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1. Purpose

The CASE proposal is based on the premise that egress lighting in buildings is a signifiazsd end

of lighting energy in California, as egress lighting is often held on for 24 hours a day, seven days a
week, every day of theear even when buildings are not occupied. Title 24 2008 currently allows 0.3
W/sf of lighting along the path of egress to be exempt from the requirement fafsbomtrols

under Section 131(d); we are proposing to reduce this allowance to 0.0WéasErage, per floor

of the building)or to remove it entirely.

Note that the scope of this CASE Report is for the building interiors and does not include the path of
egress from a building exit to a public way; the scope also does not include exit soynhatjee
illumination of the egress path under egress and emergency conditions.

Several organizations and governmental agencies have already codified the energy and money saving
opportunity to control egress illumination including the State of OregonCithef Seattle as well as

the Illluminating Engineering Society of North America (IESNA) (In conjunction with the American
National Standards Institute (ANSI)). The method employed by these organizations is to require the
egress lighting (also known agyht lighting) to be switched off when the building is unoccupied.
However, the California Utilities Statewide Codes and Standards Team has identified an alternative
path that may achieve significant savings while avoiding some of the difficulties of ¢eraipigoff

of interior lighting.

This CASE report proposes two possible levels of-siffuluring unoccupied periods:

E fiLevel Oneodo, in which the emergency |l ightin
using no more than 0.05 W/sf and providing d¥erage illumination along the exist path. In
this case the egress |lighting is al/| on a d

t he buil di ng-Offssysem.t omati ¢ shut

E iLevel Twoo, in which the e weaddfienalenergy i ght i n
during unoccupied periods. Note that to achieve this control, the emergency lighting would be
connected to U.L. 924 rated switchgear to ensure that the emergency lighting is energized if
the buildingds electrical supply fails.

The present California Building Code and Fire Code already allow building managers to turn off all
egress lighting. The California Utilities Statewide Codes and Standards Team is proposing to require
that, for new construction, allowable egress lighting powasities in unoccupied buildings be

based on the same illumination standard as emergency lighting (or an average -abhdést This

level of illumination can be provided by using 0.05W/sf in conjunction with properly switched

standard fluorescent lighg. And in the case of photoluminescent exit sigie lamps that keep

these photoluminescent signs Achargedod would r
existing buildings (through activities that trigger Title 24, Part 6, such as mugli®jéctrical circuits)

the owners would also be required to control egress lighting power consumption during unoccupied
times.

2013 California Building Energy Efficiency Standards October 2011
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2. Overview

a. Measure | Egress Lighting

Title

b. The proposed measure will reduce #tlewed lighting power density that is exempt

Description | from the requirement for area controls and automaticaffigontrols under Sectiong
131(a) and (d) respectively.
Under 2008 code, 0.3 W/sf in the egress pathway of all commercial buildings is
exempt from tle requirement for area controls or automatic shut off controls, i.e.
lighting is allowed to remain on 24/7.
The proposed measure reduces the exception for Area Control$ W/6f2 It also
reduces the exception for Skaff Controls to 0.05 W/sf inffice buildings, and to
zero for other building types.
Note that under Sectidlv6(a)3K exitway or egress illumination that is normally of|
and that is subject to the California Building Caslexempt from all requirements fg
control and lighting powedensity.

c. Type of Theproposectchangdas a mandatory measure. Buildings using both the prescript

Change and performance method would need to comply.

d. Energy Analysis was done for two office buildinggsa small office (8,200 sf) andlarge

Benefits office (34,000 sf). This proposed measure used the same office models as the

lighting measures proposed for 2014 Code.
For details of the energy savings calculations, see setiioh

Electricity q Natural Gas TDV
Savings Deman Savings | Electricity TDV Gas
Savings . Savings
kwish | (Thermstt | apre. | (/s
(kwh/sflyr) v ($/sf)
Small
Level one | Office 0.16 0 NC $0.29 NC
control Building
(emergency
lighting
remains on | Large
2417) Office 0.16 0 NC $0.29 NC
Building

1 The 0.2W/sf allowance for area controls in each space is higher than the 0.05W/sf allowance for the floor as a whokprhedadagdual spaces
may contain a large area of egress path as a percentage of their floor area.

2013 California Building Energy Efficiency Standards
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Small

Level two | Office 0.23 0 NC $0.41 NC

control Building

(emergency

lighting is Large

shutoff) | office 0.23 0 NC $0.41 NC
Building

The proposed change will not significantly affect natural gas use. The savings
occur in the evenings and on Sundays, when commercial thermostats will be se

The savings from ib/these measures resilh the followingstatewidefirst year

savings
Total Electric Total Gas : Total TDV
Energy Savings| Energy Savings Total T[()?:; Savings Energy(kBTU)
(GWh) (MMthermg
62.3 0.0 $93,200,000 1,050,000,000

e. Non
Energy
Benefits

The nonenergy benefits of the proposertasure are reduced lighting trespass.

2013 California Building Energy Efficiency Standards
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f. The proposed change has small negative impacts associated with added wiadditmalal
ballasts and a very large positive environmental impact associated with reduced energy consu
There are no watempacts from this measure outside the reduced water usage associated with
reduced energy consumption.

Mercury Lead Copper Steel Plastic Others
(Identify)
Statewide impact 192() 192(1) 9000q1) 1567771) 15991§]) NC

Material Increase (I), Decread®), or No Change (NC): (All units are Ibs/year)

Water Consumption

On-Site (Not at the Powerplant) Water Savings (or Increase)
(Gallons/Year)

Statewide

NC

Water Quality Impacts

Mineralization Algae or Corrosivesasa | Others
salts Change
Impact (I, D, or NC) NC NC NC NC

assessment

Comment on reasons
for your impact

See explanation
above

g.
Technology

Measures

The cost analysis for this measure is based in part on the use of Udor@pfant
switching devices for emergency lighting, which allow the lighting to be used in
Anormally ono mode. I n practice, al
use normallyoff emergency fixtures that do not require a switching device.

Measure Availability:

U.L. 924 compliant emergency switching devices are available from many large
manufacturers, and have been available for many years. Major manufacturers i
Philips Bodine, Chloride and Liebd&merson.

Useful Life, Persistenceand Maintenance:

These switching devices are not typically rated for a maximum life. We have
assigned them a dfear measure life in line with other lighting controls.

2013 California Building Energy Efficiency Standards
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h

Performance
Verification

of the
Proposed
Measure

The proposed requirements should be verified on site to ensure that egress ligh
switched off automatically and that the LPD limits are met. The nonresidential
lighting compliance forms LT&GC and LTG2A and acceptance form LTFBC
should be modifie@ccordingly.

i. Cost Effectiveness

The following shows the cost effectiveness of the proposed change. The supporting calculatiot

presented in Sectich?7.

a

b

e

Measure
Name-
Automat
ic Shut
off of
non
egress
lighting
during
unoccupi
ed times

Measure
Life
(Years)

Additional Costs

Current Measure

Costs (Relative to
Basecase)

(%)

Additional
Cost Post
Adoption

Measure Costs|

(Relative to

Basecase) ($)

PV of
Additional
Maintenance
Costs
(Savings)
(Relative to
Basecase)

(PV$)

Per
square
foot

Per
Proto
Bldg

Per Per
Unit Bldg

Proto Unit

Per
Proto
Bldg

Per

PV of
Energy
Cost

Savingsi

Per Proto

Building
(PV$)

LCC Per Prototype
Building

(%)

(ct+e}
Based on
Current

Costs

(d+e)f

Based on
Post

Adoption
Costs

Level
One

Small
Office
Building

15

$0.09 $762

$2,378

($1,615)

($2,378)

Level
One
Large
Office
Building

15

$0.07 | $2,278

$9,860

($7,582)

($9,860)

Level
Two
Small
Office
Building

15

$0.15 | $1,254

$3,362

($2,107)

($3,362)

Level
Two
Large
Office
Building

15

$0.09 [ $2,958

$13,940

($10,982
)

($13,940
)

2013 California Building Energy Efficiency Standards
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j. Analysis This measure is proposedraandatory. Analysis tools are not relevant, since this
Tools measure would not be subject to whole building performance-trifsle

K. This measure will not have a significant impact on other measures.
Fegtkl]onshlp Because lighting will beeduced, the heating needs of a building will increase slig
I\(zeasuerres and the cooling needs will decrease slightly. However, because commercial

buil dingsd cooling |l oads typically ¢
interaction with HVAC measures winl create additional savings, therefore the
analysis presented here is conservative.

In calculating the savings, we have reduced the available lighting power by 15%
account for the Atuningo0 energy savi

2013 California Building Energy Efficiency Standards October 2011
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3. Methodology

This section describes the methodology that we followed to assess the savings, costs, and cost
effectiveness of the proposed code change. The key elements of the methodology were as follows,

E Scoping Interviews with Manufacturers, Designersgd€ Developers and Other Experts

A Defining fegresso vs. fiemergencyo | ighting
Online Survey of Manufacturers, Designers, Code Developers and Other Experts

Egress Lighting Code Review

Phone Consultations with State Fire Officials

Development of Prototype Bdiings

Engineered lighting layouts

m- m- m me Imr [mr

Cost Analysis
A Informal Interviews with Egress Control Equipment Manufacturers
E Energy Savings Analysis
A Night-Time Lighting Survey
E CostEffectiveness and Statewide Savings
E Stakeholder Meeting Process

This work was publicly gtted through our stakeholder outreach process, which throyogrson

meetings, webinars, email correspondence and phone calls, requested and received feedback on the
direction of the proposed changes. The stakeholder meeting process is describeddabtitlee
Methodology section.

3.1 Scoping Interviews

We conducted 15 phone (scoping) interviews using an interview guide to focus the discussion. The
purpose of these scoping interviews was to identify the issues and challenges regarding the control of
egress lighting, so that the formal online survey cagkimore specific questions about how those
challenges could be addressed. The full text of the scoping interview guide is shgpendix II:

Outline for Scoping InterviewDuring each interview we asked each interviewee the questions that
were relevant to their practice. The interviewee list was compiled by HMG staff and includes a
diverse group of respondents, including:

E Committee chairs and members from thievant ASHRAE 90.1 and IESNA committees
E Lighting designers

E Manufacturer and industry group representatives

E Californiaés Senior Deputy Fire Marshal

The interview covered the following issues:
E Egress lighting control requirements in other state and lndhling codes

2013 California Building Energy Efficiency Standards October 2011
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E Egress control system types and market share

E Egress control system performance

E Discussion of potential code change proposals
The full list of interviewees is available on request.

3.2 Online Surveys

We distributed an online survey to 140 bulgliprofessionals. The purpose of the online survey was

to ask specific questions for which we needed quantitative or categorical answers, for instance to
understand typical practice or to obtain a more accurate estimate of costs or market share.eyrhe surv
included questions about the following issues:

E Types of emergency lighting system

Types of egress lighting control

Types of shubff control

Egress and emergency lighting illuminance requirements

m- m: m [mr

Proportion of luminaires designated egress and emergency

The full text of the online interview is shownAppendix IlI: Text of Online SurveyThere were 23
respondents to the survey, plus additional comments collectadB@MA members and

summari zed by the Chair of BOMA Californiads E
the respondents included a wide range of professionals including lighting designers, building owner
representatives, fire safety experts amdiaber of lighting manufacturer executives from throughout

the United States.

3.3 Egress Lighting Code Review

We carried out an extensive review of state and city building codes that contain requirements for
emergency lighting, egress lighting, and the cdrif@gress lighting. This review included the
following documents:

California Building Code (Title 24 Part 2)
California Fire Code (Title 24 Part 9)
California Electrical Code (Title 24 Part 3)
California Energy Code (Title 24 Part 6)
Oregon Building Cod

Seattle Building Code

American Institute of Architectsdo (Al A) Eg
Council (ICC).

To further investigate the requirements and intent of these codes we also conducted phone interviews
with code officials fron American Society of Heating, Refrigerating and-8onditioning Engineers

m m m m mm

[T
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(ASHRAE), llluminating Engineering Society of North America (IESNA), plus an Oregon Energy
Code committee member.

3.4 Phone Consultations with State Fire Officials

We held twoscheduled phone conversations with a State of California Office of the State Fire
Marshal, Senior Deputy Fire Marshal and two discussions with a Fire Life Safety Head Officer with
the Division of the State Architect. These conversations were intendedftorcthe information

that we had already collected regarding the requirements of the Building Code and Fire Code, and
regarding the enforcement of these requirements.

3.5 Development of Prototype Buildings

To assess the energy savings, cost, and cost eéeesis of the proposed requirement, we developed
prototypes of a small office building and a large office building. The layouts of the prototype
buildings allowed us to calculate the length of wire runs and the equipment counts required to
implement egreslighting controls.Figurel shows the basic characteristics of the small and large
office prototypes.

Occupancy Type Area Number Other Notes
(Residential, (Square | of
Retail, Office, Feet) Stories
etc)
Prototype 1 Small Office 8,200 1 Rectangular in shape, consists of several open

office areas and orand twaperson offices linked
by corridors

Prototype 2 Large Office 34,000 1 Rectangular in shape, consists afae surrounded
by a large concentric open office area, with some
perimeter private offices.

Figure 1 Description of Prototype Office Buildings Used for Analysis

We chose to use thesffice buildings as prototypes for two rems. First, offices are very common

type of building, and second it is usually more expensive to install wiring and controls in offices than

in the other common building types (retail stores, warehouses). This is because offices are often
subdivided intanany small spaces, and because they have complex routing for wiring. If egress
controls are installed as a retrofit measure, there could be added costs to gain access to (and refinish)
areas behind sheetrock or other permanent finishes. Although sddiegsusuch as retail stores or
warehouses are likely to include high spaces that incur increased wiring costs (due to the need for lifts
to access the ceiling), if those spaces are being wired anyway, it is comparatively inexpensive to run
additional cicuits at the same time. Therefore, the measure costs calculated for offices are likely to

be at least as high (per square foot) as for other building types, and therefore provide a conservative
estimate of cosgeffectiveness. The layouts of the two ptgpe offices are shown idppendix I

Egress Lighting Circuit Layouts in Prototype Buildings
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Small Office Prototype

The small office prototype is a building that was surveyed in 2005 by HMG, as part of a study on
photocontrol systems conducted for the California investared utilities, and the Northwest Energy
Efficiency Alliance. This building was chosen because typical of the layout of many small

California offices, which have a number of open office areas and gegéen or multperson

offices around the perimeter, linked together by internal corridors. This specific building was also
chosen because agpaf the 2005 study we collected very comprehensive data on its lighting and
control systems, and because we have both a reflected ceiling plan and a furniture layout for the entire
building, which allows the egress paths to be accurately defined.

Large Office Prototype

This building was chosen because, unusually, it has a mix of both perimeter private offices and
peri meter open office areas. These different
so this allowed us to accommodate hibthise common configurations within the same building

model, rather than using two models. The layout is arranged around a central core, like the vast
majority of larger office buildings. A reflected ceiling plan and furniture layout were also available
for this building.

3.6 Engineered Lighting Layouts

We used the layouts of the prototype buildings described above as the basis for designing egress and
emergency lighting systems, and calculating the cost of providing wiring and equipment for the
control of egress lighting.

Part of the purpose of desiggithese emergency and egress lighting layouts was to investigate how
much the emergency and egress LPDs could be reduced from current code allowances, by using a
single lamp (rather than two lamps) per fixture to provide the illumination. l.e., byfudumgs in

which one of the lamps provides emergency illumination while the other one or two are controlled by
the fAiregul aro control system Using |l uminaires
grid improves the uniformity of illuminanand therefore allows the minimum illuminance

requirement to be met by using a lower average illuminance, and therefore less lighting power. It also
results in a more uniform appearance and therefore lower contrasts, which likely improve the
perception ohazards such as changes of level or objects in the path of egress.

An electrical and lighting engineering firm with extensive experience of egress lighting requirements
and a close involvement in code development provided lighting equipment layouts foifite

building templates as shown belowAppendix I: Egress Lighting Circuit Layouts in Prototype
Buildings

3.7 Informal Interviews with Egress Control Equipmerflanufacturers

We conducted a series of informal interviews with technical staff from several major controls
manufacturers. In these interviews, we established the following:

E Which of their systems and components are most commonly installed to contssl egre
lighting
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E Which systems provided the least expensive or most easily installed solution

E Exactly which pieces of equipment should be installed where in the two prototype buildings,
to achieve compliance with the requirements of the California Building @odi€ire Code.

E The typical contractor price for the equipment
E How much labor is typically associated with installing each piece of equipment

3.8 Night-Time Lighting Survey

A night time field survey was conducted of office buildings to estimate the perceftiégiging that

was switched on during a weeknight, and the hours of operation. This was done to estimate savings
for automatic shubffs for egres@ndnon-egress lighting. The survey of commercial buildings was
conducted at four separate locationshia state, on a weekday evening in the fall of 2010.
Observations were made hourly between 6 pm and 11 pm.

A surveyor walked around the building and estimated what percentage of lights were on in the areas
of the building that could be seen. Usuallywés not clear from the vantage point at ground level
whether the spaces being observed were private offices or open offices, conference rooms etc, so the
type of space was not recorded. Lighting load was recorded for each floor or each building, at each
time interval. Observations were conducted in downtown commercial districts in:

E Sacramento
E Oakland

E Santa Monica
E San Diego

The percentage of lighting switched on was recorded for 770 floors in 71 buildings, resulting in a total
of 3,627 observations. (Due survey constraints not all floors were recorded at all time intervals). A
copy of the survey instrument is provideddippendix V: Surveyor's Forms for Nigiiime Lighting

Survey

3.9 Energy Savings Analysis

I n I'ine with the Cal i f or-sffeciveriesseetltpg, weCcalcalateds s i o n 6
energy savings using tirgependent valuation (TDV) assuming ayEar measure life and the
proposed change in the lighgj schedule.

3.10 Cost Analysis

To develop cost estimates, we combined data from manufacturers and distributors with equipment
costs and labor rates provided by RS Means CostWorks Online Construction Cost Data.

RS Means contains accurate figures for the msetprice and labor cost formany common lighting

and electrical equipment systems., Since many of the systems considered in this CASE report are
uncommon, RS Means does not have cost data for these atypical systems. Therefore, to calculate
costsforspe€ii ¢ pi eces of equipment we used manufact
of typical price and labor requirements. As much as possible, we did not inform manufacturers or
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distributors that we were conducting research for a proposed code chadgee tried to contact
people who would not take a strategic view of pricing, i.e. would not inflate or deflate prices to try to
influence our research.

3.11 Cost Effectiveness and Statewide Savings

We calculated the costfectiveness for the proposed maasby comparing the calculated TDV
savings with the calculated measure costs. We also estimated of the resulting annual statewide
savings. The cosdffectiveness calculation is a direct comparison between:

E Measure costs per square foot (for equipmedtlabor)

E Measure savings per square foot over thgddr measure life, calculated using the 2013 TDV
method

The statewide estimate of savings was based on new construction square footage forecasts by building
type, obtained from the California Energy Corasion, together with estimates of the typical hours of
use and lighting power density of egress lighting, as obtained from our data analysis.

3.12 Stakeholder Meeting Process

All of the main approaches, assumptions and methods of analysis used in this proposal have been
presented for review at one of three public Lighting Stakeholder Meetings..

At each meeting, the utilities' CASE team invited feedback on the proposed laramehgnalysis
thus far, and sent out a summary of what was discussed at the meeting, along with a summary of
outstanding questions and issues.

A record of the Stakeholder Meeting presentations, summaries and other supporting documents can be
found atwww.calcodes.com Stakeholder meetings were held on the following dates and locations:

E First Lighting Stakeholder Meeting: March 18th, 2010, Pacific Energy Center, San Francisco,
CA

E Second Lighting Stakeholder MeetirBeptember 21st 2010, California Lighting Technology
Center, Davis, CA

E Third Lighting Stakeholder Meeting: February 24th, 2011, UC Davis Alumni Center, Davis
CA

In addition to the Stakeholder Meetings, a Stakeholder Work Session was held on Deember 8
2010.to allow detailed review of this and other lighting topics.

3.13 Statewide Savings Estimates

The statewide energy savings associated with the proposed meesrgeslculated by multiplying
theenergy savings per square foot with the statewide estimagaotonstruction in 2014. Details on
the method and data source of the nonresidential construction forecaséppemnix VII: Nor
Residential Construction Forecast details
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4. Analysis and Results

This section presents the analysis and results of the methodology provided in the previous section:
E Results of Scoping Interviews

Results of Online Survey

Codes and Standards Context

Engineered Lighting Layouts

Energy Savings

Costs

m- m: m me Imr [mr

Costeffectiveness and Statewide Savings

4.1 Results of Scoping Interviews

In the scoping interviews we asked the interviewees about the requirements of code, the enforcement
of those requirements, and how emergency lighting and egress lighting aedlyyipiplemented and
controlled in commercial buildings. The scoping interview is provideéeppendix II: Outline for

Scoping Interview

Because the scoping intéws did not contain specific, quantifiable questions, we have organized the
findings of the scoping interviews around certain key themes, as described below.

4.1.1 Defining the Difference between Egress Lighting and Emergency Lighting

Several interviewees dregur attention to the fact that NFPA 101 contains separate definitions for

Alll uminating the Means of Egresso (Section 7.
NFPA 101 is not a mandatory code in California, but is widely referred to inaites and is
considered a best practices gui de. T hoeringl i f f er

the time that the conditions of occupancy requ
wher eas emer genc yvidedifogdnininum of .5 Howard irl thele\ent of faiture of
nor mal ' ighting. 0O

The difference between egress lighting and emergency lighting is defined in exactly the same way in
the California Building Code and Fire Code. A table showing the four pesséies of these two
systems is shown iRigure2.

Occupied Unoccupied
Normal Egress on, emergency Egress off, emergency
power off off
Power failure Egress on, emergency Egress off, emergency
on on

Figure 2. State Diagram for Separate Egress and Emergency Systems

2 Unlike emergency lightingggress lighting does not have to be provided by electric luminaires. Egress lighting can be provided by daylight, which is
why Title 24 Section 131(c), which contains the requirements for photocontrols, does not include the 0.3 W/sf exceptioarthat other parts
of Section 131.
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In practice, both these needs are often met by a combined system that fulfills the coverage and
illuminancerequirements for both egress and emergency lighting, and remains on under both sets of
circumstances, as shownhkigure3. Furthermore, to reducedlinitial cost of the system, it simply
remains on all the time, rather than switching off when the building is unoccupied and supplied by
normal mains power.

Occupied | Unoccupied

Normal power On Off

Power failure On On
Figure 3. State Diagram for Combined Egress and Emergency System

Sever al i nterviewees stated that it is best no
the City of Portland, Oregon, did combine these terms in a proposed code change and, according to
one interviewee, it caused fAda | ot of difficult

4.1.2 Areas Required to have Egress Lighting

The California Building Code (Title 24, Part 2) Section 1006.3 states that egress lighting is required
from Aany occupied portioni ofwayd.ui |l Ailnigt eralstr
section suggests that egress lighting is required in private offices and other spaces that have only one
means of egress. However, in discussion with code officials we determined that egress lighting is not
required inthese spaces, and therefore that egress lighting and emergency lighting are required in
exactly the same spaces.

Required to have egress Required to have
lighting when occupied?| emergency lighting?

Private offices and other No No

spaces with only 1 means of

egress

Open areas and other space; Yes Yes

with 2 or more means of

egress

Corridors, exit areas Yes Yes

Figure 4. Spaces required to have egress and emergency lighting

4.1.3 Use of Occupancy Sensors to Control Egress Lighting
The 2007 California Building Code (Title 24, Part 2, Section 1006 Means of Egress lllumination,

1006.1 Il lumination Required) requires that AT
be illuminated at all times the building space servedbyteans of egress is occug@ed Thi s

requirement means that whenever anyone is present in the building, the entire path of egress must be
il lTuminated. Thi s, I n turn, means that the wus

open areas ahcorridors, because local sensors would only illuminate the path of egress immediately

3 Note that the California code mirrors NFPA 101 (a code which is mandatory in some jurisdictions and voluntary in
California). NFPA 101 states #AAll means of iredigethess must
buildingisoccupi ed. 0
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in front of the occupant. However, it should be noted that a network of occupancy sensors, that kept
the egress Il ighting on un tatelwouddlbd congpfiantinlthese s ens or
Sspaces. AStandal oned occupancy sensors woul d
only one means of egress, according to the California Fire Code, Title 24 Part 2 Section 1006.3.

Opinion was dividedamongnt er vi ewees about whether it was 0
sensors for the control of egress lighting. On one hand, we were told that occupancy sensors avoid

the potential problem of occupants not knowing where the override switches are, lieibtimer

hand occupancy sensors, like any electronic equipment, can potentially fail and not detect an

occupant. We believe that the concern about occupancy sensor failure would be reduced by the use of
networked sensors, because the chance of all teersein an area failing would be extremely small.

Also, a 2008 survey of electrical contractors found that, based on callbacks, they consider occupancy
sensors to be highly relialdle

Whether a timeclock or occupancy sensors are used, under TitletB34S#ation 131(d), override

devices (switches) are also required. Therefore networked occupancy sensors would always represent
an increase in amenity over a timeclock system, because they would detect occupants under many
circumstances, and reduce thedéor occupants to get up and push manual override switches.

Several interviewees informed us that there is currently not a U.L. standard that can be used as a basis
f or demonsstarfaet ionpge riaftaiioln 6 of occupannmendedenn s or s
NFPA 101 for emergency lighting equipment, although it should be noted that the occupancy sensors
would not be part of the emergency lighting system, only of the egress lighting system). These
interviewees were uneasy about specifying occupaeangors, although some specified them anyway.

We were told that an alternative to occupancy sensors (in stairwells) may be to use U.L. Listed (all
one)stairweis peci fi ¢ units such as Lamards Voyager fi
integraloccupancy sensors that are built so if the power fails the units default to the on position.

From what the interviewees told us, although occupancy sensors would not be required to be U.L.
listed, we believe it may be desirable for U.L. to create a atdrfdr faitsafe operation for both
standalone and networked occupancy sensors, in advance of Title 24 2013 being implemented (if
possible). This would allow occupancy sensors to be used as pareajencgystems, thereby

savings even more energy. €l@alifornia utilities and/or an organization such as BOMA would

likely need to propose this change for it to occur in time for 2013 Title 24 implementation. A NEMA
standard would not be an option in this case, since NEMA publishes performance standaods b

not publish safety standards.

One interviewee told us that the State of Washington had passed a code in 2010 AMATS5%)
requiring egress | i Bnmetgénoydightmgand means of egsessalltminatpn t h a
that is normally orduring normal building operation shall, during periods that the space served by

the means of egress is unoccupied, be shut off and controlled by a combination of listed emergency

relay and occupancy sensor® The intervi ewee omteaelogers wholiladt , ur
a lawsuit, in November 2009 the State of Washington removed this section from the rule, noting that
Aithe intended switching mechanisms that will b

approved by U.L. or any other listimgency to meet the more stringent criteria associated with life

4 DilLouie, C. 2008Lighting Controls Handbogkp.33. Accessible through
www.archenergy.com/lIrp/articles/Lighting_Control_Study.pdf
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safety deviceso. The California Senior Deputy
any devices used to control emergency lighting would need to be U.L. listed, or listech&ywther

authority. We believe that the wording of this proposed change to the Washington code did not
distinguish adequately between emergency and egress systems, and that it was correct to withdraw the
requirement. Because this Title 24 proposabkdus# require the emergency lighting to be controlled

by occupancy sensors, the concern about the lack of a U.L. standard is not relevant. Note that the
State of Washington has since adopted mandatory egress lighting controls as part of their code.

4.1.4 Equipment for the Control of Emergency Lighting

Equipment that allows emergency lighting to be controlled by regular lighting controls, but to switch
back to emergency power when the utility power fails, has been readily available from a wide variety
of manufaatirers, including "major" manufacturers, for several decades.

There are two commonly available types of equipment that allow emergency lighting fixtures to be
controlled by the general lighting control system, while still preserving the ability of thgemey
lighting to respond in an emergency:

E Emergency ballastThese replace the regular ballast inside the luminaire, and contain a
battery or transfer switch.

E Dual source transfer switchédounted in the electrical room, these devices provide power to
several egress luminaires on one or more circuits, and can transfer between normal utility
power and emergency power. Dual source transfer switches can typically handle one or two
20 amp distribution circuits.

These devices have to be U.L. Listed (U.L. @@4emergency lighting equipment and U.L. 1008 for
transfer switch equipment). In both cases, a small amount of additional power wiring is required
(compared to 24/7 egress lighting), since these devices must be wired to two or three separate power
sour@s in order to determine whether the egress lighting should be energized.

Both these types of devices use an unswitched hot lead from the grid to monitor utility power for
outages or brownouts. Under normal utility power, the emergency luminaires areeddvom the

regular hot supply, but if utility power fails, the transfer switch connects the emergency luminaires to
circuits leading from the generator, inverter or battery.

415 ABuilding Securityo Lighting

One potential challenge for floovide egress gihting is that there may be areas of the building that
the owner wishes to remain illuminated after business hours, for security reasons.

The 2008 Title 24 | anguage all ows an exception
not defined inTitle 24 and is hot common terminology, we believe that this creates a loophole that

could be used inappropriately to avoid the use of egress lighting controls. On the other hand, there are
areas (especially in larger buildings) that are continuouslfedté&ven overnight) for security

reasons. We believe that these areas are covered by the existing exception under Exception 1 to
Section 131(d)1:

AWhere the |lighting system is serving an area
per yearo
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4.1.6 Typical Practice

According to interviewees (and to the online survey results), by far the most common practice in
commercial buildings is to use the same luminaires to provide emergency lighting and egress lighting,
and also to use these luminaires a$ pithe general lighting grid. Thus, these luminaires remain on
continuously. We refer to these luminaires as emergency/egress luminaires. This solution has
developed over time because it provides the lowest upfront cost and the least complicageainatiri
controls. However, the various codes that cover egress and emergency lighting could be met by using
other approaches that consume significantly less power.

Egress controls are available in the market that are U.L. 924 rated and allow the emeggsscy/e
l umi naires to be switched of femdrgencyicongligonst ar o | i ¢

A concern voiced by several interviewees (in various ways) is that building occupants should not be
Apl unged i nto dar kn e sirggoThis dould réseltyn adrip @ falkhizard &s the n  t
occupant finds their way out under extremely low light. To avoid this potential, systems could be set
to shut off the lights in two stages, to give people additional notice, or it could be sqb tpkee

egress lighting on continuously. An alternative would be to provide a network of occupancy sensors
to ensure that even if an occupant does not know to actuate the light switch, they would still be
detected by the system. Both these approachedlaneed under the present and proposed Title 24

code.

The California State Fire Marshal dés office sa
consider life safety for firefighters and other emergency personnel that might be enteringnag buildi

under emergency conditions, i.e., that emergency personnel would not want to enter a completely dark
building.

4.1.7 Options for Egress Lighting Controls

Egress lighting controls are compliant with existing fire codes, and although there have been several
failed attempts to require them in other state and city energy codes, there are many organizations and
individuals that expressed no reservations about the adoption of a requirement for egress controls
within the energy code.MarCahalf osai dotsh &te nii Cal D
thinking outside of the box for many years, and how we address egress lighting is probably just

another step with regards to energy usage and safety.

Based on a detailed review of the requirements of the Calif6ir@aCode (Title 24 Part 2), and
discussions during the scoping interviews, we believe that the most likelgfloontrol system
choices are shown frigureb5.
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Timeclock Networked Standalone
control occupancy | occupancy
with sensors sensors
overrides with
overrides

Private offices and other spaces with only \Y,

one means of egress

All other spaces (open areas and corridor) V(1) \%

(1) Manual override switches muse located and zoned to ensure that the entire path of egress remains illuminated,
whichever switch is pushed.

Figure 5. Anticipated egress lighting control solutions

Based on the interviews, and in keeping with current tyjpicadtice, we anticipate that a building

wide control system for shutoff of egress | igh
building, several minutes before shutting off the lights. If the override switch were pushed it would
keep he lights on full output for up to two hours (as required by Title 24 2008).

One possible variation on this control sequence is to have the lighting reduce down to a lower level of
output (ether by dimming, or by leaving only the egress luminaires endrgizbe lighting might

stay in this reduced state for a period of time, before switching off completely. We anticipate that,
especially in larger buildings, many facilities managers would specify a system with this feature in
order to avoid an abrupt siodf of all the lighting, and give occupants a second opportunity to actuate
the manual override switches before the general lighting shut off completely. This approach may still
not be acceptable in all cases, but would be compliant with the proposethogdage, as long as

both control steps occurred within thén@ur time window allowed by Title 24 2008 Section 131(d)4.
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4.2 Results of Online Survey

In this section we present the survey responses related to the savings, costs and feasibility of the
proposed measure. The questions that are directly relevant to the proposed code change are shown in
this section; the remaining questions are showApipendix IV: Responses to Additional Online

Survey Questions

4.2.1 Egress Lighting Control Types

The respondents were asked how frequently they specify controls to shues kghting. There

was a | arge degree of wvariation in responses,
the timed, but on average these systems appear
they i nst al |sehitdidootpnogide aetadsyobwhat types of systems they installed.

The responses to this question reinforce the finding from the scoping interviews that egress control
systems are an established part of the controls market, but are not instaleechajdhty of buildings

With egress lighting controls, in what percentage of buildings do
you see/specify the following types of control being installed, in the
buildings you deal with (either new construction or major tenant
improvement projects)?
0%-25% ®m26%-50% ®W51%-75% ®76%-100%
100%
.
E 80% -
5 70%
g 60%
s 50%
o | 86%
£ 30%
S 20% -
(-9
10%
0%
No controls (egress  Controlled by Controlled by a Other
lighting is on 24/7) occupancy sensor time clock

Figure 6. Egress Lighting Control Types

Responses by System Type

Timeclock control. 16 out of 22 respondents listed at least one predominant building type in relation
to timeclock use. These included aigar of commercial building types including offices as well as

retail and warehouses. One of the respondents
|l ess each year due to their | imitatioa$ighdo Anot
rise buildings. o0
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Occupancy Sensor Only (No Timeclock)17 out of 22 respondents listed at least one predominant
building type in regards to sole use of occupancy senscoffiedntrol. 66% of these respondents

listed office buildings and/or camercial buildings. Other building types included; hotels, schools as

well as some manufacturers. There were very different opinions on use of occupancy sensors in a
given building type, from Avery |l imitedo to i

An Automatic Signal From Another building system (e.g. Security systemy5 out of 22
respondents answered this question and, of tho
respondents that identified at least one building type. Four (about 27%) answered campuses
(comporate or educatichased); other building types included: large office buildings and large retail.

One person noted that the fire marshal and inspectors will not allow other systems to tap into the fire
alarm system, but t hi sseficuirgihttyd swyosrtke misnd .t andem

4.2.2 Egress Lighting Control Performance
THE ANSWERS TO THIS QUESTION HAVE NOT YET BEEN TABULATED
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4.2.3 Types of Emergency Transfer Switch

Respondents were asked, when they install emergency/egress lighting controls, what type of power
transfer svitch do they specify? We asked this question to inform the costing exercise for the
proposed measure, i.e., so that the egress control system used for costing is consistent with typical
practice. Figure6 shows that transfer switches in fixtures are approximately as common as transfer
switches mounted in an electrical room. Some
switch, but none of them inditead the type of switch in the box provided for this response in the
survey.

With egress lighting controls, how frequently do you see/specify the
following types of transfer switches, in the buildings you deal with?

0%-25% m26%-50% ®mM51%-75% H76%-100%

100%
90%
80%
70%
60%
50%
40%
30%
0% T NS e T
10% —— — S S
0%

Percentage of respondents

Emergency ballasts (one A central transfer switch Other
per fixture) (in the electrical room,
serving many fixtures}

Figure 7. Types of Emergency Transfer Switch
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4.2.4 Average or Minimum Egress llluminance

Respondents were asked whether their local authority having giiasd{(AHJ) enforces 1 footcandle
averagefor egress lighting, or 1 footcandb@inimum Note that the California Building Code Section
1006.1 requires one footcandle minimum along the path of edfegsie8 shows that, of those who
gave an answer, twihirds said that their jurisdiction enforces 1 footcandle minimum.

Ve . L N\
"MHen it EonfRS RfegradsaiinTaey s,
do the Local Authorities Having Jurisdiction
(AHJs) that you most commonly work with
enforce:
Seriesl, D
Not Know, 3S8¢ 3
23.8%, 249
- J

Figure 8. Enforcement of Egress Illumination levels

4.2.5 Proportion of Luminaires that are Egress

We asked how many egress / emergency luminaires are typically installed in office buildings, both in
terms of "per square foot" lighting power, and "proportion of fixtures." Respondents were allowed to
respond either wayFigure9 shows the averaged responses.

The "per square foot" responses showed several errors: people responded with illuminance levels
rather than LPDs, and people gareswers that are out of bounds. Therefore we believe that the
"proportion of fixtures" answers are more reliable.

The responses show that egress lighting typically uses most or all of the power density allowed under
Title 24 2008-approximately 0.23 W/sdlong the egress pathway, which, assuming a wihaileing

LPD of 0.85 W/sf translates to approximately 0.16 W/sf for the whole building, assuming the values
for the area of the egress path as a percentage of the area of the whole building, givemid.5&ctio
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Per square foot Proportion of fixtures
Entire Egress Entire Egress path Egress path only
building path building only (open (corridors)
only areas)

Average of 0.16 0.21 19% 18% 27%
survey W/sf W/sf
responses
Average LPD No data No data | 0.16 0.15 0.23
assuming 0.85 W/sf W/sf W/sf
W/sf total

Figure 9. Typical Amount of Lighting that is Egress Lighting: From Online Survey
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4.3 Codes and Standards Context

Egresdighting and emergency lighting are heavily regulated by the Building Code and Fire Code, so
an important element of this code change proposal is to ensure that everything in the proposal is
consistent with the requirements of those codes.

Another relevantonsideration is that other codes (national, state, and city codes) either require or
have considered requiring controls for egress lighting. The wording of those codes and the experience
of the people who were involved in developing them is of diréevaace to this proposal.

4.3.1 Requirements of California Building Code, Electrical and Fire Code

The relevant sections of California Codes are showikpjrendix VI: Relevant Code Sections
organized into Akeyo vs. dAancillaryodo sections.

4.3.2 Egress Control Requirements in Other Energy Codes

This section provides an overview of how other building codes handle the requiremenessr eg

lighting controls, at the city, state and national level. Interviewees told us that the history of adoption

of egress controls in other codes is an important issue for Title 24. This is because several other codes
have failed in their attempts to gaegress controls, either due to conflicts with other elements of

code, or due to the requirements being wrongly worded. Understanding this history will be critical for
successful adoption within Title 24.

State of Oregon Energy Code

The State of Oregotode requires egress illumination to be shut off when a portion of the building is
unoccupied. This closely follows the language in NFPA 101. Section 505.2.1.1, Oregon code states:

AEgress il lumination shoul d b emeoyenoytralapdnd ed by |
occupancy sensor to shut off during the period when the portion of the building served by the egress
l ighting is unoccupied. o

ASHRAE/IESNA Standard 90.1 Proposed Addendum and Current Status

The 2010 version of ASHRAE/IESNA Standard B@roposed by the lighting subcommittee sought

to require occupancy sensors to control egress lighting at all times of the day. However, the proposed
version was voted down and will not be part of the 2010 code. The proposal stated] ifi pait s

propoal will control the énight |l ightsé that are
occupants in the space. This has definite energy savings and is not prohibited by the electrical codes.
There is nothing in the National Electric Code that dictales emergency lighting be ON when

nor mal power i s pr esent Webeliete this prdposedl latiguageg is flawed u n o
because it confuses fAnight Il ightso (which typi
with singlepurposee mer gency | i ght s. NPFA and state code

egress lighting) to be on when normal power is present and the building is occupied. The present
status of this proposed change is that Addendum cu was sent back to the ASBiIRAghting
subcommittee for further review.
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IESNA RP-1 Current Status

IES Office Lighting Committee RR. iRecommended Pract i-Ic.e0-1isRP Of f i
not a code or a standard, but is cited as guidance on best/typical practicesddrgtifing.

The proposed languageinRP i s simil ar to NFPA 101AEmergency
illuminate the pathway leading to exits, including all passageways, turns, corridor intersections, stair
treads and landings, exit doors, and addilignthe exit discharge. Emergency egress lighting must

be artificial l ighting (not natural daylight)
IES/ANSI revised RAL will be published in March or April 2011.

City of Seattle Building Cod

The City of Seat Automatic SheOff Conteoks, Intehio6 Bseoaf bi ned i
guotation below, in code sections 1513.6, 1513.6.1, 1513.6.2, and 1513.7.

f1513.6 Automatic Sh@dff Controls, Interior: Buildings greater than 5,000 &&d all school

classrooms shall be equipped with separate automatic controls to shut off the lighting during
unoccupied hours. Within these buildings, all office areas less than 300ft2 enclosed by walls or
ceiling-height partitions, and all meeting andrdference rooms, and all school classrooms, shall be
equipped with occupancy sensors that comply with Section 1513.6.1. For other spaces, automatic
controls may be an occupancy sensor, time switch or other device capable of automatically shutting
offlightng t hat complies with. Section 1513.6.1 or 1

Washington State Energy Code

The State of Washington had passed a code in 2010 (WAIQ-2515) requiring egress lighting
contr ol s, Emergancylighgng &ntd mdans ofiegress illuminationithabrmally on

during normal building operation shall, during periods that the space served by the means of egress
is unoccupied, be shut off and controlled by a combination of listed emergency relay and occupancy
sensor One of t he sdesailped thegcode adoptian procesw, aral stated that, under
pressure from developers who filed a lawsuit, in November 2009 the State of Washington removed
this section f r otminterided switahing mecharosims tmagwill bduaed $n thi
proposal have not been tested and approved by U.L. or any other listing agency to meet the more
stringent criteria associated with life safety devices We believe that the wc
code did not distinguish adequately between emergamtyegress systems, and that it was correct to
withdraw the requirement. Because this Title 24 proposal does not require the emergency lighting to
be controlled by occupancy sensors, the concern about the lack of a U.L. standard is not relevant.

The adopd language in the 2009 Washington State code is as follows.:

1513.6Automatic Shut-Off Controls, Interior : All buildings shall be equipped with separate
automatic contra to shut off the lighting in all spaces during unoccupied hd\itbin these

buildings, all office areas less than 300efticlosed by walls or ceilinlgeight partitions, and

all meeting and conference rooms, and all school classrooms, and warehouse and storage
spaces shall be equipped with occupancy sensors that comply with Sectidh ILFA@ other

spaces, automatic controls may be an occupancy sensor, time switch or other device capable of
automatically shutting off lighting. For hotel and motel guestrooms, see Section 1513.7.
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EXCEPTIONS:

1. Areas that must be continuously illumie (e.g., 24our convenience stores), or
illuminated in a manner requiring manual operation of the lighting.

2. Emergency lighting and means of egress illumination as required by code that are
automatically OFF during normal building operation

3. Switdhing for industrial or manufacturing process facilities as may be required for
production.

4. 24hour occupancy areas in hospitals and laboratory spaces.

5. Areas in which medical or dental tasks are performed are exempt from the occupancy
sensor requirement.

6. Dwelling units.

4.4  Results of Night Time survey

This section analyses the results of the ntghe lighting survey. It discusses the patternstagds
in the data, potential sources of error, potential energy savings, and other relevant information.

The main potential source of error in the study is that the surveyors were walking around the
buildings at ground level and could seldom be sure venelie space they were looking at was a

private office, an open office, or another kind of space. Because private offices are likely to make up
a significant portion of the visible perimeter of a building, this study may be capturing mostly private
office space which is not part of the egress pathway, rather than open spaces, corridors and stairwells
which are part of the pathway.

4.4.1 Lighting Loads

As can be seen irigure10there was a great deal of variety in how much lighting was switched on at
night, on each floor of the surveyed buildings. Many buildings had no lighting switched on at all
(except for exit gnage); a few had all of their lighting switched on, and there was a broad spread in
between those two extremes. The percentages shown are the percentage of observed stories, not th
percentage of observed buildings).

FigurelOalso shows that there was a trend of lighting being switched off over time (from 6pm to
10pm), i.e., the lowepercentage bands (towards the bottom of the chart) get progressively wider over
the five time periods, while the highpercentage bands get narrower.
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Percentage of Lighting Switched on in Surveyed Buildings
100%
90% - . - ® 91-100%
-90%

o 0% W 81-90%
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0% - = 0%
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Figure 10. Percentage of Lighting Switched on in Surveyed Buildings
An estimate of the egress lighting load was made based on the following assumptions:
E If 10% or less of the lighting was switched on, that load was counted as being egress lighting.
E If more than 10% of the lighting was switched on, the first 10% of the load was counted as
egress lighting.
An estimate of the neagress lighting load was made tsing the following algorithm:
E The egress lighting load (see above) was subtracted from the total load

Figurellshows how the estimates of egress andegmess lightig changed over time from the
beginning to the end of the survey time period. The amount of egress lighting switched on remained
approximately constant (at around 7%), since in practice most egress lighting is held on 24/7. This
value of 7% is used in tHanal costeffectiveness analysis below. Conversely, the amount of non
egress lighting declined steadily (from 24% to 15%) over the survey period. The fact that egress
lighting declined much less over time than fegress lighting gives us confidencattkthe analysis
algorithms (above) are successfully separating egress froragress loads.
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Estimates of Egress vs. Non-Egress Lighting Switched on at
Night in Surveyed Buildings
35%

30% —~—~— — Egress lighting
e switched on
25%

- \ I?Ion-_egress
\ lighting
switched on

-Total

15%

10%

Percentage of installed load

5%

0%

6pm 7pm 8pm 9pm 10pm
Time

Figure 11. Estimates of Egress vs. No&gress Lighting Switched on at Night in Surveyed
Buildings

4.4.2 Sensitivity Analysis for Lighting Loads

To work out a Aconfidence interval o for the es
changing the egress lighting percentage, from our assumed value of 10%, up or downHigus&6.

12 shows that changing the assumed value up or down by 5% results in approximately a 2% change in
the egress lighting load estimate.

2013 California Building Energy Efficiency Standards October 2011



Control ofEgress Lighting Page35

Sensitivity Analysis for What Percentage of Installed Load
is Assumed to be Egress Lighting

15%

10%

— 5%

10%

5% ' ' | 15%

0%
6pm 7pm 8pm 9pm 10pm

Figure 12. Sensitivity Analysis for What Percentage ofristalled Load is Assumed to be Egress
Lighting

4.4.3 Number of Stories with Lighting Totally Shut Off

Although we do not believe that egress lighting controls are common in office buildings, it does
appear from the survey data that egress lighting is sometimaesf§ manually (either by occupants
or by security staff) sometime after the last occupant le&gsre13 shows that 8% of stories had
their lighting totally shtioff at 6pm, and that this percentage rose steadily to 24% by the 10pm
observation.

6pm 7pm 8pm 9pm 10pm

Number of stories with 2% or less of
their lighting on

Figure 13. Percentage of Observed Stories thdtave 2% or less of their Lighting On

8% 16% 19% 20% 24%

4.4.4 Comparison with CEUS Data

The California Commercial ERdse Survey(CEUS) conducted in 2005 includes hourly stierm
metering data on indoor lighting, from a subsample of buildings. The number of buildings for which
STM data was obtained in shownRigurel4.

5 California Energy Commission. 2006. California Commercial-Elseé Survey. Report gpared by Itron, Inc. Published by the California Energy
Commission, report number CE4D0-2006:005. Retrieved in January 2011 from http://www.energy.ca.gov/ceus/index.html.
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Building type Number of #HAshort te
sites in the CEUS data set

Small office 71

Large office 38

Retail 100

Refrigerated warehouse 10

Non-refrigerated warehouse 46

Figure 14. CEUS Sample of ShoHTerm Metering Data

Figurel5shows hourly ligpting energy use profiles from the CEUS dataset. It is not clear from the
CEUS report whether these profiles were derived directly from the monitored data, or whether they
were modified to take account of other factors.

The profiles for each building typedicate that the CEUS data is in agreement with the findings of
the nighttime survey conducted for this CASE study. The CASE righe survey sample was
comprised mostly of large offices, with a number of smaller offices included. Thetinighsuney

found that an average of 22% of lighting was switched on at 10pm, whereas the CEUS data shows
38% for large offices and 15% for small offices at 10pm.

Hourly Interior Lighting Energy Use for Weekdays, from
California Commercial End-Use Survey (CEUS)

- Large office  =—Small office - All commercial
e R 131 e All Ware house

100%
90%
80%
70% f\—\\
60% -
50%
40%
30%
20%
10%
0%
123456 7 8 9 1011121314151617 18 1920 21 22 23 24

Hour of the Day

Lighting energy use as a
percentage of installed load

Figure 15. Hourly Interior Lighting Energy Use for Weekdays, from CEUS
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4.5 Energy Savings

In this section we estimate energy savings from the night time lighting survey (see 8&tiand
from the engineered lighting layouts, which wshive reductions in emergency and egress lighting
power density obtained by using a single lamp per fixture.

45.1 Potential Energy Savings from Night-Time Field Study

This section discusses the potential savings from automatically shutting off egress lizggadpn
the nighttime survey of existing office buildingslhe proposed code language allows 0.05W/sf to
remain on in office buildings, but for the cexftectiveness calculation we have assumed that all of
the egress lighting is shut off overnight.

Using the value of 7% of installed load left on overnight (obtained from the analysis in Sedfjon
the potential savings from switching off egress lightingpisraximately 0.23 kWh/sf/yr., assuming:

Egress lighting can be switched off for 9 hours overnight and all day Sunday, for a
total of 4,056 hours per year

A complete building LPD of 0.80 W/sf
10% of installed fixtures are emergency/egress fixtures

None ofthe spaces in the survey hadi#lr occupancy (we do not believe that any of
the buildings were occupied 24 hours)

O«

O«

O«

O«

To put this in the form of an equation:

Ep = Fovernight X LPDy¢ X Tynoccupied
Where:
E, = Energy savings potential froegress lighting controls (kWh/sf/yr)
Fovemight= the fraction of installed lighting that is on overnight
LPDnc = The installed lighting power density in new construction
Tunoceupie™= The number of hours per year that the building is unoccupied

0.23 kWh/sf /yr = 0.07 X 0.80 W /sf X 4,056 hours

To put the magnitude of these savings in context, this value of 0.23 kWh/sf/yr is approximately 9% of
the annual lighting energy use of a new construction-2itt compl i ant bui l di ng (

The TimeDependent Valuation (TDV) value of the potential savings from completeoffhoit
emergency and egress lighting, assuming the hours of control described above, is approximately
$0.41/sf.

It should be noted that the survey of buildings was daamsample, and therefore includes some
buildings thatalready haveautomatic shubff of non-egress lighting, as required by Title 24.
Therefore the potential savings estimate from shutting offegrass lighting is likely to be
conservative. The says estimate for egress lighting is probably close to correct, since we believe

2013 California Building Energy Efficiency Standards October 2011




Control ofEgress Lighting Page38

that automatic shutff of egress lighting is uncommon and therefore unlikely to be present in the
sample of buildings.

4.5.2 Lighting Power Density Reduction from using Single-Lamp Emergency and Egress
Fixtures

The egress and emergency circuit layouts are showppendix I: Egress Lighting Circuit Layouts

in Prototype Buildings The layouts wex developed by M Neils Engineering to ensure compliance
with the average illuminance and uniformity requirements of the Fire Code. The illuminance levels
are shown in the appendix, but have not been reproduced in this section because they are spatial
distributions and therefore are not easy to quantify in a meaningful numerical h&layouts
developed by M Neilgesult in the statistics and equipment counts shoviiigare 16 below.

Large Office Small Office
Building area (sf) 34,000 8,200
Emergency lighting load (W) 1032 239
Emergency and egress lighting load (W) 2184 580
Emergency and egress lighting area square footage (sq ft) 21,805 5871
Emergency lightingoad per square foot (W/sq ft) 0.05 0.04
Emergency lighting and egress lighting load per square foot (W/sq ft) 0.10 0.10
Number of emergency lights 33 10
Number of egress lights 36 13
Additional #12 wire for separate egress lighting circuit (ft) 1008 360

Figure 16. Summary of Egress and Emergency Lighting in Prototype Office Buildings

As shown inFigure16, by using singldamp emergencyral egress fixtures to increase the uniformity
of lighting, theaveragdighting power densitper floor,in the prototype office buildings was reduced

from the 0.3 W/sf along the path of egress (as allowed under the Building Energy Efficiency Code
2008), abwn to 0.05 W/sf for emergency and 0.05 W/sf for egress (a total of 0.1 W/sf).

Because the emergency and egress lighting requirements in some spaces are much higher than in
others, we propose to retain a higher LPD allowance of 0.2W/sf for each indisfidice (In code
section 131(a)), while reducing the average across the whole floor to 0.05W/sf.

These lighting power densities were achieved assumingsgaoular deep louver recessed fixtures,
which give very poor uniformity for sparse grids, so theBB4 are conservative (i.e., high) values.
Standard lighting design software (AGI32) was used for the modeling. The spacings between the
emergency fixtures was irregular because the fixture locations were chosen to maximize uniformity in
spaces that werostly irregular. The exact layouts can be seéppendix I: Egress Lighting

Circuit Layouts in Prototype Buildings

The results of the online survey suggest timgpractice, buildings typically use around 0.16 W/sf for
emergency/egress lighting, so the proposed total LPD of 0.1 W/sf represents a savings compared to
typical practice, as well as compared to current code maximums.
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46 Costs

We have analyzed two level§ @st involved in controlling progressively more of the egress and
emergency lighting:

E Level one Adding a "third circuit" to controégresdighting on and off according to building
occupancy.

E Leveltwoo. Adding a dthird cilsoadding power &ransfep equipmene v e |
to controlemergencyighting on and off according to building occupancy.

The cost of both proposed control systems is calculated relative to typical baseline practice under
Title 24 2008. A schematic of the baselineimg that we have assumed for the 2008 Code is shown

in Figurel7. Note that all the emergency / egress fixtures are connected to the emergency circuit, i.e.
there is no "third circuit?". An il lustration
on the left hand side ¢figurel8. In this baseline case all emergency and egress lighting is kept on
24/7.

s ‘m au" " m

Figure 17. Circuit Schematic for Baseline Emergency/Egress Wiring under 2008 Buling
Energy Efficiency Standards

461 Costs for ALevel Oneo Control

The Level One control strategy moves the egress luminaires to a separate circuit, so they can be
controlled according to occupancy by the building's automatic lightingaghsystem. A scheatic
of how these controls are layered is showRigure18.

This shows that 0.05 W/sf is held on 24/7 as emergency lighting or "night lighting"; 0.05 W/sf (egress
lighting) is controlled according to building occupancy, and the remaining power (approximately 0.70
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W/sf) is general lighting. The egress circuit would be switched on with the rest of the lighting when

the building is first occupied (typically first thing the morning), and would remain on without any
manualshuo f f wunti |l the building is unoccupied. Eg
off by manual wall switches or occupancy sensors simply because they are powered by their own
dedicated ctuit that is supplied directly from the electrical panel with no intervening switching

devices.

Lighting in the path of egress:
Level One Control

Can beswitched

on and off atwill
On regular circuit

Can be switched

— onand off at will
On regular circuit

#=0.55W sf

Held onduring

oCcupied hours,

AU i.e. controlled

Held on 24,7
On emergency
circuit

Baseline (Title 24 2008)

onlybythe
|75hut-u:nff5-,'stem
On egress circuit
- 0.05W/sf J
0.05 W/sf B . Heldon24/7

On emergency circuit

Proposed: Level One

Figure 18. Layers of Control for "Level One" Egress Lighting Control

Figure19 shows a schematic of the physical layout. The exact layout used for costing is shown in
Appendix I: Egress Lighting Circuit Layouts in Prototype Buildings

The lighting layouts assume that in each emergency or egress fixture, one lamp is dedicated to
emergency/egress, while the other lamp is controlled by the general lighting control system. This
meanghat there are two singlamp ballasts in these fixtures, rather than a-famp ballast. This

layout was chosen because it maximizes uniformity and therefore minimizes the total lighting power
density required for emergency and egress lighting.
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Note that the (red) emergency luminaires and (green) egress luminaires all cehiamps for general lighting, in
addition to one lamp for emergency or egress lighting

Figure 19. Circuit Schematic for "Level One" Control

Theincmsed cost for this option is the cost of i1
and extra ballasts for the egress lighting as well as a networked control of egress lighting so the entire
path of egress is lit when any portion of theesgrpath has the override turned on.. The incremental

cost is the total cost for wiring the egress and emergency circuits separately, less the cost that would
have been incurred for wiring the egress and emergency fixtures together on the same circuit.

The costs for this measure dotinclude any additional lighting control equipment; since the "third"
egress circuit could simply be connected to the building's existing automatiafsbutuit as long as
the override switches were located and zonedogpjately to ensure that all necessary portions of the
egress path remained illuminated, whichever override switch was pushed.

The costs for this measure dotinclude the avoided cost of being able to reduce the size of the
generator/inverter and baties that are required under the base case for all 0.3 W/sf of
emergency/egress lighting, so this is a conservative assumption.

This wiring arrangement i s not i mpacted by the
the 2013 standards. Neitlthe emergency circuit nor the egress circuit would be connected to the
dimming control.
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Large Office Prototype

Small Office Prototype

Count (n) Cost (%) Count (n) Cost (%)
Building area (sf) 34,000 - 8,200 -
Number of emergency lights 33 $660" 10 $200
Number of egress lights 36 $720 13 $260
Additional #12 wire for separate egress lighting circuit 1008 $781? 360 $279
(ft)
Number of additional cir 1@ $100d% 1 $100
circuito
Total additional cost per squarefoot of building ($/sf) - $0.067 - $0.093

@
@)
@)

egress and emergency fixtures had been on the same circuit(s)

4)

Figure20. I ncr ement al

4.6.2 Costs for "Level Two" Control

Cost s

From RS Means, the cost for purchase and installation of an addiiti@aker is $100

for

From RS Means, the cost for purchase and installation of #12 wire is $77.51 per 100 linear foot

ALevel

Assumes $20 increment for swapping a tiémp for two singldamp ballasts, installed by luminaire manufacturer.

Oneo

The Level Two control strategy puts the egress luminaires on a separate circuit (asspenéy
but uses this circuit to also control the emergency luminaires, so that the emergency luminaires shut
off when the building is unoccupied. To facilitate this control, the emergency luminaires have
U.L.924 listed power transfer devices in thenswatch over to emergency power when the normal

(utility) power fails.

This is calculated as the number of breakers required for the proposed controls, minus the number of breakers required if the

Contr

Level Two saves more energy than Level One because when the building is unoccupied, the lighting

is completely shut off.

A schematic of how these controls are layered is showoia that the (red) emgency luminaires and (green)
egress luminaires all contairlnlamps for general lighting, in addition to one lamp for emergency or egress lighting

Figure21l. This shows that the emergency lighting is controlled according to building occupancy in
the same way as the egress lighting. As with "level one", the remaining power (approximately 0.70

W/sf) is general lighting.
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Lighting in the path of egress:

Level Two Control

Can be switched

i — onand off at will
Can be switched On regular circuit

—— onand off atwill

- - )
On regular circuit Held onduring

occupied hours,
i.e. controlled
T onlybythe
=0 TOW//sf & shut-off system
On egress circuit

#0.55W sf

Held on 24,7 Controlled by

03 W/sf g 0n emergency _ shut-off system
circuit [ HasU.LS24switching

0.05 W/sf device for
BMErgency circuit

Baseline (Title 24 2008) Proposed: Level Two

Note that the (red) emgency luminaires and (green) egress luminaires all contaifamps for general lighting, in
addition to one lamp for emergency or egress lighting

Figure 21. Layers of Control for "Level Two" Egress Lighting Control

Figure22 shows a schematic of the physical layout. The exact layout used for costing is shown in
Appendix |: Egress Lighting Circuit Layouts in Prototype Buildings
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ngawlwﬁmhewthmmdmuandudm

Figure 22. Circuit Schematic for "Level Two" Control

The increased cost for Level Two control is the cost of installing the wiring arklbrea( s ) f or a
circuito for the egress | i ght i nandtheacdstofinsialng a | b
emergency power transfer devices for the emergency fixtures and adding network override controls

for both egress and emergenighting control panels.

The incremental cost is the total cost for wiring the egress and emergency circuits separately, less the
cost that would have been incurred for wiring the egress and emergency fixtures all together on the
same circulit.

Note tha the costs for this measure dotinclude any additional lighting controls cost, since the
"third" egress circuit could simply be connected to the building's existing automaticfsbutuit.

The costs for this measure dotinclude the avoided cosf being able to reduce the size of the
generator/inverter and batteries that are required under the base case for all 0.3 W/sf of
emergency/egress lighting.

The total incremental costs for i mpl emeag i ng
shown inFigure23.
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Large Building | Small building

Building area (sf) 34,000 8,200
Number of emergency lights 33 10

Cost of additional ballasts for emergency lights $660 $200
Number of egress lights 36 13

Cost of additional ballasts for egress lights $720 $260
Additional #12 wire for separate egress lighting circuit (ft) 1411 540

Cost of additional #12 wire (%) $1094 $419
Number of additional circuft br g 1 1

Cost of additional breakers ($) $100 $100
Number of additional fixturenounted emergency transfer switches 0 0
required

Codg of fixturemounted emergency transfer switches - -
Number of additional panghounted emergency transfer switches requir 1 1

Cost of panemounted emergency transfer switches $395 $395
Total additional cost per square foot of building ($/sf) $0.087 $0.153

Figure 23. |l ncrement al Costs for fALevel Twoo Contr.

Unit Cost for Power Transfer Equipment

Prior to costing the Level Two approach (adding power transfer equipment so thatremdégiging
can be controlled according to building occupancy), theupircost for the required equipment was
calculated

To obtain a conservative (i.e., high) estimate of the unit cost for emergency power transfer equipment,
we obtained a quote froan electrical distributor. This quote was for retail pricing (i.e., the "uwelk
price for small orders), so to create an estimate of price for larger orders we reduced the quoted price
by 30%.
We obtained prices for the following equipment:

Emergency Bdlast: Replaces the regular ballast. Has integral battery (does not need to be

connected to emergency power supply). Works with one or two lamp linear fluorescent and
CFL fixtures. Has remote control testing capability. U.L. 924 Listed, CSA Certified

Dual power transfer switch (fixture-mounted): Works with any load (i.e., multiple light
fixtures) up to 3A. Transfers hot and neutral supply to an emergency source. U.L. 924 Listed,
CSA Certified

® Assumes $20 increment for swapping a tieimp for two singldamp ballasts ristalled by luminaire manufacturer.
" From RS Means, the cost for purchase and installation of #12 wire is $77.51 per 100 linear foot

8 This is calculated as the number of breakers required for the proposed controls, minus the number of breakefdthecpgreds and emergency
fixtures had been on the same circuit(s)

? From RS Means, the cost for purchase and installation of an additional breaker is $100
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Dual power transfer switch (mounted in circuit panel): Workswith any load (i.e., multiple
light fixtures) up to 20A. Transfers hot and neutral supply to an emergency source. U.L. 924
Listed, CSA Certified

Retail Estimated | Labor Total
price price for hours cost per
larger to unit®
orders® install
EmergencyBallast $300 $210 0.1% $218.50
Dual power transfer switch @
(fixture -mounted) $95 $65 0.1 $73.50
Dual power transfer switch @)
(mounted in circuit panel) $200 $140 3 $395.00

(1) Factory installed by luminaire manufacturer.

(2) Installed by electrician osite.

(3) In line with typical pricing practice we have estimated a 30% reduction in price for multiple unit orders from a contractor w
has an account with the distributor, compared to swaliricing.

(4) We have used RS Means labor cost of $85/hour foraheleécci an, based on RS Meansd averag

Figure 24. Unit Prices and Installed Costs for Emergency Power Transfer Equipment
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4.7 Cost Effectiveness and Statewide Savings

4.7.1 Summary of Costs

The summary of costs siva in the second and fourth columnsFifure25is obtained from the cost
analysis section of this report (sectib), for two levels of control:

E LevelOneControlfit hi rd circuito for egress |ighting

E LevelTwoControlfit hi rd circuito for egress legreghti ng
circuit and U.L. 924 transfer device

4.7.2 Summary of Savings

The results from the nigtiime lighting survey (see sectidrd) show that the amount of

emergencyggress lighting that is left on overnight is equal to approximately 7% of a typical

buil dingdbs installed Iighting | oad. This equa
constructed building. The TDV value of this energy is approximate$/A$§f. Detailed savings

calculations are shown in Sectidrb.

This amount of energy is the amount that could be saadamergency and egress lighting were
shut off while the building is unoccupied. Th
some or all of this energy, as described below.

Savings from Office fiLevel Oneo Co

The savings from Level One control are less than the potential sal@sgribed above, because
under Level One control, the emergency lighting is left on while the building is unoccupied, rather
than being shut off.

To estimate the savings from Level One control, we reduced the potential savings in proportion to the
LPD left on overnight under this control scheme (0.05 W/sf), in comparison to the LPD typically left
on overnight in newhconstructed buildings (0.16 W/see Sectiod.2.5.

Thus:

Annual savings per square foot%% % 0.23 = 0.16 kWh/sf/yr

The TDV value of this energy reduction, assuming the same bbuse, is approximately $0.29/sf.

Savings from Office fiLevel Twoo0o Col

Assuming Level Two control, the emergency/egress lighting energy use is reduced to zero during the
unoccupied period, so the full potential savings above are realized, equaiutid T/ value of the
energy use, i.e. $0.41/sf.

4.7.3 Cost-Effectiveness

Both Level One and Level Two egress controls are-effsttive in both the large and small
prototype office buildings, i.e., the TDV savings are substantially higher than the meassjrasost
shown inFigure25.
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The benefit:cost ratio for the proposed measure ranges from 2.7 to 4.7 depending on the control
strategy and the prototype building. Aletbenefit:cost ratios are greater than one, and are therefore
costeffective.

Large office prototype Small office prototype
Scenario | Scenario | Benefit: | Scenario | Scenario | Benefit:

Cost Savings Cost Cost Savings cost
Strategy ($/sf) (TDV$/sf) | Ratio ($/sf) | (TDVS/sf) | Ratio
Office: Level One Control $0.067 $0.29 4.3 $0.093 $0.29 3.1
(Athird circuito f
emergency lighting held on 24/7)
Office: Level Two Control $0.087 $0.41 4.7 $0.153 $0.41 2.7
(Athird circuito f
emergency lighting controlled by egress
circuit and UL 924 transfer device)

Figure 25. Summary of CostEffectiveness
2013 California Building Energy Efficiency Standards October 2011



4.7.4 Statewide Annual Savings

The total energy savings potential tbis measure i62.3 GWh/yr, as shown iRigure26. This calculation makes the following
assumptions:

E The 15% of noregress lights in the nighime survey that were left on overnight anyway will continue to be left on under the
proposed meaure

Egress lighting that was left on overnight in nigihte survey will be shut off except for 0.05 allowance in offices
Office buildings currently havapprox..0.16W/sf of egress lighting, which is 19% of the connected load.

Office buildings will be dbwed to keep up to 0.05W/sf of egress lighting overnight

Baseline egress lighting left on overnight is equal to 7% of the connected lighting load

o M mr [mr [mr

E Baseline number of hours for which egress lighting is left on overnight = 78 (9 hours per night and 24 Saurday)

For details of the assumptions used in the statewide construction forecégipsadix VII: NonResidential Construction Forecast
details

Footnotes td-igure26:

1. Assumsethat 75% of warehouses are 2bur, therefore no egress lighting savings

2. Assumethat retailers, in practice, will lead@ghts on ove25% of theirffloor areafor advertising reasons

3. From Complete Building method proposed values for 2013 where possible, from area category method otherwise

4. Based on the nighime survey, an average 7% of connected load was egress lighting left on overnight. Itedmaggess lighting is
19% of connected load on average, then 37% of egress lighting is left on overnight

5. We have assumed, conservatively, that schools already switch off as much of their lighting as they are able to, du@td thelgets,
and thattherefore this measure would not achieve significant additional savings in schools.
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0) _1 w w - w
td 5 Lz 8 2 2 8§ 4 9
w < ! Ll [ o) L . T - (Q <
o= & o Ll e = = O 6| = =
n o 4 z o g S 9
Total existing floorspace (Msf) A 396.5 1286.4 190.8 1176.4 311.4 1056.6 58.8 553.9 348.9 1272.4 7335.9
Lifespan of lighting installation (years) B 15 10 10 10 10 20 20 20 20 20
Percentage of retrofit projects done under T.
permit (%) C 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
Retrofit floorspace per year (Msf) D=(A*C)/B 13.2 64.3 9.5 588 156 264 15 138 87 31.8 263.6
New construction floorspace per year (Ms E 9.1 27.7 5.1 324 8.5 32.1 18 100 7.4 31.7 183.3
Percentage of building floorspace affected |
measure (%) F 100% 95% 100% 75% 100% 25% 25% 100% 95% 0%
Total affectedloorspace per year (Msf) G=(D+E)*F 22.3 87.4 146 684 241 146 0.8 238 153 0.0 271.4
Baseline LPD of building (W/st) H 080 080 120 120 150 0.60 0.60 1.00 1.00 N/A
Baseline percentage of connected load tha
egress lighting (%) I 19% 19% 19% 19% 19% 19% 19% 19% 19% N/A

Baseline LPD for egress lighting (W/sf  J=(I*H) 0.15 015 023 023 029 011 011 019 019 N/A
Proposed LPD for egress lighting left o

overnight (W/sf) K 005 005 000 000 000 0.00 0.00 0.00 0.00 NA
Baselinepercentage of building space in whic
egress lighting is left on overnight (% L 37% 37% 37% 37% 37% 37% 37% 37% 37% N/A
Baseline egress lighting use (hours/wil M 168 168 168 168 168 168 168 50 168 N/A
Anticipated egress lighting use under propos
measure (hours/wk) N 90 90 90 90 90 90 90 50 20 N/A
0O=52*(>
K)*L*(M -

Savings from proposed language (kWh/sfly ~ N)/1,000 015 0.5 0.34 0.34 043 017 0.17 0.0F 0.28 N/A
Savings from proposed language (GWhly P=G*O 340 13.32 498 2332 1026 249 0.14 0.00 434 NA 62.3
Figure 26. Statewide Savings Estimate
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4.8

Materials Impacts

The total number of luminaires in any building is likely to be unchanged by this measure. This is
because most luminaires are part of a regular grid that is determined by the illuminance and
uniformity required for general illumination, not by the reqguieat for egress and emergency
lighting. However, the revised LPD allowance for egress lighting in office buildings is predicated on
fixtures that use onlgneof their lamps (rather than all two or three or four) for egress illumination.
This means thaggress luminaires are likely to contain two ballasts instead of one. The materials

impact therefore assumes one additional ballast per egress luminaire, along with the additional wiring
required to provide power to nagress lamps within the egress luain r e

luminaire).

(assume

The materials impacts per component are showAppendix VIII: Data for Materials Impacts

Component

Number of square feet per component

Basis for calculaton

Large office prototype

Small office prototype

Additional ballast in
each egress luminairg

One additional electronic
ballast per egress luminairi

36 ballasts per 34,000sf =
944 sf/ballast (sekigure20).

13 ballasts per 8,200sf =
630sf/ballast (seEigure20).

Additional power See sectiod.6.1 10086 of wirg 3606 of wire
wiring for each egres; 3,400sf per 2,300sf per
luminaire
Figure 27. Basis for Calculation of Materials Impacts
square feet Materials impact (Ibs/year)
Component per ) Others
component| Mercury Lead | Copper | Steel Plastic (Identify)
Large office prototype 87.4 Million square feet per year
Additional ballast in 944 139 139 | 13888 | 113416 | 11573 0
each egress luminaire
Additional power
wiring for each egresg 3400 0 0 51412 0 0 0
luminaire
Small office prototype 22.3 Million square feeper year
Additional ballast in 630 53 53 5310 | 43361 | 4425 0
each egress luminaire)
Additional power
wiring for each egresg 2300 0 0 19391 0 0 0
luminaire
Statewide total 192 192 90000 | 156777 | 15998 0

Figure 28. StatewideMaterials Impact

1060

(0]
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5. Recommended Language for the Standards Document,
ACM Manuals, and the Reference Appendices

5.1 Summary of Code Change Proposals
This section summarizes the code language initially recommended by the IOU team.

The exception for egress lighting Section 131(a) (automatic or manual area controls) is proposed to

be retained, because to meet the requirements of the California Fire Code Section 1006.1, the means
of egress fdfishall be il l uminated at egaebslis ti mes t
occupied. o Therefore occupants cannot be give
wall switch while they are still occupying the space, or while others are occupying space served by

that egress path. This exception wouldpiiactice, apply to many open areas and all corridors, but

not to private offices.

The exception for egress lighting in Section 131(d) (automatieathabntrols for each floor) is

proposed to be either removed or reduced, because the intention of the shut off control requirement is
that the lighting should be shut off when the buiddis unoccupied. This is possible for both egress

and emergency lighting under current code.

Override switches are required to be provided under Section 131(d)2, which allow the lighting to
remain on for up to two hours after the main lighting has begtched off. These override switches
could be used, if desired, to implement a-stage switching sequence where the main lighting would
switch off after (for instance) one hour, and the egress lighting would switch off after one more hour,
if the systen did not detect occupancy.

The exception for Abuilding securityo |ighting
defined either in Part 6 or Part 1 of Title 24 and is therefore a loophole.

We propose to add toctlkendefoil siot i on Sefctimawmt dB4d
lighting can be automatically shut down by another building system, such as a security system. This
is an important issue in buildings such as assembly buildings, which do not have fixed schedules.

Note that the Statewide Utilities are proposing, in a separate CASE report, that at least 50% of the
lighting load in corridors and stairwells should be controlled in response to occupancy. Those
proposed changes are not shown here but would modify gbthe exceptions in Section 131(d)
below.

5.2 Code Language Recommended by the Invesiovned Utilities Codes and Standards
Team

This is the language that was originally proposed to the CEC by the IOU Codes and Standards team as
a result of the stakeholder gtangs and analysis described in this report, and as a result of initial
discussions with the CEC. This language was presented in the Draft CASE report.

In the following proposed language additions are shown underlined and deletions are shown in
strikeout using the 2008 code as the base text.
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SECTION 1317 INDOOR LIGHTING CONTROLS THAT SHALL BE INSTALLED
(a) Area Controls.

1. Each area enclosed by ceilthgight partitions shall have an independent switching or
control device. This switching or control device shall be:

A. Readily accessible; and

B. Located so that a person using the device can see the lights or area controlled
by that switch, or so that the area being lit is annunciated; and

C. Manually operated, or automatically controlled by an occupansor that
meets the applicable requirements of Section 119.

2. Other devices may be installed in conjunction with the switchirggotrol device
provided that they:

A. Permit the switching or control device to manually turn the lights off in each
area enclosed by ceilifigeight partitions; and

B. Reset the mode of any automatic system to normal operation without further
action.

EXCEPTION 1 to Section 131(a): Up to’3 watts per square foot of lighting in any
area within a buildinghatmusimay be continuously illuminateduring occupied times

to allow for+easens-ebuilding-seeurity-elemergency egress, if:

A. The area is designatedh security-eremergency egress area on the plans and
specifications submitted to the enforcement agency under SectbdiB{8)2
of Title 24, Part 1; and

B. Theseeurityor egress lighting igiot controlled by switches accessilaily to
unauthorized persarel.

EXCEPTION 2 to Section 131(a): Public areas with switches that are accessible only to
authorized personnel.

(d) Shut-off Controls.

1. 1. In addition to the manual controls installed to comply with Section 131(a) and (b),
for every floor, all indoor lighting systems shall be equipped with separate automatic
or manual controls to shut off the lighting. These automatic controls shalthmeet
requirements of Section 119 and may be an occupant sensor, automatic timeoswitch,
asignal from another building systemor device capable of automatically shutting
off the lightingin response to occupancy conditions

EXCEPTION 1 to Section 131(d)IWhere the lighting system is serving an area+tnstt
be-eontinrbeushyHits in continual use 24 hours per day/365 days per year.

(1) *°Because the emergency and egress lighting requirements in some spaces are much higher than in others, we
propose to retain a higher LPD allowance of 0.2W/sf for each individual space (In code section 131(a)), while
reducing the average across the whalerfto 0.05W/sf.
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EXCEPTION 2 to Section 131(d)1: Lighting in corridors, guestro@and,dwelling units
of high-rise residential buildingand hotel/motels, anldihting in parking garages.

EXCEPTION 3 to Section 131(d)In office buildings, up to 0053 watts per square foot
of lighting in any area within a buildingaythat mustbe continuously illuminateth

allow for reasens-of buildingecurity-oremergenaygress, provided that the area is

designated mseecurity-eremergency egress area on the plans and specifications submitted
to the enforcement agency under Sectiorl@8(a)2 of Title 24, Part 1.

EXCEPTION 4 to Section 131(d)1: Lightng in stairwells.
[The remainder of Section 131 is not proposed to be changed under this proposal]

5.3 Code Language Proposed by the California Energy Commission

Thisis the text of the code language proposed by the California Energy Commission for E&ttion
This language was sent by the CEC to the California investoed utilities Codes and Standards
Team on August 17, 2011.

SECTION 1317 INDOOR LIGHTING CONTROLS THAT SHALL BE INSTALLED
(a) Area Controls.

1. All luminaires shall be functionally contled with manual ON and OFF switching devices. Each
area enclosed by ceilifigeight partitions shall be independently controlled.

EXCEPTION to Section 131(a)1: Up to 0.2 watts per square foot of lighting in any area within a
building may be continuouslyliiminated during occupied times to allow for emergency egress, if:

A. The area is designated an emergency egress area on the plans and specifications
submitted to the enforcement agency under SectieltDB0a)2 of Title 24, Part 1; and
B. The egress lighting isot controlled by switches accessible to unauthorized personnel.

2. These switching devices shall be:

C. Readily accessible; and
D. Located in the same room or area with the lighting that is controlled by that device.

EXCEPTION to Section 131(a)2: In malls, atadiums, retail and wholesale sales floors, industrial
facilities, convention centers, and arenas, the switching or control device shall be located so that a
person using the device can see the lights or area controlled by that switch, or so thabiagifita

is annunciated.

3. Other Lighting Controls. Other lighting controls may be installed in addition to the manual
switching provided they do not override the functionality of Section 131(a)l, 2, or 4.

4. Separately Switched Lighting Systems

A. Generalighting shall be separately switched from all other lighting systems in an area.

B. Floor and wall display, window display, case display, ornamental, and special effects lighting
shall each be separately switched on circuits that are 20 amps or less.

C. When tack lighting is used, general, display, ornamental, and special effects lighting shall
each be separately switched, and shall be on separate track lighting circuits.
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(c) Shutoff Controls

1. In addition to the manual controls installed to comply Bgietion 131(a) and (b), all installed
indoor lighting systems shall be equipped with controls that meet the following requirements:

A. Are capable of automatically shutting off all of the lighting when the space is
unoccupied.

B. Separately controls the lightiramn each floor

C. Separately controls a space enclosed by ceiling height partitions not exceeding 5,000
square feet.
EXCEPTION to Section 131(c)1C: In the following function areas the area controlled
may not exceed 20,000 square feet: Malls, auditoriumdesiegant retail, industrial,
convention centers, and arenas.

D. Separately control general, display, ornamental, and dispkgy lighting.

E. Meets the requirements of Section 119

F. May be an occupant sensor, automatic time switch, signal from another building
system, or other device capable of automatically shutting off all of the lighting in
response toccupancy conditions.

EXCEPTION 1 to Section 131(c)1: Where the lighting is serving an area that is in continuous use, 24
hours per day/365 days per year.

EXCEPTION 2 to Section 131(c)1: Lighting complying with Section 131(c)5, 6, or 7.

EXCEPTION 3 to Section 131(c)1: In office buildings, up to 0.05 watts per square foot of lighting in
any area within a building may be continuously illuminated, provided thairéaeis designated an
emergency egress area on the plans and specifications submitted to the enforcement agency under
Section 10103(a)2 of Title 24, Part 1.

5.4 Differences between the Recommended and Proposed Language

This section highlights the key differeres between the langge recommended by the IOU t@a
(Section5.2) and the language proposed by the CEC (Sect08).CEC language relocated Shut
off controls requirements

The shutoff controls requirements have been moved from section 131(d) to section 131(c). This
change does not affect the code language
CEC language revised area control text in Section 131(a)

The revised language changes how the requirements are laid out, and is intended to make the code
easier to read and understaridhis change is simply to clarify the language, and does not dfiect t
code requirement.

CEC language revised shudff control text in Section 131(c)

The revised language changes how the requirements are laid out, and is intended to make the code
easier to read and understand. This change is simply to clarify the langondgkes not affect the
code requirement.
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7. Appendix I: Egress Lighting Circuit Layouts in Prototype Buildings

This appendix shows the actual illuminance plots, isolux contours and fixture placements for the four lighting calcuhahimbsd:

by M Neils Engineering for this styd Dark blue contours show the 0.1fc level; light blue contours show the 1fc level; green contours
show the 5fc level Figure29 shows a closep of one of the illminance plots, in which the office partitions can be seen (dark blue)
along with the emergency fixtures (RF1 fixtures with diagonal fill). Poyapoint illuminance values are shown in dark red.

M Neils Engineering confirmed that the lighting layoutswhareate sufficient illuminance and uniformity to meet the requirements
of the Fire Code for emergency illumination and egress illumination.
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Figure 29. Closeup of llluminance Plot
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Figure 31. Emergency and Egress Lighting Large Office Layout
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Figure 32. Small Office Emergency Lighting Layout
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