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Abstract

This paper addresses the debatecompactiorescent lamp€FLs) and incandescent light
bulbs ({dcandescentstroughlifecycle analyses (LCA). It compares thieaammental impacts of
providing a gien amount ofight from incandescents and.&€For 10,000 hour§pecial attention
has been paid to recently raised casgegrding CEsNspecifically that their complex and
energ-ntensve mamifacturing process uses saimenerg that it outwighs the benefits ofsing
CH.s that frequently taing CH.s on and offeliminates their engrgfficiency benefitand that
they contain a lasgamount ofmercuy.

The resealcshavs that:
¥ The efficiency benefits compensate for the added complexityfacnamg,

¥ While rapid oroff cycling ofthe lamp does reduce theiesnmental (and ghak)
benefits ofCH_s they remain a net Owimand

¥ The mercuy emitted ver a CE® lifeNby pawer plants to peer the CE and ly leakag
on disposalNis still less than the meydhat can be attributed tovggring the
incandescent.

This document concludes with tips owl@nsumers can maximize tha@renmental benefits of
CH.s by using and disposing thfem properly
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Why are CFLs currently suc h a hot t opic?

CH.s and incandescents produce light thrdughelscence and incandescemspectely
Incandescent lighting is dramatically less efficient because 90D95 pleecenénythat ges
into an incandescent becomes hdw.typical CEis four times as engrgfficient as a typical
incandescent.hE efficiency comes with a priceL €€urently cost three to ten times more
FortunatelyCH_s last ten times loagthan incandescentéfering plenty obppottunity for
paybak with electricity bill sangsNdue to increased efficiencyWéo the operation life dhe
lamp

CH.s hae been on the maksince the early 19808t they hae only recently been touted as a
key component in the fightaagst global aming The benefits oCA.s hae prompted the

phasing out ofncandescents in se&l countriedn America, ther@sident recently passed the
Energ Indegpendence and Security Ac28i07; this includes a measure for phasing out
incandescents The bill includes efficiency requirements foufaaturers asedl as the phasing

out of 100 W to 40 W lamps astpairan on@ing progam that begins in 2012 and ends in 2014.
Performance requirements for roéacturers ofncandescentaclude a 25D30 percent reduction in
enery use compared to tggdmost common incandescent bulp®l 4, and a 70 percent
reduction lg 2020.

Seweral claims lva been made recenthattenging the @gnO credentials ©A_sNspecifically
that their complex mafacturing process uses samenerg that it outwighs the benefjtdhat
turning CHs on and offfrequently eliminates their eneefficiency benefitand that they contain
a larg@ amount ofmercuy.

In order to address these three cargénis study compares thegnhousgas emissions and

toxic releases that can be attributed to lighting a room for 10,000 hours (the assumed ated life of
CH.) with 1,600 lumens d¢ight from a CE and, alteratvely incandescent3o calculate these
emissionsae did lifeeycle analyses (explainedvoelsing the sof@ve tool Simab.

Life-Cycle Analysis: whatGs included?

An LCA includes researmto three phases tie life cycle oéat product:
¥ The manfacturing and assembly phase
¥ The operation/use phase
¥ The disposal phase

The gogaphic path that the lampseadkom assembtp disposal nnst beincluded in order to
accurately present the life cycle afproductWe assumed both lampsree made for General
Electric (GE) in Shanghai, China and then shipped to the United\$tateshey ere usedyb
consumers in Demr, Colorado and ultimatended up im landfill in Arrora, Coloradé

Using CFLs saves 75% of gr eenhouse g as emissions o ver the entir e life cycle

Through the LCA @ detemined geenhousgas emissions related to the creationaunsedisposal
of both a CE and an incandescent. Greenh@aseemissions come inesa foms: the most
common one is carbon gide (CQ), but other gses sincas CH and NO (both products of
buming @soline and coal) contribute to climbtng as wll. Eab of these gses is gén a
OGlobal \Wming PtentialO moitiplier based on the impact it has on glohshing oer the
course of1l00 years when compared to the impact one at@@.dfas on globalaming oer

100 yearsThese units are callearbon digideequvalents (C@e).
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Producing visible light vitubrescenceNinstead aicandescenceNoffers dramatic eperg
efficiency benefitsver the entire life cyclBuring the 10,000eur study period, the Ckvould
produce 25 percent (184 kg£of the geenhouseasges thateuld be emittedybten
incandescent lampgeo the same period (734 kg0

Figure 1 shes hav different processes in ledampsife cycle contribute to the total impact.

Figure 1: kg CQe Characerization of 100W Incandescerand 23W CFL Life Cgle
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For an incandescent lanafmost all ofthe geenhousgas emissions attributable to the lamp occur
during the operation phasénetynine percent, in fact, come froemgrating the electricity
required to peer the lamp at usersO,sitbge most othe other 1 percent is attributable to
consumer transpition.Ninety-three percent ofhe CQe emissions from a Ckamp occur

during the operation phasenile appmimately 7 percent occur during assembly

During the 10,00Beur period, using a Cknstead ofan incandescentvega191 Ibsof coal,
and, ifeveryone in America paced one 100 W incandescent with a 231MV29(000,000
shot tons of coal could be gad>% 7 This would account for 2.6 percenttotal 2006 L% coal

consumption.

But what about the mercury?
The geatest concerof many consumers is the meyoemissions that can occur during the
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disposal ofCH.s. When the gs mixture in a @Hs ionized, mercwris used to produce ultialet
light. The aerag CH. contains 5 mg afercuy (an amount roughly egalent to the @ume of
the tip of a ball point per¥)In order to fully understand theveonmental impact ahercuy from
CH.s compared to the impact wfercuy from incandescentsne nust analyze the producieo
all three phases @t life cycle

Incandescent lamps are responsible for four times theyrarissions o€H.s during the
operation phas@he mercuwy emissions produced in the operation phase come froemératgn
of electricity in codired plantsCoalfired plants account for ~50 percentloé US electricity
mix, and for esry kWh they gnerate0.016 mg ofmercuy is emitted.

Quantifying this in the LCA for the required lurheurs {,600 lumens fdr0,000 hours),
incandescents emit 16 mg into the air during operation wihil@&{ emit 4.6 mg

Another 5 mg ofmercuy is added to the €B total ifit ends up in a landfill (th@wst case
disposal scenario), whiarings the total merguemissions for the CFo 9.6 mgThis is still 6.4
mg less than what is released when using an incandescent.

Figure 2:Mercury Emissions Oer Life Cycle
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A CH. saves asignificant amount célectricity during the operation ph&deere coafired plants
play a major role in producing electricity fovargiegion, the benefits o§ing CEs are therefore
increased proptonately

0

The oper ating (on/of f) cycle: why doesnG my CFL actually last 1 0,000 hours as
advertised?

An incandescent larai largly dpends on operatingiage while a CES life deends on
operating cyclePut a different @y, an incandescent lamp fails when its tungsten filament has
evaporatedo the pointwhereit breaksandthuscannotcary acumrent.A CH- failsdueto alossof
emissie coating on the electrodéis loss ofcoating occurs during operation, but it is accelerated
when the lamp is ted on and the electrode is bombarded with nyaomg A sensitrity analysis
was perfomed on the life span ¢iie CE to measure the inknce ofthis parameter on the LCA
results
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The shotening ofa CE.® life whid can come from using them with $hoperating cycles a
concen to many consumers who @want to gie up the evironmental and economical benefits
of using CEs

A study published in 1998 examined @&rformance with ¥ie different operating cyclésound
that when the length diime the lampseve on \as reduced from 3 hours to 1 hdbe lamp

lasted for 80 percent @6 rated lifeWhen reduced to 15 min and 5 min, the lamp lasted for 30
percent and 15 percent, respebtiof its rated lifé

The balance beégn use@hase C@ emissions and assembly phase €Qissions is also
different for CEs and incandescen®f_s are responsible for a Ergotion of COe emissions
during assembly than incandescémtandescenthove\er, are responsible for aich geater
amount of COze during the operation phase thah<CW®hen the life othe CR is reduced
through rapid cycling, the emissions associated with assemblydddiéanal lamp required
increase the CR9 CQe emissionsver the entire 10,00®ur study period.

Figure 3: Characterization of Lamp Life Cycle EmissionaVith Varying OOnCrimes
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If the cycle time ahe light in question is reduced from 1 hour to 16tegthen the amount
of COze emitted increases 14 percerthéfcycling time is filwer reduced from 15 nuites to
5 mirutes the amount ofCOe emitted increaseg BOpercentEven with a cycle time &f
minutes CH_s still emit 63.4 percent less,€@an is emitted as a resultsing
incandescent§he ewironmental impact from CB is dramatically smaller than incandesc
for all operating cycles

Even thoughCH_s with reduced cycle times are still net winnersria tdthe CQe impact when
compared with incandescetite reduced cycle time wilda more significant impact on the
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economic sangs associated with [IGFAn incandescent lampmparabléo the one used in this
study curently costs $0.5%pplying the threts-ten cost factgora comparable CKsimilar to the
one used in this study) costs in thegari@§1.65D$5.50. Assuming animme-of 4 hours/dg and

a cost ofelectricity in the raegf $0.0492D0.118/kKWaverag $0.089/kW), the lamp will alys
pay for itselfin energ saings'?

As the cost per kiof electricity lkangs so does the length tfe pgbak period for the CE

The follaving gaph shas the relationship beten pgba& and cost per kW As the cost of
electricity decreaséise pgibak period gts longr. In the vorst case scenarioNat 1,500 hours of
lamp life (assumingrdinute oneycles that result in 15 percentra 10,000 hour rated lamp life)
and the kbeapest electricity ceshe lamp still pas for itselfbut ty the smallest ahargins

Figure 4: Dependency of Payback on Cost of Electricity and Failar
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There is also a relationship teswpgbadk time and the capital costtbe CENmore expensie
lamps clearlyhave longr pgback periodsin all scenarios the Cpays for itselfprior to lamp
failure
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Figure 5: Dependency of Payback on Cost of CFAnd Failure
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The ability ofa CR to pay for itselfthrough enengsaings decreases as lamp éts ghaer, with
low electricity costand with high lamp costsal-Mart and Riilips are wrking on initiaties to
expand production and bring lamp costergdovhit would shoten consumersQyipak periods

Conclusion and Tips

CH.s are typicallyrgener than incandesceiitskeg CH.s as geen as possible consumers should
consider the folleing tips

1. Be avare and takadantag of any recycling progms for CEs in yur local area. Oneelbsite
(wwwlamprecyclerg has regulation and recycling imfation ly stateln addition, some
retailers sucas IKEA offer free tadadk progams in whic they preide recycling bins in
their stores for spent CHlisposal.

2. Be cognizant obperating cycles affect on lamp lfederstand that e if the lamp ish
lasting as long as the mf&acturer claimsnost lilely it is still pang bak in energ saings
Furthemore in applications where the lamp is used foetangles (g, family room, and
kitchen) the geenhousgas seings and pda& benefits only impre.

Following these tips will result in an inyaicb consumer experience with.€&nd a cleaner
ervironment.

For more detail about this document, including more on methydguézse see our hecal )
paper OComparison dfife-Cycle Analyses @ompact fiorescent and Incandescent LampsO at:
https://www.rmi.org/sitgpages/pid173.php
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