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Executive Summary

Prior research by the DesignLights Consort{inC)among other institutions, has illustrated the
significantunrealizedenergyand demandsavings potential for commercial and industtight-emitting
diode LEDlighting and networkedighting controls. However, this potential inderrepresented by the
reliance onannual(first-year)energysavings as a decisignaking tooffor utility energy efficiency
programs Since energy efficiency measures canaaty years, often 105 years ér commercial
lighting,the annualsavings metric ignores majority ofthe benefit realized. Lifetime savingsvhich is
the sum of a measure’s annual savings over its expected usefubler represents thdifetime
economicvalue andenvironmentalimpact of a measureAnd peak demand savingsvhich represents
the demand (power) savings expected during a utility’s peakahel period —often reflects the most
important grid system impacts expected from a measure.

This research proje™ goal is to better understand the lifetime and peak demand savings potential fro
commercial and industrial lightingfficiencymeasures. Key insights are showrfrigurel.

Figurel: Key Research Insights

While all energy efficiency (EE) programs consider product lifetime anddesaé&nd savings when
evaluating coseffectiveness, program plans and incentive offers are almost universallyneels

around annual (firsyear) energy savings potential. As a result, a bias is created toward measures wit
the lowest firstyear cost ($ per kWh). Measures with longer lifetimes and/or greater pealadém
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impacts receive no additional emphasis even though such measures deliveisigoificant benefits to
program participants. A comparison of the energy savings impact in terms efdassavings and
lifetime savings is shown Figure2.

Figure2: C&l Lighting Savings Potential

An analysis of technical reference manuals (TRMs) from twelve geographicatisedurisdictions
revealed a wide variety of assumptions for commercial lighting measuressaEE programsvarying
more than can be explained by regional differences. The constant amesg Hariations is that
relatively conservative values are used for lighting controls.-thivds of the TRMs reviewed do not
include a measure for networked lighting contrela technology that is key in capturing the fullest leng
term savings potential. The TRMs that do include an NLC measure assume a steaterenlifetime
compared to the LED lighting with which they are assodiaggen though networked lighting controls
and LED lighting operate as a systéithe assumed measure lifete for networked lighting controlis
adjusted to align it to the lighting equipment with which it is associatiee lifetime savings potential
increases by 22%s shown irFigure2.

In terms of Peak Demand savintie TRM research foursignificant variation among lighting control
coincidence factoassumptionsAs a resulthe same lightingontrol measure will have drastically
different assumed peak demand savirgpending on the state and utiligven though virtually all

states assume a similar system peak timefranrA@nong lighting control measures, networked lighting
controls have the highest average assungethcidence factoat 74%.n total, the summer peak

demand impact fronthe installation of indoor LED and networked lighting control measuresdssi

2020 and 203%s equal toseventyfour 500megawatt power plants, or 5% of the generating capacity of
the entire fleet of U.S fodduel power plants, as of 2017
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Based on the insights identified during this research project, the followingracare recommended to
maximize the adoptioflifetime savings, anggeakdemandsavings potential of commercial LED and
networked lighting cotrols:

X

EE programsegulators and state policy makeshould increase focus on lifetime savings
instead of annual (firsyear) savings to better represent the impacts of policies and programs.

EE programs should be allowed and encouraged to concertrair goalsand program
incentiveson specifidifetime savingsargets.

The assumed measure lifetime for networked lighting control measshiesld beincreasedo
be consistent with lifetime of indoor LED fixturesless there are specific program reasdo
the contrary

A measure characterization for networked lighting controls is needed withifRMIST

Ideally,networked lighting controls should be characterized as a single LED ydt#1@ s
measurewithin TRMs Doing sa@anminimize costeffectiveneschallenges, maximize lifetime
and peak savings, limit stranded savings, encouragentegration with other building systems.

EE programs shouldraluateprogram design opportunities anidcentivestrategies that
promote LED lighting and networked lighting controls as a systermnonly will this place
program design in alignment with current practicelsile maximizing savings, but it establishes
a foundation for more advanced systdevel interests such agid-interactive efficient

buildings (GEB)

C&llightingprograms, and the lighting industry in geneiale at a crossroad€E programs can follow
the current pathwhich is expected toealizedecreasingC&l lightingenergy savingsioving forward
Alternately,EE programshould be encouraged tadopt program strategieshat emphasize and
leverage asystems approacfor LEDs and NLG& a minimum, shiftindocus tolifetime savings will
provide a more realistic capture of the energy savings potential. In additbowing the
recommendations outlined above céead tosustaired C&I lightingprogramportfolios throughat least
the next decadgbenefiting theutilities immediateenergy savings objectives ageltting the stage for
the future.
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Introduction

Gommercial and industrial (C&l) lighting technologies play a prominent rotenvutility-sponsoredeE
programs throughout the United States. Initially, EE prograrosided incentive for the installatiorof
efficient fluorescent lightingystemsas a replacement fdess efficient fluorescent and incandescent
lighting In the past decade, the emphasis Isagted toreplacing fluorescent and incandescent lighting
with LEDtechnologieqalso knowras solidstate lighting or SSL). A rapid expansioavailableLED
products with eveiincreasingefficiency has enabled utilds to promote and their customerto install,
energysaving lighting in nearly any applicatidrns technologyshift often has ancillary benefits such as
improved lighting qualityresulting inimproved comfort, safety and productivityynger operational

life, andincreasedperational savingsAdoption has varied across LED product categaiépending on
customer needs antechrology capabilities, product availability, cost, and incumbent technology
ScrewbasedLEDbulbswere an early ara of focus, followed by outdoot EDfixtures, most recently the
adoption ofindoor LEDfixtureshas been an area of growtiihe estimatedturrent market saturations

of each of thes@roduct groupsare shown irFigure3.

Figure3: 2019C&ILED Market Adoption

As the LEevolution has matured, the question of remaig savings potentiahas been a frequent
consideration amon@&E pogram administratas. To address this unknown, tB&Goublished a report
in July 2018 which provided an estimate of remaining C&l lighting enermgsaotential from LED and
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networked lighting control$ Figure4 shows the key DLC finding that significant energy savings
opportunities remain, particularly from indoor LED products and networké&tirigy controls (NLC).

Figured: DLC Estimate @&ILighting Energy Savings Poten{iaLC 2018)

The DLC analysvaluatedthe annual, or firsyyear, savings potential from C&lI lighting measures. This
approach aligns witkypical EE progranconvention, allowing the results to be easily understood an
compared againgEE progranportfolio forecasts and plans. Howevéocusingon annual savings can
significantly understate the lifetime benefit that these technologies previtb accurately evaluate the
economic and energiynpact, the savingmust be consideredver the estimated useful life of the
measure.

Buildnguponthe DLCanalysis from 2018, the Alliance to Save Energy, in partnership with DIGEand
Current,a Daintree companycollaborated to exploréhe extentto whichthe benefits of EE programs
are underestimated, using traditionalaluation methods. The group invesitedthe following
guestions:

What measure assumptions ai& programasing for LED and NLC?
How areEE programaccounting for lifetime savings?
Whatisthe savings potential for C&l lightipgoduct types in terms diffetime savings?

X X X X

What are thecosteffectivenessmplications when considering lifetime savirfgs LED and NI2C

1Energy Savings Potential of DLC Commercial Lighting and Networked LightingsGuailable at
https://www.designlights.org/resources/eneregavngspotentialof-dic-commerciallightingand-networkedlighting-controls/
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x To what extent cail€&l lighting technologies contribute peak demandavings?

x In the context ofifetime and peak demand savings, which C&l lighting technologiesthave
biggest potential impact?

TRM Research

Utility EE program®ften use a documentomprising alatabaseof EEmeasures talevelopthe energy
savings characterization faommonproducts and technologies that they promais“deemed”
measures through new construction, prescriptive eamdnidstream programsTypicallythis document
is referred to as a technical reference man(i@RM. TRMs provide thalgorithms, valuesand
assumptions necessary to calculate energy savingsesaaluate measure cosfffectivenessin most
cases, a TRM is a statéde resource that is approved byregulatory body A review otwelve
TRMs/databases from a geographically diverse set of EE programs was pdrforamelerstand the
various assumptiosused for C&I lighting measures. The EE progravieswed,andthe associated
measures thatvere evaluatedvithin their TRM/databasg are shown below iffablel. Thetable
represents the most recent version of a TRiVleach statdhat was publicly available at the time of this
research.

Tablel: TRMs and Measures Reviewed

Eachmeasurewas reviewed folifetime, operating hours, control savings factor, summer coincidence
factor, summer peak timeframe, and measure cost (high and low valueghd-purpose of this
analysis, measure types were constrainedhe most common produst LED exterior, LED high/low
bay,LED troffer/linear fixtures, LED linear replacement lamps, LED screw basedaoygsancy
sensors, daylight sensors, dual occupancy/daylight sensors, and mketiviighting controls.

Most of the measuregesearched were found in TRMs and databas@®ssa high percentage of states
However,one measure- networked lighting controls-was notably underrepresentedith only one
third of the TRMgontaining the measurelhis technology is not necessarigw butis still emerging
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andit can be difficult to characterize the energy savifigsn using NL@ general termsAs a result,
many EE programs limit Nir€entives to custom / calculated programs. The 2@I8C research showed
significant remaining energy savings are possible fnetworked lighting controls, but this potential can
only be realized if EE programs can promote the meatuceigh multipleavenuesWith a TRM
measure, EE programs can more easily and effectively promote NbGglira broad range of
programs.

Measure Lifetime

Measure lifetime, or estimated useful lif€UL)describeghe medianlength of time for whicka
measure is functional anghergy savings can be counteddayyEE programA product may have a
functional lifetime that is longer than a maag’s assumed EUMeasure lifetime is used icalculating
costeffectivenesgo ensure that he benefits of a measureincluding energy savings over the useful
life —outweigh the costd®efore a measure can becluded in an EE program portfolio. Whitet
methods used to calculate benefits and costsywsidely across states and EE programil$ cost
effectiveness calculatiorrgely onmeasure lifetimgo some extentThe average and range ofieasure
lifetimes identified during the TRM analysis are showhigure5. Measure lifetimes fomdoor LED
fixturesaverage approximately 15 yeasdthoughseveralprograms claim as few as 10 ye#osthe
measure life. Lifetimes assigned to linear replacement laan@similar tothose forlinear fixtures.
Screw base lamps have the lowassumedneasure liféime sincethey tend to have shorter rated
lifetimes compaed to commercial fixturedthey can be easily removdiy a customerandthey may be
subject to federal standards which wouidhit the energy savingand/or useful lifethat a utility can
claim

Figure5: C&l Lighting Measure Lifetimes BasedtmTRMs of Twelve EE Programs

2While lamps can achieve long life comparable to a fixture ENERGY STAR qualification requirement for most ineentiv
programs requires a minimum of 15,000 hours for LED lamps compared to thedir€ment of 50,000 hours for LED

fixtures. https://www.energystar.gov/sites/default/files/ENER@620STAR%20Lamps%20V2.1%20Final%20Specification. pdf
https://www.designlights.org/soliestate-lighting/qualificationrequirements/
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It is particularly noteworthy thathe control measuresire assigneghorter measurdifetimes than their
fixture counterparts. In all casesviewed EE programs treat the controtqulucts asanindependent
measure for the purpose of energy savings and-effgictiveness calculations. Historically, the reasons
for a shorterlightingcontrol lifetimewere justified since controls were an adoh measure that in many
cases failed (or were disabled) long before the lighting with which they weoeiagsd. Poor sensor
coverage or placement, unpredictable operation, and incompatibility ¥lithrescent lighting were
common issues. Neorked lighting controls greatly improve upon the earlgeneration of controls,
and when coupled with LED technology tipegvider superioperformance Many networked lighting
control products are embedded directly within LED fixtufihere is little reason tmaintain the
assumptiorthat control measures will have a shortesefullifetime than the associated LED
equipment but EE programs continue to do so. As a result, it is more difficult for tiptimtrols to
pass a coseffectiveness test and thmeasure maye perceived as drag on anyportfolio that
considers lifetime savings or benefitmoking specifically at networked lighting contragechnology
that operates as a system with LED, the average measure lifetime of 11s5iy@2f6 shorter thathe
measure lifetime of LED troffees 14.8 years.

Operating Hours

Operating hour assumptions are used by EE programs when the actual lighiragiiog hours are not
provided or arenot known. Most TRMs establigightingoperating hours according to the space type,
such as an office or wahouse. The TRM values showrrigure6 represent the operating hour
assumptions fothe space typs most likely to be associated wigachproduct type—i.e., officesfor

LED troffers and linear lampsarehouses for LED high hayd retail for LED screw base. If such space
types were not defined, then the operating hewaluefor “commercialunknown” was used.

Figure6: C&l Lighting Daily Operating Hours
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Interestingly, LED troffers have a high degree of variability among progvathgyperating hours
ranging from 6.7 hours per day up to 12.2. Troffers are most commonblletsin office space types,
which tend to h&e consistent operating hours regardless of regidimerefore the degree of variation
observed folLED troffer operation houiis surprisingAs a point of comparison, the average daily
operating hours identified by the DOE in the U.S. LightinckMahaacterization are also shown in
Figure6. In every product category, the average operating hour values frenfeth program TRMs are
more conservative than the DOE esties

Control Savings Factor

Lighting control measures are assignedeaergysavings facto(SF)as a percentage of full load hours,
to calculate savings witha TRM. For some control measures such as occupancy sethso&-
represensthe percent of time that the measure is applicable. For other control messsuch as
daylighting dimming, the SF represents a blend of load regin@nd percent of time. The savisg
factors identified through the TRM research are showRigure?7.

Figure7: C&l Lighting Control Savings Factor

Many programs reference th2011 LBNL lighting controls metmalysidindingswhen assigningavings
factorsfor occupancy (24%), daylight (28%) and dual/multi (38¥drols® Among the programs that

3 A MetaAnalysis of Energy Savings from Lighting Controls in Commercial Buddiaiggble at
http://efficiency.lbl.gov/sites/all/files/a_meta
analysis_of energy savings from_lighting_controls_in_commercial_tggldibrd5095e.pdf
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include a networked lighting control measure,raflerence the DLC networked lighting controls
specification and/or use the 47% savings estimate identliig®LC research completed in 207 is
this higher savings value of 47% that is the basis fouttiealized savings potentiabtimated in this
paper.

Coincidence Factor and Summer Peak Demand

TRM research findings regardinggicoincidence factor and peak timeframe are discussed wité
Peak Demand Savings section.

TRM Research Conclusions

With LED and lighting control technology evolving rapidly,r&g@ms need to keep measwsap to
date in order to claim full and accurate energy savings. Networked lightirtgptahould be prioritized
for inclusion within TRMs, and the measure should be characterized@gralled LEBystem with
equal lifetime and combined energy and demlssavingsForprogram designs that requirgtand-alone
networked lighting control measures, tlssignedneasure lifetime should be consistent witie
lifetime of indoor LED fixtures.

Lifetime Savings Potential

Definitions

Most utility EE programs measure and report energy savings in terms of afirstgldar) totals. These
are the savings that a measure can be expected to deliver in its first full fymaplementation. It is also
common practice to reference cumulative annual savings, which isystimpsum of the annual savings
over a certain time period such as g@ar plan. Less often, EE programs will measure and report
lifetime savingsLifetime savingamore adequatelyrepresents the energy and economic potentéb
measure since most meages last far longethan one year.

Figure8: Annual and Lifetime Savings Definitions

4 Energy Savings from Networked Lighting Control (NLC) Systesiiable ahttps://www.designlights.org/ljhting
controls/reportstools-resources/nleenergysavingsreport/
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Despite being an imperfect metric, there are many reasons why EE pregisegrannual savings to track
and report progress. Chief among the reasons are simplicity and historical précit@ay state

policies such as energy efficiency resource standargiorefirstyear savings rather than lifetinte.
Aside fromthe issue omisrepresenting full potential, focusing on annual savings can restE in
program incentiveslirected toward measures that have good initial saviwgh a short lifetimes

instead ofmeasures that may bmore expensivdut have a greatelifetime benefit

Somestates haveecentlyincreasedheir focus on lifetime savings, eithby settingspecific lifetime
savings goals or lmpuplinga utility’s performance incentive to lifetimgavngs orbenefits. Examples
includeCalifornia,Connecticutjllinois, MichiganQregon andRhode Island:

Lifetime Savings Estimate

To evaluate the C&l lighting lifetime savings potential, the following ressuand assumptions were
used:

x Installed lighting inventory, wattage, and operating hopes DOE U.S. Lighting Market
Characterizatioh

X LED adoption andfficacy improvement forecast according BtDE

X Continued levels of utility and industry promotionldEDachieve adoptiorevelsof 83%
(indoor) and 90% (outdoor) by 2035

x Utilities and industry aggressively promote NLC to achieve adoption lehva8w@(indoor) and
65% (outdoor) by 2035

X Measure lifetimesdentified during the TRM review, as showrilable2

525 out of 27 states with EERS use {yesar savings, according to ACEEE.
https://aceee.org/stes/default/files/publications/researchreports/u1902.pdf

6 California, lllinois, Michigan, Oregon and Rhode Island are identified in tHeEA€ROrEnergy Efficiency Over Time:
Measuring and Valuing Lifetime Energy Savings in Policy and Plaawaigle at
https://aceee.org/sites/default/files/publications/reseanteports/u1902. pdf

7The 20192021 Connecticut Conservation & Load Management Plan includes mperioe indicators for Lifetime kWh.
https://www.energizect.com/sites/default/files/FINI&6202019%202021%20P1an%20%283-1-19%29.pdf

82015 U.S. LighthMarket Characterizatigravailable at
https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov1Fdf

9 Energy Savings Forecast of S8lidte Lighting in GenerBllumination Applicationsavailable at
https://www.energy.gov/sites/prod/files/2016/09/f33/energysangsforecast16 2.pdf
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Table2: TRM Average Measure Lifetime (years)

TRM Ag.

High/Low Bay 14.8
Linear Lamp/Fixture 14.5
Building Exterior 13.5
Street/Roadway 13.5
Parking Area/Garage 13.5
Networked Lighting Controls 11.5

The lifetime savings analysis leveraged the work already completed f@ltBeanalysis in 2048
estimating remaining C&l lighting energy savings potential from LEDeawdrked lighting controls-
with revisions foran additional year of adoption and the inclusion of measure lifetinfé® resulting
lifetime savings potential, summed over the 202085 analysis period, is shown belowFigure9. The
lifetime savings potential is an order of magnitude larger thantyipecaltracking and reporting
convention of annual (firsyear) savingssinceit accounts fothe savings over the ¢ine measure life.

Figure9: C&I Lighting Annual vs. Lifetime Savings Potential

The lifetime savings potential by product category is showFigurelO. Indoor LED products represent
the most significant reservoir of potential savings (43%), followealbyoor LED (32%) amatworked
lightingcontrols (25%). Among specific product types, linear lamps & fixtures far aayl @ifer the
greatest lifetime savings potential.
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Figure10: C&l Lighting Lifetime Savings Potential for Products Installed- 2029

Lifetime Savings Estimate with Adjusted NLC Measure Life

The lifetime savings estimates presentedrigurelOare based on the measure lifetimes of each
component, with separate values applied for the lightingipgent andnetworked lighting controlsis
identified inthe TRM research. However, as previously discussed, nedadidghting controls and
lighting lamps/fixtures increasingly operate as a systeBDs and NL@se dependent on each otheo
achievethe full savings potential, and in some cases are insepartiltlee assumed measure lifetime
for networked lighting controls were adjusted to aligmo the lighting equipmentvith which it is
associatedas shown ifmable3, the lifetime savings potentialould increase by 22%. Thasljusted
savingsvalue may represent a more realistic estimate of LED and NLC measearasmgpas a system.
Figue 11 presents the2020-2035 cumulative savings potential by measure, with an increment of
savingsncluded from an adjusted NLC measure Fgurel2 compares the 2022035 cumulative
savings potential among annual savings, lifetime savings, and adjusted liggtinmgsising the NLC
measure life

Table3: Adjusted TRM Average Measure Lifetime (years)

Adjusted NLC

Product Type Mléii:eRL“#e MZ;;rTeRL'\i/lle TRMLI\#gasure
High/Low Bay 14.8 11.5 14.8
Linear Lamp/Fixture 14.5 11.5 14.5
Building Exterior 13.5 11.5 13.5
Street/Roadway 135 115 135
Parking Area/Garage 13.5 11.5 13.5
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Figurell: Cumulative Lifetime Savings Potential with an Adjusted NLC Lifetime

Figurel2: Comparison o€&l Lighting Savind®otential

With an adjusted measure lif¢he cumulative lifetime savings potential métworked lighting controls

(1,077 TWh29% of total potentiglnearly equa thatof outdoor LED products (1,126 TWB©% of total
potential). Despite the similar sangs potential, an important distinction between the two measures
must be consideredhe adoption of networked lighting controls is just beginningpile outdoor LED
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lighting is at or near an apex of adoption and will start to decline in coming yiasstact is critically
important for utilities to understand so that programs can be appropriatebigieed to focus on areas
of growth.

The lifetime savings forecast shownrHigurel2 will vary bystateregion, based on factors such as
existing C&l electricity consumption, baseline technology effigiestate energy policies, and current
LED adoption levels. This issue was evaluated in the 2018 DLC aepdtie key egional findings from
that report!® are also applicablo the lifetime savings forecast.

X The Southeast regidmolds the highest remaining potential for C&I lighting savingsarly 50%
more compared to the next closest region

x The impact ofnetworked lighting controls varies from one region to the next duditterences
in the timing of LED adoption and the efficiency of basekuhnologies

x Networked lighting controls represent roughly otfgrd of the remaining C&I lighting savings
potential within theNortheast, Northwest, and California regions

X Regardless of state or region, a path exists to maintain C&I lighting postadlior above017
levels until at least 2028

Peak Demand Savings

Definitions Figurel3: lllustrationof Consumption, Demand, and Peak Dem:

Electricity is measured in terms of

consumption (energy) and demand

(power). Electricitconsumption

represents the power used over time,

measured in kilowathours (kWh;)

reductions in electricity consaption

throughenergy efficiencyare also

measured irand reportedon in kWh

Electricty demandrepresents the

instantaneous power required to

meet the electrical loads of the utility,

measured irkilowatts (kW) Peak demandepresents the highest electric power demand over a time
period (month, year, summer, winter, etc.). An illustration of constiomp demand, and peak demand
is shown irFigurel3.

10Energy Savings from Networkedhtigg Control (NLC) Systenasailable ahttps://www.designlights.org/lighting
controls/reportstools-resources/nleenergysavingsreport/
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Why Peak Demand Matters

Peak demand determines the maximum power plant capacity necessary ®aaeitility’scusiomers

and is therefore a critical factor managinghe environmental and economic impacts of energgergy
produced and purchased at the time ®fstempeakistypicallythe most expensive, due wsupply
constraints and those costs are ultimately padsen tocustomers Furthermore, the additional energy
required to meet demand duringeak periods often comes from the least clean power sources, such as
oil and gas “peaker” power plants. Therefore, measures tbduce peak demand can hageofoundly
postive economic and environmental benefits. Finally, system instability is far morg fkeccur

during times of peak demand. If demand exceeds capacity aautifity is unable to adequately respond

to a steepdemand increasésuch as the afternoon timeframe of the-salled duck cun/g), system
outages can occur. System reliability can be improved by minimizing and mgupegk demand.

Peak Demand Reduction Through Energy Efficiency

Measuresthat reduce energyhrough efficiency can alsdeliver peak demand savings, but not always.
Since peak demand occurs during specific timeframes and seasons, ttapafean energy efficiency
measure with that timeframe matters. For exampl&D street lights save energy during the night, and
summerpeak demand typically occurs during the afternoon, so the energy savingd E® street
lighting is unlikely to have any impact smammerpeak demandthis is not the case for winter peak
demand) Offpeak savings are still important and can provide economic and environmemtefitse

but not to the same degree as geak savings.

How much a measure overlaps wilpeak demandimeframeis called coincidenc&Eprograms assign
all measures coincidence factafCF)often for both winter and summeseasms, as an examplelable

4 showslighting CB used in the Massachusetts TRIWiese coincidence factors, when combined with a
measure’s actual (or estimated) total demasalings, are used to estimate the impact that a measure
has on peak demand for the associated season.

Table4: ExampleéSummerPeakLighting Goincidencdractorsfrom Massachusett¥ RM?2

Example Coincidence Facto Summer Peak Coincidenc] Winter Peak Coincidence
xamp el (Weekdays Hpm JurAug) | (Weekdays &pm Deelan) \

Residential Indoor Lighting 55% 85%

Commercial Indoor Lighting 83% 65% Timeframes

Commercial Outdookighting 0% 100% vary by
region and

Industrial (24/7) Lighting 100% 100% utility

11 https://www.energy.gov/eere/articles/confrontingluckcurve-how-addressover-generationsolarenergy
12Based on the Massachusetts TechnRasource Manual, 2012021, available at
https://www.masssavedata.com/Public/TechnicalReferenceLibrary
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Finally, it should be noted that peak demand savigfsevedhrough energy efficiencgiffer from an
approach calledlemand responséemandresponsds a strategy to reduce thgower demandf
existing equipment during the time of a system péakduring onpeak hoursfor economic reasons
either manually or through an automated signaemand response measures are utilizedy during
these peakimeframesto save money for the customer and improve grid operatiamdike energy
efficiency which occurs any time the equipment is operatedsomecasesdemand response shiftead
from on-peak to offpeak time periods, which caralle an economic benefitut doesnot result in any
energysavings

Peak Demand TRM Research Insights

During the review of TRM resources described earlier, factors relatingrimeccial lighting summer
peak demand were collected and evaluated. Summer pesselected sincmost utilities face a
greater capacitgonstraint during the summer months. Most TRMs reviewedngesummer peak time
period as late afternoon weekdays in June through July. Thefgpeme of daycanvary, as shown in
Figurel4, and in general the time period is later in the day for TRMs ittlEeSouth and West. As this
time frame starts to extend beyond a typical commercial workday, the qvécaincidence) between
the peak period and interior lighting measures will decline.

Figurel4: Summer Peak Definitions from TRM Research

The average assumed coincidence factors for commercial lighting measuregareisfrigurels. As
with operating hours, coincidence factors are typically associatddam end use and space type
combination (such as commercial lightirgffices). CF was evaluated for the space type most likely to
be associated with each commercial lighting measure. Not surprisingly, ne&Bpatigrams assume a
0% coincidence faet for exterior lighting. During the summer months, exterior lights thaérateon
duskto-dawn schedulegion’t turn on until approximately 8 or 9pm, which is entyr outside the peak
demand periodInterior lighting measures show a much greater levedwwhmer peak coincidence67
to 78%. As the operating hours of a measure increase, such as with LERyigiebsummer peak CF
will rise. Lighting control measures generally have a lower average assumeattE€fasse measures
are applicable during a subset of the full lighting operating hours. The significantoragatong
lighting control CF assumptions is noteworigcethe same lighting measure will have drastically
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different assumed peak demand savimgpending on the state and utilitfror example, ®me TRMs
provide no summer peak demand savirgsllfor occupancy sensors while other TRMs assume 86%
coincidence. Among lighting control measures, networkedihghcontrols have the highestverage
assumed CF a#%.

Figurel5: Summer Peak Coincidence Factors for Commercial Lighting

Peak Demand Analysis

Thefull demand savings potential for each commercial lighting measure was first cattukitey the
wattages provided by thBOE U.S. Lighting Market Characterization, future efficacy improvement
estimates from the DOEnergy Savings Forecast of S8lidte Lightingandfuture inventory estimates
developed for the lifetime savings estimate. Using therage coincidence factors identifiedfigure
15, summer peak demand savings potential was estimated for commerciahighteasures. These
results are shown ifrigurel6, with light blue representing full demand savings and dark blu
representing peak demand savings potential. In the context of summer petdqri LEDighting and
networked lighting controls are far and away the most important commercidiigihmeasures going
forward for EE programsnd the best way to achielmth measures is to promoteED + NLC as a
system. A program that relies on separate measus bound to strandavings potential when LED is
installed absent controls.
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Figurel6: Cumulative Demand Savings Potential from C&I Lighting

By 2035, the cumulative summer peak demand savings from C&I lightalg 8t,11IMW. Rutting this
summer peak savings potential in context, the installation of indoor LEDetarked lighting control
measuredetween 2020 and 2035 could displace sevdotyr 500megawatt power plants, or 5% of the
generating capacity of the entiréekt of U.S fossil fuel power plants, as of 2@@igurel?). This forecast
depends on the successful adoption of LED and netwdligating controls, apreviously described. The
forecast may also be impacted by external factors such as the amoumeiadle generation and/or
energy storage systems brought-ne to help balance system loads
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Figurel7: C&l Lighting Summer Peak Demand Savings Relative to Power Plant Capacity

The research into summer peak demand savings also highlighted an issuketiat grid system
planners may be under estimating future contributions frofl Gghting. For example, ISO New England
(the regional transmission organization serving the New England states) prandamual forecast of
energy efficiency and peak demand savings poteritiatontrast to the forecast developed through this
research projectFigurel8, shown in yellow)ISONE forecastthat C&I lighting summer peak demand
savings will fall precipitously between 2020 and 2(Efurel8, shown in blue)Forecasts developed by
ISONE (and regional transmission orgs elsewhere) play an important role @nsp&inning decisions
such as capacity planningherefore,if contributions from C&I lighting, or any other technologye not
adequately accounted fdn a system planner’s forecagnergy resource decisions may be misguided.

132017 net summer fossil fuel power plant capacity totaled 745,866 MW dimpto the Energy Information Administration
(https://www.eia.gov/electricity/annual/html/epa_04 03.htrl
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Figurel8: New England C&I Lighting Summer Peak Demand Savings Forecast

CostEffectiveness

When EE progranm@omote products andechnology within their portfolioeachmeasure mustirst be
evaluated against a cosfffectiveness test. According to the National Standard Practice Blanu
“Assessing the costffectiveness of mergy resources such as efficiency involves comparing

the costs and benefits of such resources with other resources that meet enedgytiaer applicable
objectives.™ Costeffectiveness tests can vary to a great degree from one state or utilifygtmext in
terms of the type of test used and the input assumptionssiéah this research did not attempt to
evaluate the coseffectiveness of C&l lighting as an energyorceand/or for inclusion within an EE
program portfolio. However, the research did aim to consider the-effsictiveness of various C&l
lighting technologies in the context of customer economied BEprogram incentiveeost. A summary
of the costeffectivenessanalysis approacis shown inFigurel9.

14 National Standard Practice Manualailable ahttps://nationalefficiencyscreening.org/wp
content/uploads/2017/05/NSPM_Mag017 final.pdf
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Figurel9: Costeffectivenesg\nalysisApproach Summary

An Excebased costffectiveness analysis tool was developed to perform the evaluationeof th
measureanentsand scenarioslescribed ifFigurel9. Acknowledging that inputs such as electric rate and
incentive levelgan vary greatly from one jurisdiction to the next, the tool was rssdito establish a
universal recommendation regardjrcosteffectiveness. Rather, the togbrovided insightgo the
researchwhenevaluaingcommon scenarios with typical or average input assumptions.

The following charts preseiatfew simulated results from the cestfectiveness tool when evaluating
LED toffers with and without networked lighting controlEigure20) and LEDigh-baywith and without
networked lighting controlsHigure21). The results are based on the default input assumpstfonthe
costeffectiveness analysis toahd as such represent a potential outcodi&Vhen considering these
results, a few observations becenclear®

X By most measuremengsietworked lighting controls considered as a standalonesuea
appears to be the least attractive option for custombesed on net present value (NPV) and
internal rate of return (IRR). The exception is IRR for NLC wlialkedon LEDigh-bay
equipment.As a result, EE programs that promote NLC as an individual measure may struggle
gain adoption and traction with customers.

15 Defadt input assumptions include electric rate ($0.105/kWh), annuaraping hours (3375 troffer, 3834 high
bay), baseline power (67.5 watts troffer, 246.6 watts Higly), LED power (33.5 watts troffer, 128.7 watts high
bay), average annual efficacy change’¢6), 2019 LED cost ($92 troffer, $229 #igh), LED average annual cost
change {3.4%), LED utility incentive (30%), LED and NLC measure |ifeR{@daresearch), LED installation time (20
minutes troffer, 30 minute higivay), NLC type (luminaire integeg, NLC savings (47%), 2019 NLC cost ($50), NLC
average annual cost chang&.0%), NLC utility incentive (40%), NLC installation time (1&tesiy inflation (2.0%),
discount rate (5.0%), labor rate ($75/hour).

16 Observations are specific to the scenarimodeled using default inputs.
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x Promoting LED + NLC as a system can maximize customer savingsnami@benefit with the
leag cost (or little added cost) to the EE program. From a customer peigpgthe cost
effectiveness of LED + NLC as a system outperforms (or closelssjrstemdalone LED for both
LED troffer andhigh-bay. From an EE program perspective, the cost effectiveness of LED + NLC
as a system modestly underperforms standalone LED troffers and outperstamdalone LED
high-bay.

x The ost-effectiveness of networked lighting controls as a standalmeasure(shownas
square$is typicallyless desirable when compared against the scenarios of uncontrolled LED
(shownas circleyor LED+ NLC as a systegshown ingreen).!” EE program incentive offefsr
and customer adoption aftandaloneNLC measusamay be limited as a result. This issue
highlights the importance of promoting NLC as part of a system.

Figure20: LED Troffer Coéiffectiveness Results for Customer NPV (left) and Utility Levelized Cost (right)

Figure21: LED Highbay CosEffectiveness Results for Customer NPV (left) and Utility Levelized Cost (right)

17 A higher customer NPV is more desirable, and a lower utiligliimd cost is more desirable.
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Other Considerations

This research paper focused on lifetime savengdpeak demand savings related to LED and networked
lighting controls. However, there are maather factors that may represent value to a utility and/@r
customer. From a utility perspective, LED systems installed with nedadidhting controlsan be an
enabler forconnected building systems, whichnachievemore sophisticated demand response and
provide a dispatchable energy resource through-gntdractive buildings. Installation of networked
lighting controls ensures that these capabilitieidl be accessible as an energy resource in the future.
From a customer perspective, networked lighting controls can provide tzolfio®nenergy values such
as space utilization, asset tracking, emergency assist, light + health becefitsmer data metrics, anh
so on. Some of these benefits may be more valuable to a customer than éngyesavings alon@hese
additional considerations are seldom considered in cost effectivenesdsations, yet they represent
real value to utilities and customers and should be leveraged to further proemetion of LED with
networked lighting controls.
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