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1. Overview

a. Measure | Lighting Alterations and Modificabnsin Place

Title

b. Non-resdentialspacesn which 10% or more of the luminairesmallasts are

Description | replaced would be required to comply with the same requirements as new
construction, in terms of lighting power densities and lighting controls. There w
be an exception for small projects (less than 30 ballasts or luminaires) to avoid
imposing onerous requirements on small businesses, and to avoid maintenance
in large buildings having to pull permits for routine maintenance.
There is a proposed exception such that lighting controls do not have to be instg
spaces that have ashbes in the ceiling. The added cost of dealing with asbestos
removal would outweigh the value of savings from lighting controls.

c. Type of The suggested changethelighting retrofit requirementss a mandatory measuyre

Change required for anyonresidential building that is performing a lighting retrofit
Buildings using both the prescriptive and performance method would need to cg

d. Energy The energy benefits will be determined for the final report

Benefits

The proposed change wilbhsignificantly affect natural gas use. There is preced
for ignoring the interactive effects (i.e., that less lighting will reduce internal gain
thereby increasing heating and decreasing cooling needs) for the 10U lighting
programs. This precedeistfollowed here, particularly because the savings will
occur in the evenings and on Sundays, when commercial thermostats will be se

Analysis was done for two office buildings small office (8,200 sf) and a large
office (34,000 sf). These wereagsas prototypes, because these are the types-of
residential buildings in which the proposed change will kentbst expensive to
implement.By showing that the proposed change is-eff&ctive in an office
building, we show that the proposed chargyeasteffective in all types of non
residential buildings.

These energy savings are based on the following assumptions:

E Fractionof the total lighting load that would not be shut off by occupants
during unoccupied times without an automatic shut a2

E Of the lights left on overnight5% is noregress lighting and 7% is for egreg

E Automatic shut off only applies to nagress lighting

E The number of hours in which offices are unoccupiélheurs each night,
and all day Sunday, for a total of 4,056uhs per year

E Retail is unoccupied 8 hours every night

E Warehouses are unoccupied 8 hours every night

Additional savings not taken into account for these calculations include:

E Savings from photocontrols

2013 California Building Energy Efficiency Standards October 2011
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e. Non
Energy
Benefits

E Savings from poviding local area controls or mislevel control
Electricity Demand Natural Gas TDV TDV Gas
Savings Savings Savings Electricity Savings
(kwh/yr) (kw) (Therms/yr) | Savings
Per Unit Measure Not Not Not Not Not
Applicable | Applicable Applicable | Applicable | Applicable
Per Small Office 5,207 123 NC $9,004 NC
Building (8,200 sf)
Per Large Office 21,588 510 NC $37,332 NC
Building (34,000
sf)
Savings per square 0.67 0.06 NC $1.10 NC
foot (Offices)
Total Elect_rlc TotaIGas_ Total TDV Savings Total TDV
Energy Savings| Energy Savings %) Energy (kBTU)
(GWh) (MMthermsg
138.3 0 $282,700,000 3,180,000,000
The nonenergy benefits of the proposed measure are not significant.
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f.  The proposed chandmsanoverall positiveenvironmental impet. Because the proposed
energy measure will reduce electricity use, this will reduce electricity generation, and ttresby
reduction in mercury emissions from cdmirning power plants, and in water consumption from
electricity generation. Howevdhese benefits are not quantified in this report. The table below
shows the additional materials consumption due to the embodied materials in the occupancy ¢
and switches and wiring required by the proposed measure. For details see3S@daintAppendix

G: Data for Materials Impacts
Material Consumption
Mercury Lead Copper Steel Plastic Others
(Identify)
Statewide impact 296§(I) 296(1) 1244471) 592571) 148147]) 0

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

Water Consumption

On-Site (Not at the Powerplant) Water SavilfgsIncrease)

(Gallons/Year)

Per Unit Measure

Not Applicable

Per Prototype Building

NC

Water Quality Impacts

Mineralization Algae or Corrosives asa | Others
salts Change
Impact (I, D, or NC) NC NC NC NC
Comment on reasons See explanation
for your impact above
assessment
Air Quality
In Ibs/Year, Increase, (Decrease), or No Change (NC)3:
NOX SOX CO PM10 COo2
Per square foot 0.00011 | 0.00064 | 0.00015| 0.000050| 0.39
Per Small office
Model Building 1.0 5.7 1.4 0.4 3491
Per Large office
Model Building 3.6 22 5.2 1.7 13189
2013 California Building Energy Efficiency Standards October 2011




Lighting Retrofits Pagel?2

g. The proposed change does not encourage a particular techredtbgugh it relies on
Technology | a range of existing technologies that have not been inclugaévious Title measure
Measures analysis (for instance sentry switches for lighting, and wireless lighting controls)
Measure Availability:
The proposed requirements can be met using a range of cuaeatiigble
technologies that are readily available througi@aitfornia. This was based on
information collected from the RSMeans database and from interviewing
representatives at several lighting manufacturers, including: (Cooper Controls,
Douglas, Leviton, Hubbell, Square D, and WattStopper,).
Useful Life, Persistence and Maintenance:
These control devices are not typically rated for a maximum life. We have assig
them a 15year measure life in line with other lighting controls.
h. The proposed requiremersiBould be verified on site to ensure that the lighting mg¢
Performance| the lighting power density limits and that the controls function as intended. The
Verification | compliance forms that are used for new construction will work for retrofit project
of the since the requirementsr retrofits are a subset of the requirements for new
Proposed construction. Nonresidential lighting compliance forms E3Gand LTG2A and
Measure acceptance form LT@AC are the relevant forms..

2013 California Building Energy Efficiency Standards October 2011
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i. CostEffectiveness

The following shows the cost effectiveness of ph@posed change. The supporting calculations a

presented in th€ost Effectiveness Analysis in Secti8ib.

a

b

C

d

e

f

g

Measure
Name-
Automatic
Shutoff of
nonegress
lighting
during
unoccupied
times

Measure
Life
(Years)

Additional

Costsl1 Current
Measure Costs

(Relative to
Basecase)

(%)

Additional
Cost2 Post
Adoption

Measure Costg

(Relative to
Basecase($)

PV of
Additional3
Mainterance

Costs

(Savings)
(Relative to
Basecase)

(PV$)

Per
square
foot

Per
Proto
Bldg

Per
Proto

Bldg

Per
Unit

Per
Proto

Bldg

Per
Unit

PV of4
Energy
Cost
Savings
T Per
Proto
Building
(PV$)

LCC Per Prototype
Building

(%)

(cte}

Based on

Current
Costs

(d+e)-f
Based on
Post
Adoption
Costs

Small
office i
wireless
shutoff

(8,223 sf)

15

$0.51

$4,171

None | None

None | None

$8,412

$(4,241)

$(8,412

Small
office T
line
voltage
shutoff
(8,223 sf)

15

$0.54

$4,457

None | None

None | None

$8,412

$(3,955)

$(8,419

Large
office i
wireless

shutoff
(34,000 sf)

15

$0.33

$11,350

None | None

None | None

$34,782

$(23432

$(34,789

Large
office’
line
voltage
shutoff
(34,000 sf)

15

$0.32

$11,034

None | None

None | None

$34,782

$(23,748)

$(34,789

The proposed change will neignificantly affect natural gas use. There is precedent for ignoring
interactive effects (i.e., that less lighting will reduce internal gains, thereby increasing heating :
decreasing cooling needs) for the IOU lighting programs. This precedetbiged here,
particularly because the savings will occur in the evenings and on Sundays, when commercial
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J. Analysis The proposedneasure is mandatorgpanalysis tols are not relevant, since the
Tools measure would ndie subject to whole building performance tradies.

k. This measure will not have a significant impact on other measures.
Fe(l;trllor:shlp Because lighting will be reduced, the heating needs of a building will increase s
l\ieasueres and the coling needs will decrease slightly. However, because commercial

buil dingsd cooling |l oads typically
interaction with HVAC measures would create additional savings, therefore the
analysis presented here imeervative.

In calculating the savings, we have reduced the available lighting power by 159
account for the Atuningod energy sav

The proposed changes to the language of Title 24 should be read in conjuitttior
the changes proposed in other CASE reports for the 2013 standards.

We have identified the following interactions between proposed measures:

1. Annunciated Controls: Energy Commission staff have proposed a chg
to Section 131(a) thatwould makea nnunci at ed cont
sufficient for the Area Controls requirement. The cost analysis for thig
CASE is based on distributed switches being installed during retrofits
to replace any existing annunciated switches). The costs in this aepo
therefore consistent with those
proposed change to 131(a) is adopted.

2. Egress Lighting: The California Utilities are also proposing a change t
the requirements for egress lighting, such that egress lightotd be
required to be switched off when the building is unoccupied, and the
lighting power density allowance for egress lighting would be reduced
from the currentvalueof 0.30W/sf of egress pathway to 0.05 W/sf. We
have analyzed the costs of bringingséing lighting systems into
compliance with this new requirement during a retrofit project, and ha
found it to be coseffective.
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2. Methodology

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

E Review of Market Assessment and Program Evaluation Literature
Online Survey of Retrofit Implementers

Development oDffice Models

Energy Savings Analysis

Cost Analysis

Lifecycle Cost (LCC) Analysis

Cost effectiveness

M mr Imr me m [mr

E Stakeholder meeting process
It is important to note that the terms alteration, renovation and retrofit are used throughout this report.
They are all intended to refer to the same type of projects. The featba varying language is that
retrofit is the term commonly used by contractors, building owners and other members of the
stakeholder group and survey respondents that were involved with this project. Meanwhile, alteration
i's defi ned Vchangetdalbeildirgyd wathsating system, spacenditioning system,
lighting system, or envelope that is not an addition. Alteration is also any change that is regulated by
Part 6 to an outdoor lighting system that is not an addition. Alteratadlaasany change that is
regul ated by Part 6 to signs |l ocated either in
the Dbibliography (ADM 2001, 2002) which uses t
alteration/retrofit projects upon whithis report focuses.

This work was publicly vetted through our stakeholder outreach process, which thrqaeykan

meetings, webinars, email correspondence and phone calls, requested and received feedback on the
direction of the proposed changes. Tlaksholder meeting process is described at the end of the
Methodology section.

2.1 Review of Market Assessment and Program Evaluation Literature

HMG conducted a review of literature pertaining to the lighting retrofits market. The purpose of the
literature revew was to gather supporting data to characterize the following aspects of the lighting
retrofit market, to estimate the savings from the proposed measures, and to inform a discussion among
the utilities and lighting stakeholders about the proposed caieeb.

E The major types of alteration project that are conducted
Typical factors influencing alteration projects

mr [T

Typical project characteristics
Typical project costs

[TV

E Decision makers in the lighting retrofits process
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To compile the literature review, HM@ed various sources and relied heavily on studies posted in
in the California Measurement Advisory Council (CALMAC) database. The results of the literature
are provided in SectioB.1 A list of the studies used in the literature review, as well as elsewhere in
this report, is provided in Secti@n3Online Survey of Retrofit Implementers

An online survey was sent to lighting designers, lighting contractors, and lighting energy efficiency
program implementers. The survey asked stakelotddake the survey only if they had experience
with retrofit projects, and requested that the survey be passed on to others with experience.

The survey covered the following broad areas:

E Project characteristics building types, percentage of luminaneplaced, lighting power
densities, changes to circuiting, existing controls, addition of controls.

E Specific questions on retrofit control systems Frequency of use, problems and issues,
wiring costs.

E Compliance issuesWhether to require egress congr,dhow to handle ballasinly
changeouts.
The survey was sent out in February 2011. Twenty six (26) responses were received. The responses
to the survey are provided in the analysis below.

2.2 Development oDffice Models

To assess the energy savings, castl cost effectiveness of the proposed requirement, we developed
modek of a small office building and a large office buildirfgigurel shows the basic characteristi
of the small and large offiamodek.

Occupancy Type Area Number | Other Notes
(Residential, (Square | of

Retail, Office, Feet) Stories

etc)

Model 1 Small Office 8,200 1 Rectangular in shape, consists of several open of
areas and on@nd twopersonoffices linked by
corridors

Model 2 Large Office 34,000 1 Rectangular in shape, consists of a core surround
by a large concentric open office area, with some
perimeter private offices.

Figure 1 Description of Office Models Usedfor Analysis

We chose to use twaffice buildings asmodek for two reasons. First, as shown by the results of the
online survey and by the literature review, offieee the most common type of building in which
majorlighting retrofits occur. Seconds usually more expensive to retrofit controls in offices than
in the other common building types (retail stores, warehouses). This is because offices are often
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subdivided into many spaces, and because they have complex routing for wiring and irgeclyde m
finished walls and ceilings that are expensive to alter. 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 eeffectiveness. This assumption is particularly true with
respect to wireless controls, because wireless controls are particulargffeosve at reducing the

need for long runs of wire that would otherwise exist in large buildings such as warehouses or big
retail stores. The layouts of the twiwodeloffices are shown idppendix A-Model Building

Layouts

2.2.1 Small Office Model

The small officenodelis a building that was surveyed in 2005 by HMG, as part of a study on
photocontrol systems conducted for the California invesitared utilities and the Northwest Energy
Efficiency Alliance(Pacific Gas & Electric, et al 2006)This building was choserebause it is

typical of the layout of many small California offices, which have a number of open office areas and
singleperson or multperson offices around the perimeter, linked together by internal corridors. This
specific building was also chosen base as part of the 2005 study we collected very comprehensive
data on its lighting and control systems, and daylight distribution, and because we have both a
reflected ceiling plan and a furniture layout for the entire building.

2.2.2 Large Office Model

This kuilding was chosen because, unusually, it has a mix of both perimeter private offices and
perimeter open office areas. This allowed us to accommodate both those common configurations
within the same building model, rather than using two models. Forwgtaliotasons it 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.

2.2.3 Space Breakdowns for Each Model Building

The breakdown of rooms ind¢imodelsmall and large office buildings is shownFRigure2. These

tables allow for comparison of the space breakdowns, which show key differences between the two
models, such as the higher ratio of office space to total floor area for the larger office (81% vs. 68.3%)
and the higher percentage of space devoted to corridors and ancillary functions in the small office. As
will be shown in the analysis below, thesetfieas contribute to the comparatively higher costs and

lower savings achievable in the small offrnedel The space types in the table are used to develop
LPDs and therefore estimates of the total lighting energy use ofdtelbuildings.

The decisiorwas made to analyze this measure on a whole building basis instead of space by space as
has been donr Title 24 code historically. There an®o reasos for this decision. Firsgutomatic

shutoff controls are a buildirgide control By their very natte they are not a spaty spacecontrol

system. Secondpst estimates fadhese system# dollars per square foare most accuratghen

the entire system is considerdecause the costs and savings for each space within the building are
different aml must be weighted by square footage
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Small Office Model Large Office Model
Type of room Number | Net Area | % of Floor Number of Net Area [sf] | % of Floor
of Rooms [sf] Rooms
Open Offices 5 4,358 53.0% 6 21,675 63.6%
Private Offices 5 1,260 15.3% 36 5,934 17.4%
Conference Roomg 2 402 4.9% 3 1,810 5.3%
Break Room 2 1690 5.0%
Restrooms 1 384 4.7% 4 685 2.0%
Mechanical/ 4 645 1.9%
Electrical
Corridor 5 981 11.9% 5 600 1.8%
(Elevator) Lobby 2 342 4.2% 333 1.0%
Kitchen 1 241 2.9%

Stairs 2 306 0.9%
Printer/copier 1 87 1.1% 1 214 0.6%
Server room 1 75 0.9%

Storage 2 93 1.1% 6 118 0.3%

Janitor 1 77 0.2%

TOTAL: 8,223 100% 34,087 100%

Figure 2 Breakdown of Spaces irModel Buildings

2.2.4 Compliance Scenario Development

Compliance scenarios were developed for the model buildingjsow that there are a variety of
technologies, products and methods available to meet the proposed code requliteenscgnarios
modeled include:

E Vacancy sensors
E Line voltageoverride switches with a timeclock enabled control panel
E Wireless switches, relays and a wireless swléghtransmitter with a timeclock as the input

The vacancy sensor scenario was developed to meet Section 131(d)4 which requires vacancy sensors
for spedic space types (private offices <250 sf, multipurpose rooms <1,000 séllasmhference
roomsandclassrooms).We also developed a scenario for partial retrofits that uses vacancy sensors
wired in parallel. This solution would prove to be more cost effective than other compliance options

for automatic shutoff if a single space within a building is degtrofitted independently.

The use of a line voltage override switch in conjunction with a new lighting control panel allows for
local area controls to also provide for automatic shwtdfiout additionalwiring costs independent
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of the existing layoutThis scenario was developed primarily to serve the open office areas without
vacancy sensors.

The wireless solution can be ddga buildings where there are no existing local area contoolthere
is no desire to install a new lighting control pafiélis scenario was developed primarily to serve the
open office areas without vacancy sensors.

These scenarios were chosen because of their simplicity and consistency across a variety of existing
conditions.Both open office areaolutions can be applied glless of ceiling type or furniture

layout. Wired solutions also exist, but are mo¢ludedin this report because they are not needed to
prove cost effectiveness of the proposed measure.

Implementing the proposed requirements should be even morefeasivefin other types of nen
residential buildings, because the use of wireless controls for retrofits could reduce the need for long
runs of wire that would otherwise exist in large buildings such as retail and manufacturing facilities.
The size and vagty of space types for which compliance scenarios were developed can be scaled up
or down to meet the needs of many retrofit situations.

2.3 Energy Savings Analysis

The energy savings from this meastesult fromthe installation of automatic shutoff controls

Despite the fact that this proposed measure requires that Controllable Lighting and photocontrols be
retrofitted into buildings, we amot considering the savings from these two measures, because they
are analyzed in their respective CASE reports.

There are two types of automatic shutoff systéarsvhich we are analyzing the savingsor level
shutoffandvacancysensorsBoth strategies shoftf lighting that might otherwise have been left on
overnight or over the weekendacancysensors are reqeid by Title 24 Part 6 Section 131(d)4 in
private offices and conference rooms, which also serve the function of area corttrotei spaces.

To estimate statewide energy savings,calculated the statewide square footage to which those

savings are apmd (based on constructiferecastdata from the California Energy Commission), and
estimated the lighting power density of spaces in which those percentage savings occur, based on the
LPD allowances being proposed foconcurrenteport titled2013 Title24 Indoor Lighting Controls

This methodology is described in more detail in Seci@nl Note that for statewide savings aee

including the savings from Controllable Lighting and from photocontrols, because the CASE reports
for those measures do not include statewide saviogs ffetrofitting those controls.

To calculate the savingsom overnight and weekend sbiftwe conducted a night lighting field
survey of office buildings in four areas of California generate an estimate of how much lighting is
left on overnight, antherefore how mucknergycould potentially be save®etails of the survey
process are described beldWhis survey collected data on the percentage of lighting that was
switched on in office buildings in the evening and nitimie. The results of the nig-time lighting

field survey are presented in Sectii

The approachat calculaing the savings fronvacancysensorss described in detail in Secti@3.4
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2.3.1 Assumed Lighting Power Density (LPD) in Offices

To estimate savings from the proposed changes, we need to estimate the typical lighting power
density (LPD) for thenodelbuildings.Figure3 below shows the 2008 and Proposed®Afea

Category LPD space types typically found in offices. The typical relative square footage for an office
is also presented as "% Area", sourced from Table 6.2 didatebase of Energy Efficient Resources
(DEER) final repor{California Energy Commissn 2005) These area breakdowage similar to

those of thanodesk, presented iRigure2.

Thesavingsestimaes assume the proposed AJTitle 24 Area Category.PD alowance will be in
buildings that have lighting systems retrofitt&tie 2008 and 2013 Area Category LPD allowances
are depicted ifrigure3.Areas utilizing vacancyemsors were assume to have a private office LPD of
1.1 W/sf, while areas equipped the other types of automatic shutoff controls described in3S@&&ion
were assmed to have an open office are LPD of 0.8 WUsing proposed code as the baseline for
retrofit savinggesults in a conservative estimate of savings, bedtissa lowerlighting power

density for office buildingshan theCEUS estimateJalifornia Erergy Commissior2006)

Area Type % Area 2008 Area Proposed 208 Area

Category LPD (W/sf) | Category LPD (W/ft?)
Conference Room 4% 1.2 1.2
Copy Room 2% 0.6 0.6
Corridor 10% 0.6 0.6
Lobby 5% 1.1 1.1
Mechanical/Electrical 4% 0.7 0.7
Private Office 25% 1.1 11
Open Office 45% 0.9 0.8
Restrooms 5% 0.6 0.6
Weighted Average 0.91 0.86

Figure 3 Area Category LPD allowance for Office SpacesTitle 24 2008

2.3.2 Existing LPD in Projects Affected By New Threshold

Datawas obtained from the Energy Commission (California Energy Commig6@af about space

by space LPDs in existing buildings. The LPD reduction was calculated by determining the difference
betweerthe existing LPDin each spacaccording to CEUS and the ZDarea category LPD

allowance

2.3.3 Night-Time Field Survey

Night-time lighting includes lighting for many purposes: for egress, for security, for cleaning crews,
as well as lighting that has accidentally been left on. The analysis in this report atteseptr &be

egress lighting from neegress lighting, because the regress lighting is the source of savings for

this measure. Savings from requiring egress lighting to be controlled as part of the automatic shutoff
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requirementreaddressed ineoncurrent e por t ; A Cont r olandthérefoBegernets s L i
included inthis report.

A night time field survey was conductedadfice buildingsto estimate the percentage of lighting that
was left on during a weeknight. This was done to estimate saeingatomatic shubffs for egress

and noregress lighting. The survey of commercial buildings was conducted at four separate
locations in the state, on a weekday evening in the fall of 2010. Observations were made hourly
between 6 pm and 11 poy a sureyor who walked a preet path around the downtown area and
made observations from the outside of the building of the amount of lighting that wasen
estimated lighting load (as a percentage of all lighting) was recorded for each floor or eacly,buildin
at each time interval. Observations were conducted in downtown commercial districts in:

E Sacramento
E Oakland
E Santa Monica

E San Diego
Lighting levels were recorded for 770 floors in 71 buildings, resulting in a total of 3,627 observations.
(Due to survey enstraints not all floors were recorded at all timiervals). A copy of the survey
instrument is provided iAppendix E-Online Survey

2.3.4 Methodology for Vacancy Controls Savings

The energy savings froracancysensorsre calculated in two sections. For savings that occur during
unoccupiechours, wehavecalculaedthe savinggor the areas of the building equipped withicancy
sensoraising the same assumpticasout hours of savings and percent of lighting left on as identified
for the automatic shutoff control systefrhe additional savings that result fratmcancysensors
duringoccupiedchoursare based on report prepared by HMG fordaithernCalifornia Edisan titled
"Savings Estimates for Lighting Controls and Interactiq@suthern California Edison 2010)his

report includes analystf the savingsnd interactions thaesult fromthe layering ofighting

controls, includingtuning, vacancy sensors, digit harvesting and demand response.

It is important to note that the for thipartial retrofib scenario using multipleacancysensors wired

in parallel to meet the automatic shutoff control requirement, the savings are calasiatgthe

same assuntipns about hours of savings and percent of lighting left on as identified for the automatic
shutoff control systemlhe additional potential savings during occupied hours fracancysensors

are ignored for this scenario. This adds a level of conservaisl simplicity to the savings

calculation.

2.3.5 Methodology for Photocontrols Savings

Compliance with Section 131(()hotocontrol¥is onlyproposed tdoetriggered in alteration projects
where wiring is moved or replaced. The ratiorfalethis isthat theexisting wiring layout is

unknown,soit cannot be assumed thhe lighting will alreadybe circuited in rows parallel to the
windows, which is common / best practice for photocontrols. The cost of recirdbgihigminaires

in parallel rows would be prohibitive, since it would requiaed conduit to be removed and replaced,
andnew wiring to be cut to length, as well as disconnecting and reconnecting the conductors to each
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fixture. However, if the wiring i9eing moved, added or replaced, it should be done so as to
accommodate photocontrols.

Savings from photocontrols anetincluded in the analysis of the casffectiveness of this measure,
but theyare included in the estimate of total statewide savifi¢ge rationale for this is that the
Daylighting CASEreportproves cost effectiveness for the installation of photocontrols.
Conversations with manufacturers and contractors have indicated that installing photocontrols in
retrofit projects requires the samguipment as installation in new constructitrerefore the
requirement for retrofits is not assessed separakblgre may be a slight increase in labor time
required in retrofit applications, btte results of the online survey described in Se@&i@rl0show

that this increase is not significant. Thiws photocontrols to remain cost effective as calculated in
the Daylighting CASE reportThe interested esler should consult the Daylighting CASE report
(California Utilities Codes and Standards Team. 20D@&ylighting) for additional detail.

2.4 Cost Analysis

To develop the strategies fiaatrofit projects taneet thgproposed controleequiremert, we
conductd a series of informal interviews with technical staff from several major controls
manufacturerdn these interviews, we established the following:

E Which of their systems were most commonly installed in retrofit projects
E Which systems provided the leagpensive or most riskree approach for retrofits

E Exactly which pieces of equipment should be installed where in thentwlelbuildings, to
achieve compliance with the requirements of Title 24 Section 131(a) through (d)

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

To develop cost estimates, wenducted detailed cost analysis of the equipment and labor that would
be required to install their systems in the twodelbuildings.We thencombined this data with

equipment costs and labor rates provided by RS Means CostWorks Online Construction Cost Data, to
develop tailored cost estimates for each control system in each of theothedbuildings.

2.5 Lifecycle Cost (LCC) Analysis

HMG calculated lifecycle cost analysis using methodology explained in the California Energy
Commission repottife Cycle Cost Methodology 2013 California Building Energy Efficiency
Standardswritten by Architectural Energy Corporation, using the followingagiqun:

w066 6&i0d QdRDA Qi @A DD VE Qi "YW Q¢ "Qi
3, ## Z(PVoitce 3 48R8/mpvce 3 4)$6

Where:
pL CC change in lifecycle cost
pC cost premiunassociated with the measure, relative to the base case
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PV1pv-e present value of a TDV unit of electrici$% discount rafe
PVrov-c present value of a TDV unit of g&3% discount rate)

T Dgv TDV of electicity

T DV TDV of gas

We used a 1fear lifecycle as per the LCC methodology for nonresidential lighting control
measured.CC calculations were completed for two buildmgdek in all sixteen (16) climate zones
using four different shoff control strategiesThis provided a range of cost effectiveness to
accommodate for varying scenarios.

We have not included any interactions effects from the proposed measure (e.g. reductions in air
conditioning energy, or increases in heating energfjs makes the estimate of savings
conservative, because in commercial buildimg€aliforniathe annual cooling load almost always
outweighs the annual heating load.

2.6 Cost Effectiveness Analysis and Statewide Savings Estimate

The cost effectiveness calation was based on the cost and savings that result from implementing
Sections 131(a) and (d) all retrofit projectswheremore than 10% dfght fixtures are being

replaced, instead of waiting for wiring to be replaced as the current code requaessth

effectiveness of Sections 131 (b) and (c) are independently justifiedrimegective CASE reports.
Figure4 shows which subsections of Section 131 are included in the calculation of cost effectiveness
and statewide savings presented here.

Section Cost Effectiveness Calculation? Statewide Savings Calculation?|

Section 13(a) Area controls Included Excluded

Section 13Xb) Controllable Excluded, costs and benefits are independent Included
Lighting justified in the Controllable Lighting CASE repol

Section 13%c) Daylighting Excluded costs and benefits are independentl Excluded

justified in the Daylighting CASEeport.
Section 13%d) Automatic Included Included
Shutoff controls

Section 146 LPD allowance | Excluded, costs and benefits were independen Included

justified when LPD thresholds were adopted

Figure 4 Lighting Sectionsincluded in Cost Effectiveness an&tatewide Savings calculations

The statewide savings estimates also include the additional retrofit projects that would be required to
comply with code by reducing the trigger from 50% of fixtures to 10% of &stum a spacd.he

statewide savings that result from complying with Sections 131(a) and (c) were excluded because of
the complexity of determining when those requirements would be triggedeldionally, for area

controls there is an absence of reseénahwould support an estimate of savirigserefore it was
determinedhatany savings from these requirements would be excluded from the statewide savings
estimation.
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2.7 Stakeholder Meeting Process

All of the main approaches, assumptions and methods ofsssaked 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 language and analysis
thus far, and sent out a summary of what diasussed 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.calcodesgroupam. 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 Meeting: September 21st 2010, California Lighting Teghnolog
Center, Davis, CA

E Third Lighting Stakeholder Meeting: February 24th, 2011, UC Davis Alumni Center, Davis
CA
In addition to the Stakeholder Meetings, five Stakeholder Work Sessions were conducted to allow
detailed review of specific technical issues. Seheeetings were held on the following dates:

E October 20th 2010: Lighting retrofits, uniformity of illuminance
E December 8th 2010: Egress lighting controls

2.8 Statewide Savings Estimates

The statewide energy savings associated with the proposed measures will be calculated by
multiplying theenergy savings per square foot with the statewide estimate of new construction in
2014. Details on the method and data source of the nonresidenstliction forecast are in
Appendix F- Non-Residential Construction Forecast details

2013 California Building Energy Efficiency Standards October 2011


http://www.calcodesgroup.com/

Lighting Retrofits Page25

3.

Analysis and Results

This section describes our analysis and assumptions iih deta

3.1

Results of Literature Review

A summary of the key findings from the literature review is presented here. These findings inform
our estimates of costs and savings per square foot, and our estimate of the statewide impact. The full
findings are presenten Appendix D-Lighting Retrofit Market Literature Review

E

Size of the market Theretrofit market is approximately twice as large as the new

construction markeniterms of square feet, and approximately half as large in terms of dollar
value. Theetrofit market is more constant over time than the new construction market and
does not vary as much with economic cycles. Based on average data f&fidzhe
Nonresiential Remodeling and Renovation Study prepared by ADM and TecMRKT Work

for the California Energy CommissioADRM 2002), the projected size of the market for

addition and alteration projedisynonymous with renovation and retrofit projectsjing the
2014-2017 code cycle is 327 million square feet per year. Offices make up approximately
34% of that market by square footage (42% by energy use), with approximately another 10%
made up by each of: retail, warehouses and schools.

Owned vs. leased spacéround 75% of office square footage and 40% of retail square
footage is owneoccupied, the rest is leased.

Frequency of alterations in a given spacéAlteration projects occur approximately once
every ten years in office buildings (more frequently in leagpede than in owned space),
every fifteen years in retail space, and every eight years in schools and other institutional
spaces. By comparison, in most spaces, tQuegters of tenants stay for at least six years,
which makes the frequency of alterasorery similar to the frequency at which tenancies
change. This is consistent with the finding that alteration projects occur mostly when
tenancies change.

Code compliance in alteration projectsThe NRRR studyADM 2002) is evidence that

Title 24 was a rajor factor (the most important of those listed) influencing design decisions in
lighting alterations. Also, electrical engineers and other licensed professionals heavily
influence lighting decisions. Therefore we believe that code compliance ratiglgreolbe

high for alteration projects.

Typical project outcomes Offices are by far the largest single element of the lighting
alteration market. The average existing lighting power density (LPD) in U.S. office space is
1.8W/sf, and the average foecent construction in California is 1.13W(€falifornia Energy
Commission 2006) Therefore, assuming (see paragraph above) that retrofitted offices are

1 American Society of Heating, Refrigerationand-@lo ndi t i oni ng. NASHRBE. 8t BEedaudr 902010.
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code compliant in terms of LPD, many retrof
annual ighting energy consumption.

E Reasons for alteration project initiation: The decision about whether or not to upgrade or
remodel the lighting in a leased space is usually prompted by a change in tenancy or a change
of wuse. The magnitwdewotild fihesef oppobéeuap
potential savings. The gap of time between tenancies is likely to be the only opportunity to
upgrade the space, since the disruption to the tenants would be too great to conduct a
remodeling project durgnnormal occupancy. Therefore the decision to upgrade lighting is
probably not a discretionary one in most <ca

The NRRR(ADM 2002) study found that price of equipment was less important than other
drivers of design. Bubr those who chose not to remodel, cost was a major factor.

E Who pays? Who makes decisions®espite the necessity of tenant upgrades described
above, it is usually the tenant who pays for the work (in leased spaces) and therefore the tenant
who makes desions about how much lighting and/or controls equipment will be relocated or
repl aced. Often, the tenant has a ATl all o
highly cost sensitive. Depending on the terms of their arrangement with the lartdkrd
possible that the tenant may decide not to upgrade the lighting (or to upgrade without a permit)
if the requirements of code are perceived as too onerous.

Threefourths of tenants stay in the same space for more than six years, which makes-medium
term payback horizons {8 years) a possibility. Alteration projects typically occur once every
ten year8 more often in schools, less often in retail.

E Typical scope of alteration projects The maj ority of retrofit p
r ehabi |invohang two ar thrée, of the main elements of the space (lighting, HVAC,
interior layout)according to NRRR Volume Il (ADM Vol Ill 2002) The report found that
Al i ghting changes were |ikely to be accompa
85% of the time and by changes in interior laysytstem furniture and partition69% of the
ti me. o This | eads us to conclude that beca
abovethe ceiling and other parts of the building structure, charogkghting control systems
may be coseffective in many cases.

Around one fifth of projects reuse or relocate existing fixtures, while the majority replace the
fixtures(ADM 2002).

We have not found any information about the typical size of retrofiegioin terms of dollar
value or square footage per project.

E Retrofit of lighting controls: None of the available data sources indicate the frequency with
which lighting controls are included in alteration projects. Title 24 requires lighting controls
upgrades only if certain segments of the lighting wiring are replaced. Because of this
stipulation on the requirement, and because the wiring is unlikely to be replaced in most
alterations, we believe that | i grcewitmuiltycontr
retrofit programsand the results of the Retrofit Lighting survey presented in Segtitdaad
us to believe that controls retrofits are uncommon
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3.2 Analysis of Retrofit Lighting Survey

This section describes the results of an online survey that was distributed to lighting stakeholders for
their input on various components of lighting retrofits in commercial buildings in California. The full
surveytext is shown irAppendix E-Online Survey

3.2.1 Distribution of Retrofits

The survey askedNhat percentage of luminaire retrofit projects take place in each dbllogving
building types (must sum to 100%)

Respondents filled in percentages for the following building types:
E Large offices (>20,000 sf)

Small offices (<20,000 sf)

Warehouses

Retall

Schools

mr [mr

mr [mr

Distribution of Luminaire Retrofit Projects by
Commercial Building Type (n=26)

40%

34%
35%

25% +

20% -

15% -

5% -

0% -

Large office Small office Warehouses Retalil Schools

Figure 5 Distribution of retrofits by building type (n=26)
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The distribution of retrofit projects in the sample of respondents contains a high number of office
projects 54% of the total). The remainder is split fairlyesby between warehouses, retail, and

schools

This finding aligns withthe results of thé&lonresidential Remodeling and Renovation StdipM

Vol 11 2002) which showed that lighting retrofits happen more frequently in office buildings than in
other building types.

3.2.2 Percentage of Luminaires Replaced during Retrofit

Because th threshold for compliance with the LPD limits in Title 24 is based on the percentage of
luminaires in the space that are moved or replaced, it is important to know what percentage of

luminaries are typically moved or replaced during retrofit projette survey askedThinking in
project

t er ms

of

t he

whol e
luminaire retrofit projects fall into each of the following categories (must sum to 108%gce by
space refers to separatiby ceiling height partitions.

(e.

g. the

c |

s

-

In terms of the percentage of luminaires replaced, how many of
your retrofit projects fall into each of the following categories?

m Whole Project m Space by space

~

60%

50%
40% -
30% -
20% ~
10% -

0% -

51%
47%
0,
16048%
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Figure 6 Distribution of luminaires replaced during retrofits

As expectedbased on the input from the Stakeholder Grolug majority of spaes (69%) ad
projeds (63%) fallinto the 550% category, i.e. retrofit projects are mostly "binary"; they are either
maintenance projects in which only a few luminaires are replaced, or they are complete replacements.

ent 6s
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However, 29% of projects and 21% of spaces fall into the-20% range. This mea that around a
guarter of all alteration projects would be affected by reducing the compliance threshold from 50% of
luminaires replaced down to 10%

Savings and costs associated with complying with the LPD requirement are presented in Sections
3.4.5and3.5.4 respectivelyAnalysis for the retrofit of shutoffantrolsarepresented separately in
Sections3.4.3 3.5.1, and3.5.2 as these two scenarios can be triggered independently of one another.

To inform the decision regarding the minimum threshold size of projects required to comply with
Section 18, we combinedne data showrn Figure6 (distribution of luminaires replacedidng

retrofits) with the statewide distribution of office building sizes (drawn from the CEUS dataset
(California Energy Commission 2011a)). In combmthese datasets, we implicitly assumed that the
two distributions were independénsomething which is not true in practice, but we do not have
enoughinformation to inform a more accurate estimate.

The number of luminaires in each sample buildirag esmatedby dividing the square footage of
the building by 50 (i.e., assuming one luminaire per 50 square feet).

Percent of Statewide Office Luminares Added or

Replaced by Size of Retrofit Project
35% 100%

- 90%
30%

/ - 80%
25% L 70%
20% / - 60%
- 50%
- 40%
- 30%

o /
- 20%
5% -
I - 10%
0% - . . . . . . . — | 0w

1to 1515to 3BO0to 50 50to 100 to 200 to 500 to 1000 tol0000 +
100 200 500 1000 10000

Size of Retrofit Project (Number of Luminaires)

Statewide

15%

Percent of Total Lumianires Retrofit in Offices

Figure 7 Percent of Statewide Office Luminaires Added or Replaced by Size of Retrofit Project

The results shown iRigure7 indicate thaapproximately 18%f the total luminaires retrofit in

offices statewide are replaced or added in retrofit projects affecting leséthaninaires.Since

offices include a broad distribution of building sizes, this indicates that setting the floor for number of
luminaires being affected 40 would capture a large percentage of all retrofit projects, while still
allowing very small projects tproceed without triggering compliance with Section 149.
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3.2.3 Existing building LPDs

The savings that can be expected from lighting retrofit projects come partly from the reduction in
LPD from the existing lighting to the new lighting. To calculate the exgee@uction we need to
knowtypical LPDs in existing buildings.

The survey askedr what percentage of (Open Office, Private Office, Warehouse, Retail, etc.)
luminaire retrofit projects does the existing lighting have the following power densities2d Shou
to 100%).

In what percentage of your luminaire retrofit projects does the
EXISTING lighting have the following power densities?

B Open office M Private office Warehowse M Retail M Other

60%

50%

40%

30%

20%

10%

0% -
<0.7 W/sf 0.7-1.0 W/sf 1.0-1.5 W/sf 1.5-2.0 W/sf »2.0 W/sf

Figure 8 Existing Building LPD by building type

The results irfFigure8 show a general description of the existing LPDs in various building types at

the time of lighting retrofits. These values were used to create a weighted average of LPDs, which is
presented ifrigure9 and compared to the interior lighting LPDs reported by the California End Use
Survey (CEUS). The LPDs obtained from the survey responsesrasistentlyhigher than the

values from CEUS, which suggests that buildings are chosen for retrofit projects paetallse

they have high LPDs.
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Building Weighted average LPD based on Average LPD from CEUS
Type On-Line Survey Responsdresults

Open office 1.36 0.99(largebldg), 1.39 (smalbldg)
Private office 1.40 0.99 (largebldg), 1.39 émall bldg
Warehouse 1.28 0.66

Retall 1.70 1.34

Other 1.55 1.06 (all commercial)

Figure 9 Comparison of LPD by building type; Retrofit Lighting Survey vs CEUS
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3.2.4 Changes in Circuiting

Title 24 2008 contains various triggers for mandatory controls requirements. For instance, if a

lighting panel is installed or replaced, if the existing wiringeshg moved or new wiring added.

Because of these existing triggers, some alteration projecifreaelyrequired to install controls, and

so to calculate the likely statewide impact of the proposed measure we need to remove those projects
from the assesment of savings.

This question aims to understand what percent of the time a retrofit @svcihanges to circuitingo
that we may learn how much additional savings can be captured by changing the code as proposed.

The survey askedNhat percentage adle luminaires undergo the following changes in circuitihg?
The three scenarios presented to the respondents were:

(a) New or moved wiring is being installed to serve added or moved luminaires

(b) Conductor wiring from the panel or from a light switch to theihaires being replaced

(c) A lighting panel is installed or relocated
The response options included the following ranges for percentage of luminaires:

E 0%- 5%, 5%- 10% 10%- 25%, and>50%
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What percentage of luminaires undergo the following circuiting
changes ?
0%-5% m5%-10% m10%-25% m25%-50% m>50%
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5
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(a) New or moved wiring (b) Conductor wiring (c) lighting panel installed

Figure 10 Percentageof Luminaires Undergoing Wiring Changes

Type of wiring change Percentage
of
projects

New or moved wiring is being installed to ser 39%
added or moved luminaires

Conductor wiring from the panel or from a ligh 29%
switch to the luminaires is beimgplaced

A lighting panel is installed or relocated 22%
Figure 11 Weighted distribution of wiring changes

We estimate that around 40% of projects include changes to circuiting that trigger the current Title 24
requirement taetrofit controls. Because there is likely to be a lot of overlap between the projects that
include these different types of circuiting changdks,responses to this question tell us that wiring
changes occur in around 40% of retrofit projects. s€Hedings are utilized ithe calculation of

statewide savings to adjust the savings estimate.
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3.2.5 Types of Controls Commonly Installed in Retrofits

This question investigates the same issue as the previous question, but asks in a different way. It
directly askhow often certain types of lighting control are installed in alteration projects. This
guestion gives us slightly more information than the previous one because, as well as telling us what
percentage of projects should be removed from the statewidastifrsavings, it also tells us which
types of controls are most commonly installed. This information informs the choice of control
solutions that are used to calculate the costs for this measure.

The surveyasked how common ar e ecantrahtypestin your etrofit projdc®e wi n g
Control options includedh answer
E Area controls (wall switches @acancysensors)
E Multi-level (biHlevel) switching
E Photocontrols
E Automatic shutoff controls (e.g. night sweep)
The percentage of projects they ltbahoose from were:
0%- 5%
5%- 10%
10%- 25%

E
E
E
E >50%
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Percentage of projects that have each of the following controls
installed as part of the retrofit.

0%-5% m5%-10% m10%-25% m25%-50% m>50%
14

12

10

Number of Responses

Area controls  Multi-level switching  Photocontrols Automatic shut off

Figure 12 Percentage of projects with controls installed

Figurel13 shows thatt0% of retrofit projects already include installation of automatic shut off
controls which are the main source of savings from the proposed me@higés consistent with the
findings in the previous questiofhe rest of the controls types are broken down explicithigure
13

Type of Controls Percentage
of projects
Area controls (walswitches ovacancysensors) 59%
Multi-level (bilevel) switching 40%
Photocontrols 35%
Automatic shut off controls (e.g. night sweep) 40%

Figure 13 Percentage of Retrofit projects currently installing controls, by controls type
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3.2.6 Percentage of Office Retrofit Projects with no Existing Area Controls

For the last several iterations of Title 24, commefgiaidingsh ave been required to
controlso, i.e. light switches |l ocated in the
Afannunciatedo switches). However, there are s
installed, and in thse buildings the costs of this proposed measure have to include theastshgf

area controls where they do not already exist. The absence of area controls also increases the savings
that would be obtained in thobeildings

The survey askedn whatpercentage of office retrofit projects does the existing building have NO
area controls, (i.e., there are no wall switches or occupancy sensors within sight of the luminaires
they control)?

Percentage of office retrofits in which there are no existing area
controls (n=16)

5 L il 100%
/./'/. - 90%

B 80%
/._./., - 70%
60%

- 50%
40%
- 30%
- 20%
- 10%
- 0%

Number of respondents

Cumulative percentage of respondents

=X
=

1%-10%
10%-20%
20%-30%
30%-40%
40%-50%
50%-60%
60%-70%
70%-80%
80%-90%

90%-100%

Percentage of office retrofit projects

Figure 14 Percentage of office retroit projects without any existing area controls

The results to this question indicate that theegeportion of retrofit projects where the existing office

layout does not have local area controls. There was a lot of variation in individual response betwe
respondents, i.e. many respondents said that area controls are rare in existing buildings, while many
other respondents said that area controls are comiverbelieve that some respondents may have

mi sinterpreted the queistd onpl deciallse%-80kdaftd o(nféd r
buildings do not have area controlBhe weighted average of these results indicates that 26% of

projects will need to add local contrdigeighted average is calculated by multiplygarh answer

band (forict anc%5 qQ%aA)0 by the percentage of responden
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1/16 or 6.3%). This information is incorporated into the estimates of costs and savings from the
proposed measure.
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3.2.7 Percentage of Retrofit Projects that Add Controls

To inform our cost analysis, we needed to know what types of area control are typically added in
spaces that donodot already have them. Title 24
controls, and it allows several different strategies to meetatpuirement.

The survey askedri existing office buildings that do NOT already have area controls, what
percentage of projects have each of the following controls installed as part of thedetrofit T h e
response options were:

-

E No controls-the space reainsnoec omp | i ant with the Title 24
requirement

E AAnnunciated switcheso are added to a centr
have an indicator light

E Additional wall switches are added in various locations througheuspace, within sight of
the luminaires they control

E Additional occupancy sensors are installed throughout the space

In existing OFFICE buildings that do NOT already have area controls,
what percentage of projects install each of the following controls?

0%-5% m5%-10% m10%-25% m25%-50% m@>50%
12

10

Number of Responses

No controls Annunciated switches Additional wall ~ Additional occupancy
switches sensors

Figure 15 Percentage of projects without area controls that add them during retrofit

The responses show thatspaces without area controlgll switches and occupancy sensans
installedin around 50% of retrofit projec{based on a weighted average calculation). In these
spaces, the respondents said that they rdeehotaddany areacontrols Adding annunciated
switches or not adding controls is not common.
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3.2.8 Effect of Adding Cost to Retrofit Projects

In the Stakeholdeneetingsseveral people raised the concern that if Title 24 requirements add
significant upfront cost to lighting alteration projectien those projects might simply be cancelled
and the potential savings lost entirely. This effect would have to be factored into the estimate of
savings for the measure. To investigate the likely effect of addifigoopcost to alteration projects,
we asked how many projects would likely be cancelled, if various levels of cost were added.

The survey askedNhat would be the effect of adding additional costs for lighting controls to office
retrofit projects? Not e ingtvauld nofibe eetnofitted (Hotetldatdthe me a n
entire project would be cancelled)

From your experience, what would be the effect of adding
additional costs (for lighting controls) to office retrofit projects?

No effect A few projects would be cancelled
m Most projects would be cancelled m Almost all projects would be cancelled
14

4 12
2
o 10 +—
o
(%]
RS
o 61—
©
£
5 471
Z

-

0 T

$0.10/sf $0.25/sf $0.50/sf $0.75/sf
Amount of added upfront cost

Figure 16 Effect of additional costs on retrofit office projects

These responses indicate thdditional upfront coss of $0.50-$0.79sf would cause majority of
projects to be cancelled€Conversely, a added cost of $0.2§ or less would produce a minimal
effect meaning it is unlikely projects would be cancelled

2013 California Building Energy Efficiency Standards October 2011



Lighting Retrofits Page40

3.2.9 Wireless Time Clock or Sentry Switch Systems

Our initial investigationsnto costeffective controls strategies for retrofit projects yielded two likely
types of system. These two types were discussed with stakehdldisrguestionnvestigate how
frequently those types of systems are installed.

The survey askedn what gercentage of your retrofit projects is a system like this instatled? T h e
two systems were:

E Atimeclockb as ed s e nt-offysysewihat mdehanically actuates manual wall
switches to the off position (and therefore gives users the abilivatmally switch the lights
back on). This system also provides a fbl

E A timeclockbased wireless shufff system that uses wireless switches to convey user
overrides to the lighting control system. This system also proviles&d i nk 6 war ni ng
shutoff.
The survey asked respondents to give their answer in terms of the percentage of their projects in
which each of these control systems in installed.

Percentage of Retrofit Projects in Which a "Sentry Switch" or

Wireless Time Clock System is Installed
m "Sentry switch" system m Wireless Time Clock

=
o

Number of responses

O R, N W H» 01 O N 0O ©
1

0%
1-10%
10-20%
20-30%
-40%
-60%
60-70%

40-50% =
70-c000 [
90-100% !

80-90%

30
50

Percentage of projects

Figure 17 Percentage of retrofit projects wih wireless timeclock or sentry switch system
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Figurel7 shows that some of the respondents used these systems frequently, but most respondents
either were not familiar with these systems, or in a few cases used alternatives such as fully
addressable lighting systems. Based on these responsesjghted aveage of number of

respondents multiplied by the corresponding percent of projects showsitirgt switch and wireless
timeclock systems are used in approximately 19% and 17% of retrofit projects, respectively.

3.2.10 Low Voltage Wiring Cost Assumptions

The survg asked respondents for their feedback on a key assumption of the cost analysis for this
measure, which is the assumption that it does not cost significantly more to install control wiring in
retrofits than in new construction.

The question was as foll@wv"In calculating costs, we are assuming that low voltage wiring (for

dimming or step switching control) can be installed during a tenant improvement project at a cost that
is not significantly different from a new construction project. This is becausedltage wiring can

easily be routed through suspended ceilings or exposed ceilings, without needing to be attached to the
structure. Do you think this is a reasonable assumption?"

Approximately 71% (10 out of 14 respondents) agreed that low voltageywan be retrofitted at a
cost that is not significantly higher than in new constructieourrespondents disagreed and cited

the need for organization/support of the wirBkne of the respondents mentioned that the wires may
need to be installed bietdl existing finished surfaces (such as plaster ceilings or walls), which would
certainly add cost.

Note that these issues also exist with low voltage wires in new construction, although they may be
more complicated in retrofits because the overall orgdioiz of the wiring may not bésually
evident, i.e. the wiring may be hidden behind the existing ceiling or.walls

3.2.11 Waive Egress Lighting Control Requirement for Retrofits

As part of a separate code change proposal, the utilities are proposing tomemdegory control of
egress lighting, to save energy at times when the building is unoccupied. If this mandatory
requirement were applied to retrofit projects, in many cases it would require building owners to either
re-wire the egress lighting to be ors@parate circuit, or to install egress lighting control devices (i.e.
emergency ballasts or transfer switches), which would incur significant extra cost.

The survey asked "Do you agree that the requirement to shut off egress lighting should be waived for
retrofit projects?

Approximately twethirds (10 out of 15 respondents) agreed that egress lighting controls should not

be required for retrofit projects. Of the five who disagreed, one suggested that a credit could be given
for egress controls, and thenet four suggested that the code should find ways to require egress
controls where possible, on the basis that this measure has high savings and can be simple to
implement in many cases.

3.2.12 Ballast-Only Projects

Many retrofit projects involve a "ballasnly” changeout, i.e., the lamps and ballast are replaced, but
the rest of the fixture (housing, optics) are left in place. Requiring these projects to comply with the
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controls requirements of Section 131 would significantly increase the statewide saviegedbly

this measure, but at present, balasly projects are not required to pull an electrical permityso

have engaged in extensive discussion with the Energy Commission over its policy regarding permit
requirements, and with a few stakeholdersardmg whether permits would in fact be enforced in
practice for ballasbnly changeout projects.

The survey asked "Ballasnly projects are not required to pull a building permit in California and
therefore these projects are unlikely to be inspeceddmpliance with the energy code. Do you
think that ballasbnly projects should be subject to the mandatBection 131) and prescriptive
(Sedion 146) lighting requirementsf Title 24?

Among the 14 respondentginion was split 5660 about whethdhese projects should be required
to comply with Title 24 requirements.

Three of the people who said baltastly projects should be exempt cited the increased cost or time
involved with proving compliance or pulling a permit, i.e., that this would mh&age out projects
less likely to go ahead.

Two of the people who said that balkastly projects should not be exempt made comments; one
suggested that these projects should be required to comply with controls requirements because of the
high magnitude fosavings that could be achieved, while the other suggested that the whole definition
of a "ballast change out" is problematic in the case of T8 fluorescent to LED retrofits, i.e., is an LED
replacement a lamp or a ballast?

3.2.13 Other Considerations Regarding the Proposed Code Changes

Five respondents had other comments regarding the proposed code changes. These comments are
paraphrased below, alomgth a response to the comment.

E "An increased need to pull permits adds to the cost of retrofit projects andiscayrage
people from conducting these projects."

The proposed change to the replacement threshold, and the possible change tbatiaktde
only retrofits (which we are not proposing)ould both require permits to be pulled for more
projects than under the current (2008) Code. However, as described in Sectiecent
market assessments halown that many lighting retrofits aagoart of major tenant
improvements, for which permits would be pulled anyway. However, lighting rgirojects
that occur due tatility retrofit program incentives may be discouragpgdheneed to pull
permits Pulling a permit would require compliance with the current Title 24 code, which
could pose problems with the program claiming savings from the retrofit.

E "Give a credit for retrofits that include task lighting with occupancy sensors."

Task lighting is akady mostly exempted from the LPD requirements, and this allowance may
increase from 0.2 W/sf to 0.3 W/sf for the 2013 code. Note that task lighting that is "planned”
is NOT exempted from the shaff requirement (Section 131(d)) and therefore should, in
theory, be equipped wittacancysensor control or an automatic slofit Task lighting

should perhaps be specifically exempted from this requirement.

E "The rate of reduction of lighting power densities (LPDs) has been too rapid."
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This measure does nd¢al with lighting power densitieshe only proposed reduction in
LPDs for this round is for open office areas, gthwould be reduce to 0.8 W/sf. Code
developers are aware of the sensitivities of the design community toward reductions in
lighting powerdensity allowances, and this is always a critical part oEtitedevelopment
discussion.

E "Code should require the use of wireless, open source controls."

Note that code is highly unlikely to make requirements that are so specific, but because
controls ae so effective at saving energy, code now requires a high degree of control for
lighting, and it may be that addressable and/or or wireless controls becometiemtiste

way of meeting these requirements while reducing design effort.

3.3 Analysis of Scenans for Model Buildings

This section describes how we developed typical lighting control designs for meeting the proposed
requirements in thenodelbuildings.

To develop equipment needs for the various compliance strategies, we started by identifying
egqupment that would be required to meet code. The approach for meeting the requirements in
enclosedooms (including private offices, conference rooms, restrooms, etc.) is dictated by current
Title 24 Section 131(d). For these spacesmaancysensor is anandatory requirement.

Consequently, we developed one strategy for these areas, which represents a fixed cost. Conversely,
there is some flexibility in meeting the requirements in the open office areas and corridors, because
the "shut off" requirement getion 131(d)) can be met by a time sweep contemancysensor, a

signal from a security system or building management system, or a variety of other automatic inputs.
Consequently, multiple strategies were developed which meet the requirements anehegad

associated costs were estimatepresenting a variable cpaspresented in the following sections.

3.3.1 Strategy for Enclosed Rooms

Title 24 Section 131(d)(4) requireacancysensors for offices 250 square feet or smaller,
multipurpose rooms &s than D00 square feet, and classrooms and conference rooms of any size.
Consequently, we assumed that each private office and break room (aumpidtse room) would

need to be equipped with a wadcancysensor. We assumed that each conference wamrtd be
equipped with a ceiling mounte@cancysensor. We also assumed that each restroom would be
equipped with a ceiling mounted occupaeansor, as this has become standard practice, according to
the feedback we received from conversations with ktalkers. We used the breakdown of rooms for
small and large offices identified Figure2 to determine the total number and type of sensors
needed. We assumed thia¢ bccupansensors in the private offices, conference rooms, and restrooms
would be line voltage and installed without a power pack (i.e., would not need to be networked,
because these rooms are not part of the path of egress).

In private offices, we assuwed that these sensors would be installed in previously existing wall boxes.
Thus, we assumed that a wall basadancysensor could fit into an existing gang plate, meeting the
requirements for both area and automatic shutoff controls, while requirmgahirewiring. We
assumed 20 feet of wiring would be required to wire theuoitage wall switch to the ceiling
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vacancysensor located in each conference room and restroomsataecysensors are local zone
controllers.

3.3.2 Strategies for Open Areas

This section describes various ways of meeting Section 131(d) requirements for open areas, including
the open offices (i.e., cubicle areas) and corridors.

E Strategy A: Wireless receivers with beiit relay and override switch replacing existing area
controls

E Strategy B: Wireless receivers and wireless switches replacing annunciated wall switches

E Strategy C: New central control panel with automatic control switches replacing existing line
voltage wall switches

E Strategy D: Ceilinggacancysensors with low voltagwall switches replacing local area
controls
Each of these strategies is described in more detail in the relevant sections below.

A necessary first step was calculating the number of relays and switches needed in the open areas of
eachmodelbuilding. All of the scenarios have either wireless receivers or some type of switch (e.g.,
low voltage wall switch, wireless wall switch, or line voltage override system switch) providing area
controls and manual override for the automatic shutoff control. Thi®set#scribes how we

determined the minimum number of switches or receivers required inrestdibuilding. We made

the following assumptions for the existing lighting and controls imtbdelspaces, based on the

survey data presented in Sect®ha

E There are existing wall switches within sight of the fixtures they control, in 75% of buildings

E The remaining 25% of buildings have "annunciated" switches A.central bank of switches
with indicator lights and labels to show which rooms they control

E Recent updates to Title 24 now require that all spaces have area controls; annunciated light
switches are no longer an acceptable substitute (Exceptionspeads)

E Existing buildings may or may not havelbiel switching-this does not affect the costs of the
required equipment. Bevel switching has been required by Title 24 since 2001.
For costing the four strategies-(8) described above, we calculathé number of relays and wall
switches required to serve the lighting in eawtdelbuilding.

The calculation of the number of relays (circuits) assumes a lighting power density of 1.5 W/sf in
small offices and 1.2 W/sf in large offices, 277V line voltagel a limit of 10 amps per circuit. The
circuit layout in retrofits is based on the assumption that there were less stringent LPD requirements
in previous years. Estimates for installed LPD based on a sampling across all vintages in California
(CaliforniaEnergy Commissio2006), are 1.34 W/sf for small offices and 0.99 W/sf for larffjees.

Based on the assumption that the older, less efficient buildings are the ones being retrofitted, we are
using a slightly higher LPD for the calculations of circeissting in retrofit spaces than the LPD
reported by CEUS.
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¢® pcircuits (round up t@) for the small office openffice areas and

7 o wircuits(round up to 10) for the large office opeffice areas.

This equation indicates thatminimum of3 circuits are required to serve the lighting load for the
open office area of the small office, and 10 circuits for the open area of the large office.

Based on the layout of the open office areas in the small office, we determined that five (5) switches
would be required to meet the requirements of 131(d)(2)(b), even though the circuiting calculation
depicted above indicates that only 3 circuits wdaddequired. Section 131(d)(2)(b) requires that

each switch must be located so that the lights or area being served are visible, and Section
131(d)(2)(e) requires that each switch must serve no more than 5,80@f.rate of 1 switch per

5,000 squareeket or space enclosed by ceiling height partitiaresgstimate thab and 10 wall

switches are required for the small and large agice areas, respectively.

In addition to these open office spaces, each room witheatancysensor must alsoave awall

switch providing area control and automatic shutoff overiitie. cost calculation assumes that there
are7 additional switches to serve themaining rooms ithe small officenot required to have
vacancysensor&andl13 additional switches to serveetremaining spaces the large office, to meet

the requirements of Section 131(d). The assumptions for number of relays/switches required for the
open office areas of both the small and large offices are summarigepine18. The modelbuilding
layouts are available in SectiérAppendix A-Prototype Building Layouts

# of relays / override # of relays / override | Total # of relays /
switches in open office switches for override switches
area (max 5,000 sf) corridors required
Small Office 5 7 12
Large Office 10 13 23

Figure 18 Number of Relays and Switches Required iModel Buildings

Strategy A: Wireless receivers with built relay and override switch

The wiring diagram for wireless switch leg transmitters and receivers is shdugune19. Strategy

A uses a wireless transmitter connected to a time clock to send a signal to wireless receivers that
control the open office areas, according to Title 24 Section 131(d)Bigune19 the installation of a
wireless switch leg transmittesesan existing on/off switch aaninput. In the retrofit scenario, the
input from the on/off switch is régced by a time clock, enabling automatic shutoff conimol.

strategy A, ach wireless receiver is installed in an existing wall switch box. The receiver has a built
in relay and override switch so that it can provide both area control andfébantrd, meeting the
requirements of Sections 131(a) and (d).

Each wireless relay receives the signal to shut off from a transmitter that has been wired to a time
clock. Based on conversations with the manufacturer, the range of a transmitter is 300 feet with no
interference; usually 150 feet in standard construction (with internal walls and other interference). To
ensure robustness, a layout using a-fo@@ range is assumed for the purposes of costing. Based on
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this range, one (1) transmitter is needed forsthall office and three (3) wireless transmitters would
be needed to reach all wireless receivers in the large office assuming worst case scenxaimépr e
wall switch locations.

Basic Installation of Switch Leg Transmitter

BEREAKER PAMEL #1 BREAKER PANEL #2

AC POWE

BLACK
HOT A POWER - HOT r' BATTERY-FREE,
BLACK BLACK BLAGK WIRELESS SWITCHES
GROUND GROUND MEUTRAL CAN ALSO CONTROL
GREEN OF BARE arezn oA BArE | R WHITE b NEW LOAD
MEUTRAL AC POWER GROUND O

GREEN OF BARE

WHITE

WHITE

AC POWHR

[ T
|-

RED

§

i
WIRELESS CONTROL SIGNAL W -
REPLACES SWITCH-LEG WIRES

SWITCH-LEG TRANSMITTER S-WIRE RELAY
EXISTING CIRCUIT WITH 8WITCHED LOAD ADD A SWITCH-LEG ADD A NEW LOAD, WHICH MAY BE CONNECTED TO A DIFFERENT BRANCH CIRCUIT.
TRANSMITTER THE NEW LOAD WILL BE CONTROLLED BY THE EXISTING ONOFF SWITCH.

WIRELESS SWITCH LEG SOLUTION

Figure 19 Wiring Diagram for Installation of a Wireless Switch Leg Transmitter

For the wireless transmitters and receivers, the manufacturer estimated that it would take one hour to
completely remove, install, and pair one transmitter and receiver (we assume 15 minutes for each
transmitter and 45 minutes for each receiver). Onedlowk is connected to each transmitter. In the

large office we assumed that the time clocks are attached to the wall in the electrical room, and
control wire connects each time clock to one transmitter; requiring 240 linear feet of wire for the three
time clocks and three transmitters, a conservative estimate. Clocks receive power from a nearby outlet
box. In the small office, it is assumed that only 20 feet of control wire is needed to connect the time
clock to the wireless transmitter, as it would preably be located in the ceiling above the electrical
room, or some other relatively central location.

Strategy B: Wireless receivers and wireless switches replace annunciated wall switches

This strategy is similar in design to the wireless system inegya. The difference here is that we

are assuming that the existing conditions included one bank of annunciated light switches serving all
of the open areas, rather than having wall switches distributed through the building, in the spaces they
control.

For this strategy, automatic shotf is provided by central time clocks that send out a wireless signal
using transmitterssémeas Strategy A). But instead of using wireless receivers with a relay and
override switch all in one, there would be two didgtic@amponents: 1). A wireless receiver/relay
mounted on a junction box in the ceiling, which actually controls the lights, and 2) -posedfed
wireless switch mounted on the wall. The gmfvered switch is simply attached to the wall surface
and does ot require a source of power; it draws power from the energy of the occupant pushing the
switch.
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Each receiver / switch pair provides both sbifiitcontrol and area control for the area it servVdse
wireless relay and wireless switches d@epicted in tl right half ofFigure19.

Strategy C: Line Voltage Override System

Line voltage override systems (LVOS) are designed to implement automatiafsbomtrol as

required by Section 131(d). The system consists of wall switches that physically move to the off
position in response to a signal transmitted along the hot wire from a central time sweep controller.
The wall switches are able to "blink" the lights off éofew seconds, several minutes in advance of
the actual shuoff, to give occupants the opportunity to {mptively override the shuff. If the
override is activated, the lights remain on until the next signal is sent to shut off the lights, which
would need to be within two hours to comply with Title 24.

LVOS switches also provide area control (i.e.;offitching) for each area of the building, as required
by Section 131(a).

This system requires a dedicated lighting relay panel, so part of thef this measure is the

replacement of the existing relay panel. One central control panel is used for the small office, and one
control panel for each floor of the large office. To calculate the cost of the panel, we need to know
how many relays are geired in each case, i.e. how large the panel needs to be. The number of relays
required is shown ifigurel8.

Strategy D: Partial BuildingVacancySensor

In scenams where a singlepen office are@n a building hatriggered the requirement for automatic
shutoff controls, it may not be cost effective to use one of the other strategies described above.
However, nultiple vacancysensors can be connected in paratight lighting load, so that if any one
of them detects an occupant, the entire lighting load will remaifNonspecial devicevould be
required;ithevacancysensors can just be connected to the same junctionThog.arrangement
would be limited to sing the lighting on a single circuit, but at 1.0W/sf tbiatuit could cover
5,000sf. More realistically, in practice it would be limited to three or feacancysensorslue to

wire nut size limitationshiased on the number wfresthat can bgusted into a wire

nuf). Thereforein practice this approach would be limited to alke®j000sf zone.This assumes a
500 sf zone covered by eagaicancysensorlf the space being retrofit is this small, area controls are
probably preexistindgf there areno existing area controls, or the controls need to be replaced
accommodate controllable lighting linevoltage dimmer switch can be wired in series with the
occupancy sensors poovide areaontrol.

3.4 Energy Savings

The primary source of energgvings for this measure is the installation of automaticaffiut
controls that automatically turn off the lights overnight and on weekends; when the building is
unoccupiedbased on the results of the night lighting field studyine with the Califoria Energy
Commi s s i o n {&ffectizefeds3dnethod,sve calculated energy savings usinglependent
valuation (TDV) assuming a Iyear measure lifeWe are usingiTDV:2011v3 provided bythe
Architectural Energy Corporation.
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Limited additional savingwould also be obtained from the following two sources, but are not
included in the analysis for the following reasons:

E Photocontrols Photocontrols are only being required in alteration projects where wiring is
added, moved or replacedosts and savings installing photocontrols in retrofits are very
similar to new construction, and are therefore covered in the concurrent Daylighting CASE
(California Utilities Codes and Standards Te2di 01 Daylighting)

E Area Controls: The majority of buildings alregchave area control provided by wall
mounted switches. The survey results in Sed@i@indicate that approximately 60% of
current retrofit projects involve areartrols. We do not expect this measure to change that
rate in such a way that additional savings should be claimed in this proposal.

3.4.1 Results from Night Lighting Field Survey

This section anales the results of the nigtime lighting survey. It discussése patterns and trends
in the data, potential sources of error, potential energy savings, and other relevant information.

The methodology of this study is described in Seci@il As can be seen Figure20there was a

great deal of variety in how much lighting wa#t on at night, on each floor of the surveyed

buildings. Many buildings had no lighting on at all (except for exit signage); a few had all of their

lighting on, and there was a broad spread in between those two extremes. The percentages shown are
the percentage of observed stories, neptrcentage of obsexd buildings).

Figure20 also 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 rawer.
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Percentage of Lighting Switched On in
Surveyed Buildings
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Figure 20 Percentage of Lights Switched On in Surveyed Buildings

To accurately calculate potential savings, we separate out egress lighting from general lighting
because egress lighting is usually not controlled by theafhaystem. 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 i of the load was counted as
egress lighting.

An estimate of the neagress lighting load was made by using the follovaalgulation
E The egress lighting load (see above) was subtracted from the total load

Figure21 shows how the estimates of egress andegmess lighting changed over time from the
beginning to the end of the survey time period. The amount of egress lighting switched on remained
approximately conant (at around 7%), since in practice most egress lighting is held on 24/7.
Conversely, the amount of nagress lighting declined steadily (from 24% to 15%) over the survey
period. The fact that egress lighting declined much less over time thagress lighting gives us
confidence that the analysis (above) successfully sepbegtess from noegress loadBased on

this data, we conclude that around 15% of the installed LPD is left on overnight after 11pm, and is
therefore available to be saved wsshutoff controls.
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Estimates of Egress vs. Non-Egress Lighting Switched on at
Night in Surveyed Buildings
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Figure 21 Estimates of Egress vs. Nofgress Lighting Left On at Night in Surveyed Buildings

3.4.2 Comparison with CEUS Data

The California Commercial EARdse Survey (CEU2005 conducted in 2005 includes hourlyosh
term metering data on indoor lighting, from a subsample of buildings. The number of buildings for
which short term metering data was obtairssshown inFigure22.

Building type Number of HAshort ter.|
Small office 71
Large office 38
Retail 100
Warehouse (Ref./neref) 56

Figure 22 CEUS Sample of Shor{Term Metering Data

Figure23 shows hourly lighting energy use profiles from the CEUS datdadet. CEUS report

contains only an average profile, which does not allow us to separate egress lighting fregnaessn
lighting. Regardlesshie profiles for each building type indicate that the CEUS data is in agreement
with the findings of the nightime survey. The nightime survey sample was comprised mostly of
large offices, with a number of smaller offices included. Our rigié survey found that an average
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of 22% of lighting was on at 10pm, whereas the CEUS data shows 38% for large office$csiod 15
small offices at 10pm.

Hourly Interior Lighting Energy Use for Weekdays, from
California Commercial End-Use Survey (CEUS)
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Figure 23 Hourly Interior Lighting Schedule for Weekdays, from CEUS

We have found no research datarealworld energysavings for automatic shoff control systems.
We expect that 50% of poteritsavingss a reasonableonservativeestimate for savinggom non
egress shubff controls. The reasons wlagtualsavings may be less than the savings estimated from
thenight-time survey and from CEUS include:

E Some lights may be left on overnight fdeaning crews and may not be able to be shut off
E Shutoff control systems may not work perfectly in practice

E Building operators may override shoff controls due to perceived security concerns

3.4.3 Lighting Energy Savings for Offices

Annual energy savingsrom automatic shutoff of neagress lighting was calculated to®é5
kwh/sf, andl.07 kwWh/sf for vacancy sensors. The TDV value of this energy sawagsalculated
to be 9.65sf for floor level automatic shutoff controls, and $Usf for vacancysersors,over the 15
yearmeasure lifame.

Thelighting schedule used to calculate energy saviraya floor level automatic shutoff contrais

the officemodek is depicted ifrigure25. Thebaseline weekday lighting schedule was obtained from
the Final Report on BliL.evel Lighting (ADM 2002), andhe unoccupied houfd0Opm6amand alt

day Sundaywere replaced with the valuwé 15% of lighting left on, as reported in the night time

field survey in Sectio.4.1 The open office schedule was applied to spaces that were using one of
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theopen office floor level lighting control strategi@he savings calculation assumes the energy used
by lights left on during unoccupied hours is saved by the automatic shutoff control.

The lighting schedule used to calculate energy savingsvemancysensors in the officenodek is
depicted inFigure25. The private office lighting schedule was utilized for spaces that were assumed
to be equipped witkiacancysensorsThe savings calculation feacancysensors assumes thde2

of the lighting energy usguringregular business houcan besaved by th&acancysensor, in

addition toenergysavingsduring unoccupied hoursvhich used the same analysis and assumpéisns
the automatic shutoff control scenarmut with a higher LPD (1.W/sf) reflecting the area category
allowance for private offices
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Measure Schedulg (% Baseline Schedulé (%
lights on) lights on)
Hour of Monday - Sunday Monday - Sunday
day Saturday Saturday
0 0% 0% 15% 15%
1 0% 0% 15% 15%
2 0% 0% 15% 15%
3 0% 0% 15% 15%
4 0% 0% 15% 15%
5 0% 0% 15% 15%
6 78.00% 0% 78% 15%
7 87.00% 0% 87% 15%
8 92.00% 0% 92% 15%
9 94.00% 0% 94% 15%
10 94.00% 0% 94% 15%
11 95.00% 0% 95% 15%
12 94.00% 0% 94% 15%
13 94.00% 0% 94% 15%
14 94.00% 0% 94% 15%
15 94.00% 0% 94% 15%
16 93.00% 0% 93% 15%
17 87.00% 0% 87% 15%
18 83.00% 0% 83% 15%
19 80.00% 0% 80% 15%
20 33.00% 0% 33% 15%
21 15.00% 0% 15% 15%
22 0% 0% 15% 15%
23 0% 0% 15% 15%

Figure 24 Lighting Schedule for Open Office Area
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Measure Schedule % Baseline Schedule %
lights on lights on
Hour of Monday - Sunday Monday - Sunday
day Saturday Saturday
0 0% 0% 15% 15%
1 0% 0% 15% 15%
2 0% 0% 15% 15%
3 0% 0% 15% 15%
4 0% 0% 15% 15%
5 0% 0% 15% 15%
6 11.88% 0% 15% 15%
7 15.05% 0% 19% 15%
8 32.47% 0% 41% 15%
9 44.35% 0% 56% 15%
10 49.90% 0% 63% 15%
11 48.31% 0% 61% 15%
12 45.94% 0% 58% 15%
13 46.73% 0% 59% 15%
14 46.73% 0% 59% 15%
15 45.94% 0% 58% 15%
16 35.64% 0% 45% 15%
17 22.18% 0% 28% 15%
18 13.46% 0% 17% 15%
19 11.88% 0% 15% 15%
20 11.88% 0% 15% 15%
21 11.88% 0% 15% 15%
22 0% 0% 15% 15%
23 0% 0% 15% 15%

Figure 25 Lighting Schedulefor EnclosedOffice Rooms

The potential savings from shutting off negress lighting is estimated as follows: We assume that
non-egress lighting can be switched off ®hours overnight (10pm6am) on weekdays and
Saturday, and all day Sunday for a totaBdfi4hours per year. This calculation applies to an office
building with a complete building LPD of 0.8 W/sf.
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The energy savings calculation from automatic shutoff contrslsnsmnarized below:

» o Qi plan & Q0
g POFOXTE e ™ (o

The savings from automatic shutoff controls in offices is calculated assuming 15% of installed load
left on overnight, as reported in the night lighting field surveyntepldn Sectior8.4.1

The baseline scenario of an office building without automatic shut off controls was estimated to use
3.72kWh/sflyr. This was calculated lassuming an LPD of 0.8 W/sf, and using the lighting schedule
from the Title 24 Nonresidential ACM table N&for occupied hours, and the estimate of 15% lights
left on during unoccupied hours as reported by the night lighting survey in SeetiarThe lighting
schedule for the measure scenario (with automatic shutoff controls) was identical to the baseline
scenario during occupied hours, and setftaluring theunoccupied hour€LlOpm6am Monday

Saturday and all day Sundayhis produced an estimdtannual lighting energgf 3.27 kWh/sf. The
measure savings is calculated as the wiiffee between the two scenari®32i 3.27 =0.45

kWh/sflyear.

The energy savingsalculationfrom vacancy sensors is summarized below:
W Q i W @ i
—Z P 6 wi Qb 0 & 2 - Tl P ¥
pipl 66 P (300! @Qa&iﬂius L TP p&lqu oXTH
, P QWA . QuiQ
prmm PO g

The savings from these two equations is weightambrding the breakdown of space types within the
office modek. The weighting for the officenodek used for analysis was 70% of the floor space had
automatic shutoff controls installed using a time clock and 30% of the floor space were rooms
equipped wih vacancy sensors.

Figure26 shows the lighting schedule used to calculate the savingsifomatic shutoff controls

The blue line is the baseline office lightinghedule, which assumes that without automatic shutoff
controls, 15% of the lights will be on overnight and all day Sunday. The red line is the scenario with
automatic shutoff controlsyhich reduces the lighting schedut®0% during unoccupied hours. The
savings during weekdays is the area between the red and blud%i%esf the lighting load. There

are8 hours of savings on weekdays and Saturdays, and 24 hours of savings on Sundays.

Figure27 shows the lighting schedule used to calculate the savings for vacancy controls. The
unoccupied hours are treated the same as in the automatic shutoff control scenario, while occupied
hours are reduced by 21¥%gsed on a repoprepared by HMG for Southern California Edison titled
"Savings Estimates for Lighting Controls and Interactions"” (Southern California Edison 20&0).

21%

The TDV value oavingsfrom automatic shutoff controla open office areagver the 15year

lifetime of the measure, assuming the hours of control described above, is calculated to be
approximately $.65/sf. The TDV value of savings fromacancy senson privateoffices and other
rooms as required by Title 2dyer the 15year lifetime of the m&sure, assuming the hours of control
described above, is calculated to be approximateBOfsf.
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These values areweightedaccording to the breakdown of open office space and private office space
in typical offices, as depicted;imeighted for$9,760 fo a 8,200 sf small office and $40,500 for a
34,000 sf large office.

Weekday LightingDpen Office Area

== No Controls (baseline) =@ Automatic shutoff controls (measure)
100%

80% r

60%

S on

ight:

Percent of li

40%

o

0%

&

0 2 4 6 8 10 12 14 16 18 20 22
Hour

Figure 26 Open Office Area WeekdayL ighting Schedule
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Weekday Private Offices
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Figure 27 Private Office Weekday Lighting Schedule

3.4.4 Lighting Energy Savings for Other Building Types

A rudimentary savings analysis was performed for retail stores. It was assumed that shutoff controls
could save 50% of the current lighting energy usage during unoccupied Timee®ason that savings
were halved for retail is that in common practice some retailers intentionally leave lights on to display
their goods, even during unoccupied hours. This reduction of the savings estimate acknowledges the
reduced savings potenti@lr the retail sectoit was assumed that most retail stores are unoccupied
between the hours of 10pm and 6am every day. This results in energy savib@kuilisf and
nonresidential 14year TDV savings of &73sf. This assumes an installed LPD of41\®/sf
(California Energy Commissio2006) The baseline schedule presenteBigure28is based on the
Title 24 Retail Occupancy Schedules (Table¥2in the NACM)
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Retail
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Figure 28 Retail schedule with shutoff controls

3.4.5 Projects Affected By New Threshold

The LPD reduction was calculated by determining the differeneesleathe existing LPDin each
spaceaccording to CEUS and the 2013 area category LPD allowkigpge29 shows the percent of
statewide commercial floor space and how much higher the existing LPDs are than current Title 24
LPD requirements.

2013 California Building Energy Efficiency Standards October 2011



Lighting Retrofits Pageb9

LPD reduction from Existing Space to Title 24 Compliance
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Figure 29 LPD Reduction Requred in Existing Buildings for Compliance with Title 24 Area
Category Method

According toFigure29, approximately 38% of statewide commercial floor spalceadymees the
current Title 24 LPD requirements. The average reduction in LPD that would be required for the
remaining 62% of statewide commercial floor space thasdot already meet the LPD requirement,
weighted by floor space is 0.51 W/sf.

The averageeduction in LPD that would be required for the 62% of statewide commercial floor
space that do not already meet the LPD requirement, weighted by floor space, is 0.51 W/sf.
Information about the LPD of commercial buildings was obtained from the Energy iSsiom
(California Energy Commission 201®igure29 shows the percent of statewide commercial floor
space and reduction required of the existing LPDs in each sphedarn compliance with the 2013
Title 24 LPD requirements.

The energy savings fromreductionof 0.51 W/sfwas obtained bynodeling annual lighting energy
useusingheCEUS i Al | Commer ci al 0 [|Caldgomia Energy Cemmassiany
2006)as depicted ifrigure30. This results in annual energy savings of 2.1 kWh/sf.
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Hourly Interior Lighting Energy Use from California
Commercial EndJse Survey (CEUS)
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Figure 30 Hourly Interior Lighting Schedule from CEUS

The TDV value ofa 1.0W/sfreductionas sumi ng a 15 year measure |
Commercial 0 | i ght iQalfornéaErergyGommissie00§)dsi$&2AD TDVE/sf. (

Thus the average savings freeducing thdighting powerin commerciabuildingsin Californiaby

0.51 Wi/sfis $4.19 TDV$/sf.

There is an additional savings of 15% of the now compliant LPD in situations where compliance with
Section 131(bj Controllable Lighting is also required. This layer of savings is applied aftepéuoe s

is brought into compliance with the allowed LPD threshold. Cost effectiveness of controllable lighting
on the basis of reducing the maximum light output by 15% (tuning) at time of installation is justified
in the concurrent Controllable Lighting CASEidy. This CASE report claims the statewide savings
that result from requiring 15% tuning of the lighting in retrofit spaces that previously did not require
compliance with Section 131(b).

3.4.6 Peak Demand Savings

Peak demand savingsr automatic shutoff condls result mainly from the reduction in load from
vacancysensors in private offices. A report prepared by HMG for SCE titled "Savings Estimates for
Lighting Controls and Interactions"(Southern California Edison 2010) shows the s#nahgssult

from various control strategies. This information is present&igumre31. Subtracting the open office
savings from Tuning from the open office savings for TumingS (vacancy sensors) show us that
vacancysensors save 21% during occupied hours when used in combination with diming ballasts and
tuning controls.

Tuningi adjustment (down) of the maximum light output fatimmingballast
VS =vacancy sensor
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DH = daylight harvesting
DR =demand response enabled lighting control systems

Controls Open Private Classroom | Retalil
Office Office

Tuning 20.0% 20.0% 20.0% 20.0%
Tuning + VS + DH + 61.3% 58.8% 63.2% 35.9%
DR

Tuning + VS + DH 61.0% 58.4% 62.8% 35.5%
Tuning+ VS + DR 48.4% 41.4% 46.1% 20.6%
Tuning + DH + DR 40.5% 44.3% 45.8% 35.9%
Tuning + VS 48.0% 40.8% 45.6% 20.0%
Tuning + DH 40.0% 43.8% 45.4% 35.5%
Tuning + DR 20.7% 20.8% 20.7% 20.6%

Figure 31 SavingsFactors for Various M easurel nteractions (Southern California Edison 2010)

The measure interactions depictedrigure31include the requirements from Section 131
subsections b, c, d agd

E Section 131(a) defines and requires area controls for each area enclosed by ceiling height
partitions.

E Section 131(bylefinesandrequires multi-level lighting controls.

E Section 131(cdefinesandrequires photocontrols in daylight areas.

E Section B1(d)defines and requiresutomatic shutoff contrals

E Section 131(g) defines and requires demand responsive lighting controls.

Section 131(frequires automatic shutoff controls, including the ability to manually override the
shutoff, and specifically occupant sensors in offices 250 sf or smaller, multipurpose rooms less than
1,000 sf, and classrooms and conference rooms of anyI'sizalculae the demand savings per
square foot, we multiply the percentage savings vaoancysensors in private offices (21%y the
average percent of lights on during the peak pevidiich is 51%according to the lighting schedule
for private offices presendan Figure25. The peak period idefined as 12prpm on weekdays by
the CPUC for purposes of utilitgnergy efficiencyprogram evaluatianThis ismultiplied by 85%to
represent the lighting power adjustment from tur{regjuired by the proposed changes to Section
131(b) from the Controllable Lighting CASE studgjultiplied by the LPD for private offices (1.1
W/sf). Thistermis multipliedby the breakdown of privatofficesas a percent of total floorspaice
office buildings (25%) according to tiEEERfinal report(California Energy Commissio2005)
which results in a averagelemand savings of BON/sf, as depicted in the equation below:

$ AT ADAOEROGDA A AD AIUOT OOR L p B YL P p@l;Ec 0 b T8I oe

O O A&
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Peak demand savinff®m meeting the requirements of Sections 131(b) and 146 (tuning and LPD
threshold) were calculated using the weekday schedule for warehouses and hotels Eliguva3a.
The lighting schedules for offices and retail were consistent with those presefRigdra®?4 for

offices andrigure28for retail.

Hour of day | All warehouse | All commercial
0 20% 20%
1 18% 19%
2 17% 19%
3 18% 19%
4 22% 23%
5 34% 31%
6 48% 43%
7 63% 57%
8 71% 67%
9 72% 71%
10 71% 2%
11 71% 2%
12 71% 2%
13 71% 2%
14 71% 71%
15 71% 69%
16 70% 65%
17 67% 58%
18 58% 51%
19 48% 45%
20 40% 39%
21 31% 32%
22 26% 26%
23 24% 22%

Figure 32 Commercial WeekdayLighting Schedulesfrom CEUS

The demand savings from meeting the LPD requirements was calculated as the wattage reduction
(average 0.51 W/sf) multiplied by the % of lights on during the peak peridefiagd by the CPUC.

Thedemandsavings from tuning for each building type was calculatethe wattage reduction
(15%) multiplied by the % of lights on during the peak period as defined by the QRulplied by
the allowed LPD for the building type ibg evaluated.
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3.5 Analysis of Measure Cosis Model Buildings

The labor rateised for all scenario cost estimate$86.11 per houior an electrician. This rate was
calculated usinghenumerical average of the multipliers for tGaliforniacities listedin Figure33,
andmultiplying by the nationahverage rate for an electricig$i’2.85 from MeansCostWorks

(RSMeans 2010)

Location Labor Rate RS Means
($/hr) Multi plier
National Avg $ 72.85
Sacramento $ 83.85 1.151
San Francisco $110.44 1.516
Los Angeles $ 88.95 1.221
Riverside $ 80.28 1.102
San Diego $ 75.55 1.037
Other CA cities $ 77.59 1.065
California avg $ 86.11 1.182

Figure 33 Electrician Labor Rate and Multipliers from RS Means

3.5.1 Fixed Costs: Strategy for Enclosed rooms

The total costs presented in the following tables assume a markup rate of 28% for equipment costs.
This was based on conversations with manufacturers, who said to assume 3026%arkup from

contractor costs to the consumer.

The breakdown of costs ftlie small officeenclosedoomsis shown inFigure34. Each ceiling
mounted vacancy sensor is assumed to require 20 feet of wire to provide a low voltage walbswitch f
purposes of area control. Thus this estimate assumes 80 feet of wiringtirast of $1,375.
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Room Component Equip Costto | Labor Costs (per Total Cost No. Total
Contractor unit) (per unit), of Cost
(per unit) Estimated | Labor ;G;lrlf(d_lﬂg units
Hrs Cost
Private Office Occupancy $45 0.35 $30 $88 5 $439
sensor wall
Misc rooms <500 sf Occupancy $45 0.35 $30 $88 2 $175
(server room and sensor wall
printer/copier room)
Breakroom / kitchen Occupancy $45 0.35 $30 $88 1 $88
sensor wall
Conference Rm Occupancy $50 1.13 $98 $162 2 $323
sensor ceiling
Restroom Occupancy $50 1.13 $98 $162 1 $162
sensor ceiling
Conference and low voltage wall $15 0.20 $17 $36 3 $109
Restrooms switch
wiring (in 100 ft) $18 1.27 $109 $132 0.6 $79
for ceiling occ
sensors
Enclosedrooms Strategyotal Cost $1,375
Cost/sf(8,200 sf) $0.56

Figure 34 Fixed costs for small office lighting retrofit (enclosedrooms)

The breakdown of costs for the large offa®losedooms is shown ifrigure35 assuming 140 feet
of wiring for a total cost of $5,171

2013 California Building Energy Efficiency Standards

October 2011



Lighting Retrofits Page65
Room Component Equip Cost Labor Costs (per Total Cost No. | Total
to unit) (per unit), of Cost
Contractor : including units
; Estimated | Labor
(per unit) Hrs Cost Mark -Up
Private Office Occupancy $45 0.35 $30 $88 36 | $3,159
sensor wall
Misc rooms <500 sf Occupancy $45 0.35 $30 $88 1 $88
(printer/copier room)  sensor wall
Breakroom Occupancy $45 0.35 $30 $88 2 $175
sensor wall
Conference Room Occupancy $109 1.1 $98 $237 3 $711
sensor ceiling
Restroom Occupancy $109 1.1 $98 $237 4 $948
sensor ceiling
Conference and | low voltage wall $15 0.2 $17 $36 7 $255
Restrooms switch
wiring (in 100 ft) $18 1.27 $109 $132 1.4 | $185
for ceiling occ
sensors
EnclosedRrooms Strategy Total Cost $5,522
Cost/sf 84,000 sf) $0.53

Figure 35 Fixed costs for large office lighting retrofit in enclosedrooms

3.5.2 Variable Costs: Strategies for Open Areas

For each strategy describea Section3.3.2we developd two cost estimates for the open office area,
one in the small officenodeland one in the large office. We calculatkd total cost and cost per
square foot for the entimaodeloffice buildings (i.e., added to the $375 for the small office fixed

coss or $5522for the large office fixed costs describadSection3.5.1).
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Component Equip Labor Costs (per Total No. | Total
Cost to unit) Cost (per | of Cost
Contractor . unit), units
(per unit) Est;_rlnated Lgbotr including
rs 0s Mark -
Up
Wireless switcHeg transmitter, external $117 0.25 $22 $172 1 $172
antenna
Wireless receiver (built in relay, overridg¢ ~ $109 0.75 $65 $205 5 |$1,023
switch)- in open offices
Wireless receiver (built in relay, overridg ~ $109 0.75 $65 $205 7 | $1,432
switch)- in other rooms

Timer $68 0.20 $17 $104 1 $104

wiring (in 100 ft) to timers $18 1.27 $109 $132 0.2 $26

Outlet box $2 0.40 $34 $38 1 $38
Total for open office area N/A $2,795
Strategy A Cost/sf N/A $0.48
Total for Enclosed Rooms (from Figure 3 N/A $1,375
Total for small office bldg N/A $4,170

Cost per sq ft (8,200 sf) N/A $0.51

Figure 36 Costs for Small Office Open Strategy A

Thebreakdown of equipment and costs &trategy Acan be found ifrigure36 andFigure37 for the

small and large officegsespectively The tables also show how many switches are required in various
areas of the building, based on the building plans sho@edtion6 i Appendix Aand the switch

counts shown ifrigure18.
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Component Equip Labor Costs (per Total No. Total
Cost to unit) Cost (per | of Cost
Contractor . unit), units
(per unit) Est;_rlnated Lgbotr including
rs 0s Mark -
Up
Wireless switcHeg transmitter, externa $117 0.25 $22 $172 3 $515
antenna
Wireless receiver (built in relay, overrig  $109 0.75 $65 $205 10 | $2,046
switch)- in open offices
Wireless receiver (built in relay, overrig $109 0.75 $65 $205 13 $2,660
switch)- in other rooms
Timer $68 0.2 $17 $104 3 $312
wiring (in 100 ft) to timers $18 1.3 $109 $132 24 | $318
Outlet box $2 0.4 $34 $38 1 $38

Total for open office area N/A $5,888

Strategy A Cost/sf N/A $0.25
Total for Closed Rooms (from Figure 3 N/A $5,522
Total for large office bldg N/A $11,410

Cost per sq ft (34,000 sf) N/A $0.33

Figure 37 Costsfor Large Office Open Strategy A

Thebreakdown of equipment and costs &trategy B can be found Figure38 andFigure39 for the

small and large officegsespectively The tables also show how many switches are required in various
areas of the building, based on the building plans sho@edtion6 i Appendix Aand the switch

counts shown ifrigure18.
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Component Equip Labor Costs (per Total No. | Total
Cost to unit) Cost (per | of Cost
Contractor . unit), units
(per unit) Est;_rlnated Lgbotr including
rs 0s Mark -
Up
Wireless switcHeg transmitter, external $117 0.25 $22 $172 1 $172
antenna
Wireless receiver for circuit contrein $113 0.75 $65 $209 5 |$1,043
open offices
Wireless receiver for circuit contrein $113 0.75 $65 $209 7 | $1,460
other rooms

Wireless wall switch $78 0.1 $9 $109 12 | $1,303

Timer $2 0.2 $17 $20 1 $20

wiring (in 100 ft) to timers $18 1.3 $109 $132 0.2 $26

Outlet box $2 0.4 $34 $38 1 $38
Total for open office area N/A $4,062
Strategy B Cost/sf N/A $0.70
Total forEnclosedRooms (fromFigure34) N/A $1,375
Total for small office bldg N/A $5,438

Cost per sq ft (8,200 sf) N/A $0.66

Figure 38 Costsfor Small Office Open Area Strategy B
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Component Equip Labor Costs (per Total No. Total
Cost to unit) Cost (per | of Cost
Contractor . unit), units
(per unit) Est||_r|nated Lé\botr including
rs 0s Mark -
Up
Wireless switcHeg transmitter, external $117 0.25 $22 $172 3 $515
antenna
Wireless receiver fotircuit control- in $113 0.75 $65 $209 10 | $2,086
open offices
Wireless receiver for circuit contrein $113 0.75 $65 $209 13 | $2,712
other rooms

Wireless wall switch $78 0.1 $9 $109 23 | $2,498

Timer $2 0.2 $17 $20 3 $61

wiring (in 100 ft) to timers $18 1.3 $109 $132 24 | $318

Outlet box $2 0.4 $34 $38 1 $38
Total for open office area N/A $8,226

Strategy B Cost/sf N/A $0.35
Total for EnclosedRrooms (fromFigure35) N/A $5,522
Total for large office bldg N/A $13,748

Cost per sq ft (34,000 sf) N/A $0.40

Figure 39 Cost for Large Office Open Area Strategy B

Thebreakdowrof equipment and costs f8trategy C is presented figure40 andFigure41 for the

small and large officegsespectively The tables also show how many switches are required in various
areas of the building, based on the building plans sho@edtion6 i Appendix Aand the switch

counts shown ifrigure18.
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Component Equip Labor Costs (per Total No. | Total
Cost to unit) Cost (per o_f Cost
Contctt | Eomared Labor | |
Mark -
Up

control panel (includes 4 relays) $400 8 $689 | $1,201 1 |$%$1,201
sentry switches in open office areas $100 0.33 $29 $157 5 $783
sentry switches in other rooms $100 0.33 $29 $157 7 | $1,097
Total for open office area N/A $3,081
Strategy C Cost/sf N/A $0.53
Total for Enclosedrooms (fromFigure34) N/A $1,375
Total for small office bldg N/A $4,456
Cost per sq ft (8,200 sf) N/A $0.54

Figure 40 Cost for Small Office Open Area Strategy C

Based on conversations with manufacturers, the cost to the contractor of the control panel is
approximately $100 per relaySRMeans, and conversations with controls equipment suppliers
indicate that a full day (8 hours) would be required to remove the existing control panel (if there is
one) and install the new control panel. We have assumed that no additional wiring woekadlbe

for this strategy, as tHae voltage override systeswitchesare electronically heldgsponthg to the
signal sent over the existing power line.

Component Equip Labor Costs (per Total No. Total
Cost to unit) Cost_ (per o_f Cost
Tperaniy | Estmated [ Lavor | iy | "
Mark -
Up
control panel (includes 10 relays) $1,000 8 $689 | $1,969 1 $1,969
sentry switches in open office areas $100 0.33 $29 $157 10 | $1,567
sentry switches in other rooms $100 0.33 $29 $157 13 | $2,037
Total for open office area N/A $5,572
Strategy C Cost/sf N/A $0.23
Total for Enclosedrooms (fromFigure35) N/A $5,522
Total for large office bldg N/A $11,094
Cost per sq ft (34,000 sf) N/A $0.33

Figure 41 Cost for Large Office Open Area Strategy C

Theequipment andost for Strategy D, whicban be applied to a 2,000 sf zone or smatlan be
limited to the installation of line vagevacancysensorslt is assumed that 20 feet of line voltage
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wire would be required for each occupancy sensor or sattdied to the spac€&he cosfor passive,
infraredvacancysensorg$65 wereestimatedy contractors interviewetbr a report the Heschong
Mahone Group worked on for SDG&E abduitomated Lighting Controls and Switching
Requirements in Hotel and Multifaly Building Corridors(San Diego Gas & Electric 2009).
Multiplying thelaborestimateof 1.13 hoursby an additional 50%rovidesan estimate achbout 1.75
hours to install (RS Means 2010), which ieasonableverestimation to allow for the additional
work involved in retrofit application, for examptitting through drywalletc. The totatost for each
vacancysensoiis then $210which serves between 500 and 1,00Asthe low end estimate of 500
squarefeetpervacancysensor, this strategy ces$0.4)/sf, which is cost competitive with the other
strategies presented above. If thecgplaeing retrofit is this smakrea controls are probably
preexisting. However if area controls are needed, we can assw@dienme switch per 1,000 sf,
which is estimated to tak¥ minutes to install and cosi @ total (RS Means 20107T.his adds
$0.13/sf to the cost of complianc&he components and prices showrrigure42 are for a 1,000 sf
space. For a 2,000 sf space, all of the costs would double, as would the area covered, providing a
constant cost per square faft$0.53/sf

Component Equip Labor Costs (per unit) | Total Cost | No. Total
Cost to (per unit), of Cost
Contractor . including units
(per unit) | Estimated Labor Mark -Up
Hrs Cost
Occupancy senser $50 1.13 $98 $162 2 $323
ceiling
line voltage dimmer $65 0.53 $46 $129 1 $129
switch (1000W)
line voltage wiring $18 1.27 $109 $132 0.6 $79
(per 100 linear ft)
Strategy Total Cost N/A $531
Strategy Cost/sf N/A $0.53

Figure 42 Cost for Partial Building Retrofit Strategy D

3.5.3 Additional Costs for Photocontrols

To meet the requirements of Title 24 Section 131(c), photocontrols would need to be incorporated
into each of the four strategies above. Photocontrols have already been proegfecost in new
construction in certain spaces, and are included as dattay requirement for new construction in

the 2008 code.

We propose that photocontrols should be adopted as a mandatory requirement in retrofit projects,
because the amount of labor required to install photocontrols is not very different from the aimount
labor required in new construction, under the following assumptions:

E Buildings have ceilings that are accessible and present no impediment to the installation of
ceilingomounted sensors and controllerd&rs, or open ceilings).
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E Photocontrol systemsetypically localized systems and do not require wired connections to
other spaces through walls or other partitions.

E Most new construction photocontrol systems are installed after the installation of the ceiling
system, i.e., under circumstances veryilsimo most retrofit projects (except with the ceiling
tiles absent).

E Photocontrol systems typically do not allow occupants to manually dim the lamps, so no
wiring to a wall switch is required.

E Photocontrol systems typically do not interact with autonsitictoff controls or area controls
(wall switches), i.e. photocontrols are "downstream™ of these other systems.

Some photocontrol systems do not match this description, so in those cases building owners may need

to pay more for the additional amenity amdénergy savings created by those systems.

Additionally, photocontrol systems installed during a retrofit may be bett®missioned than those
installed in new construction, because interior finishes and furniture layouts are more likely to be
known, andhese affect commissioning setpoints and therefore enhance energy savings and the
robustness of photocontrol systems.

For the large officenodelbuilding, adding four photocontroller to serve the open areas immediately
adjacent to the exterior of the kdifhg would add $1,009 to the cost of a strategy. This amounts to
approximately $0.03 per square foot for the entire large afiieéel The small officenodelwould
require adding three photocontrols to serve the open areas immediately adjacent &ritireoéxihe
building. This would add $757 to the cost of the compliance strategy, or approximately $0.09 per
square foot for the entire small offio@del The cost effectiveness of adding photocontrols is
addressed separately in the Daylight CASE Re@&atifornia Utilities Codes and Standards Team.
201071 Daylighting).

3.5.4 Cost Summary

Based on the analysis of theodelsmall office building, the proposed lighting retraditautomatic
shutoff controlscould be achieved at a cost of $0- $0.67 per square feet. The range of costs for the
large officemodelbuilding is approximately half that of the small office. Cost estimates are
summarized irFigure43.

Model Total cost for shutoff and area controls ($/sf)
Scenario A ScenarioB ScenarioC
Small office (8,20 sf) $050 $0.67 $054
Large Office (34,006f) $0.33 $040 $0.32

Figure 43 Summary of Cost Estimatedor Each Scenario forModel Office Buildings

Note that in the Online Survey we asked about the likely effect of adding cost to a retrofit project, and

the answers (Sectid2.8 show that respondents believed that above $0.50/sf, the added cost would
lead to some retrofit projects being cancelled entirely. This value of $0.50/sf is very close to the
estimated cost of compliance for the controls measuregure43.
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Thetotal installed costassociatedor variousfixture typesthat would allow for complianceith the

LPD requirements per space type are desciilb€&tjure44. It is assumed that the cost of removing

an existing fixture requires 10 minutes of an
cost $14.35 per fixture. Esting fixtures serve approximately 50 square feet each, based on existing
LPDs, therefore fixture removal costs approximately $0.29/sf. Additional disposal of ballasts costs $5
for hazardous waste processing fees, adding approximately $0.10/sf. Thisf&b886f removing

existing fixtures and ballasts is added toitistalled costs for each fixture type. The installed costs

are fromCostWorks Online Construction Cost D&RS Means 2010).

Fixture Type Installed Cost | Area Served (sf) | Installed Cost/sf | Total cost/sf
Fluorescent ballast replacement $113.00 80 $1.41 $1.80
Grid mounted 2x4' fixture, two lamp $172.50 80 $2.16 $2.54
Surface mounted 2x4' fixture, two lamj $194.00 80 $2.43 $2.81
Continuous row suspendesteel $292.00 80 $3.65 $4.04
Continuous row suspended,ulshinum $477.00 80 $5.96 $6.35
High bay 400W MH Al reflector $698.00 660 $1.06 $1.44
High bay 250W MH prismatic glass $522.00 416 $1.25 $1.64
Low bay 150W MH Al reflector $537.00 250 $2.15 $2.54

Figure 44 Installation Costs by Fixture Type

Note that the incremental cost of replacing luminaires is significantly higher than the $0.50/sf
threshold, above which the Online Survey respondents told us that projects would begin to be
cancdled due to the increased cost. Therefore we conclude that the requirement to install additional
luminaires is likely to reduce the number of retrofit projects that are carried out, unless utility rebates
can offset the increased cost.

3.5.5 Other Factors that Affect Cost

This cost analysis is intended to be conservative. The cost of real systems is strongly dependent on
the existing equipment installed in the space, so there are several potential sources of cost savings that
we have not included in the coggdires above.

In specific circumstances there may be some economies of scale among the various requirements of
Section 131. For example, in areas vehthe requirements for occupaetnsors and photocontrols are
triggered, it may be more cost effective gewan existing product that offers the functionality of both

a photosensor aratcupansensor, at lower cost than the two sensors individually. The cost

efficiency is magnified when the reduction in required labor time (and cost) to install one device
rather than two is consideredhis only applies to scenarios where the lighting is circuited in a

manner conducive to the use of photocontrols for daylight harvesting.

If there is a standard sized circuit panel enclosure in place, it can be relatively egsdgde the
interior of the panel with a newer model, which would include time clock functionality for
compliance with the automatic shut off requirement. This may significantly reduce the cost of the
equipment, and time required for replacement of tfwaiit panel, from one full day down to a few
hours.
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Another possible option is to replace individual breakers with "smart" breakers, which provide
increased functionality. This is generally possible if the previously existing breaker panel matches the
marufacturer and model type of the new breakers to be installed. However this would require the
addition of a control bus and controller to take advantage of the capabilities of the new breakers.

Some manufacturers offer lighting control systems in whiclipacts can use their desk phones or
computer desktops to send a signal to override the automatic shutoff. Based on rough estimates of
persquarefoot costs obtained from manufacturers, such systems cost about 25% more than standard
lighting controls utfizing a walkmounted override switch for automatic shutoff, and most likely

require a training session for the occupants. But it can besffestive in large offices, particularly
multi-story buildings with primarily openffice layouts.

3.6 Cost Effectivmess

Cost effectiveness of installing area controls and automatic shut off controls are analyzed in Section
3.6.1below, followed by cost effectiveness of projetisetng the Title 24 LPDrequirements

presented in Sectidh6.2 These scenarios are evaluated separately because they can be triggered
independently of one artwr.

3.6.1 Cost-Effectiveness of Controls Requirements

The costs and savings for the whole building approaches are weighted according to the space
breakdowns presented for tmdelbuildings inFigure45. Both the small office and large office
modek have a weighting of 70% open office area and 8a8gtosedooms. This is very close the
statewide average presented in the DEER final re@atifornia Energy Commissio2005) of 64%
open office area and 36étclosedooms.
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Small Office Model Large Office Model
Type of room Number of Net Area % of Number of Net Area % of
Rooms [sf] Floor Rooms [sf] Floor
Private Offices 5 1,260 15% 36 5,934 17%
Restrooms 1 384 5% 4 685 2%
Conference 2 402 5% 1,810 5%
Rooms
Printer/copier 1 87 1% 1 214 1%
Server room 1 75 1%
Break Room 2 1690 5%
Kitchen 1 241 3%
Enclosed 11 2449 30% 46 10333 30%
Rooms
Open Offices 5 4,358 53% 21,675 64%
Mechanical/ 4 645 2%
Electrical
(Elevator) Lobby 2 342 4% 1 333 1%
Stairs 2 306 1%
Corridor 5 981 12% 5 600 2%
Janitor 1 77 0%
Storage 2 93 1% 6 118 0%
Open Area 14 5774 70% 25 23,754 70%
TOTAL: 8,223 100% 34,087 100%

Figure 45 Model Space Weighting: Open Area and&nclosedRooms

The table inFigure46 presents the cost and savings for the various control strasegiBzed for
both the small and large officeodes . The first strat emclpsed bemed 0V
refers to the cost and savings of installing vacancy sensors in rooms where they are required by Title

24 Section 131 (private offices <250sfultipurpose rooms <1,000sf, and all conference rooms and
classrooms) and where it is common practice (restrooms, copier/server rooms, etc). The costs and
savings for this strategy are averaged with the specified open office area strategy for the whole

building approaches which are presented at the bottom of the table.

For themodelsmall or large office building undergoing a retrofit, the proposed change could be
implemented atoss ranging from$0.33 -$0.68/sf, and yield a TDV savings afound$l/sf. Partial
retrofits (Strategy D) are estimated to cost $0.51/sf and save $0.65 TDMisf.the TDV savings
are higher than the estimated cost. These calculations useyearllSonresidential TDV valueas
described in Sectio?.5.
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The results of the lighting stakeholder survey in Se@i@imndicate that the majority afommercial
retrofits take place in offices (54%) while approximately 15% of retrofits take place in retail stores,
schools and warehouses. For this reason we have focused on proving cost effectiveness of this
measure in offices. The cost and savings eg#@sfor the other building types are assumed to be cost
effective because cost effectivenesdamonstrateéor small offices.

All of the strategies presented have a benefit cost ratio greater than one, indicating that they are cost
effective; except foBtrategy B in the small officeodel Strategy B assumes that there are no

existing local area controls anywhere in the open office area. Rooms included in that area are storage
and janitor closets, corridors and lobbies. This is a waasé scenario thés unlikely to be

encountered in practice. Applying Strategy B to the open office area, without tieigafetcancy

sensors in angnclosedooms has a benefit cost ratio of less thare(0.92). However, in a scenario

such as this, it is likely thalhé entire floor plan is going to be retrofit, and therefore the whole

building approach using stiegy B in the open office area would be applied, wiicost effective,

with a benefit cost ratio of 1.54r the small officemodel
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Strategy

Small

Office

Model
Cost ($/sf)

Large

Office

Model
Cost ($/sf)

Small Office
Model Annual
Energy Savings
(kWh/sf)

Large Office
Model Annual
Energy Savings
(kWh/sf)

Small Office
Model
Savings
(TDV $/sf)

Large Office
Model
Savings
(TDV $/sf)

Benefit Cost

Ratio (Small

Office Model
8,200sf)

Benefit Cost

Ratio (Large

Office Model
34,000sf)

Vacancy Sensors
(enclosedooms)

$0.56

$0.53

1.06

1.06

$190

$1.9

3.3

3.5

Strategy A

(wireless receivers
with built in relays and
switches, w/
timeclocks)

$0.48

$0.25

0.45

0.45

$0.65

$0.65

1.34

2.61

Strategy B

(wireless relays and
switches replace
annunciated switches,
w/ timeclocks)

$0.70

$0.35

0.45

0.45

$0.65

$0.65

0.92

1.87

Strategy C

(control panel w/ line
voltage override
system)

$0.53

$0.23

0.45

0.45

$0.65

$0.65

121

2.76

Strategy D

(Vacancy sensors for
partial retrofiti up to
2,000 sf)

$0.53

$0.53

0.45

0.45

$0.65

$0.65

1.22

1.22

Wholebuilding
approach with strategy
A

$0.51

$0.33

0.63

0.63

$1.02

$1.02

2.02

3.06

Whole building
approach with strategy|
B

$0.66

$0.40

0.63

0.63

$1.02

$1.02

1.5

2.%4

Whole building
approach with strategy|
C

$0.54

$0.32

0.63

0.63

$1.02

$1.02

1.8

3.15

Figure 46 Area Controls and Shutoff Cost, Savings, and Benefit Cost Ratio




3.6.2 Cost-Effectiveness of Changes to LPD Compliance Threshold

The average reduction in LPRéightedby floor spacejor California commercial buildings to meet
current Title 24 LPD allowances is 0.51 W/sf, as discussed in S&ctidn The costs associated with
the various lurmaire types that can be used to meet the LPD requirements are preséijedei?,
based on the analysis presented in Se@&ibrl

Replacement luminaire type Total cost/sf Savings TDV$/sf B/C Ratio
Fluorescent ballast replacement $1.80 $4.19 2.3
Grid mounted 2x4' fixture, two lamp $2.54 $4.19 1.6
Surface mounted 2xfixture, two lamp $2.81 $4.19 15
Continuous row suspendegteel $4.04 $4.19 1.0
Continuous row suspended,ushinum $6.35 $4.19 0.7
High bay 400W MH Al reflector $1.44 $4.19 2.9
High bay 250W MH prismatic glass $1.64 $4.19 2.6
Low bay 150W MH Alreflector $2.54 $4.19 1.7

Figure 47 Cost, Savings, and Benefit Cost Ratio of Reducing Installed LPDs

All of the luminaire types presentedkigure47 have a benefitost ratio of 1 or greater, indicating
costeffectiveness, except for continuous row suspestiselluminaries. Howevergontinuous row
suspendedluminumluminariesare coseffective, angerform equally as welssteel The

difference between these two luminaire types is purely aesthetic; any decision to use steel instead of
aluminum is based on consumer preference, not performance

Compliance with the LPD threshold malgo be triggered during ballastly change outs. Eh

number ofballasts that trigger this compliance will be determined for the final report. It is important

to note that this would require a change to the existing language under section 149(b)latdsch st
ANOTE: Replacement of parts of an existing luminaire, including installing a new

ballast or new lamps, withouteplacing the entire luminaire is not an alteration
subject to the requirements of Section 149¢b)1.

This proposal would chandkis finoted so that ballasonly change outs above a specific threshold
would be considered an alteration subject to the requirements of Section 140(b)1.

There would potentially be an added cost of wiring the control signal to the new ballast through the
existingluminaire body.This wouldtypically require threading the control wire through a knockout
in the luminaire body and attaching a rubber grommet to the knockout.
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3.7 Statewide Annual Savings

To assess statewide savings potentiabbtaineddata from the CE&regarding total construction
and new construction by building type.

To calculate the square footage of lighting retrofits within existing buildings, we used the measure life
for lighting systems assumed within Title 24 (15 years) and the approximateditsommercial
building (30 years). Typically, therefore, each building has one lighting retrofit within its 30 year life.
This means that lighting retrofits occur in 3.3% of commercial floor space peFjganre48 shows

the floor space by building type according to the calculation described above for data from the

NonRes Construction Forecast.
YQOl € QUEOE¥IE | 01 O DRBEBD 1 0 O ' ©

All figures are in millions of square feet.

Building Type 2014 New 2014 Total 2014Retrofits
Construction Construction (million sf)
(million sf) (million sf)

Large office 28 1286 42

(>30,000 sf)

Small office 9 397 13

(<30,000 sf)

Warehouses 34 1115 36

Retail 32 1176 38

Schools 10 554 18

Hotels 9 331 11

Others 61 2476 80

Total 183 7336 236

Figure 48 California Retrofit Floor Space by Building Types for 2014

According to these calculationsh hillion square feet of offices will be retrofit in 2014, which

accounts for approximately 23% of all commercial floor space retiofit.e

category

for a relatively large proportion of retrofits, approximately 34%, and includes Hosfitdlsges and

Miscellaneous building types.

To calculate hours of lighting energy use, we utilized CEUS (€hfornia Energy Commission
2006) dividing the energy intensity for indoor lighting (kWh/sf/yr) by the installed lighting power

density (W/sf) fo each building type. This produces a rough estimate of the number of hours of

Ot he

Mahor

AiNonRes Construction Forecast by BCZ v79; Devel oped by Hjarganetadb ng
the Cdifornia Energy Commission (CEC).
2013 California Building Energy Efficiency Standards October 2011
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lighting energy use per year, which can be applied to W/sf savings figures to generate energy savings
estimates.

0¢& Qi "M QERWPd 8o i , P T TR

O i 0 DDA Q pQWQ
A subset of the total floor space identified as annual retrofits will be affected by the proposed code
changes. Different sections of the code have differetdfs@pplied to the floor space numbers to
generate accurate savings estimates. For the controls requirements (Section 131), this proposal
increases the amount of floor space in retrofits that will be required to comply with code in 2 steps.
The first steps changing the trigger for compliance with Section 131 from replacing 50% of the
wiring in a space to being triggered by 50% of the fixtures in a space being replaced. The second step

is the trigger for compliance with Section 131 and 146 changing fé8td fixtures in a space to
10% of fixtures in a space.

0€& ¢ 0@®a LA WAONDQIOQED |

The statewide savings for triggering Section 146, which are the LPD requirements, only apply to the
incremental projects captured by changing the threshold from 50% of fixtures replaced to 10% of
fixtures; which captures 21% of retrofits projects accordiraptesurvey of lighting professionals

We also used data regardiexgysting buildingLPDs (California Energy Commission 2006)

determine that 38% statewide floor space has an LPD that me&tsm3e&6 requirements. The
remaining 62% of floor space would trigger the requirement.

QA £ €1 IOAYRR GO 0OpAE@EY QO | 27QP®ip ¢ P
The results of our survey of lighting professionals also indicates that 5i§htiriig retrofit projects
replace more than 50% of the fixtures in a space and pull a permit. We also learned that in 30% of
retrofit projects, at least 50% of the luminaires have wiring installed; which was the previous code
trigger for compliance with $8on 131. We filter out those 30% of projects that would have been

required to comply under the previous code language, and then add the 21% of projects that replace
between 10% and 50% of the fixtures in a space.

Qda ¢ £ IOANRRGNIMO OP@EEY QO 1 2 QWpix TP ¢pb
To account for spaces that already are in compliance with Section 131(d), we adjust the above number

by 50%, since we really do not know what percentadmiiddlings being retrofit already have
automatic shutoff controls installed.

This measure also applies to the commonsasEhotels and highise multifamily buildings; which

will primarily be corridorsA concurrent report tioslame&witthihg t o mat
Requirements in Hoteland Multia mi | 'y Bui | dnalgzggheZost for requoimgs 0

occupancy sensors in the corridors of hotels and +fauttily buildings.The analysis performed for

that report estimates corridors to accountti@®o of floor space in muHamily buildings based on a

sample of projects enrolled in PG&E and SCE multifamily new construction programs between 2006
and 2008. This same 6.2% is also applied to hotels without additional analysis as a conservative
estimae. The CASE study for blievel controls for the 2008 code based its calculations on corridors
making up 20% of hotel flo@pace, which is a much higher estimate than we have used.

2013 California Building Energy Efficiency Standards October 2011
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The effect of the proposed cold@mguage in Sectiof.2is depictecasa tablein Figure49. Each
section ofthelighting controls and LPDequirementsre listed identifying thepercent of the time
the various retrofiscenario®ccur and the percent of retrofit luminaires affected by each scenario.

Percent of retrofit projects by project size in the top rowiglire49is based on survey responses
presented in Sectidh2.2 The percent of projects were weighted by the average number of

luminaires represented by each project size category. This produced an approximation of percent of
luminaires retrofit statewmlfor each project size category, presented in the second row. We then

divided each project category into projects that replace wiring, and projects that do not replace wiring.
The estimate of wiring changes 39% of the time was based on survey respessetefrin Section

3.2.4 The category of individual luminaires added or replaced was developed to help estimate the
percent of luminaires retrofit statewide thaiuld have to comply with Section 131(b), which is the

only Section that is applied on a per luminaire basis instead of per space. The other Sections presented
in theFigure49 are applied to enclosed spaces, using the percent of luminaires retrofit as a trigger.

AEXi sting Regqo6o indicates situations where the
with that particular section of the lighting requirementse fiew scenarios requiring compliance with
the applicable |ighting requirements are indic

than 10% of the luminaires or ballasts in a space are added or replaced, compliance with the lighting
controls equirements are required only if the lighting load is increased, which generally will apply to
spaces adding luminaires. Sections 131(b) and (c) are only triggered when the lighting power density
changes from less than 0.5 W/sf to greater than 0.5 W/at.sprecific scenario also triggers

compliance with the skylighting requirements in Section 143(c).

Since projects with less than 40 ballasts in a building are exempt from the requirements of Section
149(b)1l, we reduced the estimate of statewide savind8¥%y This value comes froRigure?,
which shows that 18% of projects have 40 or fewer ballasts.

2013 California Building Energy Efficiency Standards October 2011



Lighting Retrofit Projects In Enclosed Spaces

More than 50% of | Between 10% and 50% Less than10% of luminaires
luminaires replaced | of luminaires replaced replaced or ballasts only Sum

Percent of

) 69% 22% 9% 100%
Projects

Estimated

Percent of
Luminaires
Retrofit

90% 9% 2% 100%

Replace

T Yes No Yes No Yes No N/A
Wiring

Estimated

Percent of
Luminaires
Retrofit

35% 55% 3% 5% 1% 1% 100%

Section 130 | Existing | Existing | New Req | New Req Existing Req if Existing Req if
Req Req load increased load increased N/A
above 0.5 W/sf above 0.5 W/sf

Section 146 | Existing | Existing | New Reg | New Reg Existing Req if Existing Req if
Req Req load increased load increased N/A
above 0.5 W/sf above 0.5 W/sf

Section Existing New Existing New Req Existing Req New Req if load N/A

131(a) Req Reg Req is increased

Section Existing Not Existing Not Existing Req New Req if load

131(b) Req required Req required is increased N/A
above 0.5 W/sf

Section Existing Not Existing Not Existing Req New Req if load

131(c) Req required Req required is increased N/A
above 0.5 W/sf

Section Existing New Existing New Req Existing Req New Req if load N/A

131(d) Req Reqg Req is increased

Figure 49 Effect of Code Change by Lighting SectioriRequired
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Each scenario that is a new requirement was included esthmate of statewide savings, presented
in Figure50. Any scenarighat already previously required compliance with a specific lighting
requirement section is notcluded. Also excludedrescenarios that depended upon the increase of
lighting load, or specifically increasing lighting load above 0.5 W/sf. There was not sufficient
research about the frequency of that type of retrofit, and therefore it was exchudetié

calculation of savings.

Energy Savings from Section 131fjdAutomatic Shutoff controls was not calculatedtiotels as the
majority of floorspace in hotels are dwelling units and corridors, which are exempt from Section
131(d). There was insufient information available about lighting schedules forghblic areas of
hotels that are affected by Section 131(d) to estimate energy saMmegsining and LPD savings for
hotels are based on an installed lighting wattage of 0.86 W/sf as repo@&tl i/ (California Energy
Commission 2006) and approximately 10% of floorspace being public areas as opposed to hotel
rooms based on the DEER prototype for hot€llifornia Energy Commissio2005.

Demand savings are calculated as the averagareneduction during the peak period. We used the
CPUC definition of peak period that is used for energy efficiency program evaluation, which includes
all non-holidayweekday hours from 12p®pm between July and Septembire peak demand

savings from Semin 131(d)i Automatic Shutoff are based on installation of vacancy sensors in 25%
of the floorspace of offices. Other building types are not required to have vacancy sensors, and
therefore no demand savings is estirddétem that requirement in those hdiihg types.

2013 California Building Energy Efficiency Standards October 2011
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Energy savings per square foot
(kKWh/ft2/yr)

Building Type Section 131(b) Section Section

- Tuning 131(d) - 146 -

AutoShutoff LPDs

OFF-SMALL 0.33 0.61 1.39
OFF-LRG 0.54 0.61 2.28
REST 0.82 0.52 2.31
RETAIL 0.81 0.52 2.28
FOOD 1.44 0.52 3.23
NWHSE 0.31 1.62 1.72
RWHSE 0.36 1.80 2.04
SCHOOL 0.61 0.52 2.06
COLLEGE 0.55 0.61 1.87
HOSP 0.00 0.00 0.00
HOTEL 0.55 0.00 2.06
MISC 0.40 0.00 1.36
TOTAL

GRAND TOTAL

Statewide
retrofit
square

footage
(Msf)
13.22
64.32
9.54
58.82
15.57
26.41
1.47
13.85
8.72
8.82
11.03
31.81

Statewide energy savings Statewide peak load reduction
(GWhlyr) (MW)

Section Section Section Section Section Section
131(b) - 131(d) - 146 - 131(b) - 131(d) - 146 -
Tuning  AutoShutoff LPDs Tuning  AutoShutoff LPDs

1.59 2.92 0.99 2.00 2.42 0.78

12.66 14.23 7.91

2.86 1.81 1.19

17.40 11.15 7.25 1.89 - 0.79

8.14 2.95 2.71

2.94 15.53 2.45

0.19 0.97 0.16 0.85 - 0.71

3.08 2.63 1.54

1.76 1.93 0.88

0.00 0.00 0.00

221 0.00 1.23 0.03 - 0.02

4.66 0.00 2.33

57.5 52.2 28.7 6.7 0.0 3.0

138.4 9.6

Figure 50 Statewide Estimates of Annual Savings

2013 California Building Energy Efficiency Standards
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TDV Savings per square foot (TDV$/sf) Statewide Statewide TDV savings
retrofit
Building Section Section Section square Section 131(b) - Section 131(d) - Section 146 -
Type 131(b) - 131(d) - 146 - LPDs footage Tuning AutoShutoff LPDs
Tuning AutoShutoff (Msf)
OFF-SMALL $ 074 % 098 % 3.12 13.22 $ 3,600,000 $ 4,700,000 $ 2,200,000
OFF-LRG $ 121 % 098 % 5.11 64.32 $ 28,400,000 $ 23,000,000 $ 17,700,000
REST $ 18 % 073 % 5.19 9.54 $ 6,400,000 $ 2,500,000 $ 2,700,000
RETAIL $ 182 % 073 % 5.12 58.82 $ 39,000,000 $ 15,700,000 $ 16,300,000
FOOD $ 322 % 073 $ 7.23 15.57 $ 18,200,000 $ 4,200,000 $ 6,100,000
NWHSE $ 069 $ 357 % 3.86 26.41 $ 6,600,000 $ 34,300,000 $ 5,500,000
RWHSE $ 081 % 439 $ 4.57 1.47 $ 400,000 $ 2,400,000 $ 400,000
SCHOOL $ 137 % 073 $ 4.61 13.85 $ 6,900,000 $ 3,700,000 $ 3,500,000
COLLEGE $ 124 % 098 % 4.19 8.72 $ 3,900,000 $ 3,100,000 $ 2,000,000
HOSP $ = $ = $ - 8.82 $ - $ = $ =
HOTEL $ 1.23 $ - $ 4.61 11.03 $ 4,900,000 $ - $ 2,700,000
MISC $ 0.90 $ = $ 3.04 31.81 $ 10,400,000 $ = $ 5,200,000
TOTAL $ 128,700,000 $ 93,600,000 $ 64,300,000
GRAND $ 286,600,000
TOTAL

Figure 51. Statewide TDV Savings
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3.8 Materials Impacts

This measure will most likely neither increasalecrease the number of luminaires and ballasts
installed in buildings, even though the LPD requirements are lower than in the 2008 code. This is
because most lighting is laid out on a grid, and that grid is determined by the uniformity required in
the s@ce being lit. Most of the time, buildings will comply with the LPD requirement by using the
same number of luminaires, but a lower ballast factor and more efficient lamps and ballasts than they
would otherwise have done.

However, the proposed measure sloequire occupancy sensors in private offices, and the materials
embodied in these occupancy sensors must be taken into account in the materials impacts. The
proposed measure also requires automaticafiebntrol, but the materials required for thie a

assumed to be negligible, because the requirements of the measure will most likely be met by using
existing wall switches and a time clock controller, which requires only one small controller for the
entire building (or floor).

For further details of #h data used to calculate materials impactsAppendix G: Data for Materials
Impacts Note that the values for mercury and lead content of components (exceyh ) lare
calculated by using the maximum perebgtweight values allowed under California law, and so
represent a conservative overestimate of the mercury and lead content.

Number of square feet per component

Component Basis for calculation Largeoffice prototype Small office prototype

See Sectiol.5.1 46 occ sensors per 34,000sf| 11 occ sensorger 8,200sf =

Occupancy sensors 73%f/sensor (seBigure34) | 745sf/sensor (seEigure35).

SeeSection3.5.1 Note 7 switchegper 34,000sf = 3 switcheger 8,200sf =
that the materials impact 4860sf per switch 2730sf per switch
Low voltage switches| for LV switches is assume
to be the same as for occ
sSensors

See Sectiol.5.1 14006 of #12 W606 of #12 wi

#12 wiring for power = 24,000sf p| 13700sf per 1

Figure 52. Basis for Calculation of Materials Impacts for Offices

2013 California Building Energy Efficiency Standards October 2011
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square feet Materials impact (Ibs/year)

Component Com%eornem Mercury Lead Copper Steel Plastic (Igé?]z;;)
Large office prototype 87.4 Million square feet per year
Occupancy sensors 739 59 59 17737 11825 29562
Low voltage switches 4857 9 2699 1799 4499
#12 wire 24286 0 7198 0 0
Small office prototype 22.3 Million square feet per year
Occupancy sensors 745 15 15 4487 2991 7479 0
Low voltage switches 2733 1224 816 2040 0
#12 wire 13667 3263 0 0 0
Statewide total 87 87 36608 17431 43579 0

Figure 53. Statewide Materials Impact for Offices

Because this measure affectshaliiding types, we must calculate materials impacts for other building
types as well as offices. These other building types require fewer controls than offices do, and so to
create a conservative overestimate of the materials impact we have assuniedithpact per

square foot for other building types is the same as for offices. Multiplying these impacts up to the
statewide square footage affected by the retrofit requirements yields the following results.

Materials impact (Ibs/year)

: Others
Mercury Lead Copper Steel Plastic (Identify)
Statewide Impact 296 296 124447 | 59257 148142 0

Figure 54. Statewide Materials Impact for All Building Types

2013 California Building Energy Efficiency Standards October 2011
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4. Recommended Language for the Standards Document,
ACM Manuals, and the Reference Appendices

4.1 Summary of Initial Code Change Proposals
This section summarizes the code language initially recommended by the 10U team.

All the requirements for lighting alterationseacontained in Section 149(b) %o the code changes
described blew would all be implemented through changes to that code section.

Reduce the threshold for lighting power density compliance from 50% to 10% of lighting replaced.

Title 24 2008 requires that a space must meet the lighting power density requiremectsoof 516
if more than 50% of the luminaires are being removed or replaced. We propose to reduce that
percentage t@0% (see SectioB.2.2).

Removethe exceptiorfor ballast replacements

Title 24 2008 defines a lighting alteration to exclude ballast replacements in existing luminaires. We
are proposing tehangehis language so that ballast replacements count as alterafibagost
effectiveness calculationbew that requiring ballast changeouts to comply with Code is extremely
costeffective, even if the enrdser was not already intending to change the ballasts.

However, the Code should not place an undue permitting burden for small projects, eitheding buil
owners/tenants, or on Code officials and building departments. We have therefore proposed to
exempt any projects in which fewer than 30 ballasts or luminaires are being replaced.

The Code should also avoid requiring people to pull permits fom@utiaintenance, and the
replacements of small numbers of ballasts is part of the routine maintenance carried out in many
buildings. The 3fhallast threshold also aims to ensure that routine maintenance is not impacted by
the Code.

In terms of electricalafety, allowing an exception for lighting retrofit projects is consistent with the
policies of most building departments. Building departments do not require permits for ballast
replacements, because the electrical load can only decrease, not inceeessuliof the changeouts.

Require niArieAlAlredSpace | s "

We are proposing to make the lighting controls requirements of Section 131(a) mandatory in retrofit
projectsin which more than 10% of the luminaires or ballasts are replaced,gaaddhe project

involves 30 or more luminairesinder 2008 code, these controls are only required if the wiring to the
fixtures is being replacedl'he applicable sections are as follows:

E Section 131(afovers "Area Controls", and requires:
1. Each area enated by ceilingheight partitions shall have an independent switching or control
device. This switching or control device shall be:

2. Readily accessible; and

2013 California Building Energy Efficiency Standards October 2011



Lighting Retrofits Page89

3. 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

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

We believe that this proposed change would affect only a few spaces, becastakhlnadings
already have "area controls” (i.e., light switches).

Require AControllable Lightingo for Al R

Thisrequirementvould apply only to luminaires that have been moved or replaeedt(would not
apply toluminaires thatemain in place&luring the project).

E Section 131(b)xovers multilevel lighting, and in th€013code will likely require dimming
(or four-step switching) for almost all luminaires. We believe that requiring +iewl
controls for lumnaires that have been moved or replaced would incur some added cost for
additional light switches and possibly additional circuits, but the cost of the dimming ballasts
and at least some of the wiring would not be included in this proposed measures This i
because it is already included in the Controllable Lighting CASE.

Require Photocontrols \Wen the Wiring to the Fixtures is Altered

E Section 131(ckovers photocontrols. In tf&13code, photocontrols will likely be required
in spaces 250 sf and largaie believe that photocontrols can be installed as a retrofit
measure for the same cost as in new construction, vitivey is being replaced at the same
time. This is because the existing wiring may not be circuited correctly for photocontrols
(parallé to the windows), and rewiring in parallel would be prohibitively expensive.

RequirefdfSHKwitint rol so in all altered ¢

We are proposing to make it mandatory to install-gtiutontrols that contrcdll the lighting in
spaces in which more thaf@% of the lighting is being moved or replaced long as the project
involves 30 or more luminairetinder 2008 code, shoff controls are only required in retrofit
projects if the wiring to the electrical room is being replaced.

Shutoff controls are dined under Title 24 Section 131(d). This Section requires time clock control,
vacancysensor control, or some other automatic control. Additionally, offices 250 square feet or
smaller, and multipurpose rooms of less than 1000 square feet, and clasandaroaference rooms

of any size, must be equipped with occupant sensors.

Note Regarding the Controllable Lighting CASE

If the Controllable Lighting CASE is not adoptix the 2013 Codehe existing requirements in
Section 131(bjnay continue teequiremulti-level switching, which is generally accomplished by the
use of bilevel (dual circuit)wiring. Therefore it makes sense that complying with Section 131(b)
would only be required in alteration projects where the wiring is affettigdered inthe poposed
Section 149(b)11% \Where conductor wiring from a lighting panel or from a light switch to the
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luminaires is being added or replaced, the spaces it serves shall meet the requirements of Section
131(a, b, c andd).

4.2 Code Language Recommended by theestor-Owned 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 meetings 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.

4.2.1 Section 131 (d):

In addition to themanual controls installed to comply with Section 131(a) and (b), for every floor, all
indoor lighting systems shall be equipped with separate automatic controls to shut off the lighting.
These automatic controls shall meet the requirements of Sectiandifiay be an occupant sensor,
automatic time switch, or other device capable of automatically shutting off the ligitegthe
building is unoccupied.

4.2.2 Section 149(b)1

1. Prescriptive approach The altered envelope, space conditioning, lighting and water heating
components, and any newly installed equipment serving the alteration, shall meet the applicable
requirements of Sections 110 through 139; and

A. Alterations to the building envelope other than those subject to Section 1483l Bomply
with the applicable subsectionsé

l. Alterations to existing indoor lighting systems sima#let the following requirements:
NOTE: Replacement of only the lamps and/or reflector(s) of the luminaire is not

an alteration subject to the requirementf Section 149(b)1.

1. Enclosed spaes in which dterations increase the connected lighting load shall
meet the requrements of Sections 130, 131@nd d), 134and 146. In addition,
enclosed spaces in which the installed lighting power density increases from less
than 0.5 Watts per squarefoot Alterations-that-have-less-than-0.5-watts-persquare

foot-and-increase-the-existing-lighting-power-dernsit).5 watts per square foot or
greater shall meet the requirements of Sestld®,-1306,131,1434,and the

skylighting requirements of Section143(c}-and-146
2013 California Building Energy Efficiency Standards October 2011
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2. Enclosed spaces in which a total of 10 percent or more of the luminaires or
ballasts arereplaced, or removead and re-installed shall meet the requirements of
Sections 130, 131(a and dl34and 146.

EXCEPTION 1 to Section 149(bll 2: Alterations in which less than 3duminaires
or ballastsare replaced in the entire building.

3. Luminaires or ballaststhat are added or replacedshall meet the requirements of
Section 131(b), and Section 134.

EXCEPTION 1 to Section 149(b)113:Enclosed spaces in whicB0 percent or
fewer of the luminaires or ballasts are replaced

4. Where a lighting panel is installed or replaced, the spaces it serveisall meet the

requirements of Section 131(d)

5. Where conductor wiring from a lighting panel or from a light switch to the
luminaires is beingadded orreplaced, the spaces it serves shall meet the
requirements of Section 131(@ and d).

36. For an alteation where an existing enclosed space is subdivided into two or more
spaces, the new enclosed spaces shall meet the requirements of Sections 131(a) and
(d);-and

EXCEPTION 1 to Sectim 149(b)1l: Spaces in whih existing ceilings, ducts or walls
are constructed, insulated or sealed with asbestos shall not be required to comply
with Section 131.

EXCEPTION 2: Luminaires installed in hard ceilings shall not be required to comply
with Section 131(b and c).

EXCEPTIO N 3to Section 149(b)1I:Spaces with hard ceillgs and withoutexisting
area controls shall not be required to comply with 131.

4.3 Code Language Proposed by the California Energy Commission

Thisis the text of the code language proposed by the California Energy Commission for 5&ttion
This language was sent by the CEC to the California investoed utilities Codes and Standards
Team on Augus®, 2011.
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4.3.1 Section 149

(b) _ Alterations. Alterations to existing nonresidential, highrise residential, or hotel/motel
buildings or alterations in conjunction with a change in building occupancy to a nonresidential,
high-rise residential, or hotel/motel occupancy not subject to Subsection (a) shall meet either
ltem 1 or 2 below.

1. Prescriptive approach. The altered envelope, space conditioninlighting and
water heating components, and any newly installed equipment serving the alteration,
shall meet the applicable requirements of Sections 110 through 139: and

F. Spaces with lighting systems installed for the first time shall meet the requirements of
Sections 119, 130, 131, 132, 1343(c), 146, and 147; and

G. When the requirements of Section 131(c)2B are triggered by the addition of skylights
to an existing building and the lighting system is netireuited, the daylighting
control need not meet the mdkéivel requirements in Seon 131(c)2Diii.

H. New internally and externally illuminated signs shall meet the requirements of
Sections 119, 133 and 148.

l.  Alterations to existing indoor lighting systems shall meet the following requirements,

as aggllcabl 4.—A4%e¥aﬂens4haﬁqereaseﬂqe£enneeted4rgh{mg49ad—mpl&ee or

two or
Sections

i. The following indoor lighting alterations are not required to conply with

the lighting requirements in Title 24, Part 6:
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a. Replacement in kind of parts of an existing luminaire other than
ballasts, including new lamps, reflectors, and lenses.

b. Lighting Alterations that would be the direct cause of asbestos being
disturbed.

Exception to Section 149(b)11(i)(b) Lighting alterations made in
conjunction with asbestos abatement shall comply with the applicable
requirements in Section 149(b)1l.

Luminaire alterations include the following:

a. Luminaires that have been added

b. Luminaires that have been replaced

c. Luminaires that have been disconnected from the circuit, removed and
re-installed.

d. 40 or more ballasts replaced within a single building.

Note: Track lighting is included as a luminaire alteraton when new or
additional track is added, or track heads are added or replaced

Lighting wiring alteration includes the following:

a. Adding new wiring for lighting

Moving wiring to serve new or moved luminaires

b
c. Replacing wiring between a swith or panel and luminaires
d

Installing or replacing an electrical panel containing one or more
lighting circuits.

Luminaire alterations shall meet the applicable requirements in Table 149

C

Exception to Section 149(b)1I(iv) An enclosed space whdmal width of
window is less than onéhalf of the total length of exterior walls shall
not be required to meet the requirements for altered luminaires in
daylight areas other than parking garages

Lighting not served by a lighting wiring alteration shall not be required to

Vi.

meet the applicable requirements of Section 131

When an existing enclosed space is subdivided into two or more spaces, the

Vil.

new enclosed spaces shall meet the requirements of Sections 131(a) and
131(c);

Any lighting alteration that increases the installed lighting power in an

enclosed space shall meet the applicable requirements of Table 449

Alterations to existing outdoor lighting systems shall meet the following

requirements, as applicable:
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i. _Alterations that increase he connected lighting load in a lighting
application listed in Tables 147A or 147-B shall meet the applicable
requirements of Section 147; and

ii. Alterations that replace 10 percent or more of the luminaires in a lighting
application listed in Tables 147A or 147-B, the altered luminaires in that

application shall meet the applicable requirements of Sections 130, 132,
134: and

iii. Alterations that replace more than 50 percent of the luminaires in a
lighting application listed in Tables 147A or 147-B, the lighting in that
application shall meet the applicable requirements of Section 147.

K. Alterations to existing internally and externally illuminated signs that increase
the connected lighting load, replace and rewire more than 50 percent of the
ballasts,or relocate the sign to a different location on the same site or on a
different site shall meet the requirements of Section 148; and

NOTE: Replacement of parts of an existing sign, including replacing lamps,
the sign face or ballasts, that do not requirgewiring or that are done at a
time other than when the sign is relocated, is not an alteration subject to
the requirements of Section 149(b)1K.

2. Performance approach.

A. The altered envelope, spacing conditioning, lighting and water heating
components,and any newly installed equipment serving the alteration, shall
meet the applicable requirements of Sections 110 through 139; and

Viii. Lighting. The standard designshall be based on the requirements
of Sections 149(b)1F and 149(b)1l.

(c)Repairs. Repais shall not increase the preexisting energy consumption of the
repaired component, system, or equipment.

(d) Alternate Method of Compliance. Any addition, alteration, or repair may comply
with the requirements of Title 24, Part 6 by meeting thepplicable requirements for
the entire building.
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Alteration Space Conditions ! Allowed . Lighting Control Requirements
Type Lighting Power g
Density §131(a), (c), (d) Multi-level §131(b)
O 10% General lighting LPD completed installation | 0.5 W/sf Existing controls OK
Luminaires in < 0.5 W/sf
enclosed space
O 10% All area categories except grocery and 0.7 Wisf §131(a) % One step between
Luminaires in retail: General lighting LPD completed §131(c) 30 and 70%
enclosedspace |[i nst all ation O 0.5 W
O 10% Retail and grocery sales areas: General 1.2 Wisf §131(a) % One step between
Luminaires in lighting LPD completed installation < 1.2 §131(c) 30 and 70%
enclosed space | W/sf
O 10% All area categories except grocery and 8146 §131(a) 8131(b)
Luminaires in retail sales: General lighting LPD §131(c)
enclosed space | completed installation > 0.7 W/sf §131(d)
§134
O 10% Retail and grocery sales areas: General 8131(a) 8131(b)
Luminaires in l'ighting LPD compl et §131(c)
enclosed space | Wi/sf 8146 §131(d)
§134
Any ® Alteration to task, display, special effects §131(a) §131(b)
lighting that increased the lighting power §131(c)
for that lighting system. §146 §131(d)
§134
Any in skylit or | Altered luminaires in daylight areas other §146 §131(d)
primary sidelit than parking garages: General lighting §134
areas LPD completed installation > 0.7 W/sf
Any in primary | Altered luminaires in primary sidelit areas 8146 §131(d)
sidelit areas of parking garages: Combined wattage > §134
300 W

1. When section number listed in column, shall be in accordance with applicable requirements in that section.
2. Shall have at least on control step between 30 and 70% of design lighting power in a manner providing reasonably uniform

illumination

3. Includes lighting for specialized task work, ornamental, precision, accent, display, decorative, and white boards and chalk
boards, in accordance with the Area Category Method; and lighting for wall display, floor display, and ornamental/special effects in
accordance with the Tailored Method

4.4  Differences between the Recommended and Proposed Language

This section highlights the key differences between the language recommended by the IOU team

(Sectior.2) and the language proposed by the CEC (Sedti@n

4.4.1 Reorganization of Section 149(b)1l

Section149(b)11 was reorganized by the CEC for clarity, using more lists and fewer long paragraphs

of text. Table 149C was added for easy reference.

4.4.2 Increase in the Ballast Replacement Threshold from 30 to 40 Ballasts
The fAball ast t hr e dldstoperpmjectbedow wiichnomeaf théorequirernehts di a
Section 149(b)11 apply. The CEC | anguage incr

language) to 40. This increase was made as a compromise position, in discussion between the CEC,
IOU team, and stakeholders. Due to the various levels of cost incurred in retrofit projects of various
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sizes, stakeholder suggested thaitrigger levels may be appropriate (30 ballasts and 100 ballasts).
However, this level of complexity would be incorisis nt wi t h t he CEC6s goal s
compromise level of 40 ballasts was suggested, in conjunction with the introduction -tiase®

thresholds (see below).

Projects that involve only 30 or 40 ballasts would be in the range ofZDWDsqare feet, so they
are partial retrofits of smaller than the project sizes assumed in the calculation of statewide savings
(see sectioR.7),

4.4.3 Exception to the Requirements of Section 131 for all Luminaires not Served by Altered

Wiring

The new exception in Section 149(b)1lv states that all luminaires that are not served by altered wiring
do not need to meet the requirements of Section 131, i.e. that they do nai heexntrolled in any

way. No reason was given for this change by the ;GHE contrary to the costffectiveness analysis
presented to stakeholders, and would negate the main element of the requirements that we
developed during the CASE proceiss,, that Title 24 should keep up with ASHRAE/IES 90.1 by
requiring basic controls for retrofits. AccordingRmyure50 this changesliminates 75% of the

statewide samgs that would have been achieved ly tetrofit requirement. It reduces statewide

savings from 58 GWh/yr to 14 GWh/yr.

4.4.4 Introduction of LPD Thresholds for Compliance with 131(b) (Controllable Lighting)

As part of the discussion that took place betwbeat CE C, | OU team and stake
proposed language was presented at the final stakeholder meeting, twias&Dthresholds were
introduced, as triggers for compliance with Section 131(b). Note that these thresholds only apply to
compliarce with Section 131(bgll retrofit lighting projects with more than 40 ballasts must comply

with Sections 131(a) and (c), and with Section 146.

The two thresholds were set at 0.7W/sf (above which compliance is required with 131(b), and
0.5W/sf. Spacesitih LPD between 0.5 and 0.7 are required to have only one intermediate control
step, i .e. tlheevye Imulsitg hhtaivneg oA b i

The rationale for these thresholds is twofold:
E To be consistent with Section 131(b) itself
A Section 131(b) does not require corltable lighting when the LPD is less than 0.5W/sf
E To reflect the coseffectiveness of the controls
A Controllability is less cosgffective when the controlled load is smaller

E To encourage best practices

A The 0.7WI/sf threshold represents a current levbkst practice with regard to fluorescent
lighting, and 0.5 represents best practice with regard to low ambient / task, or LED
lighting.

It is not possible to analyze the effect of this change on the statewide energydsahetEss
stringent control requement for affected spaces may be balanced out by projects achieving lower
LPDs in order to avoid the cost of adding controls.
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445 Definition of AWiring Alterationso

The revised language from the CEC includesadgnypi oi nt def i ni ti onringf what
alterationso. This is not defined in Section

4.4.6 Simplification of the Requirements for Wiring Alterations

Under the language initially proposed by the IOU team, Section 149(b)1I listed spguis of

wiring alteration, and set out different requi
proposed language, all luminaires served by altered wiring would be required tallntfeet

requirements of Sections 131 and 134. This is funclptie same requirement as was originally set

out by the 10U team, but written in a different way.

4.4.7 Exception Added for Asbestos Abatement ProjectsT

The CEC revised | anguage includes an exception
IOU team. The original exception applied to any spaces in which asbestos would be disturbed;
however, this meant that the lighting would not be required td coeleeven if the asbestos was

going to be abated anyway as part of the remodeling projguet. revised language closes this

loophole.
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6. Appendix A--Model Building Layouts

X

Figure 55 Small Office Prototype ReflectedCeiling and Floor Plan
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Figure 56 West Wing of L arge Office Prototype Hoor Plan
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