first step toward determining cost
effectiveness.  These thresholds were then compared to the hours of use on a room-by-room basis according to the
California Baseline Study, which provides us with the average number of hours of use per year for nine areas of the
home. If the threshold hours of operation to be cost effectiveness was less than the average number of hours provided
in the baseline study, then the fixture upgrade was determined to be cost effective.

To determine the degree of cost-effectiveness, a benefit/cost analysis was performed using Equation 2:

Equation 2:

BC =  { ∆Energy•Hroom)/1000 • ERate—[FPV(Drate,Dterm,( Hroom / LLife0•LCost0 — Hroom / LLife1 • LCost1) ) ] } / ∆Cost

where:
BC = 30-year discounted benefit/cost ratio
Hroom = hours of use of fixture in a specific room
(from the California Baseline study)
∆Cost = incremental cost of the fixture
∆Energy = reduced wattage of the fixture in watts
ERate = 30-year energy rate ($2.06/kWh)

Drate = discount rate (.03)
Dterm = discount term (30 years)
FPV = Present Value Function
LCost0 = original lamp cost
LLife0 = original lamp life
LCost1 = upgrade lamp cost
LLife1 = upgrade lamp life

Equation 2. This equation calculates the 30-year discounted benefit/cost ratio of a luminaire upgrade
considering the initial cost increment, energy savings, and annualized lamp replacement cost difference.

A complete list of the benefit cost ratios of each upgrade option for each area of the home is shown in Appendix D.

Air-tight (ICAT) Recessed Downlights
Recessed cans deserve special treatment in the standards because in addition to the electricity consumption by the
fixture to create light, the fixture creates an air infiltration path across the envelope.  To mitigate the problem of air
infiltration through recessed cans, several manufacturers make IC-rated (insulated ceiling) and air-tight or “ICAT”
recessed cans2.  Recognizing that energy savings in recessed cans can be realized by converting to a compact
fluorescent source and decreasing infiltration through the fixture, the Federal Government is making a bulk

                                                          
2 The use of the acronym “ICAT” in this context is a generic description and is not meant to refer only to the proprietary ICAT

rating procedure used by some testing laboratories.  The proposed standard to be used to define an air-tight recessed downlight
is ASTM E283-91.  We contacted Architectural Testing, Inc. in Fresno, CA and they indicated that they are equipped to perform
ASTM E283 and can do this test on recessed cans.
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procurement of compact fluorescent air-tight fixtures to support energy efficient fixture purchases for Federal
facilities and large scale energy efficiency programs.3

Insulated ceiling air-tight (ICAT) recessed cans are currently required by the Washington State Energy Code,4 the
1995 Model Energy Code (MEC)5 and its successor, the 2000 International Energy Conservation Code (IECC).6  The
wording is similar in all of these standards.  This proposal for Title 24 would be similar to these standards and would
use the same maximum infiltration rate of tested fixtures (2.0 cfm at 75 Pascals differential pressure).  This proposal
also requires that the fixture have a gasket or be caulked to the drywall.  The gasket/sealing  requirement is a
clarification of the current infiltration control requirements in section 117 of the Standards.

Though the test standard clearly limits the infiltration rate for ICAT cans, there was significant diversity in what the
appropriate infiltration rate should be for non-air tight recessed cans.  The data source used here for expected
infiltration rate for non-ICAT cans came from the ASHRAE Handbook of Fundamentals7 and is based upon the
effective leakage area.  These leakage area values were from published values in the technical literature8 and are
based upon a reference pressure difference of 4 Pa (0.016 in WC) and a coefficient of discharge, CD = 1.0.

Table 2. Effective Leakage Areas (Low Rise Residential Applications Only)

Description Best Estimate Minimum Maximum Units
Recessed Lights 1.6 0.23 3.3 in2/fixture

The following method was used to estimate the life cycle cost/benefit ratio for replacing standard IC recessed can
lights with ICAT can lights.

A) Convert ICAT required flow rate of 2 CFM at 75 Pa (0.301 in WC) into an effective leakage area, Ar1 (in2), at the
reference pressure of 4 Pa (0.016 in WC)9.

( ) ( )n
r

n
rD PPC 2

5.0
16

r2
r1 2C

QA
∆∆

=
−

ρ
where:

Qr2 = flowrate at pressure difference ∆Pr2, cfm
C6 = conversion unit factor = 5.39
CD= coefficient of discharge = 1.0
ρ = density of air, 0.075 lbm/ft3

∆Pr1 = reference pressure differential, 0.016 in WC
∆Pr2 = pressure differential at alternate pressure, 0.301 in WC
n = pressure exponent, 0.65

( ) ( )
2

65.065.05.0
r1 in084.0

301.0016.0
075.0
2139.5

2.0A =
×

=
−

                                                          
3 Buildings for the 21st Century Fact Sheet: July 2001. “Lighting Fixtures: Residential Recessed Downlights Technology

Procurement”  http://www.eren.doe.gov/buildings/emergingtech/pdfs/canscyan.pdf
4 Section 502.4.4 “Recessed Lighting Fixtures,” Washington State Energy Code 2000 Edition. Seattle version available at:

http://www.ci.seattle.wa.us/dclu/energy/Default.htm
5 Sections 502.3.4 and 602.3.3 1995 Model Energy Code, Council of American Code Officials (CABO), Falls Church, VA

http://www.cabo.org/
6 Section 502.1.3 2001 International Energy Conservation Code (IECC), International Code Council, http://www.intlcode.org/
7 ASHRAE 2001 Fundamentals p 26.15 Table 1 - Effective Air Leakage Areas (Low Rise residential)
8 Colliver, D.G., W. Sun and W.E. Murphy. 1994.  Development of a building component air leakage database. ASHRAE

Transactions 100(1):293-305
9 Accomplished by rewriting Equation 35 and solving for Ar1  p. 26.13 2001 ASHRAE Fundamentals
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Thus the effective leakage area of an ICAT can is 0.084 in2.

The reduced effective leakage area is 1.6 – 0.084 = 1.52 in2

B) Calculate a UA Infiltration, in units of Btu/hr⋅°F as follows:

UA Infiltration = Ar1 • C1 • ρ • Cp • s0 • C2

where:

C1 = conversion coefficient, 0.0069 ft2/in2

Cp = specific heat of air = 0.24 Btu/lbm⋅°F
s0=  specific infiltration velocity = 140 ft/min.
C2 = conversion coefficient = 60 min/hr
ρ = density of air, 0.075 lbm/ft3

therefore:

UA Infiltration = (1.52)(0.0069)(0.075)(0.24)(140)(60) = 1.59 Btu/hr⋅°F

C) Estimate annual energy savings, ES, using the infiltration degree-days (IDD) in ASHRAE Standard 119 and
furnace efficiency.  The infiltration degree days which account for variations in temperature and windspeed for
different climates, have been normalized relative to the specific infiltration velocity.

ES = UA Infiltration x IDD • C3 / AFUE
where:

IDD = infiltration degree-days from ASHRAE Std 119
C3 = conversion constant, 24 hr/day
AFUE = annual fuel utilization efficiency, 0.78

As an example, the energy savings for San Diego with 1,128 infiltration degree days is:

ES = (1.59)(1,128)(24) / (0.78) = 55,000 Btu/yr or 0.55 therms

D) Multiply energy savings by the 30-year discounted value of the cost natural gas.

The defined discounted cost of gas for a 30-year period is $12.64/therm. It should be noted that we are treating the
infiltration IDD’s as if they represent only heating savings–actually ICAT fixtures result in both heating and cooling
savings.  Thus, these cost savings estimates are conservative.

E) Calculate the benefit cost ratio.

Divide the present valued cost savings by the incremental initial cost of ICAT cans versus standard IC-rated, non-air-
tight cans.  We took the average cost for 10 models of standard IC-rated cans and compared them to 10 models of air-
tight cans and found the average incremental cost to be $4.12.  Incremental cost data in more established markets for
air-tight fixtures such as the Northwest show significantly lower cost increments.  Table 6 summarizes the above
calculations for 8 California locations ranked by their Infiltration Degree Days.

Results

A review of the literature and the recent availability research conducted for this measure found the selection and
availability of pin-based fluorescent luminaires to be sufficient.  A summary of the benefit/cost ratio for each type of
upgrade (high efficacy, dimmer switch and occupancy sensor/motion sensor, air-tight recessed downlights) is shown
in separate tables.



PG&E Code Proposals Page 9

Table 3. High Efficacy Lighting upgrade Benefit/Cost ratio summary statistics.

B/C ratio
high
efficacy

Kitchen /
Dining Yard Utility Living Garage Hallway Den Bathroom Bedroom

min 2.9 4.7 2.2 2.2 2.0 1.9 1.7 1.7 1.2
mean 21.9 16.4 15.8 17.1 13.4 14.9 13.6 16.4 10.9
max 76.2 47.8 58.3 58.3 51.5 49.3 44.8 44.8 31.4
Note: Minimums exclude 3 lighting upgrades that have zero additional first cost.

Table 3 shows that the minimum benefit/cost ratio for any of the high efficacy luminaire upgrades in this study is 1.2
in bedrooms where hardwired luminaires have the fewest hours of use.  On average, the benefit/cost ratio varies from
10.9 in bedrooms to 21.9 in the kitchen where operating hours are highest.  The life cycle benefits far outweigh the
costs for all of the luminaire upgrades under consideration with the greatest benefit in the high-use areas of the home.

Table 4. Dimmer Switch upgrade Benefit/Cost ratio summary.

B/C ratio
dimmer
switch

Kitchen /
Dining Yard Utility Living Garage Hallway Den Bathroom Bedroom

min 2.8 n/a 1.0 n/a 0.9 1.8 1.7 1.7 1.2
mean 9.8 n/a 6.2 n/a 5.5 6.4 5.8 5.8 4.0
max 26.0 n/a 19.9 n/a 17.6 16.8 15.3 15.3 10.7

Table 5. Occupancy Sensor/Motion Sensor upgrade Benefit/Cost ratio summary statistics.

B/C ratio
Occupancy
Sensor

Kitchen /
Dining Yard Utility Living Garage Hallway Den Bathroom Bedroom

min n/a 0.6 0.8 1.0 1.0 n/a n/a 0.6 1.2
mean n/a 544.8 1.0 6.2 1.0 n/a n/a 1.8 1.7
max n/a 1088.9 1.2 19.9 1.0 n/a n/a 3.1 2.2

The benefit/cost ratio of the proposed dimmer switch and occupancy sensor upgrades are not as favorable as the high
efficacy lighting upgrades, but still show substantial benefits on average.  The cost/benefit ratio is below 1.0 in some
cases where the likelihood of using a dimmer or occupancy sensor is also quite low, for example, a motion sensor on
a ceiling-mounted porch light is responsible for the minimum benefit/cost ratio of 0.6 in the yard.
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Table 6. Present Valued Infiltration Savings from ICAT Fixtures

Base ICAT Reduction Units ICAT
Effective Leakage 1.600 0.084 1.516 sq in Increment
IUA 1.680 0.089 1.591 Btu/hr-deg F 4.12$

City CTZ

IDD
(ASHRAE

119)

Energy savings
per fixture
(therms/yr)

30 Year Cost
Savings PV$

per fixture B/C Ratio
San Diego 7 1,128 0.552 $6.98 1.7
Los Angeles 6 1,698 0.831 $10.51 2.6
Bakersfield 13 2,600 1.273 $16.09 3.9
Santa Maria 5 2,801 1.372 $17.34 4.2
Oakland 3 2,943 1.441 $18.22 4.4
Fresno 13 3,101 1.518 $19.19 4.7
Red Bluff 11 3,795 1.858 $23.49 5.7
Mt Shasta 16 5,801 2.841 $35.91 8.7

As is shown in Table 6, the life cycle benefits of ICAT cans greatly outweigh the initial costs of these cans, with
greatest savings for colder climate zones.  While not all climate zones are shown, due to a lack of data for the
infiltration degree days in some parts of the state, representative climate zones covering all climate types are included
in Table 6.

The general conclusion one can draw is that all of these fixture upgrades can be considered cost effective.

Measure Longevity and Enforceability.
Other important factors to consider when proposing a code enhancement include the likelihood that the measure
would be enforced and the longevity of the measure.  The development of this codes and standards enhancement
involved the participation of individuals from the enforcement community and lighting designers familiar with the
constraints of real-world applications.  The participants addressed two concerns: the availability of compact
fluorescent fixtures and replacement lamps.

The suppliers of lighting products involved in our study claim that compact fluorescent versions of just about every
luminaire, if not already on the showroom floor, were available as a special-order item from the manufacturer.  As the
provisions of this proposed new measure become more widely known, it is expected that pin-based compact
fluorescent alternatives for a greater variety of luminaries will become commonplace.

Some participants in this codes and standards enhancement process expressed concern about the availability of
replacement pin-based lamps for these fixtures.  Pin-based compact fluorescent lamps come in a wide variety of base
types which all look very similar.  The lamp manufacturing industry is currently addressing this issue and is expected
to provide a simplified system for CFL lamp ballast matching before the implementation of this measure.
Nevertheless, replacement CFL lamps are available at home improvement and specialty lighting stores.  Considering
that lamp replacement will only happen once every 10 years, this is not considered to be a barrier to implementation.
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Recommendations

The recommendations are reflected in the proposed standards language included below.

Proposed Standards Language
Additions to the Definition Section

SECTION 101 – DEFINITIONS AND RULES OF CONSTRUCTION
HIGH EFFICACY LUMINAIRE is a luminaire containing only HIGH EFFICACY LAMP(s).

HIGH EFFICACY LAMP is a manufactured source of illumination (light bulb) producing illumination in or around
the visible spectrum that is rated:

1. for lamps rated less than 15 watts, no less than 40 initial lumens per watt, or
2. for lamps rated greater than 15 watts but less than 41 watts, no less than 50 initial lumens per watt, or
3. for lamps rated 41 watts or greater, no less than 60 initial lumens per watt, and

Note: In calculating the lumens per watt, only the watts of the lamp (not the ballast) are to be considered.

BATHROOM is a room containing a shower, tub, toilet or a sink that is used for personal hygiene.

Section 130 (k) changes:

§ 130 Lighting Controls and Equipment—General
(a) (This sub-section remains unchanged.)

(b) The design and installation of all lighting systems and equipment in high-rise residential living quarters and in
hotel/motel guest rooms shall comply with the following applicable provisions of section 150(k).

EXCEPTION to Section 130(b): Up to 10 percent of the guestrooms in a hotel/motel need not comply.

(c) (Other sub-sections remain unchanged.)

Section 150 (k) changes:

§ 150(k) Lighting Requirements
150(k)  Lighting.

1.       Luminaires for general lighting in kitchens shall have lamps with an efficacy of not less than 40 lumens per watt.
General lighting must provide a sufficient light level for basic kitchen tasks and provide a uniform pattern of
illumination.  A luminaire(s) that is (are) the only lighting in a kitchen will be considered general lighting.  General
lighting shall be controlled by a switch on a readily accessible lighting control panel at an entrance to the kitchen.

         Additional luminaires to be used only for specific decorative effects need not meet this requirement.

2.       Each room containing a shower or bathtub shall have at least one luminaire with lamp(s) with an efficacy of 40
lumens per watt or greater.  If there is more than one luminaire in the room, the high-efficacy luminaire shall be
switched at an entrance to the room.

         ALTERNATIVE to Section 150 (k) 2:  A high-efficacy luminaire need not be installed in a bathroom if:
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         A.  A luminaire with lamps with an efficacy of 40 lumens per watt or greater is installed in a utility room, laundry
room, or garage; and

         B.  All luminaires permanently mounted to the residence providing outdoor lighting shall be installed with the
following characteristics:

                      (1)   Luminaires with lamps with 40 lumens per watt or greater; or
                      (2)   Luminaires with lamps with an efficacy of less than 40 lumens per watt shall be equipped with a

motion sensor.

         Note:  When using this alternative for multiple bathrooms, after complying with Item B above for the first
bathroom, each additional bathroom in which a high-efficacy luminaire is not installed must comply with Item A
above alone.

3.       Luminaires installed to meet the 40 lumens per watt requirements of Section 150 (k) 1 or 2 shall not contain medium
base incandescent lamp sockets, and shall be on separate switches from any incandescent lighting.

4.       All incandescent lighting fixtures recessed into insulated ceilings shall be approved for zero-clearance insulation
cover (IC) by Underwriters Laboratories or other testing/rating laboratories recognized by the International
Conference of Building Officials.

1. High Efficacy Luminaire Requirement: A High Efficacy Luminaire must not contain line voltage medium
screw base lamp sockets including, but not limited to, E26/24 sockets.

2. Kitchen Requirement: Permanently installed luminaires in kitchens shall be High Efficacy Luminaires.

EXCEPTION to §150 (k).1: Up to 50 percent of the total rated wattage of permanently installed luminaires in
kitchens may be in luminaires which are not High Efficacy Luminaires, provided that these luminaires are
controlled by switches separate from those controlling the High Efficacy Luminaires.

Note: Luminaires which are not High Efficacy Luminaires but which are controlled by an occupancy sensor or a
dimmer switch (pursuant to §150(k)2. or §150(k)3., respectively) do not qualify as a High Efficacy Luminaire
for the purposes of meeting the kitchen high efficacy luminaire requirements of §150(k)1.

2. Bathroom and Support Space Requirement: Permanently installed luminaires in bathrooms, laundry rooms,
utility rooms and garages shall be High Efficacy Luminaires.

EXCEPTION to §150 (k).2: Permanently installed luminaires which are not High Efficacy Luminaires shall be
allowed, provided that they are controlled by occupancy sensor(s) certified per section 119.  Such occupancy
sensors must not have a control which allows the luminaire to be turned on automatically or which has an
override which allows the luminaire to be always on.

3. Pendant, Track and Recessed Luminaire Requirement: Any ceiling-mounted pendant luminaire, track
luminaire, or recessed downlight shall be a High Efficacy Luminaire or shall be controlled by a dimmer switch.

4. Recessed Luminaires in Insulated Ceilings Requirement: Luminaires recessed into insulated ceilings shall be
approved for zero clearance insulation cover (IC) by Underwriters Laboratories or other testing/rating
laboratories recognized by the International Conference of Building Officials, and shall include a label certifying
air leakage less than 2.0 CFM at 75 Pascals (or 1.57 lbs/ft2) using ASTM E283 testing standards and shall sealed
with a gasket or caulk between the housing and ceiling.

5. Exterior Lighting Requirement: Luminaires providing outdoor lighting and permanently mounted to a
residential building or its surrounding structures shall be high efficacy lighting.

EXCEPTION 1 to §150 (k).5: Exterior luminaires controlled by a motion sensor with integral photosensor need
not be High Efficacy Luminaires.

EXCEPTION 2 to §150 (k).5: Permanently installed luminaires in or around swimming pools, water features,
or other locations subject to Article 680 of the 1998 California Electric Code need not be High Efficacy
Luminaires.



PG&E Code Proposals Page 13

Proposed ACM Language
Not applicable.
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Appendix A—Table Of Fixture Types
Recessed Downlight, non-IC rated A

Recessed Downlight, IC rated B

Recessed Downlight, ICAT rated C
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Luminous ceiling, six porcelean
sockets

D

Cloud light E

Under cabinet task light F0
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Under cabinet task light F2

multi-lamp vanity bath bar G

combo fan/light (for bathroom) H
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ceiling mounted globe light I

Ceiling mounted Fan light J

Wall mounted sconce K



PG&E Code Proposals Page 19

Exterior wall mounted entry
light

L

Exterior ceiling mounted porch
light (globe)

M

Exterior wall mounted flood
light

N
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Cove lighting P

Surface mounted Track
lighting

Q

Surface mounted
Decorative/accent

R

Suspended pendant (utility) S
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Suspended pendant (utility) S

Suspended pendant (dining) T

Track Lighting U
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Appendix B—Table Of Base Case And Upgrade Options

Recessed Downlights

Base Case Description ID

Fixture Cost
(incl. 1st

lamp) Watts

Lamp
Life

(hrs)
Lamp

Cost
Incandescent PAR Recessed Downlight, non-IC rated A0 $43.78 75 2000 $5.76
Incandescent PAR Recessed Downlight, non-IC rated A0 $43.78 75 2000 $5.76
Incandescent PAR Recessed Downlight, IC rated B0 $44.78 75 2000 $5.76
Incandescent PAR Recessed Downlight, IC rated B0 $44.78 75 2000 $5.76
Incandescent PAR Recessed Downlight, ICAT rated C0 $48.90 75 2000 $5.76
Incandescent PAR Recessed Downlight, ICAT rated C0 $48.90 75 2000 $5.76

Upgrade Description
Pin-based CFL Recessed Downlight, non-IC rated A2 $81.42 26 10000 $5.00
Incandescent PAR Recessed Downlight, non-IC w/dimmer A3 $61.00 67.5 3000 $5.00
Pin-based CFL Recessed Downlight, IC-rated B2 $108.04 26 10000 $5.00
Incandescent PAR Recessed Downlight, IC rated w/dimmer B3 $54.09 67.5 3000 $5.00
Pin-based CFL Recessed Downlight, ICAT rated C2 $83.66 26 10000 $5.00
Incandescent PAR Recessed Downlight, ICAT rated w/dimmer C3 $58.21 67.5 3000 $5.00

Other Surface Mounted Luminaires

Base Case Description ID

Fixture Cost
(incl. 1st

lamp) Watts

Lamp
Life

(hrs)
Lamp

Cost
Incandescent Luminous ceiling, six porcelain sockets D0 $20.42 600 816 $2.54
Four recessed Incandescent PAR downlights E0 $175.11 300 2000 $23.04
Halogen Under cabinet task light F0 $28.73 75 3000 $3.99
multi-lamp Incandescent vanity bath bar G0 $17.12 210 816 $1.27
multi-lamp Incandescent vanity bath bar (high end) G0H $245.40 375 816 $1.91
Incandescent combo fan/light (for bathroom) H0 $60.17 100 816 $0.42
Incandescent ceiling mounted globe light I0 $28.06 120 816 $0.85
Incandescent Ceiling mounted Fan light J0 $138.18 180 816 $1.27
Incandescent Wall mounted sconce K0 $65.41 100 816 $0.42
Incandescent Exterior wall mounted entry light L0 $38.74 65 1211 $2.20
Incandescent Exterior ceiling mounted porch light (globe) M0 $23.00 60 816 $0.42
Incandescent Exterior wall mounted flood light N0 $48.51 400 3000 $5.76
Incandescent Suspended pendant (utility) S0 $107.02 120 816 $1.27
Incandescent Suspended pendant T0 $67.39 123 816 $0.71
Incandescent Track (3 heads) U0 $15.76 225 2000 $5.76

Upgrade Description
CFL (screw-in) Luminous ceiling, six porcelain sockets D1 $88.10 156 7100 $70.22
Luminous ceiling, 4 T12 fluorescents, magnetic balast D2 $72.88 136 20000 $22.88
Fluorescent "cloud" light E2 $79.75 68 20000 $11.44
Fluorescent Under cabinet task light F2 $18.98 15 7333 $5.16
Screw-in CFL multi-lamp vanity bath bar G1 $27.55 55.5 7100 $11.70
Pin-based multi-lamp fluorescent vanity bath bar G2 $74.16 18 10000 $5.52
multi-lamp Incandescent vanity bath bar w/occpcy sensor G3 $45.05 189 3000 $1.27
Screw-in CFL multi-lamp vanity bath bar (high end) G1H $262.34 23 8250 $18.84
Pin-based multi-lamp fluorescent vanity bath bar (high end) G2H $263.00 66 15000 $16.76

Other Surface Mounted Luminaires (continued)
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Base Case Description ID

Fixture Cost
(incl. 1st

lamp) Watts

Lamp
Life

(hrs)
Lamp

Cost
multi-lamp Incandescent vanity bath bar w/occupancy sensor (high end) G3H $273.33 337.5 15000 $1.91
Screw-in CFL combo fan/light H1 $49.84 20 7100 $11.70
Pin-based CFL combo fan/light H2 $59.00 13 10000 $5.52
Incandescent combo fan/light w/occupancy sensor (for bathroom) H3 $88.11 90 1225 $0.42
Screw-in Fluorescent ceiling mounted globe light I1 $38.92 40 7100 $11.70
Pin-based CFL ceiling mounted globe light I2 $31.58 28.16 9033 $6.05
Screw-in Fluorescent Ceiling mounted Fan light J1 $193.44 21.8 8250 $56.53
Pin-based Fluorescent Ceiling mounted Fan light J2 $143.50 30 10000 $6.59
Screw-in CFL Wall mounted sconce K1 $76.69 21.8 7100 $11.70
Pin-based Fluorescent Wall mounted sconce K2 $71.49 13 10000 $5.52
Screw-in CFL Exterior wall mounted entry light L1 $48.24 21.8 7000 $11.70
Pin-based CFL Ext wall mntd entry light L2 $51.52 5.52 10000 $5.52
Screw-in CFL Ext. Ceiling mntd porch light (globe) M1 $34.28 21.8 7100 $11.70
Pin-based CFL Ext. Ceiling mntd porch light (globe) M2 $46.33 13 10000 $5.52
Incandescent Exterior ceiling mounted porch light w/motion sensor
(globe)

M3 $50.93 54 1225 $0.42

Screw-in CFL Exterior wall mounted flood light N1 $66.51 19.6 7600 $23.76
Pin-based CFL  Exterior wall mounted flood light N2 $35.66 34.5 10000 $5.76
Incandescent Exterior wall mounted flood light w/motion sensor N3 $48.85 240 3000 $5.76
Screw-in CFL Suspended pendant (utility) S1 $140.86 46 7100 $35.11
Pin-based CFL Suspended pendant (utility) S2 $34.30 80 20000 $11.44
Incandescent Suspended pendant w/occupancy sensor (utility) S3 $134.95 108 1225 $1.27
Pin-based CFL Suspended pendant T1 $91.74 23 7100 $11.70
Pin-based CFL Suspended pendant T2 $99.97 26 10000 $11.48
Incandescent Suspended pendant w/dimmer T3 $119.05 98.6 1225 $0.71
Pin-based CFL Track (3 heads) U2 $50.00 78 10000 $0.00
Incandescent Track (3 heads) with dimmer switch U3 $32.98 180 3000 $0.00
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Appendix C—Table Of Minimum Hour Cost Effective Upgrades

Upgrade Description Change Min Hours of
Operation

Base-->
Upgrade

Watt
Reduction

Percent
kW

Reduction
Incremental

Cost

Energy
Only

hours/yr

Energy &
Maint hours

per yr
Incandescent to CFL (pin) A0->A2 49.0 65% $37.65 372.95 255.05
On/off to dimmer A0->A3 7.5 10% $17.22 1114.64 438.84
Incandescent to CFL (pin) B0->B2 49.0 65% $63.25 626.64 428.55
On/off to dimmer B0->B3 7.5 10% $9.31 602.64 237.26
Incandescent to CFL (pin) C0->C2 49.0 65% $34.75 344.31 235.46
On/off to dimmer C0->C3 7.5 10% $9.31 602.64 237.26

Incandescent to screw-in CFL D0->D1 444.0 74% $67.68 74.00 86.58
Incandescent to linear fluorescent D0->D2 464.0 77% $52.46 54.88 52.76
Incandescent to linear fluorescent E0->E2 232.0 77% -$95.36 -199.52 -137.69
Incandescent to linear fluorescent F0->F2 60.0 80% -$9.75 -78.88 -71.76
Incandescent to CFL (screw-in) G0->G1 154.5 74% $10.43 32.78 32.97
Incandescent to CFL (pin) G0->G2 192.0 91% $57.04 144.22 137.39
On/off to occupancy sensor G0->G3 21.0 10% $27.93 645.69 426.82
Incandescent to CFL (screw-in) G0H->G1H 352.0 94% $16.94 23.36 23.33
Incandescent to CFL (pin) G0H->G2H 309.0 82% $17.60 27.64 26.64
On/off to occupancy sensor G0H->G3H 37.5 10% $27.93 361.59 231.84
Incandescent to CFL (screw-in) H0->H1 80.0 80% -$10.33 -62.70 -72.44
Incandescent to CFL (pin) H0->H2 87.0 87% -$1.17 -6.55 -6.57
On/off to occupancy sensor H0->H3 10.0 10% $27.93 1355.95 1164.50
Incandescent to CFL (screw-in) I0->I1 80.0 67% $10.86 65.88 71.05
Incandescent to CFL (pin) I0->I2 91.8 77% $3.51 18.57 17.89
Incandescent to CFL (Screw-in) J0->J1 158.2 88% $55.26 169.56 248.82
Incandescent to CFL (pin) J0->J2 150.0 83% $5.32 17.22 16.29
Incandescent to CFL (screw-in) K0->K1 78.2 78% $11.28 70.03 81.19
Incandescent to CFL (pin) K0->K2 87.0 87% $6.08 33.91 34.03
Incandescent to CFL (screw-in) L0->L1 43.2 66% $9.50 106.77 103.43
Incandescent to CFL (pin) L0->L2 59.5 92% $12.78 104.34 86.76
Incandescent to CFL (Screw-in) M0->M1 38.2 64% $11.28 143.35 199.51
Incandescent to CFL (pin) M0->M2 47.0 78% $23.33 240.93 242.59
On/off to motion sensor M0->M3 6.0 10% $27.93 2259.91 1773.86
Incandescent to CFL (screw-in) N0->N1 380.4 95% $18.00 22.97 23.69
Incandescent to CFL (pin) N0->N2 365.5 91% -$12.85 -17.06 -16.48
On/off to motion/photocell N0->N3 160.0 40% $0.34 1.04 1.04
Incandescent to CFL (screw-in) S0->S1 74.0 62% $33.84 222.00 393.56
Incandescent to CFL (pin) S0->S2 40.0 33% -$72.72 -882.48 -715.23
On/off to occupancy sensor S0->S3 12.0 10% $27.93 1129.96 800.81
Incandescent to CFL (screw-in) T0->T1 100.3 81% $24.36 117.84 127.31
Incandescent to CFL (pin) T0->T2 97.3 79% $32.58 162.49 167.14
On/off to dimmer T0->T3 24.7 20% $51.66 1016.73 915.08
Incandescent to Pin-based CFL U0->U2 59.16 68% $31.90 261.78 207.06
On/off to dimmer U0->U3 8.75 10% $1.54 85.77 47.76
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