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EXECUTIVE SUMMARY

The Hawai.i Public HRUG conés aComuohi sysit bn Applgerdf Emmray
comprehensive mar kevMP®pmseanthpalt estudly for future savi
ef fi cpireongcrganmds ot her i.nterventions

{

Goals of Study

The goofalt har eMP ST al | ows
1 Evalua_he:urrent Estimate |
rel attiod heEheyog Annual » Evaluate progress towardreaching EEPS goals
E ficiPentf 8lainod ¢ Energy * Develop a credible and transparent estimation of
Efficienc the technical, economic, and achievable energy
EEP $. arget and Polenlia’ll efficiency and DSi potential for the next 20 years
conti nueEE®&Srad {
9 Quanti fy t he [ e o f
e n ergy ef ficier de me4 8960 hourly load shapes and savings shapes
side man 4 PSiiy el * Integrate hourly potentialimpacts from energy
t he next 20 yei efficiency, demand response / grid services, and
advancedrate designs for a set of day-types
97 Provi de a fou to
consider future ms—and
ot hiemt er venti on i -qo%nlﬂf\,lcé/sf—effec‘rive program-ready energy
. . efficiency measures and policy interventions
The figur e ctoombti Programs & | 4 oritioet ph 4 . .

. Polic * Explore opportunities to enhance savings using a
these pri marsge vgeo Interven%ons holistic approach that combines energy efficiency
secondary goal s. measures and leverages policy interventions
Background
Te HaWMBBiUui |l ds on &R UCUpHLEteanS Lahind 20 1F0e iEdesSE gb athh

ofwhiwdire compAEGWditbhye resources fr o masst hae sptraerdtEi@ug paiur

updatbkd analysis to reflect current circumsMPaBnmcdes and
provides esthiinsatoersiuco ficoredhret i a l racndwat i @npyeuilsE ésit eeng y
savingbhefoir me PERIOBDESE S nhepormrd z22004Q we ryteyar f orecast of
ef ficiencyAdpad tteonothiaablme s einrdcsleu dleoad s&ha@mosu rmiondde | s of

potemntmipalcbmner gy ea& fvaneeddeysrsagtmad e manesponse awidcesr i d s
(DR/,GSa)s wanalslseass ment of policy and o/ o@rsigwmiggysam i nter \
To gauge progr etsisMPtBoavetdt od sa cEcEoRPuSncto nfpolri sihme e t 30®@MPe aa st s

of pottehmrtoiuaglhT h2e0 3eOner gy mar kieftf e roeonkbendd nvnearbyd 9dhas changed

t he PoOtlednX uadly was compl eted

17 Hawdhisseen over a decade of feder.al and state codes &

19 New technol ogies have combowncubeomar kKets emhaetrdjiympa et
(LED connected devices, etc.)

! State of Hawaii Energy Efficiency Potential StudyPrepared for the Hawaii Public Utilities CommissionPrepared by Applied Energy Group
(dba EnerNOC Utility Solutions Consulting2014.

2 EEPS Review Research Report, Prepared for the Hawaii Public Utilities Commisstoapared by Applied Energy GroupFebruary 2019
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9 Solar photovoltaic (PV) penetration has grown subste

97 Energy efpfriogiremsy have hel ped custmomer £frhalceé etnheir bu

Hawaii Considerations

To entshidPehddreedsise appropriate set roefl eitvadbaunedsioidaanyh E@Gb j e ct
wor kedt hwa tHitPhESC e ri Y i c M@magyer ( BENstralkaks@lbodéektogeieer ed
t o adMPtshoer ki ng, gorrouMP & WG§E fmproe t ant as peac tfdoldd o MPiG&Gnsi d
Fi gurlsum$artihteey features to caoshefidee dMAOYWE diree Isafu dty

mo st i mportant ctomes i B & atHiaowms i ©98r uni que mar ket needs
| amcchp eenoefredyf i ci ency, di stributed energy resources (DE
energy rfegtautde20PEOEPS t amrgetwey bnds2030.

Figufrle K8y Feat uHaevwsaMiBi® t he

CUSTOMER TECHNOLOGIES & CODES & STANDARDS
SEGMENTATION MEASURES (C&S)

*By island *Cast a wide net *Building codes and appliance
«Sector, housing / building type. eInclude integrated demand- standards
income level for residential side management (iDSM), *Include those “on the books"
«Presence of distributed energy emerging technologies, *Consider additional C&S as
resources (DERs) by tariff g'ggmc vehicles (EVs) and sensitivity
5
NON-ENERGY ANNUAL AND EXPANDED SET OF
BENEFITS (NEBS) HOURLY ANALYSIS METRICS
*Use the fotal resource cost *Technical, technical *1styear & cumulative
(TRC) as the primary cost- achievable, economic and persistent energy savings
effectiveness test economic achievable *Load shapes and impact
*Include NEBs that can be eEstimate impacts of various shapes by day-type
easily quantified DSM resources at the hourly *Peak demand savings
level

Analysis Approach

To produce reliable amadr trhhesHdad@reir f B nfeidia & dsmdaeiprs
showmi gur2e ES

Figufr2ze K8y Feat uHaevwsdMiBi$ t he

A
.

% _....||r.llf|||[||“

Baseline Estimate Intervention
Projection Impacts Assessment

Market Idenﬁfy

Characterization Demand-side
Resources

Describe base- Characterize Develop Estimate savings Identify options
yedr energy measures and baseline energy potential from EF, for achieving
consumption technologies use projection DR/GS, and rates savings

Appli ed Ener guww.dppliedanergydroup.com MA A
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During thisept odafacdwer, |A€ErGe ted ¥f 0 fcpioatmeaayt i alhe meadbuwoeghevel
2030gadwge progr esEsP St ovaasr dvse | | as

throafHh 0O to provide a foundat’ utur e
program considerations

97 TechnipoalntTihalhieoretical
i mit of ef fi ttasmsepgt hpdt
cust omerasl ladfoepasi bl e meg¢g
oft heir cost or customer

97 Econonpioct entSuladet of

potenti al that i-e€fFed

measures based on total TRC)
Customers are assumed 1 ACHIEVABLES

coef fective optiondeaxp pli BUSINESS AS USU

junc.ture

7 Achi evpbdbtl entSibaslet of econ

potenti al that account s f o, ust omer

adopt iemreragfy emdd su redesfsy n e

economic potenti al by applying customer participat

custromewareness and attitudes, progr @&mematwor idteyv,e lasnd

of achievable potenti al

o Hi ghssumegher | evels of participation valserweldddisti
expanded pmudamrmamqgdaewphdsfader al cogddsarandastkandards
andt hober future. interventions

0O Busineuss aBA)Assumes gradual maturation of future i
to those in the market today.

I n addition to theisatef caurs ol esset hismact el dp a tabiset & e i ¢ al

potenti al that accoamotptoifoenerigegl pféiusiemey measures
of c®esdelni cal achierveabdfet eerstciadactelsated to support inte:;
Whi |l BP planning is not a combsiiadwahlaltd ome dfhorri ctahli sp ost teund

under sthaomvd infmugc h s a v tenfgf se cntoi nv emionggthat ©® W, i ebss ciass et ien t he anal
of demand response and grid services (DR/GS)

AEG first conducted the energy efficiencexppotdedtital a
modeltlo nign&71&a@ ehloouadh | ysi s of eaevagryc edefsiiagine®BRd yGS .

The ratandéygbsgsdewmerlodgevear adartyimeg rates for the reside
cl asses ainnd Hasw g ioitae il mgafhesse rates reflect the sales pr
i n Hawavieir eamési gned to recover the same r.dhenbD&R/&HES t h
anallysiilstaupeoent DRt WPyt emndrncadct ed by Navi garntenftoral HE
hourmpactstiypeBRb®&88 opEBone!| | bdurheg obDmpemSIM Mfesource

afsepa, astadmdhe gandhgest adkedd esoaccesnting for interac
t he r esTohwer cseésa.cke @ pirmpg@otesteicéh michhalevabl e poteldDSMal of i
(i DSM)

3 In addition, programs typically consist of bundles of measures that mainclude both costeffective and not costeffective, as long as they
are costeffective when combined.

Appl i ed Ener gvww.appliedengrgy§roup.com MA A A
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LasAE@sseddtenti al i mpacts from pro@®wuaimshgasn dp rpoocleiscsy, i
reviewed thevmeaseselts to develop a |ist of the most
each measure potentiallgs medcdfsipmesdsielb | eof i rktegyyr veentdiion ¢
recommended how to categorize each measure into one of
Key Findings

Fi gurB@rEe®$she cumul ative persistent savings over the el
The graph shows that the interim EEPS target was met

be achiuemwdaelrl e busi(BA¥ssc eansaru sou ailVBhii IEen eHagwads portfolio

provided the majority of the EEPS savings, ot her ent |
Commi ssion Regahdt®RemghkntaitteilBlEenrtg ftantedsai nment refqutilries go
continued contributions by all/l of theswhagh neicessat aa
addi tional efdfe@emrimstionr etcheey € keatthteo etCfO Plad de mdbbuenness as
usualeotnefrogry ef ficiency programs and the economy, in ge

Fi gufde E8 mul ®teir seéEsnteerngty S@Wh N2gs0 3HDEPS Per spective

8,000
Future Technical
7,000 ) F —
Future Economic
:maassEs Future Achievable - High
n
6,000 s Future Achievable - BAU é
Naturally-Occurring L @
5,000 S
mmmm 2009-2019 Programs b=
=}
= Codes & Standards 5
% 4,000 Solar PV Generation
== == Statewide EEPS Target o
zZ
3,000 82
S £
S 9
a<
2,000
m
3
o
1,000 e
Q.
@
o

2009 2012 2015 2018 2021 2024 2027 2030

Theegti mat es crheafnlgeec tt ot htehe HBI S A bsatcaen danr dl atthea Dwvehciecntb e r
essentially removedst hadlaled osmfdf @dterofoftshhilisdatcihragisgy et twats

4 Commission Regulated Entitysavings include savings from utility administered and third party administered energy efficiency programs.
The bulk of these savings are anticipated to be providedby Hawai 6 i Kda kslang Ytilitg Godperativg KIUC)

5 Non-Regulated Entitysavings include savings from legislative mandates, neprofits, other coordinated programs, building codes, and
federal, state,and local appliance standards.

5 On December 27, 2019, the U.S. Department of Energy issued a final ruling stating that the efficiency standards for GSILsatmeed to
be amended; therefore, the backstop did not go into effect as originally planned. (Eir 2 of EISA called for a 45 Im/W minimum efficacy
backstop for general service incandescent lamps (GSILs), which was subject to an effective date of January 1, 2020.) Thissrttest potential

Appl i ed Ener gvww.appliedengrgy§roup.com UA O



State of Hawaii Market Potential Study | Executive Summary

woul d have beeappltitandatsetdandards (Cotessawidn®&sanddat de
be hacalddhrough programs and/@ar e tshheaulidn theer vteankke no nvsh en ¢
results with other potential studies compl eEtleSdA iTn etrhe
2 might be different than those used here.

Tabl dp ES&s entcsunmudtaali vee mpermr gy s@awnmimigat i 7vpeo tseanvtiinagls est i mae
for the Sthoe sé&l BEelwvedugbalPB84P020, achBAUabherpgypteavia
are 150 OGWhofort hle. 5Sbasel ine for g@gerastiesn@mngR0da8yi tgsnuaae
GWh or 20.6% of the baseline f-BrAdJcaxatsef.or t he achieval

Fi gurdeantHS gurbeprEeS ent t hepeaowsmeshetntyesavings and the ba
as compared to eactbnpotespeati peloyecPotenti al esti mat
ramp rates approach maturity and measure saturations
savings for the -ahcihg he vcads &8 \§moetoer n t2i8a b2a% eol fi ntenef or ecast .

Tabl-& ESumulSaatvei Mogtse nt i al Summary (AGWhoE,s | Aloltd sYeatraesr s

2020 2025 2030 2040
BaselineForecast{GWh) 9,790 9,982 10,132 10,955
Cumulative Savings (GWh)
Achievable PotentialBAU 150 737 1,329 2,262
Achievable PotentialHigh 150 963 1,755 3,089
Economic Potential 455 1,951 3,014 4,125
Technical Potential 563 2,399 3,695 5,088
Energy Savings (% of Reference Baseline)
AchievablePotential- BAU 1.5% 7.4% 13.1% 20.6%
Achievable PotentialHigh 1.5% 9.6% 17.3% 28.2%
Economic Potential 4.6% 19.5% 29.8% 37.7%
Technical Potential 5.7% 24.0% 36.5% 46.4%

savings from lightbulbs fall outside of codes and standards aha portion of those savings are available for future programs, while a portion
is allocated to future naturally occurring savings.

"Throughout this report the | abels o0energy savingsoé andsistentenengy ati ve sav
savings.

Appl i ed Ener guww.appliedanergy§roup.com g
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Fi gufrdeStES eOminduel at i ve Sa\Fi gur¥fb5eStEaS eBmisdeel i ne and P

Summary ( GWh) Forecasts (GWh)
All Island Energy Efficiency Potential All Island Consumption
through 2040 through 2040
6,000
= Technical Potential 12,000
= Economic Potential =
= 5,000 # Achievable Potential - High (% 10,000
= ® Achievable Potential - BAU ~
e 2
«»n 4,000 © 8,000
= ©
< ko)
& 3,000 £ 6,000
32 s e Baseline Forecast
.8 2,000 b= 4,000 Achievable Potential - BAU
o § = == == Achievable Potential - High
o %] . .
1,000 S 2,000 Economic Potential
(@) Technical Potential
0 AR 0
O M A% A0 D A SV 4k 40 D O D N A Ak 0 D O S SX 0 D O
U V'V OO & N X
ENESESENESENENE SN OEESENENESENENESES N
Fi gur&sheSvs rel ative savings by island and military
consistency among islands. Military acFhiigeuvrdeb hEBSV$ s | o w

that Oahu has théMhughestl pdeenMbllhlaienangylLamaai hgs p
i sland correlates with the ellecttrriiciitty comswmpttiicoom by
because of significantly more homes and commerci al bui

Figuf6eCubuil ati ve SavingsFigu¥fifeActhS evabl e tiygh sRom®

Summabryy | % aonfd Bas € Military (GWh)
Potential by Island in 2030All Sectors Achievable-High Energy Efficiency
u Technical Potential 3,500Pr01ect|ons by Island and Military
50% = Economic Potential = = Kauai
’ = Achievable Potential - High < 3,000 IM?IE:ZIry
40% ® Achievable Potential - BAU 9 )
0 . . . . o 2,500 Maui
=2 = Hawaii
30% [ I I O | N % 2,000 — =0ahu
20% I I I I 5 1500
g BE| B L
10% & 1,000
39 500
0% &
0 iiiiiiiiiiiiiiiiiiii
Q M A A0 D A0 A 41X 50 D O
TV DD &
S N S Sl S S S S N
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n higher potential -felratsead/i h@gse ud dicowe |Auaelsi det ai | ed r
sl and.

FigurBpreSents the cumul ati ve s avTihneg sa spdo tceonnipicasli tbiyo ni sad
achievabl e potential savitrhes!| avad s hiaamoorhgy e roddnsailsled scanmtd asc r
i s explained by tulse 4ga@tcthmatl iogn esf. elrhdat i so,n ihnigg hreers uslattsi
i
i

Figuf8e E8mul ative Savings Bgtamd afadr Stum@wviyl i t ar vy

e Technical Potential
Kauai 3.500 Economic Potential
200 Oahu : tertial - Hig!
o F atential - ngh
150 3,000 , el - Al
100 LY. otential - BAL
50 2,500
0
2020 2030 2040 2,000
1,500
1,000
500
0

2020 2030 2040

600
500
400
300
200
100

Maui

2020 2030 2040

700 -
- . =07 Hawali
00 Military 500
400 400
300 300
200 200

0 0

2020 2030 2040

2020 2030 2040
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Fi gur®prEeSsents achi e-vhaibglhe bpyotseidtiwarng t hat commerci al
projections are greater t hamhitshoisse cfoorrs itshtee nrte swidtehn ttirae

as a result of impactful savi ngsT hfersoem-lsee ¢lé¢dorrg aldied tt sofi n
military facilities.

While absolute savings potenti al is higher for the <co
are higher in the resHidgeunrieD aHS " secmeansast Babwmoiant i al

of overall usage could have a greater i mpact on custol

The subsections bel-bawvdesathd&biedt aecdagetmonnn mor e

Figuf9e BShi eHalPload e Foirak Fi gufleD BRS hi e-Ha Ploe ebtyi a

by SdGtwWhr Sector2w3®f Base
3,500 25%
m Commercial M Residential ® Commercial
3,000 m Residential
= 20%
=
92,500
2]
o 15%
.S 2,000
>
©
n
81‘500 10%
©
(3]
'§1,000
o 5%
500
0 0%
O N A A0 D SO A sx 50 D O T N S N I N
N A A e M e M e A MO NI RN N CR R
OO S S S S S S SIS oﬁ@*w“@‘\@ SRR
N N
?\
The analysis found that a handf ul of residenti al and
savings in Fagahlktheadti gu.rexsESw t he projecacteesd deavi mafgs ah

comme mMmeiaslures that thanrb®u&Wh mofr ecumul ati ve persi st el

1 Resident.iTehleese diem@ma s at e with greatest ssa,viwlgiashk s sol
the -ebéctiveness test throughout the studeyWditi mes ho
phased out. However, even with the tax credit, sol a
which | imits adoption Tamed haicghh eyradwteh pion ebasal ine
t hr oughi n20r3edgnucl camne :h e@me yhegaitr conditioning potentia
efficient ductl ess aief fcontdiitd menes st gpsats.s Itrh ea cistti on
systems include connected t heefrfneocsttiavte sianv i mogsst, awphpilcihc

9 Commelt cbsalcitghti ng end uses are repocemmeameidaslunetouRA ¢
combinati on-usfe hinglkenesndy and popularity in programs
top mesasscedarde | inear LED | amplsus( TcLoEnDisr)olasn.d LED f i xt |

8 Low- and medium-income (LMI) homes have a much lower saturation of air conditioning so have much lower potential savings from this
end use. Relatively speaking, the savings from lighting and water heating are higher in LMI comal to regular income.

Appl i ed Ener guww.appliedanergy§roup.com WA A A
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Figurlel BESp Residenti al MZEuansuul raetsi,v eA | 9 g&M/sn)gasn disn 2 03 0

Residential Top Measures

Solar Water Heater (Replaces <= 55 Gal) INIEIEG__; I
Ductless Mini Split AC I g

Refrigerator - Decommissioning and Recycling I |

Clothes Dryer || I | m Achievable Potential - BAU
Connected Home Control System NN & Achievable Potential - High

Upgrade Zonal System to Ductless Mini Split IR = Economic Potential

Building Shell - Cool Roof - I Ry

m Technical Potential

0 50 100 150 200 250
Projected Savings (GWh)

Figufrle2 BESp Commer ci al Me-€smuéeati xel SH&WHRgdsin 2030

Commercial Top Measures

Linear Lighting - Interior Lighting I 00000
General Service Lighting - Interior Lighting I
High-Bay Lighting I 5
Advanced New Construction Designs I R |
Water-Cooled Chiller  IENES I
General Service Lighting - Exterior Lighting NGy ]
Water Heater I

Air-Cooled Chiller I I
L m Achievable Potential - BAU

. R.TU ﬁ_“”—'—'-_l # Achievable Potential - High
Exempted Lighting :

Refrigeration - Demand Defrost I |
Central AC IEIN|

= Economic Potential
m Technical Potential

0 50 100 150 200 250
Projected Savings (GWh)

Resul t s f8r708mb AEIGY smodvet hat DSIN ergersadurnoge 5 g 0 a figirgesaettetry

energy tshameggy effichehpyngl ¢lawai whi¢aclal EBPadgoalss,
grid needs, includinBi pernk3l E®adah trsedituecs ti iotoesn. t he hour |
anal ysi s. The gr apchtss sfhoorw esntearcgkge dE€EH fnigieaed krgecays  EEr)i d s er
option, aonutiandfuesptpl us critical peakThe ircdawl tOh DAW+d& R P
2030nd are provided for the residedbtbagperaindi calmmee ak at
average weekday, a.ndThea eE R giempacetksenrdildfdlhe opto tteme i al , whi
CapacibDegrease i mpaddchnraecfallevabltd@pot minnejvaelrt u otf o me r

acceptadmndistyent with the previous DR Potenhti al Study

9 Acceptability refers to the percentage customers that are willing to participate in &DR/GSoption in exchange for financial incentives

Appl i ed Ener gvww.appliedengrgy§roup.com uA E
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Fi gufle3 HSur |l y

Residenti

DSM Impacts - Critical Peak

St acked

al

| ADpeaccrtesa s(eE@ yat nQIA @QpetC P KT)y pbey alhady Sect or

Commerci al
DSM Impacts - Critical Peak

Oahu,

180 180
160 — HVAC 160 — HVAC
140 m \Water Heating 140 m \Water Heating
120 | ighting 120 | ighting
= 100 mmmm Refrigeration = 100 mmmm Refrigeration
= g mm— Cther = g mm— Cther
60 — EVs 60 — EVs
20 ——TOU + CPP 0 ——TOU + CPP
—DR/GS —DR/GS
20 20
—EE —EE
0 0
01234567 89101M1121314151617 181920212223 01234567 89101M1121314151617 181920212223
DSM Impacts - Average Weekday DSM Impacts - Average Weekday
180 180
160 — HVAC 160 — HVAC
140 m \Vater Heating 140 m \Vater Heating
120 | ighting 120 | ighting
z 100 m— Refrigeration z 100 m— Refrigeration
= g mm— Other = g mm— Other
0 |__Ja'5 0 |__Ja'5
a0 —TQU + CPP a0 —TQU + CPP
—DR/GS ——DR/GS
20 20
—_—tE —_—tE
0 0
01234567 8910 1121314151617 181920212223 01234567 8910 1121314151617 181920212223
DSM Impacts Average Weekend DSM Impacts Average Weekend
180 180
160 — HVAC 160 — H\VAC
140 mmmm \Vater Heating 140 mmmm \Vater Heating
120 mm Lighting 120 mm Lighting
= 100 mmmm Refrigeration = 100 mmmm Refrigeration
= g mm Other = g mm Other
60 [ At 60 [ At
0 —TOU + CPP 0 —TOU + CPP
—DR/GS —DR/GS
20 20
—EE —EE
0 0
01234567 891011121314151617 181920212223 01234567 891011121314151617 181920212223
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Key Insight s

Continuing with a business as sthowkldded aapfpfrioaicéint ot @ nme gt
target by 2030 mpdotwawvnweecogni zd 9t maty ®G@VIrBdefi ning wha
ual | ooks | ike inoghemButwdepoTheyefoterventions may
opbseltbssees du€e€Otvdl®a epnoesrtgy ef ficiencyol aedscapenou
mul ative savings by 2030. Fortunately, results from
substanti al a mo uenftf eocft iavded i sta voinnatl & ycaorsee a heit IBAldled pr at
hieve theg RBOR® .gddhaihteibem mdaemifo ropmpew t uni ti eesndrogy secu
v isnugcshin arsiempr odwdé f ®red tbonbugbl mhekénmpmeéascagho@eil or
ergy trephmealtpsspamdl hgsmor b amemiedf r ee katttdr &€ adcdme s
businesses.

Cc O w

5 O O

sessment of the integration of hour |l y ¢ hmpldicgthst forno m
e highest i mp apcots srisdbarsautreegsi ean df or ma x i em erisgayy i hge ac
tentaal pealls ud&eanp erassled itmparceduce peapr deatdleaedr agrdi d
er vicegstrled ESntoufnt esse nft i on aoplt it hms associ at ed tmaggrpieng o
ptions. The intervention options are described as

O T w

u
t
c
a
a
S
e
a
A
t
p
S
0

PBFA ProQosams:it iiorago of fer a mix of successful me a s
wel |l asngprnoemw smeasures through the PFBA programs. Th
hi ghest potenti al are residenti albasyollairghawaitnegr. heater

PBFA ProgfFamsCoedre / StComad addr hefsfee rmenags utr e sA t hr oug
programssdrabbfyuthaitnegt e codes anmnd het pandgr dso ( obby for
standards)

DR/ GS FacCdnistiadtear continued and further collaboratic
to promote oOconnectedd equi pment and measures that
services.

Ne wlteynac tStean d:althése measures fal/l underf fae cnte w ns t2a0On2di
transitioniangPBFRvayprfd¢goinemi s a uni que situation, and
the savings are called out separately.
Fi gurleprEcsSvi des AEGO6s recommended distribution of the m
analysis by intervention type for the residenti al an
bubbles is proportional t o etnheer gcyu nsualva tnigvse paoctheinetviaabll & na
meas ®#Oeerall, this subset of measures consists of 18 |

current and new program measures beyond these have t|
fuerhexceed the EEPS 2030 target.

10 The figure lists the top two measures and associated savings for each intervention type. Chaptetcontains more detailed results.
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Potential for High I mpact Me

Fi gufled ES8 XU mul &Atcihvevabl e

Residential Sector

PBFA Programs or Future Code /
Standard

Refrigerator
Sl decommission
w:t:: and recycle GSLinterior
ol . lighting
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shapes and i mpadty peehpeoaels dbdegmamdusiendg chmalny yi s t o ass
var ipoeuask p.eri ods

Scope and Limitations

The MEB®Spe covers both annuaheamgyg RkPdit &y tetimmdpisiadteens i afl
andomme rsceicabonr se ac h iassl awed Hreidsi. Tta@eryscope al so iodcl udes
the potenti al faonrgd eearke rdgeymasnayv irregdsuwca i oends rf atodahe dnasnidg n s
response [/ grid service (DER/pG3)e ptrhoeg rbarno aidn tsecroveen toif o rt sh
felwi mi tahatonar e inmmepnotritoann:t t o

AEG performed a f ulflor8 7a6l0l hiosulrd nyd salindatil &/ soilesipymptr e s anys
the hoeusrtliymates ettlorafeey y peswi t h f octuos noann ajaeh ud o c.ument |
There is |l ess seasonal variability in the State of

hourly variati-oypyples tdaddihtrieen.,dawe present npashtulys Oahu
| arge sharetiodlThlee umdteehyi ng datlaodd sahvapgduabflday o |
types and islands more closely in future work.

Theri mary mar REG rcesdacphldt of the =2i0rMwWo IBwesck | d wnrev eSyt 9
al | i slands served by Hawahieiraenf oFlee c tsruipa rlymd msetd reif enso
custom&asaof |l sl and UtKIIUQ)y. Clohoepreerfaotriev,e t(o devel op m:
esti mboes KI BEG carried out ata oaba seedteirman snfaartckeelti z
charact erisgidntbiskret @rmr oHEI ecsybBéfoamerrsepmesentati ve as p
custometsg8.afefvi ewed ndh emarekseutl tppr of i l es and provi ded ac
reflect their customer popul ation.

13 2019 Hawaii Statewide Baseline Energy Use Study, Prepared by Applied Energy Group, Prepared for the Hawaii Public Utilities
Commission, 2020.
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State of Hawaii Market Potential Study | Introduction

AEGG6s focus for the MPS heasweonmrdcedengy pefiforenayf ul
study. hestD&Rd &GS tanal ysis prebPRtBPdt dirtricall eSteuchygeson
HECO i nan2d0 1bp d aRt0eiEst i mat es of DR/ DG potenti al refl
potential, wher e i kel y agdoph | ODR/ GAt ept iaocre - mpgd i ekl
effect.isFaneber analysis is recommended prior to i mpl

The reprudsesnAddanoed Rabepe Aaalfywmicei ehasotficities assu
anal,ysvhs ch are borrowdgtebereomaotmet essudiasvary widel
cust omerTot yvaelsihdeatad pasi sor med for wehirecsesmmdnd t hat S
experiments (pilots) be carr-ispecobtcipl latvac-itites gk
var yi ngl hressteesexperi menmtsiceohnwbuilndatti eotnes @i ignes , si gnal s
enabl i ng iteeacnhdnuosl toogme r engageteamdg/ieseadbaockr ecommend
mar ket research (focus groups and conjoint anal ysi s
participation rates wunder alternative scenarios of o

Report Contents

Threporthitpeeer Tlke first part provides an ovperrevsieenw so ft hteh
mar ket char @dbeecopradatd brnesseef éhergncfyr pmtteme i mér specti
t he EEPS fr ameé wtkropnasriTctheer s addi titbaal mighér cempl emsent t

fromr &€lEat ed i mtnedr vheorutril Mes chepact sbe each section bel ow:
Part 1:
2. Analysis QOpeproge®ewi dever anewaohl| ybées fagppnmduadcthiing
mar ket potenti al study.
3. Mar ket Char acceasecrrii batsi bsaw dHwsstaed nmeelrect ri city in the |

studyw, Th2Z0sl1 i s the starti.ng point for the analysis
Part 2

4. EnerbBfyf i ci encydeMsecaads bresst he s coipnec |oufd etdhaeis sneesassnuer nets o
eneredyfi ciency potenti al

5. BaselFo mec a &6 6 rsiebvees al projections developed for this
potential savings .from energy efficiency
6. Ener Eyf i ciPon @y die actrti hbeewse ryteyssravi ngs ,paot eemt iaannual b a:

t hrougoh 204

7. Savings from EEpPrSesRer & p edcniedrs\gegs ioovfesr t he entire EEPS
fromM920 hrough 2030

Part 3:
8 Potenti al from Advapnrcoevd dRRat es tDiensaitgen ©f t he potenti
rate designs on energy consumption, peak demand and

14 Demand Response Potential Assessment for the Hawaiian Electric Companies. Draft Report. Prepared for Hawaiian Electric Coynpan

(HECO), Hawaii Electric and Light Company (HELCO), Maui Electric Company (MECO). Prepared by Navigant Consulting, Inc.emvefer

No: 181292, November 13, 2015

15 The DR/GS analysis does not include an assessment of casffectiveness because the hourly avoided cost information that would be

required for valuing time-of-day-based savings for DR/GS opportunities is not yet availablélourly avoided cost information is expected

to be available once HECOGO6s I ntegrated Grid Planning process is comple

Applied Ener guww.dppliedanergydroup.com pn



State of Hawaii Market Potential Study | Introduction

9. Potenti abDenfarnodm Response andi n6f udesSepovtienea $ al i my
i mpl ementation of demanbDRfré&Spopsegfamsi d service (

10.I nt eggBE,i nDR/ RX,t essmtbi nes the hourly impacts from er
DR/ GS, and advanced rates

1.l nt er venti oaex Cloonfrceesspatpdo piodaineyveéehttoreoul d yield mor
savingesmbinndigl eaver agéefnfgi ecinemgwy,d DR/mMBI d amd epol i cy
i nter weotalsomdevel oping new .codes and standards

Appendprcoevsi de details onsvadyous aspects of the

A. MPSOut paadantains detail eMPSIreslyy diimscif uadmngheesults rel
charact erd zaltii men ,pfroorgerceassst rsg a w thaeg EE P Sa ntda rpgoette nt i all f
savings through 2040

B. Technol oglyi ®mtparroav dedéai |l ed technol ogy saturation da
commerci al end uses by market segment and island
Measur erbvedes a summar y Iliinsctliundge dofi nt teh emeMaPsSu. r e s

D. Advanced RatRr eDseesnitgamtsico hbes t han alagtsed skseuditgsn i n mor
det ai l

E. Suppl emidaou rfRleys ud anst mbone derteasiulleeds f r a mptada | hyosuirsl .y
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2
ANALYSIS APPROACHOVERVIEW

AEGsed a -bpt aaml ysi §ogaopnpdruocethién gHa wakii g @4PeSl.| ustr at es
approach.

Figlte Overview of Analysis Approach

Inputs Analysis Steps Ovutputs

Base-year energy

*Hawaii data consumption by

Market

*Baseline Study
*PY19 TRM
*Secondary data

Characterization

technology, end
use, segment,
vintage, sector, and

island

*EE, DR, IDSM, DER,

behavioral |deniify Comprehensive
*Savings & costs Demand-side e ond
+Lifetime Resources ay

* Applicability

e Forecast drivers

* Appliance standards
*Building codes
*Generation
*Naturally occurring

Baseline forecast

IZ through 2040

Baseline
Projection

* Avoided costs
*Non-energy benefits > Estimate
«Discountrates Impacts
*Parficipation rates

Technical,
economic, and

’ II|I||| achievable
_ll|-|IIIII|I potential

* Most impactful measures
* Assessment of metrics
s Infervention options

Potential impacts
from programs and
policy interventions

Intervention

Assessment
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State of Hawaii Market Potential Study | Analysis Approach Overview

The following |ist summarizes each of the major anal

Mar ket char aeéerefrarznetdi oan mar ket characteri bygti on
technol egdsfeod t he BedohmetsEexédflorrs t he D&XEE nyeiaxrt,e d
eparate analysis forindlegdndad i HBAQ KliD&tian g¢ daentda eAsM|
ustomer survey results from they20486"8HHbwadgy 1S¢ adle
rom HECOd8s 2019 Residenti al Appliance Saturation

- N "0 O”

nformation Administration (EI A).

Redential Ssgmemtred by i sl amadme howrsd tnrgu cttyitpaeny sv ngt
owner ship, income | evel, and participation in net

Commerci a$Segrmentoed by island, building type, and

l denti frydsdema r esDedrin med: and characterized sever al

y
t

w
S

019 (PY19) Techni cal Refsercomadeo Maoesal s(dRMa,s dmae

a

b

integratedi de mmadagement , demand response, and behay

al | sector s, segmend sy e laenpde desnadu rucsee sl.i SAEGusi ng Hawa

pro@ms, measure | ists from other studies, new/ emer gi

wor king group.

Baseline pDeovjeel coteioaprraolj esmtfd loenc tadcs ump tii solna mody,t or
segmentuseendand tecBnhhl @2 nrnutx01 ncl uded forecasts

distributed generation, and electric vehicl es, appl
to be taking effect aftero2oildg eafmfdindiddrecsgeernwircaef n

' ighting and sotl @aach nwalbedii enselhatsienfgone c as tastthoe wunseet r i ¢
against whichf fawamupreo graavmsn gan d aorteh enmme aisnutreerdv.ent i ons

Esti mat e :Bsmpgamritrewalchni cal , achn emiabkattndt the mea

(
[
a

S

| evteéllr ough g2a0u3gle tpor ogr EERSt owsahwel®ttas provide a found

for future program considerations

Expanded t hemoadngdd6hdmius | yoi onpaehsr gymeefsfuid@imamdy
response and( PRI, &Sapnddv ahced rate designs.

Il nt er veaermstsieesms Mmenassess potenti al i mpacts from progr

AEGevé @ Wmeas-liee el traeesvuelltosp amd ststi mda d thfeuhl a rmeesadseurriezs |,
how each pnoetaesnutrecat segta of kel fdtepbssi bl e interventdi

0O |

andecommemawvw dtad egori ze eaomemedsiamheeifmtamti on opti on:

The subsection bel ow prLowiddVAP morde | d aitseeidl fomr tththe ana

LoadMAP Model

For thisAEBGsadd sABEG6s Load Management AnalEysverandnPbact
to devel op bothusbepbapetthneneadd the esti hatadMA®f pot

in 2007 and has enhanced it over time, using it for th
specific forecasting and potenti al studies since. Bui
and transparent ianmgd kheays ftehme ufrcelsl.ow

BAMI refers to O0Advanced Metering Infrastructure, al so known as O0smart

17 2019 Hawaii Statewide Baseline Energy Use Study, Pregth by Applied Energy Group, Prepared for the Hawaii Public Utilities
Commission, 2020.
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State of Hawaii Market Potential Study | Analysis Approach Overview

Embodi es the basic pruisnec inpoldeesl so f( sruicgho raosu SE PeRId6 s REEP.
in a more simplified, accessible form.

Il ncl udeac csotuonctki ng al gorithms that treat ol der, I es
sepanelay from newer, more efficient equipment. Equipm
and appliance vintage distributions defined by the
Bal ances the competing needs of simplicity and robt
det aillasedeto equi pment saturations, efficiencies, %
avail abl e, and treats end uses separately to accoun
resources.

|l sol ates new constructioa lbuioimdiexgstanmg egeapsmeptur a
new construction and existing buildings separately.

Uses a simple |l ogic for appliance and equi pment dec
embody complex decision choumetinbgeyi ahohstbe ddhofitlus
tend to be difficult to estimate or observe and son
calibration or even overriding. The LoadMAP approac
equi pment choiacediyean |[yy inmet he model . This flexibl
the results from diffusion models or to input i ndi v
sensitivity analysis.

Can accommodate various | evebs pérfegmedtati bhe #seaeat
tot al residential) or for customized segments withir
Natively outputs model-bylesnel tssummary det &i,| ead | loiwn & g

assumptesefisececoveness results, and potenti al esti mat

Consi stent with the segmentatiion €h #Epmeér sashlde t hea dndA K ¢
mo d e | provides projections| afedhhadsel isergmemer, gyenuasaslky

for exi st

ing and new buildtaogal ébhembgoupeosndesné&nggc

associated with the Various types of potenti al

18 The model computes energy projections for each type of potential for each end use as an intermediate calculation. Annual eggr
savings are calculated as the differece between the value in the baseline projection and the value in the potential projection (e.g., the
technical potential projections).
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3
MARKETCHARACTERIZATION

Mar ket characterization descdeélbest rhioawi tcyu sitm mehes b as eHay
2018. It is the starting point of the analysis and |
Statewide Basel i danBEndHEECYWOEHs20FBuUuResi denti al Applianc
The subsections below describe the approach for combi
with data from KIUC to characterize the Hawai. mar ket .

Market Research

To estimawengbkepot enteifafli cfireonmi emmeearsguyr es, it i s necessa
energy i s used today and what eexduwirmmndrretr anag ttdhorng rddnabd ryy i
mar ket rnes garndctfuysiernn tnydhrei dent i al and Tob8itgeraeviadesean o
overview of the mar ket research data collection acti v
procesishe mar ket research consisted of a series of fi
Hawaiian Electric Industries (HEI); HECO conducted t h

on behalf of HPUC.

Tab3le Overview of Methodol ogy

Definition Data Collection Market Research Cgmféetse/d
Method Lead =y
Interviews
. L . o . al At {c 1 9/ h oXpnn
WSAARSY I 9WSaARSydGAlLE 1002 .
tK2yS | 19D F2NJ nno
{yrtt L ) tK2y$S ! om
aSRAdzY | 9/L2 YY S NOORfdaya al 2 K '9D F2NJ
dza Ay S5 alk At hy yEeR
[ NHS Il 9L ! O02dzyia B wma hyaiids
/dzéﬂayéw\f)\al- NE Z IJRsgpSadianwefS (St SLIK ! 9D IR2NJ do
~ Apartment Ownersi h10oh OO2dzy i Ay (i SNI.
Residential Research Design
AEGr gani zed etarech design for the residenti al sector to

planning to conduct ai RA®Ss dpocooyg itded tavon dedyf or t s
Theref drfrees i d earsteilalneb sur veyt e sfi ginl d micdhg ded

Leveragi2md 9t hHECOGasRMAS Secondary resoumrcee tfher HEICO NRRA
sampl ed by i sland and energy use and had a rel at.i
resnpdoent s), it could provide the | evel of granul arit\y
by the MPS.

19 2019 Hawaii Statewide Baseline Energy Use Study, Prepared by Applied Energy Group, Prepared for the Hawaii Publididstili
Commission, 2020.
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State of Hawaii Market Potential Study | Market Characterization

Conducphmgpea audit 6 P/ rAe s isduernuit é, _
AEG and HECO coordinated the

AEG designed these surveys ttOIOquestionnairesfortheRASSandthe ail ed
fr om (Eust omer§ by hf:lVI ng tthiermo u baselineP/Asurvey,butsinCEthetWOEd wa
audito of their residence. Res| gyyeysusedfundamentally different - NT O U
on a -bgroonom basis and r e s pond e methodologies (with the RASS about
enerugsyi ng equippraemrt fiom each r o completed mostly on paper), AEG o
moretdil ed surveys mad e it pos analyzed the results of the two surveys al |
most) of the relevant techni cal]l separatelyforuseinthe MPS. ui red
plan and, in many cases, to capture nameplate inforr
Nonresidential Research Design
To capture the technical i nf ArEMantpil oenmedd sidr etdn rfecer dtid e
efforts withinstelcd omanresidenti al
Amai | / onl i newi 8Mmhadl)l saunrdv eng d$ MPo ubsu imbes s o(a | of th

survey wasmotsd odvetrhe desi r eds usfurigesagennutloaptrietey d wi t h
reasonabl e basis fopopxphoibng espethfecestub

Aphone audi't (afmoAy S MB vceugs tcoanpetrusr e more detail ed i
custombreughii dedt hwadlkghsiamidli a6 to the residenti al P
Responadwantksshd ough t heir fbayrcaodmt g+ pasrr emea rboaosm s ealnd r e s
to qgquestionsuabongtequpelpae@atf on e achg aibmem lkoorn gaerre,a mor e
detailed surveys made it possible to capture all/l (or
required for thei memeaemy cchapdsa,n tamdcapture. namepl at e

Onsiotre t el e pdheopnteh i nt BF &) ewbt I | arTghea rdgues tcaame o mer | I
ranged fhomrohpep duratiomst mesededr dlo aprntaure i nfor me
buil dings associ at eudniwguteh sae tgsi voefn ssoineet iaitmeds Qqui t e so
The rcehs edaersi gn treated the mail [/ online surveys of SN\
comprehensive) surveys that could be used for most of
audit (P/A) interviews treampdehensmiove wecsirahe ahdt me

As a rreca |IStMBwr veys wer,d heo mglaent catjlge etgvad edat abases to
single sample representing the SMB popul ati on.

KIUC Localization

KI'UC customers wereonetsiunwekydddsignther the 2019 Hawa
Use Study. Therefowues,e tpogodeVvelsog oen &d gJyC, AEG col |l ecte
KI UC (cust omearn diairlkleitn o edseetaa ch r epor t ss)p dadnidd d atear tucs etlde
extrapol ate the mar ket research results for the other
of K& aJiC. provided feedback regardiprgofti hesprealdi iiEnG ry
adjustments to applsiagdnunceatanmdtse qoit a@méyt air conditionin

Market Segmentation

The mar ket chegaotselwé z2dhegmentnaet iStmatafsofel awaiiici ty foo
guanti fy enieglgayndu/snei lbiyt ary, sector, TFTalpIkepnrte,semetd dt he
segmentati.on scheme

Appl i ed Ener guww.appliedanergy§roup.com MM



State of Hawaii Market Potential Study | Market Characterization

Tab32e Overview of MPS Analysis Segmentation Scheme
S3ayvySyil
£ NAF 6 S5SAONRLIUAZY ISLAND/MILITARY

~ = ht KdzZ 1 gFAAZ ald

LathyRKka 1y v xs artAdr NB

{SOG2NJ wSaARSYy(GAlI X O2YY

wSEARSWANWAITESY FI YAT
R - K2YSsySNEKALIZ AyO
{SIAYSYU | NIAOALIN GAZ2Y AY

[ 2YYSNOEAEERA y 3 (&

+AyiGF3S 9EA&GAY3 YR ySs

/22t Ay3s fAIKAGAY3
6F&a LINRINBS o6& &S0

9y R dza$

OKy2t23AS8a &adzOK
YRAGAZ2YAy3 S| dzA
. asSt Ay S 8 TR GKAASYK
L a | S

¢S
2

OKy®t23 g

SFTTAOASY LILINE LINR F GS F2

High-level Market Characterization

After defining the market segmedsttattiliormhachemeri watpomi!
sales in tRBR&@l1lBas®Weyeaaerd detailed billing data and cus
resebochl éomemagy use antdheusw & simasmesicsttaoords segments such tl
tot al customer count and energy consu8pitliloinn gesad a&cthee.d T
hi ghevelwedraet aus aldieba &ate-y basemar ket profiles (described |

I n 2018, the Statea ofotlddwaifAsd¢sBrcEvanddNga n Bi g 8-4,©a h u
account edooffort hGa. £ onsumpthenmi fiol aowedlby9 %, which is

Hawaii Ndadis3@bhbH. 3%), and tThhedI-epghegentsd atndes.control t o
i ncl indHmigl irteasriyd @ oimii d ligaamnyer ci al , (&xmdnbminlaitt amy of resi d
nonr esimielnittiaarlg.3 i me-ni | tctoamnyer ci al sect%Bof calmprcorsu m@Bt i
in the State of Hawaii , ,rtdawilyd envteidalbys ¢ diteor (35. 0%) and
Note thetsitdlreant i al and commer cireelmasdeecrt aad pdtirdicasascscioaumst i
t hrai | it ar(yi rseescjtdminkt ifechaciyhmndi eenresi denti al military fa

the residenti a$ e amnarpeacmme/rediyal
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State of Hawaii Market Potential Study | Market Characterization

Tab3d33 Mar ket Charlytlegl ¢ Figgte&lectricity Cons
2018 2018

Electric Generation  Consumption

Island

Sales (GWh)  (GWh) (GWh)

oahu 5,224 703 5,926
60.9% 56.7% 60.4%
Oahu
Hawaii 957 151 1,108 )
11.2% 12.2% 11.3% = Hawaii
Mai 940 171 1,111 Maui
11.0% 13.8% 11.3% B Kauai
. 421 20 441 m Molokai
I 4.9% 1.6% 4.5% _
H Lanai
Molokai 21 4 sl i
0.3% 0.3% 0.3% ® Military
Lanai 25 1 23
0.3% 0.1% 0.3%
Militar 979 189 1,167
y 11.4% 15.2% 11.9%
Total 8,571 1,239 9,810
100.0% 100.0% 100.0%
Tab3dde Al | | Maakds Chabwn Fi gg2 Al | Il slands Cons
Sector, 2018 2018
Seqment Electric Generation Consumption
9 Sales (GWh)  (GWh) (GWh)
Non
Military 2,665 767 3,432
0, 0, 0, H H
Residential 35.0% 35.0% 35.0% Residential
® Commercial
I\Nﬂ‘i’“'t*ar 4,928 283 5,211
y o 53.1% 53.1% 53.1% m Military
Commercial
Militar 979 189 1,167
y 11.9% 11.9% 11.9%
Total 8,571 1,239 9,810
100.0% 100.0% 100.0%

Market Profiles

The next step was to develsdpsmematrokret cpursafoimeesse sfeogrmeea ¢ |
technology. A market profile includes the following el

i1 Mar ketissiazeepresentation of the number of customers
t he wutnhrmu mbser of househol ds. I'n the commerci al secto
feet .

Appl i ed Ener gvww.appliedengrgy§roup.com MM H



State of Hawaii Market Potential Study | Market Characterization

Satur adteifoamse the fraction dft hhares vaard osugsu & reee hfneod to gw
of homes with electric space heating).

UEC (unit ener gy c¢consuanpRupttiiloinz)a toidoerEdlirl h H(eexn)éd hgy a mou

energy consumed in the base year by a stpehcavie ct hteec
technol ogy. UECs are expressed in kWh/ household for
in kWh/square foot for the commercial sector.

Annual ener gyori nttheen srietsyi dent i al sector represents
techngy across2®@181 thoimescomputed as the product of t
is defined in kWh/ household ter ms. For the commerci e

the saturation and the EUI ,e rteepcrhensoel notgsy tahcer oasvse raalgle fu
base year.

Annual ius atghee annual ener-gyeusedhmgyg!l cecayc hi entdhe seg
product of the market size and intensity and is quar

The subsections bel owastuemiazatzieomanrd&eul tcshaffor the re
secthpmpenAkioxnt aomes dnet ai |l ed mar ket characterization r e:
each individualApnpaernkdeint>o siedjenemal. ogy b tsuerca toiirsrafadlalt

key end uses.

Residential

I n 2018, 4t7h8e,r0e8 wehroeusehol ds i n the StateUsoifndglatwlme i HEGQ@

RASS database and Y hferomsihenBasaél swme vt udy, we segme
into 11 segment that varogwmercohidg ngt & tdursbwedeal di ndgnatloapsss,i
into two groups: r eq@uwlda rmoidier e anwhil oltw wae @&fli9ned

Housing and Urban Devel opment (HUD) threshoPkPd for hou:

TabB®shows tthieaerage househol d cokWhOhfpttihoen ewaesv em, 2r7els i
segmetnhte ,sfiammgid ep-eccupi ed hwmaues bbb ohidghest comrsgmBBi on | e
shows tolga tshensrfa i Inyescawpi ed, regul ar i-fnacnoimey , a nnde tt heen ec
met eaedount e¥o fif mtral5 7r esi de ntTihael ncedn senrepftyiEkdime e o é d s
have the highest average houseBRbyarde dbosNgHMD t ¢ WwNt, 0 mesr spr
generdttetriciameatof heet plircchygsedhelysemeadcoowsi der abl y
enerogryer &ll ludfisgenp ac@®ol.i ng

Across t heppirsolxainndast,ecap s B@ /e rosf f al-landntmo diermaoaadedw )
categories. They tempaerc dtolsraermet H e srse gwmleargyi ncome cust on

20 The values used represent 80% of median income for a given household size and are identified below:

HH Size Honolulu Maui Hawaii
1 $67,500 $54,700 $44,000
2 $77,150 $62,500 $50,250
3 $86,800 $70,300 $56,550
4 $96,400 $78,100 $62,800
5 $104,150 $84,350 $67,850
6 $111,850 $90,600 $72,850
7 $119,550 $96,850 $77,900
8 $127,250 $103,100 $82,900
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State of Hawaii Market Potential Study | Market Ch aracterization

T a b3b5e Al | sl andMaR&eitd €htairaict @e g madd & n

SEHmE Generation Consumption Avg. Sales Avg. Gen Avg. Cons.

) (GWh) (KWH/HH)  (KWH/HH)  (KWHh/HH)

Segment Households  Sales
(GWh)

Single FamilyOwn-

149,754 1,065 47 1,112 7,110 314 7,425
Regular Income
E||\5|1|gle FamilyOwn- 66,421 449 5 454 6,762 75 6,837
Single FamilyRent- 15211 109 5 114 7,155 311 7,466
Regular Income
:E:\ngle FamilyRent- 22,554 143 2 144 6,332 69 6,401
Single FamilyNet: 68,737 187 682 869 2,722 9,919 12,641
Energy Metered
Multifamily - Own- 44.000 232 0 232 5,265 2 5,267

Regular Income
Multifamily - Own- LMI 19,629 91 0 91 4,655 0 4,655

Multifamily - Rent-
Regular Income

Multifamily - Rent- LMI 32,066 145 0 145 4,528 0 4,528
Multifamily - Net-

18,926 95 0 95 5,010 3 5,013

Em—r 3,911 13 22 35 3,287 5,591 8,878
Multifamily - Master 36,876 179 7 185 4,843 185 5,027
Metered

Total 478,087 2,707 769 3,476 552 1,609 7,271
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Fi g88 &l | Il sl and R Fi g4 Al | Il sl and Residenti al
Consumption by Sec¢ (kWh/BbHWH)Segmé&at es, and
2018
14,000
12,000
\ 10,000
8,000 I
, _— __=
6,000 ' i
Single Family - Own - Regular Income " _
m Single Family - Own - Low Income 4,000 ! I I I
m Single Family - Rent - Regular Income
® Single Family - Rent - Low Income 2000 I | | |
Single Family - Net-Energy Metered '
Multifamily - Own - Regular Income
m Multifamily - Own - Low Income 0 - 1 1 T 1 1 1
Multifamily - Rent - Regular Income RIC LML R LM R LML R LM Master,
= Multifamily - Rent - Low Income Own Rent NEM Own Rent NEM Metered

® Multifamily - Net-Energy Metered
= Multifamily - Master Metered

Single Family Multifamily
m Avg. Sales (kWH/HH) = Avg. Gen (KWH/HH)

FigBbpresents the average anrbwaleunsid efcamr i@l t yreosindeampit
Appliances and cooling equi pmentqg warcthe ra cafolupnptt afdosru sagpgpe

include refrigerators, st oyvdeiss hwd sohenress, weaarsch emisc,r accw aout ense
of t he e nperigmna nfivdaytl esr hleiag hH tnign g , el ectronics andd the m
which i s compri sed opunipusr,naared fatntser popl ugdé | oads (all
t hose,slucsht eads hair dryers, power tools, coffee makers,

End use compositi od0haswhldaasntg ebda sseilnicnee stfudy was perfo

i Cooling andaraep pribleamgest iennd hueseasver age home

9 Efficient | i gnhotrien gt Bsaefip rée@smems sin thél@wiet agmpshame (E]
compared with an average o). only 1 LED per home in 2

T I'ncredepti sofl waf berat halgowedaverwagteer heeaet hpoege

Compared wi-it inc ornreeg ut akk Mib me resa, c h segmemwerhawva&t ua ati on |
condi tapmliingncesutchEsi s ener gyr ecloantsiuwtepMiti ocrmHtndonuetr ¢ hi s i
partial l ys s fdfsfeitc ibegntl eappl i ances.

2! Baseline EnergyAppliance, Equipment and Building Characteristics Study Report, Prepared for the State of Hawaii Public Utilities
Commission, Prepared by Evergreen Economics, Nov. 6, 2013, with errata Feb. 26, 2014.
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Fi gghs &l | |l sl and Res Fi g6 Al | | sl and Resi

Consumption by End (KWh/HbHHE® gment
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= Exterior Lighting = Appliances Single Family
= Electronics = Miscellaneous

The aver age matrtkeetr e@siod dirsteipdle sseend t&@E h e

T a b36e Average Market Profile for Al

F

RI

Rent

dent i
and 2Bn1d8 Us

LMI

Multifamily

col

s |

umn

and

al

NEM Metered

C

s contai
di fferent components thay eaesdcubsbe acadss tperoebvn ocolussg gye de s c

Resi

End Use Technology Saturation (IiJV\E/ﬁ) (Ikn\}\(/e: /ﬂz) (UGS\?V%
Cooling Central AC 6% 4,763 263 126
Cooling Room AC 32% 2,772 891 426
Cooling Ductless Mini Split AC 16% 3,632 576 275
Heating Electric Room Heat 4% 466 20 10
Water Heating Water Heater (<= 5&al) 64% 1,796 1,142 546
Water Heating Water Heater (> 55 Gal) 12% 1,870 225 108
Interior Lighting General Service Lighting 100% 448 448 214
Interior Lighting Linear Lighting 100% 144 144 69
Interior Lighting Exempted Lighting 100% 106 106 51
Exterior Lighting General Service Lighting 100% 219 219 104
Appliances Refrigerator 99% 546 541 258
Appliances Second Refrigerator 34% 783 266 127
Appliances Freezer 28% 454 129 62
Appliances Clothes Washer 86% 62 53 25
Appliances Clothes Dryer 67% 769 514 246
Appl i ed Ener gvww.appliedengrgy§roup.com MM C
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State of Hawaii Market Potential Study | Market Characterization

End Use Technology Saturation (Iknvt\c/err: /“T_i'z) (lés\;l/%(;
Appliances Dishwasher 36% 115 41 20
Appliances Stove/Oven 80% 277 223 106
Appliances Microwave 93% 124 115 55!
Electronics Personal Computers 55% 212 116 55
Electronics Monitor 62% 34 21 10
Electronics Laptops 110% 32 35 17
Electronics Printer/Fax/Copier 74% 19 14 7
Electronics TVs 123% 133 163 78
Electronics Settop Boxes/DVRs 127% 74 94 45
Electronics Devices and Gadgets 100% 99 99 47
Miscellaneous Electric Vehicle Charger 1% 3,651 48 23
Miscellaneous Dehumidifier 5% 1,652 89 43
Miscellaneous Air Purifier 9% 457 40 19
Miscellaneous Fans 94% 32 30 14
Miscellaneous Pool Pump 5% 2,056 96 46
Miscellaneous Hot Tub/Spa 3% 845 23 11
Miscellaneous Well Pump 5% 523 26 13
Miscellaneous Miscellaneous 100% 460 460 220
Generation Solar PV 18% -8,995 -1,609 -769
Total 5,662 2,707
Ener gy mar leatcrhepsrioddn teisa l Tt ommmeirsne igardecnhh ries Ipareds ent ed

i Appendi x B.
Commercial
I n 2ddM@mer ci al cusStamer ofi Matwlaé t o téa BCWEedda b3-8.

Fi g87vshows htethdtartge ret ail and miscell aneous 1&®odt or s e
the total el ect fiodil towedoauvdgeesedfyf ilcye (12 %).Famd3-Blear ge r
presaméesage all i sland consumptGroonc eprey stqauragse dmdtr eodt

the highest average consumptions per ,sgpurairnea rffohogt doufe at
| arge refrigeratikingdloppds (as shown in

Compared to the residenti al masrekrevti, n g¢ hceorneme rsc Maet sksd wi inlsd
barriers include:
Geography: |l ow uptake/ feasibility in downtown Oahu
SegmdmtwRY uptake in | odging and | arge resorts
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Tab37e Al IColmanredMairaklet Characterj z2a®1®n by Segment

Segment Floor Area Electric Generation Consumption Avg. Sales Avg. Gen. Avg. Cons.
(kSgFt)  Sales (GWh)  (GWh) (GWh) (KWh/SgFt)  (kWh/SgFt) (kWh/SgFt)
Large Office 59,869 762 12 774 12.7 0.2 12.9
Small Office 23,686 303 27 330 12.8 1.2 13.9
Large Retail 88,752 1,043 60 1,103 11.7 0.7 12.4
Small Retail 16,291 183 12 195 11.2 0.7 12.0
Restaurant 6,620 249 12 261 37.6 1.8 39.5
Grocery 5,953 335 41 376 56.3 6.9 63.2
Education 37,873 232 61 293 6.1 1.6 7.7
Healthcare 15,386 303 21 324 19.7 1.4 211
Lodging 33,387 435 4 439 13.0 0.1 13.1
Large Resort 47,120 647 26 674 13.7 0.6 14.3
Multifamily 43,283 215 8 223 5.0 0.2 5.2
Warehouse 39,729 209 100 310 5.3 2.5 7.8
Miscellaneous 76,103 947 85 1,032 12.4 1.1 13.6
Total 494,052 5,864 470 6,334 11.9 1.0 12.8

Fig&re Al Il sl and Commerci al Consumption by Segment,

6% 12% ® Large Office

m Small Office
® Large Retail

5% Small Retail

4% ® Restaurant

| Grocery
® Education

 17%

Healthcare

11% H | odging
Large Resort

Multifamily

® Warehouse

5% 5% 6%

m Miscellaneous
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Figate Al Il sl and Commep ehlad o rG ddindevarspyFie g men Endn s e,
2018
70
= Cooling
25 60
m Heating
20 50 Ventilation
|
— 40 ® Water Heating
LL
L 15 []
@ 30 Interior Lighting
<
E 10 I l . I . m Exterior Lighting
- 20
- . — jem— m Refrigeration
5 — s | — - — |
— 1= mm 10 i
— — — ® Food Preparation
IEELLEE __.—_iﬁ _i—
& — 8§ & F—3 (8 |8 &—8 3 8 | o i WL, office Equipment
@ @ N N e O & 2 S O & Q
& K ° @% b\\o & & @cp ’@@\ *(\o\)% & & & & = Miscellaneous
g & & O & Y& FE P & <
NN 5 N AN ®e° @‘\7’& &
&
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The average matrtkeetc ommdri d 2a [d rog e Bahl38adl hien col umns cont ai I
di fferent components thay desdcusbeaoacadstembnolusgyge as |

T a b38e Average Mar ket sProfli Coemmer cAhI , 2018
End Use Technology Saturation (kWE/Usqut) (Il\r}\t/i?;g}ét) (lés\;s:/g:}e)
Cooling Air-Cooled Chiller 24% 7.17 1.73 853
Cooling Water-Cooled Chiller 21% 4.47 0.93 460
Cooling RTU 11% 7.23 0.80 396
Cooling Central AC 5% 5.71 0.31 152
Cooling Room AC 6% 6.05 0.35 171
Cooling Packaged Terminal AC 4% 7.62 0.34 168
Heating Electric Room Heat 0% 2.14 0.00 1
Ventilation Ventilation 100% 1.21 1.21 595
Water Heating Water Heater 57% 1.09 0.62 307
Interior Lighting General Service Lighting 100% 0.36 0.36 180
Interior Lighting Exempted Lighting 100% 0.16 0.16 78
Interior Lighting Linear Lighting 100% 1.34 1.34 663
Interior Lighting HighBay Lighting 100% 0.61 0.61 303
Exterior Lighting General Servickighting 100% 0.32 0.32 158
Exterior Lighting Linear Lighting 100% 0.25 0.25 123

Appl i ed Ener gvww.appliedengrgy§roup.com MH N



State of Hawaii Market Potential Study | Market Characterization

End Use Technology Saturation (kwiysqut) (llC\t/i?;g)ét) (UGS\?V%(;

Exterior Lighting Area Lighting 100% 0.22 0.22 109
Refrigeration Walkin Refrigerator/Freezer 34% 1.50 0.52 254
Refrigeration Reachin Refrigerator/Freezer 22% 0.79 0.17 85
Refrigeration Glass Door Display 10% 1.26 0.13 62
Refrigeration Open Display Case 3% 0.96 0.02 12
Refrigeration Icemaker 46% 0.46 0.21 105
Refrigeration Vending Machine 53% 0.13 0.07 34
Food Preparation Oven 26% 0.11 0.03 15
Food Preparation Fryer 11% 0.17 0.02 9
Food Preparation Dishwasher 12% 0.11 0.01 7
Food Preparation Hot Food Container 17% 0.06 0.01 5
Food Preparation Steamer 12% 0.12 0.01 7
Food Preparation Electric Griddle 16% 0.17 0.03 14
Office Equipment Desktop Computer 47% 0.87 0.41 203
Office Equipment Laptop 30% 0.10 0.03 15
Office Equipment Monitor 48% 0.17 0.08 40
Office Equipment Server 19% 0.62 0.11 57
Office Equipment Printer/Copier/Fax 44% 0.27 0.12 59
OfficeEquipment POS Terminal 24% 0.11 0.03 13
Miscellaneous Non-HVAC Motors 65% 0.38 0.25 123
Miscellaneous Pool Pump 43% 0.10 0.04 22
Miscellaneous Pool Heater 24% 0.05 0.01 6
Miscellaneous Clothes Washer 23% 0.03 0.01 3
Miscellaneous Clothes Dryer 5% 0.21 0.01 5
Miscellaneous Electric Vehicle Charger 5% 0.19 0.01 5
Miscellaneous Miscellaneous 100% 0.93 0.93 457
Generation Solar PV 27% -3.52 -0.95 -470
Total 11.87 5,864

End Use Load Shapes

AEG devamogpedsti magethbhel y | oad on eawcde iisawv@lhiedat t he
key inputs to AEIGEsmMRdKEelS twemaet es of eneugy arse tadc hrmel &
| ealescri bed abovedysanHbagsattinee df cclnldowi ng sources
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EnergyPl u

simul ati omsienngg i-Bheewai f io;n cdcatueshianrgact&md s misa@sOt her
si mul awteirend rb.nBDgt d@ret ment of Ener gwsdisnaglredesEe | admpe dsfedr
| ECC ZgmawhAi 0s ¢l i mate zone)

Cal

i fornia Energy Commi sSshiaopn® H(GQ EuCdyy sen ds hfaopre s

residenti al and sobmleir cWehusad | dHoadCEGapeweaftcdirernon
sensitive |l oads anshus dl€Eabhi ¢adlridnmaatae of zoamp gar tHa waiai @s

| at

Hour |

itude as closely as possible

y data for soldar iferéodm i MR E ladEsiCabh\eWehwasseo rt hemh e s ed

foll owindeseéppseoaldoad shapes:

Devel oped. a mapping bet ween .t | In unitized load shapes, the sum and c
martkeprof il es and tsthea dagpsp reoadah a of the 8760 values for the year
en-ds e, and technol ogy. equals 1, which allows those
. fractions to b ltiplied by th . .

Devel oped a | oad profil e faors ed ractions fo be MUMLPIEA by e 1 o5 g ¢

. . annual energy values to create a
uniti zeseknedchnol ogy | oad shap: load shape with units of energy
Mul tiplied the unfirtdme®fndrogydP || perhour
sensitive | oadsweabhdr C&€n Hinptoinvhee | oads)
corresponwds ee/gt emmdnol ogy intensity from the market pr

FigBdrlda hrobBgbwBné& n the nexbvipdae
exampolfeourly | oad shapmst hes Tab3% Il snldhevel Peak

Thsee exampl esf s hblve diaslaand ¢
system peak, dalyi ¢m Q@Odd@B8rFiegu Island Peak  Month of
311l ncl sdheemad shapes forand (MW) Island Peak
residenti al sectors, twkolme.l as
dashed |lineonspmgdvenmnsde isl,a Oahu 1,237.0 October
without i gbtdiadtri but edFigye@near Hawaii 190.4 December
anBi gGL&how-wesned psr offarl et he r e Maui 1991 October
commerci al sector s, respecti -

Molokai 5.8 November
For c o mpTaarbi3®sm,o ws e s hiemmad akb a Lanai 5.8 November
( MWQ nt hies] apdt em pfeaaka cihaly.a nSli _
each island peaks at a di ff Kaual 808 October +houl d
summed across i slands.

2 EnergyPlus is an opersource whole-building energy modeling engine. Source: Department of Energy, Energy Efficiency & Renewable
Energy,https://www.energy.gov/eere/buildings/downloads/energyplus-0.

2 National Renewable Energy Labatory. Building Energy Optimization (BEopt) Software. Version 2.8.0.0. U.S. Department of Energy.
January 2018. Available ahttps://beopt.nrel.gov/.

24 Commercial and Residential Hourly Load Profiles for all TMY3 Locations in the United States, OpenEl Datasets, Office of Brigfficiency
and Renewable Energy, U.S. Department of Energy last website update: Oct/Nov 2014, sttps://openei.org/doe -
opendata/dataset/commerciatand-residentialhourly-load- profiles-for-all-tmy3-locations-in-the-united-states>.

2 The California Energy Commission provided the HPUC with a set 8760 hourly loads for 2018. The load shapewere developed with
data from 12 forecast zmes in Californig https://ww2.energy.ca.gov/2019publications/CEG00-2019046/CEG500-2019046.pdf.

26 pyWatts Calculatorhttps:/pvwatts.nrel.gov/.
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AEG considered huncdr é&cdcse ectffi éncejagsnucrye sp oTtleesnusbe alsi e a lows i s .

summari a@pt buescehd to assess the savings, cost s, and of
me as uvarneds deshbseddpepe of the measures included in the stu
Approach for Meas ure Assessment
Figu#leu#tlines the Ffpjggie Approach for Measure Ac:
eneredy i crieeanscays 8 € S S |
Thapproancvhdi dent i fy Inputs Process
i st of measures
anal ysi s det er min .
! Hawdaii MPSWG . .
t o easHamar ket sec review and feedback AEG Universal Measure List
segment , fully ch
measur e, andepemnd!
screencogfffercti ven Current programs, new
measures, efc.

AE®Gegancobnypnd r obu:
of measures for e.a
h D h PY19 Hawaii Energy TRM,
When compiling the Hawaii EM&YV results, piot Measure
t he me a s udreewsu,p own p | plans and results Characterization
from the Hawai. M .

. ] Energy savings
( MPSW®)r,ogr am expe AEG measure datalibrary __
Hawai AEGS6s measur e | [(DEEM) andbuiding simulation Lifetime
buil ding simul ati modeling Measure costs
secondar yWe oiud & redsw ST PR S
i nclusi on in the | cases, ENERGY STAR, CA

) DEER, etc.

screening process
feasibility of mea
through DhetealA&Ge o | Avoidedcosts discountrate, Economic Screen
Efficienc@EBMasanses line losses (TRC)
monitor for new = =
measures by foll oweafnfgi diremtd st @ mhreonledgiyes that are avai
those expected to be on market in the coming years.
For all weassemimeadur e c haniadtoemiaz@nminohe PY19 Hawai 6i l
and ot hert osorueefaoleescgty savi ngs, ,anreds or e mdeaiafsattroesnéss
i ncl udrmedemgy i mpaculbdkei bot hegquanti fi(eed. ga.n,d wraotneert i szeewdi n
highiehtiycclotheshwashema)acteristics form-ltehveelbasi s
savings as wel-l easleffdoesctne s cimE®s & hefl ficecstti veneass anal )
used melaisair e ¢ hari andtoe rnaaza@ nognonwii tdhe da cforsam dtahea Hawai i PY1
and KInhU€CGhe economic screen to det erTnrhen ee ceccnoonnuiste dsacl rl eye nf
the total resourTle ctosttal( TRLY I ngess,t . ceNntegy,gyamenmdnesti

cal culoag e®eah fyear of the study and depend on the
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applicabilitrye,ofantdhe hmeassawi ngs as a per cenlTtadbg-& of t he
|l ists the information provided for each measure durin
T a b4-1e Measure Characterization I nformati on

Measure Identifiers

Island Relevanitslandfor which this measure applies. Includes data for Oahu, Hawaii, Maui, Kauai, Molokai, and
as well as for the MilitaryMilitary is covered foarll islands except Kauai).

Sector Relevant market sector for which this measure applies.
SegmentRelevant market segment, building type, or facility type.
Vintage:New or existing construction application.

End UseCategory of endise equipment to which measure savings apply.
Measure NameName of measure analyzed.

Measure ID Identification code unique to every measure in the MPS. Indicatesstard,sector, measure type
(Equipment or NofEquipment), and unique reference number.

Measure Characteristics

Efficient Option Definition:Specification of a measure's baseline condition in the final yeanalfysis
Efficient Option Definition:Specification of a measure's efficient condition in the final yeanaflysis

BaseYear SaturationPercentage of units (homes, building, equigmh etc.) that have already installed or received
the measure.

Applicability: Percentage of units (homes, buildings, equipment, etc.) that can receive the measure. Accounts fo
technical limitations of installing the measure. The available market isoapgity minus Base Year Saturation.

Assigned Participation RatédName of participation rate applied to a specific measB®aticipation rate taxonomy
considers measure type (i.e., lost opportunity, retrofit), years to technical maturity, and representative measure
category (used to estimate achievability)

Assigned Load Shapklame of 8,760 load shape used for modeling hpimpacts and islandoincicent peak impacts
for a specific measure.

Line LossElectric system delivery losses, expressed as % of consumption at the customer site.

Measure Data

Measure Life (Yrs.Expected lifetime of a measure.

Unit Energy Savings (Annual kWIrjrstyear kWh savings at the customer meter.

Unit IslandCoincident Peak Savings (kWAirstyear islanecoincident peak reduction at the customer meter.
Unit Incremental Cost (2018$)ncludes incremental equipment ahabor costs.

Non-Energy Impacts (2018%&nnual norenergy impacts present in a measure, positive implies a benefit.

Unit of Measure:Allmeasuresare modeledin units consistent with theiprimary data sources. For example, Generg
Service LEDs are reported per lamp installed, so the unit energy and peak savings, cestergpimpacts, and
cumulative purchases are all reportgdr lamp

Scope of Measures

This univeeasalr ¢és$s stcowér s aluls emaejqouri ptnyepnets, oafs ewned I as d
to reduce energy consumption. | f considered today, son
screens initially but may passr dijnecftuetdu reeq uyiepammesn ta sc oas t |
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breakdown abnyd sneecatsourr e t Commercial

1 EqQqui pment measaeaffeisci Nor

. . Equipment

consuming pieces of 90, 41% BeainiEl

energy by providing t Non

| ower energy requirel Equipment

unit. An example s 57,26%
refrigerator that d-r

efficiency refrigere

measures, many effic

available for a give

from the baseline uni

code or standard) up to the most efficient

product commercial l y iavaihleahbclaes.e Foofr ciennsttraanic ea,i r cond
with the current federal standard SEER 14 wunit and s
of a &EEIRt 2 These measur est warrreovaerp | b aesdi so,n aan tset dorc kg e n
to as |l ost opportunity measures sSsince once a purcha
opportunity to improve the efficiency of that equipr

9 Normqui pment massesueresr gy by redudeélinigvermed nerdar gy, b
do not i nvol ve repl acemerutseorequurmpmeage (sfucrhajasr ae mrdc
conditsonéehpry can be impl.ememterdampgl| eanwoeaimicdmébeed a V
t her mostat-stethatt ceiast upmrgh and cooling systems only whe
equi pment measures can apply to tnedaitthaom ofe wand ug
wi || affect the energy use of bot h -esgpuaicpemehneta t menags uarne
tyically fall into one of the following categories:
o Building shell (windows, i nsul ati on, roofing mater
o Equi pment controls (thermostat, integrated I ightin
o Whoiaei |l ding design (advanced new construction, pa s

o Displacement measures (destratification fans to re
0o Ret-commi ssi oning

o Home and business behavioral progr ams

o Energy management progr ams

AppenCciosmt ahesmeasure | i st
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BASELINE FORECASTS

Prior to estimating future potenti al savings bfom ene
annual el ectriB¢chrpyagehdwa @r0adj ect ideensendomidb a soe | ti nee

f orecuassetde quantify the | ikely consumption in the fut
progroarmspol i cy .iTrhteearswdritnieorMfohecmast si @ar &g a ime sfsutwderi ec h
savifnrgpsm programs and.other interventions

Baseline Forecast Development

AEGe Wel oped gorfeolj eeccttriibgii stlya mudsfeor , s eugsnee,nta,ndendec®Bnol ogy
thro2@h | nputs to the badeltihree fprd djoevd thnigon i ncl ude

I Basyeear market profiles The savings from past programs are

1 Forecasts of electricity sal e embeddedinthebaseyearmarket ' ener at i
vehicles profiles and the electricity use
projections assume that these past
17 Appliance standards and bui | d programsceasetoexistinthe future. dy Kk n o v

taking effect after 2018 Thus, the potential analysis captures

. B L all possible savings from future
19 Forecasts oftcwmratiumeag.l eFHiixci e8c programs and policy interventions.

i mport agretneftearlvice | ighting an_. _ __  _ . I eating
technowbgiesthere is momentum outside of programs.

The projceonsi shedi foff e d @uborfi cesl ectwhicée h yeacprogererasi vel y
| owering the baseline:

7T Reference: :Foaeedsdstneof consumrs
prior to any future interve

97 Codes and slh@alnuwdaersd ss avi
occur from an wupgrade for CODES & STANDARDS

of efficiency availabl e 1es and
standards to what is NATURALLY £ MPS Baseline
standaurdr e;mdn y t he (bio oek OCCURRING Forecast

expecttedtake effect dt
per) od

T Naturally occuririnecgud
savings that occur when
i nstadrnereghyf i clheeanscyr e out s
progr anksor this analysi s,
natuwoalcluy ring efficiency 1in
water heating end uses.

or
and

17 SalkEereceaedtecadralaesst ypposems umpthiiocsn;prrogrecygemomar ati on
froamst esmetdeéedst r ebetgg r,esobroaesop solar PV systems
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AEG usedttuhreal 'y occurring projectfioont bhse agndatéeynftidsaéd | |
Threef,arhéeaselfionecastsathe relatively <certain inmpndts of
naturally occuhatngi efFfunfehdyover the study timeframa
The subsecti ons thheel obva sseu mmees uflzoerse cfaosr t h e bSt actues toofmeH a w
sectoendnédpeeniAdcioxnt ai nke tnwirleed baseline forecasbyresul
island and for the military.

State-Level Baseline Forecast

Fi gbildepresentewet betrisccietnyaruwspeeas (i ncl udifrog deree rSataitoen )
HawaTlihie. contri butionrefiuedheelyesteiiamimptineer eifhasdade cas
in the figuréeheFbi-gbhkadmpddked ar ea rreepruectste hbesf ¢ hence

casd ectricietct i wse dpreojto savings ,fwhothlkegiordbhadaeddaseanc
represeanddci trriroghuadtoi dadrhe el ectricitwywatse apt g9 apwikcrughs i cge

previously mentioned, the natur aléiweroactciuornr,i nigs buwtsiell ii :
baseline forecast for the potenti al anal ysi s.
Figbete Al IS¢ lald eevkel le c t r iPa iotj ye (ihdcad udi ng) Gener ati on
14,000
Reference
12.000 | Codes & Standards Savings
=== Codes & Standards Baseline

Naturally Occurring Savings
l0,000 / - y g g

e Naturally Occurring Baseline

é -~ Generation
\(_?/8,000 e S P —_ = = ciles
>
2
o 6,000
c
L
4,000
2,000
0
SO S o e T R
OISR S S S S S S S S

Tab3loresehesct r idaif ooy wsed efc hreaytevarrasl | ' y occurring forecas:H
as the baseline to eTshminiaittea rpymiaénndt catpoyearstes/o knggrs . out i nt C
residenti al and.Noommimeirtcd ray & @&wmdaotrtdgstso jfdo@atsed i ne el ectri c
usien 2(01410% f orTme i ¢ésairgénti al s amdtldrt a(rnyi) dcdodnebuinyt esdnfdo m o n
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4 %ot otpaloj datsed i ne
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be hacaldehr ough progr ams
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2 might be different than those used

c omp | eEtl eSdA
here.

removedst hadisheed coenfdf etciterofo ftshtiiséatcihmgg et lwats
(Cotdessawdn@gsandat de
and/@ar eotshhearu lidn theer vteankte no nwsh e n

C

iTn etrh e

Tabl-4p E€&Ss entca mud tadli v ee mpeerrgsyi SSteavnitumnilgast i)peteavi maggsesti mat

the Statef of Halwattiedugbal€4@020, ac h-iBAWa klnergyt esmatvii an
are 150 OGWhofort hle. 5Sbasel ine for e@ererastisn@&mngpy 0dayi cgsnuaae
GWh or 20.6% of the baseline f-BdrAddcaatsef.or the achieval
Fi gurdeanElS gurbepreS ent t hepecowsmeshetngyesavings and the ba
as compared to eatbnpotespeati pebyecPotenti al esti mat
ramp rates approach maturity and measure saturations
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T abdle Al IS¢ lald eevBeals eF o me@Nas tur al | y), bGc cSudrdst\Win)g

%

Change Avg.
Segment Sector 2018 2020 2021 2022 2030 2040 ('18'40) Growth

Residential 3,432 3,441 3,465 3,493 3,791 4,528 31.9% 1.5%
NonMilitary Commercial 5,211 5,189 5,211 5,220 5,185 5,238 0.5% 0.0%
Subtotal 8,643 8,629 8,676 8,713 8,976 9,766 13.0% 0.6%

Residential 44 44 45 45 49 59 32.9% 1.5%

Military Commercial 1,123 1,116 1,116 1,114 1,106 1,130 0.6% 0.0%
Subtotal 1,167 1,161 1,161 1,160 1,156 1,189 1.8% 0.1%

Total 9,810 9,790 9,837 9,873 10,132 10,955 11.7% 0.5%

Residential Baseline Forecast

Fi gb6-2andabi32pr estena residenti al el ecthécéeng .bsOvelreaviel, f c
total resndemphabeaXlsldsOrboyn 2018 oo 2048 %YpragdVaaferl. 5

heatdamdy el ectronics usage té@mheosrirehde hicpek g svéehrayé s whi |
hi gaver aagqqaiad groWahdotodbbi 6g experien%eesr syteardyo rgrawd rh

Figb2e Al Il sl and Re&SbpdegdHastiur 8k gdyokenud riseg) ,
5,000
4,500
4,000 = Cooling
~ 3,500 = Heating
= )
% 3,000 u Water Heating
; 2,500 Interior Lighting
&
@ | Exterior Lightin
2 2,000 ghting
. 1,500 = Appliances
1.000 H Electronics
500 ® Miscellaneous
0 H Electric Vehicles
N
\
®
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T a b3 2e Al | BRd ainddBas eldo mecast ( Natubbyah-Oye®WRurring),
% Avg.
Segment 2018 2020 2021 2022 2030 2040 Change Growth
('18-40)

Cooling 827 826 834 844 973 1,156 39.7% 1.5%
Heating 10 10 10 10 10 10 5.2% 0.2%
Water Heating 654 646 644 643 646 657 0.6% 0.0%
Interior Lighting 334 346 360 373 386 356 6.7% 0.3%
Exterior Lighting 104 108 111 114 115 110 5.2% 0.2%
Appliances 900 882 876 871 872 928 3.2% 0.1%
Electronics 259 262 261 260 260 261 0.6% 0.0%
Miscellaneous 365 S S8 374 381 400 9.4% 0.4%
Electric Vehicles 23 34 41 49 198 708 3010.9% 15.6%
Total 3,476 3,485 3,510 3,538 3,840 4,586 31.9% 1.5%

Commercial Baseline Forecast

Fi gbB-Ba&ndabi3presemrto mmeagediexIt ri city bddel iema fusred avtel at
totcmlmmer ci al dorcy em@ppteisoddepdHtr om 2018 wbt BO0Od0Onual averag
staying fl at.Cowédri ntghe wmeareirocheati ng, aaddct éhei gaer abnen
while fodd omr eamadedcegphbéragrcage anmua¥@.g@r owt h

Figb&83e Al ICoImanredBcaisaelF o necldat ur al | ybyY OcEmnud rUse) ,
7,000
= Cooling
6,000
m Heating
= 5,000 Ventilation
% 4 000 = Water Heating
§ e Interior Lighting
o 3,000 o
0 | Exterior Lighting
20 N, " R cTigeration
T e
0
® Miscellaneous
N g2 X © D NI b< © > N
R L S S S L N S S
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T a b3 3e Al | Gd mmar8caisaclF o necast ( Natubryah-ye OCEGWhY)y ing),
% Avg.
Segment 2018 2020 2021 2022 2030 2040 ('Zha'nge Growth
('18-'40)
Cooling 2,200 2,131 2,111 2,094 2,036 2,048 -6.9% -0.3%
Heating 1 1 1 1 1 1 8.7% 0.4%
Ventilation 595 597 598 599 623 646 8.5% 0.4%
Water Heating 307 275 262 249 183 164 -46.5% -2.8%
Interior Lighting 1,225 1,280 1,332 1,370 1,444 1,454 18.7% 0.8%
Exterior Lighting 390 404 417 425 427 431 10.6% 0.5%
Refrigeration 553 532 520 508 456 456 -17.4% -0.9%
Food Preparation 517 57 57 51 64 68 19.5% 0.8%
Office Equipment 385 405 405 406 415 432 12.2% 0.5%
Miscellaneous 621 623 624 625 643 666 7.2% 0.3%
Total 6,334 6,305 6,327 6,334 6,291 6,368 0.5% 0.0%

Hourly Baseline Forecast

AEG used thedrowed Fi g64©ahu Hourly System Peak
f otrhe bas2e I(y@eaa ,Ch a

End UseShlagaed coupl ¢
t he&nnual basetiéesner i
abve@r ojheocutt bgatdhr ou 1,200
203Mher op ectiswnt Al H 1,000
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assumptions regarc¢c 800 :
and cusstigneer IRV al s 2600 !
futur e codes & st 400 1
booksod and knoh 200 :
transf or matWeon mo 0 :
equi pment c 0 msdu mipd | 0 1234567891011121314151617181920212223
generation profil :
all owing us to Oahu Systen) Peak (Sales)
1

consumpti on and S a 1,500

FigbdAdehows a compa

hourly sfo(eoasump! 1,000

salfesr) Otathes system g

2020 versu€on2O®mp s00 o/
i ncreases from 2h0e2
203%0al es | oads shagpe 0
dip during the mi:¢

t hexpected growthti

PV(Note thatepoaslsd
hodrroomdni ght to 1 am.)

|

N

012345678 91011121314151617181920212223
Hour
—2020 2030
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6
ENERGYEFFICIENCY POTENTIAL

AE®sti mated four elfdveli®ncly esmeigygs posehseati dms obgh
definkevédles 0b&l pabheapmmaeitehse dfwe gptoyt e mteisaull t s at t he s
sector, and Chalpd edvoi |deevse | sscdsduimmaaeya éels f lotrs t he EEPS ti mef
t hr oug hAp2p0e3nBccioxnt ai nsr eleud lati § efdr oenf ftihcei eennceyr gpyot ent i al an

Levels of Potential

AEG devel oped thei Hgwak & toMRy&teess offorpotenti al: technica

potential, achdhdwahad chnpdet golt é muisiianless as. usual ( BAU)

7 TechnpewénThwHeoretical upper | i.miassedmhatficuisemener p
adoaptl feasi ble measures regardless of their cost or
o At the time of existing equipment failure, custor

efficient optirenraftiat!| amklasur es
are phased in over a number to align
wi t h otchke tsuur nover of rel a*
uni t s rat her t han model Ly
available. all/l at once
o I n new construction
devel opers choose the n
(e.igms,t al | ateifofni coife rha. y
0o Customers aksoyadope,
measur e, where(eampil
conditioner mai ntenat ACHIEVABLE®S
buil dings wi t h centr | BUSINESS AS USU
condi t)ioning

9 Econonpioct entSuladet of teci %
potenti al that i-etfFedesveo . & _
measures balserdesoonurtcoet acost test 2
using current avoided cost.Ther eoadtss afrromhdECQca rdnel
measure relative to the relevant baseline condition
program to del indtert haeen dneiagapédrreegne Nompact s may be includ
both quantified and moneti zed. I f the benefits outw
than 1.0), the measure is included in tpwer cltaonne ntilte p
mo st -ecfofseacti ve option applicable at any decision jun

9 Ac hi e vpaobtleen Suibslet of economic potenti al that account
energy effmé acsuemafgieceonomi ¢ potenti al by applying cus
t hat account for market barriers, customer awarenes
program history,achMoespabpendibitcailny current fewels of
mature progr ams, but uses higher I evels of participe
also includes new measures, using mar ketThaed dputlilent r
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poisntbel ow d e secvreilbse otfwaoarr thiiFelvgehibheo wpse & mmlledso pt i 8 n r at e
for the two types of achievable potenti al

Hi gAssumedoption ramps up | ine8bkhymbhokat madomtumohin
consi stent wi t h previous potenti al
studies aswiwhlann gjgggachievability Exampl
guidancehein region Residential Lighting
counAsgyumesgmpand m
adoption from a:va 90%
Expanded progr am:¢ 80%
Future (new) st ®70%
codes and standal 560%
0,
Future market efi %SM’
. B 40%
Ot her future inte¢ 9
<,:30%
BAUAssumes gradual 20%
futureenhiwdhms h ar e
. 10%
to those in the ma
0%
AEG deveheospeedr t t yppd £ n S M o oA o D
. v % v U > > >
esti matt eshe measure | ¢ O S UG S S S
resuast sannual savings Lighting (5 yrs.) - High
t weryteyar projection hol Lighting - BAU

HE Appliances (15 yrs.) - High

n additionl toetbheste f )
HE Appliances - BAU

0 esécmatedl t,a calbise ¢
hnpgotadnt i al t hat - R o VAR G ey

t oandeorp toifonenergy efficiency measures Techhooal canhki d
i mates are of tpomtcdlnd elgatad ke dt c eswoprce planning (IR
sideration for this study, achievable technical p o
edstective measures might providendasespohse amad e
vices (BR/ GS) bel ow

nw >3O0 O O 9 —
®® O O uwc o —
= 3 5 FTunu ooun

Energy Efficiency Potential Results

State-Level Potential

Tab@-lpr esentcu mudtadli v ee rpesrr syl s®paviemgs a l es ®iameaet eod fHarw ati H
I n 2020, achi eBlalb leen eprogtye nstaivailngs are 150 GWh o0 1. 5% o
cumul ati ve ene2rg2GB\W®addaesohbr e hfeo rbedfcs@ed titaotieée evabl e potent
BAU case

Figé6-2eanBi g6-Bgpresent theneumwl astaiviengs and the baseline
to each potenti al projection, respectivel y. Potenti al

28 |In addition, programs typically consist of bundles of measures that may include both costffective and not costeffective, as long as

they are costeffective when combined.

®Throughout this report the | abels o0energy savingsoé and ¢eotenmgyl ati ve sav
savings.
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approach maturity and measure saturations reamcdé¢s maxi mu
for the achiehabhecpet®O@Wmealt 28. 2% of the baseline for

Theesgti mates reflect the changpl doe tihe I[EatSéy DBehaecdae d
essentially removed t he.Tshee¢c edd ©Difet hos Tthangtawdar do r

would have been attributed to appliance standards (Co
that might be achieve through programs and/or other ir
Ac hviagbl e savings (both BAU and High). Care should be t
potenti al studies completed in the same timeframe as

di fferent than those used here.

T a bd-1e Ener gy Batve mtgisal Summary (AGWhoE,s | Alolt sYeatrasr s

2020 2021 2022 2025 2030 2040
BaselineForecas{GWh) 9,790 9,837 9,873 9,982 10,132 10,955
Cumulative Savings (GWh)
Achievable PotentialBAU 150 295 406 737 1,329 2,262
Achievable PotentialHigh 150 316 468 963 1,755 3,089
Economic Potential 455 849 1,161 1,951 3,014 4,125
Technical Potential 563 1,031 1,415 2,399 3,695 5,088
Energy Savings (% BaselineConsumptior)
Achievable PotentialBAU 1.5% 3.0% 4.1% 7.4% 13.1% 20.6%
Achievable PotentialHigh 1.5% 3.2% 4.7% 9.6% 17.3% 28.2%
Economic Potential 4.6% 8.6% 11.8% 19.5% 29.8% 37.7%
Technical Potential 5.7% 10.5% 14.3% 24.0% 36.5% 46.4%

30 On December 27, 2019the U.S. Department of Energy issued a final ruling stating that the efficiency standards for GSILs do not need to
be amended; therefore, the backstop did not go into effect as originally planned. (Tier 2 of EISA called for a 45 Im/W minimuefficacy
backsop for general service incandescent lamps (GSILs), which was subject to an effective date of January 1, 2020.) This meangdtential
savings from lightbulbs fall outside of codes and standards and a portion of those savings are available for futureqgrams, while a portion

is allocated to future naturally occurring savings.
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Fi g6-2eSt at eGwinduel at i ve
Potenti

al Summary

All Island Energy Efficiency Potential

through 2040

En Fi g6-BeSt at eBmisdeel i ne

and

Forecasts ( GWh)

All Island Consumption
through 2040
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e] c
2 2 — Baseline Forecast
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Technical Potential
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O A Ak A0 D O S X 50 D O Q A A% A0 D 5O S X 40 4D O
U V"L L D & >
RSN SRS SRS UNENOENESEENENE NS
FigédAshows that Oahu representsatheesabhehpoeHetithieal or
Hawaiian i sl ands anfPd tteme i mill istaawii wgsedtvled nktai vi si bl e ¢
graph because of theikFi g&Bpgartei sveentys santahlile khviaahl hueebsy.0)s e ot 0 B
showing that commercial sector savings projethe®es are
sec-tewvel resmitbstanglhiedesubl gactsi,ons bel-bewvdbesandbest he
| evel results in more detail
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Fige4e AchieWHalPhoa ebtyi al Fi g6-5e Achi etWHabloe ebtlyi ¢

Il sl and andcWhi)l it Sec( 6wWh)
Achievable High Energy Efficiency Achievable High Energy Efficiency
Projections by Island and Military Projections by Sector
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Tab6-Zpr esentrse stiodteanlt ealker ggcsavi ngs potenti al savings ¢
Hawaiincmiuldi ngry .résani 2d2Oes att h-dBAWalelnergyt 665Whn @s ar e
13% of the baseline forecast. By9 @®Wh0 , 0 B8ou200h.] a4 hievd aseéi
forefcastt he achi eBabl eapetenti al
Fige6-6anBi g6-7,e respectivel vy, present the cumul ative res
resi densteicta or baseline forecast as compared to each p
pote®dBAdI|I forecast flattens potenti al estTihmatcagmmutl @at a v

energy savings for thieghchd e 8HVBh eorp o29%.ndt% adf t he basel
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T a ba-2e Al Il sl and Residenti al EE Potential Summary
2020 2021 2022 2025 2030 2040
BaselineForecast{GWh) 3,485 3,510 3,538 3,632 3,840 4,586
Cumulative Savings (GWh)
Achievable PotentialBAU 46 93 138 280 549 938
Achievable PotentialHigh 46 102 164 393 770 1,348
Economic Potential 171 319 459 814 1,284 1,674
Technical Potential 235 416 591 1,038 1,617 2,146
EnergySavings (% of Baseline Consumption)
Achievable Potential BAU 1.3% 2.7% 3.9% 7.7% 14.3% 20.5%
Achievable PotentialHigh 1.3% 2.9% 4.6% 10.8% 20.0% 29.4%
Economic Potential 4.9% 9.1% 13.0% 22.4% 33.4% 36.5%
Technical Potential 6.7% 11.9% 16.7% 28.6% 42.1% 46.8%
Fi g66eResi d€Enmubiktnievgy Fige7eResi dBaséehlne and
Potenti al Summary Forecasts (GWh)

Residential Energy Efficiency Potential
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heatmenags urnecsr e astetse whliednreer goyf savVvi ggme dhsgrneecsr eases from 2
to 20DHIOs rtehfer ®¢ gertoendt h i n penetration of air condition
natur al mar ket adoption of efficient I|ighting.
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State of Hawaii Market Potential Study | Energy Efficiency Potential

Figea8e Al Il sl and Resi dentdH&a lgdhd\fc hTSetwailnlges Pot ent i al
100%
90%
80% = Cooling
é 70% m Heating
.(% 60% = Water Heating
Eg 50% Interior Lighting
% 40% = Exterior Lighting
@ 30% = Appliances
20% = Electronics
10% m Miscellaneous

0%
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Comm ercial Potential

Tab6é-pr es entcso nmnoetrscéicatlor energy savings potenti al est il
i ncludinfgaaei.l iltnia €250 2 0e, paocdlreBi&@WaaHdher gy 1sC@Whn g af et he
baseline forecast. By 2040, 3&Wmu b 8% 200fe tehree rbpysfed A vnien 0
t he achi evahbBAU pcoatseent i al

T a b@-3 Al l Il sl and Commercial EE Potential Summary (GW
2020 2021 2022 2025 2030 2040
BaselineForecast{GWh) 6,305 6,327 6,334 6,350 6,291 6,368

Cumulative Savings (GWh)

Achievable PotentialBAU 104 202 268 457 780 1,324
Achievable PotentialHigh 104 214 304 570 986 1,741
Economic Potential 283 530 702 1,137 1,730 2,450
Technical Potential 328 615 825 1,361 2,078 2,942

Energy Savings (% of Baseline Consumption)

Achievable Potential BAU 1.7% 3.2% 4.2% 7.2% 12.4% 20.8%
Achievable PotentialHigh 1.7% 3.4% 4.8% 9.0% 15.7% 27.3%
Economic Potential 4.5% 8.4% 11.1% 17.9% 27.5% 38.5%
Technical Potential 5.2% 9.7% 13.0% 21.4% 33.0% 46.2%

Fig6-PaentdBi g6-.&@resent the cumul ative commet €rmtaidals et or

commerscticmrl baseline forecast as c¢onpnalriekde ttoh ee arcehs ipdoe retni
the commer viaslel $s@et drorecast is relBheéewvef godnimetrhedi rad m -
secpot enti al s &V idnog sn ofta s felsatetne nwi t h t he residenti al S
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State of Hawaii Market Potential Study | Energy Efficiency Potential

f or ecBays t2sth4e0 ,c utmul ati ve ener gy savi n-ghsi gfhorc dtse&Vdarcehi ev al
or73% of the baseline forecast.

Fi g6-92eComer cQuamu | &thievegy Fi g6t @ ommerBcaisaell i ne and

Savings Potential Forecasts (GWh)
Commercial Energy Efficiency Potential Commercial Consumption
through 2040 through 2040
7,000
3,500 - -
Technical Potential
3.000 = Economic Potential 6,000
= # Achievable Potential - High
= m Achievable Potential - BAU 5,000
0 2,500
S
£ 2,000 £ 4000
3 =
@ © 3000
8 1,500 ' e Basecline Forecast
g Achievable Potential - BAU
19 1,000 2,000 = = = Achievable Potential - High
o s ECONOMIC Potential
500 1,000 Technical Potential
0 0
Q AL O D A A ,* 0 D O
% ’L VS P Q AV © D VU aX 4,0 4D O
BRI APEP A A AN A AP
FigalLédghowsatbhabstanti al shhwaegre tolie ethwe mtaymemsdss rom | i ght

andoolmemagsulkbeski ng atthet rsehnadrse of ener g,y rsafvriingyar aftoiro ng
ventimaasaoamesr evthidse thenehgye safliigdhwd dhsgadmecsr eases from
2020 torhze®kG4e0.trendsr emagp ®rgttuninipireowetto ng eanhdecieasiyng

opportunimpireosvetd i ghtdtuegtetufiati enmac ket adoption of effi
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Figeate Al Il sl and Commerci@Hi gic,loif e Tadbiakg Pot ent i al
100%
90% = Cooling
80% m Heating
% 70% Ventilation
c
CStS 60% u Water Heating
()]
‘S 50% Interior Lighting
% 40% H Exterior Lighting
_UC) 30% m Refrigeration
m Food Preparation
20%

m Office Equipment

10%
| Miscellaneous

0%
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Potential by Island

Tab@4epresehescumanangwesavings pot IO@0&10, byulmall andve e
savifnogrs t he achi eBANI eaage 26WhOaH u a c c otuhnet smafj Bejoift y

the total cumul ative energy savifdogd | powteHd db)ya IHOAS@mii | ¢ {2 X
t hmi | i taryand@3a&n aMiol ok ai and LUaensasi té&haadno ubutbufl @t i ve ene
savings potential

T a b@-4e Ener gy Batve mtgisal Summary BGWiikEd athidl (SROUMIrilsi t ar

All SectorsYear 2040 Oahu Hawaii Maui Kauai Molokai Lanai Military Islgglds
Achievable PotentialBAU 1,439 284 272 79 6 6 177 2,262
Achievable PotentialHigh 1,965 384 377 132 9 9 213 3,089
Economic Potential 2,559 501 485 176 13 12 379 4,125
Technical Potential 3,138 633 593 214 16 15 478 5,088

FigaitPresents the cumulpattiemdlisdna mbdyyl hisea 2f0i 49Qu.g er eoest not
Mol ok ai or Lanai potenti al because of the eeliasli aertdy. s

The energy savings potenti al by island coReafedrattes twh e
Tab3-FanHBHi ga-deprevious!|l yopreéesvended)ri bution of consumpt
year 8. 20lheecteri ci ty cons uwmpetaiternti Mse@ahd eicahtl y more h
commercias. building
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Figat2 Cumul ative Energy SavbyglalPantédi 1 a(t@By)mmar y
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7
SAVINGS FROM EEPS PERSPECTIVE

The st afhewigyfei c iPemtcfy® lainad ar d (EE#S300goghgaimsat t( GWh) of
cumul atecéeri cietywesearnv i 2n2g0s39Daen ds ub s ec tpirese nbhelrewul t s fro
analysis of the State of Hawai.i 6s progress toward meet

EEPS Perspective, 2009-2030

The Hawai i State Legislature passed Act 155, Session |
96, Hawai i Revised Statuhes S{HR&E)s @&whechy est hiibti eshewv
Efficiency Portfolio Standar d9 6(, EBPhSe) .s tAastaesng ediced {EBEOPAS i r
gi gawaturs (GWh) of eROEBPeverndly tsaype s1gaef s atvarnggest :count

Emedded savin Tab#dlel ncr ementCalmulaatdi ve EnPogegn

Sol ar PV ger Compared {GWHBaAODGEet
Codes and st Incremental Cumulative
2000019 prog Savings Type Sawr;%z(()GWh), Sawr;%z(()GWh),
Futumaeranl | vy 0 2009 Base Case 0 0
savings Solar P\Generation 427 427
Futpoéeenti al Codesand Standards 936 1,363
AchieviAdUe 20092019 Programs 776 2,139
Achi eviibgd e NaturallyOccurring 1,169 3,308
Economic Total Embedded and Naturally Occurrit 3,308
Technical Future AchievableBAU 1,329 4,637
Tabl-ecompareg03 Future AchievableHigh 426 5,063
al wesncremeavial EFyyreEconomic 1,259 6,322
nd cumul ati ve
Future Technical 681 7,003

vi ngswittyhpet he
rget of 4, 3 Total Future Potential (Technica 3,695

mul ati vEos a#i

vingshdypacgcre

vi ngs r egpdcisteinan alhe

viamlgeve and bpeyioonrd stahve hdgarnttteyippeu b ercaulmul a®i ngs i n
3PWar exwepsbow solar PV as the firs.t Qoideesst aahndds a d 5 n g ¢
the next tieroyemcgememamd GWh,i nglsi |l e foecobmes| at i v
d st afnodraercdasst i n 2030Theef @t Gpbodt eGwWbihanli csaalvi ngs cat egc
er . It has vainngisncofeo®®&lt aGWmB aeconiomi 200Utd treenpgriead ent s
erall cumul a0 3 eGWha viri @nlgksh @o9f é biransee

Statewide EEPS Target 4,300

O " ® TN OO VLO 0N o <
S50 o 9 DY D

< -

31 pursuant to HRS 26991, solar PV savingfrom installations after 2014 count towards the Rnewable Portfolio Standard.

Appl i ed Ener guww.appliedanergy§roup.com pnon



State of Hawaii Market Potential Study | Savings from EEPS Perspective

AEGO6s approachMP 9 rd dathhtieen eHsaawsaeilii ne from which tohesti mat
naturadduryriong sav.iTrhees edroajeectriedmti ve t o tfheer eptaltsutr al | y
future paoatmanhtebalvieng s2r0a3n0ge 1f, B@2M for the aeBA@vadde pot
3,695 GWh for the techniTald6é-Bploh eendiardi ncga semo(usnete oafl soL
savings needed to reacahbotihted ODE GWA3 Q 310 Bt0OWH ¢t i s

Figuderesamtes cumul ative P It is important to recognize that COVID 19 may be
over the entire EEPS hofThe P g y 030.

. redefining what business as usual looks like in the
graph showh e theltk MS tvas g ent future. Therefore, programs and policy

through 2t0h12&® 3&n diasr gt 0j € C | interventions may have to adapt strategically to
reacheder the achieBAalblsec.ep offset possible losses due to a postCOVID-19
WhiHMHaewai 6i Energyds por tf o] energyefficiency landscape in order to secure provi de
t he maj ority of t he EEPS enough cumulative savings by 2030. Fortonately, | | e s al
contribute to achieving t results from the ohighoé gsgsjon

Regtukd Enantdi éRemgul at e d® SBn scenario suggest that a substantial amount of

attainment of tr heigqsu ic rgeo @ il r additional cost-effective savings are available,
. . . beyond the BAU strategy, to help achieve the

_contrlbutlons by aal la &fi nast EEPS goal by 2030,

I n recent yvyear s

Figédte Cumul PteirceEseegy JEGWHRIQERI0 3MDEPS Per specti ve

8,000
Future Technical
7,000 ) I )
Future Economic
szsgEzss Future Achievable - High
6,000 . I
mmmmm Future Achievable - BAU g.
Naturally-Occurring @
5,000 3
m— 2009-2019 Programs T
=}
§ Codes & Standards 5
o 4,000 Solar PV Generation
== == Statewide EEPS Target o=
3,000 8
c C
S o
a<
2,000
m
3
o
1,000 3
)
o

2009 2012 2015 2018 2021 2024 2027 2030

32 Commission Regulated Entitysavings include savings fronutility administered and third party administered energy efficiency programs.
The bulk of these savings are anticipated to be provideby Hawai 6 i Kda kslang Ytilitg Godperativg KIUC)

33 Non-Regulated Entitysavings include savings from legislative mandates, neprofits, other coordinated programs, building codes, and
federal, state, and local appliance standards.
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State of Hawaii Market Potential Study | Savings from EEPS Perspective

Comparison with 2019 Legislative Report

To supp®01Ogi slRaetpuorret on Hawaii ds Ener gy*AHEG icco nedhuccyt ePdo r
apartpdhadteaeas of the 20%RAhPotpdaiad Poudyptdieaslt i madlegpsiof pi

savings from state and federal codes-2@rd .stldanadldrsds efsd
Pyear (or incremental) savings, as wel lstaspeauul a(t2i0vie
203Bpwever, the update was done prior to the 2019 Bas:

current cussiemfeor matdit aha toer suapl es andla tdah.mes s @fprtidnng st h e
updated potenpeabiiddgditdhye 2019 Leagi sloathuwede aRiefpfoentence
assumptions for chhadesu e dofsttame atridmi ng of the anal ysi s

The analysis for the 2019 alve qunigsl dtrioune cRapEesr tadngdh swecd
substantial dryedwl t2 JdlfB¥ EahsS R 0 2 0Gg o0 dtehse sa@&n d ssatvai mmdgase d s

proj ecitrecdr daose dr ameatr esal t ¥ o &3gTahReSrAcatsearceh,i etvabl e poten
-BAU prograwmesavf apgslceawhfe da fttoer 2020 as a resul't of
' ightiwig h the expdd¢®@Batwioan dt ot ibIsIAdAef gptitalndoh t h
savings would be attributed to codes and standards i

However, on Decémbd&r S27 Ded@t ® ment of Energy issued .
efficiency gemeadalr dserf wirce iGSclddned esctenhedd mpe Ilfe am
therefore, the backstop did naé&fThge imeipwmseeisddestitn gass or
from | ight bulobcso dfeasl |a nodu asstdadnpdoarrtdison ofat édoaseastaabling s
futpregs, amhil e a portfiwthomdtesuradll loys advedigt i mgl | back of
EI SA Phase 2elhbaeksedpiinsthe 2019 MPS presented here.

The analysis for the 2019 Legislative Report was f oc
to represent the state as a whole. This analysis mi s

Finally, the analysis for the 2019 Legislative Rep:
previous 2014 study. As described in Section 5, a ¢
for thker sex@enwl|lresi denti ald ndevacstu reesss inmmcenliude !l it AC,
systamd, cool roof s. New or refideadnicamemed cfiaxedeasut
' inear -aBmyg highting, 1inter icoorn tsrkoyllliegdh tvse,ntain datd eonma n d

he results ofentthiealu psdtbutdeydr popubl i shed i n itrhcei c2a0tledd L e
hat ddMHawawowledonti nue to provide the bul ecodbEPISe ene:]
er f or nearnicoed -HO2M)Bu tc otdheast and o u pddaridse venrgliyn csrigansif i ¢ a
ontribution towhmepr EEPSiIi saviyngpeseht shahlcatedly a possib
n meeting the EEPS targett hoef B4A U3 0sOc eGVdir haoma | B3Ry em d e
ndiddehtag t he appedabkeepnomia energy efficeideheyEERPSoOuUT
oal of a cumul atiyvesug OOt IGRIP Sti maotal0thieéhe evatvbal| dbut

equires strategic adaptation, possible increases in

S“Report to the 2019 Legislature on Hawai i 0santBm®ectigny269096, Hawaii Revised/ Por t f ol
Statures, State of Hawaii Public Utilities Commission, December 2018.

3 state of Hawaii Energy Efficiency Potential StudyPrepared for the Hawaii Public Utilities CommissionPrepared byApplied Energy Group

(dba EneNOC Utility Solutions Consulting)2014.

36 Tier 1 of the Energy Independence and Security Act of 2007 (EISA) went into effect in January 2012. Between 2012 and 2@bésied in
energy-efficient screwbased lightbulbs to replace traditional 40 100W incanescent bulbs. The law mandated that the new bulbs use at
least 27% less energy than the traditional bulbs.

57 Tier 2 of EISA called for a 45 Im/W minimum efficacy backstop for general service incandescent lamps (GSILs), which was sutjean
effective date of January 1, 2020.

38 U.S. Department of Energy20191227 Energy Conservation Program: Energy Conservation Standards for General Service Incandescent
Lamps; FinaDetermination, https://www.regulations.gov/document?D=EERE013BT-STD0022-0120Q

Appl i ed Ener guww.appliedanergy§roup.com pnc
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State of Hawaii Market Potential Study | Savings from EEPS Perspective

i nnovation in.pnogbéth WMeSi pgmesented here, which is b
comprehdasavé or the stpatog ecftttavaEiEiP,S we rughate r c aan BAdU m
approach.

Future Potential Impacts, 2030

The followinproeowbdecmbotestdee ast at e, seditfotrheafdt usé ar
potentiadsiimgathe naturally occuffoi @gab sk dHonvechwaesrs,a hiien
it is important to remember that embedded i mpacts anc

t owareaching the EEPS target.
State-Level Results Tab#d2eFut Ener gy Batveingls S

] ( GWh) , Al 1 AlSleéR ®B &n
Tabl-2suwmmari zes t tanms b b

savings potenti al in tl Cumulative Savings (GWh) 2030 .PS

horizo n f(oz030he categ .O Achievable PotentialBAU 1,329
potelntd a These c umudxaclit

embedded savings and na: Achievable PotentialHigh 1,755 S
and represent sami pgo gl Economic Potential 3,014
and other i hner20aWt i ohs Technical Potential 3,695

potenBAWBdli, 829 GWh in cun
while the achi-avahbhl éspdt @&B51 &MWh

Residential Results

Figu-2ehowsf dwhre | evels oft oppoOine a $31 afeo rf otrh & hreeism d20 80 al S
the fi heaBHERShameasure with girsehastleasrt vwsatveemngseSacicarr wat er

heatpasheo=tf fecttebshessghouttithhezecawaelry t hough the f ed:e
credi't i s.Tphhiasss erde saudtt s i n a high ecconnowitcccptendedtatri a |

water heagituere a substantial oipnvyvesnt meidt acwhTacela blhiemiptog e
growth in baseline cooling sateratcongiot ieolile@hb u2t0 3tOh ea r
mo st ef fi ciaenmrt cdouncdiidtstigoenoegtfsf ect it edmesasddobhheat ed home
cotnr ol systems include c¢owhieachee de fotfshtecrt movset atn smeowsitn gap p | i

Commercial Results

FigdBehows the four | evels of potential for the top 2
Lighting end uses are represeAteadmbhinnédbuonsédt eimisgh gyend
and popularity i n plrioghdadansigftigss tdopg vinead urtheelsB D a mp s
( TLsgabhd LED f i xt urWast eprl uhse actoi redr foiésstn ovte cdauset t o | ower ho
i n mammypme rsceigarieBu isl cdhiemrgg ye management systems are expens
tend toebéecosve based on. energy benefits alone
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State of Hawaii Market Potential Study | Savings from EEPS Perspective

Figédg2z2ze Al | sl andE&EnReEdiyd edhiddireedbyy i dlop Measures, 2030
Solar Water Heater (Replaces <= 55 Gal) I I

Refrigerator - Decommissioning and Recycling IR |
Clothes Dryer || IS
Connected Home Control System N,

Upgrade Zonal System to Ductless Mini Split IR,
Building Shell - Cool Roof I s

Tvs EEEEE )
General Service Lighting - Exterior Lighting IEEE{N|

Central AC .ﬁ-“ m Achievable Potential - BAU

Exempted Lighting N & Achievable Potential - High
Refrigerator ) = Economic Potential

Room AC - Removal of Second Unit I
Freezer - Decommissioning and Recycling |
Advanced Power Strips - IR Sensing Il
Water Heater - Low-Flow Showerheads I
Solar Water Heater (Replaces > 55 Gal)EH|
Advanced New Construction Design - Zero Net Energy IEBII}
0 50 100 150 200 250 300

Projected Savings (GWh)

m Technical Potential

Figédd3e Al IColmanred ci alEf fEin®Pioggrgabyyi dlop Measures, 2030

Linear Lighting - Interior Lighting I [ 0
General Service Lighting - Interior Lighting I ]
High-Bay Lighting I 2
Advanced New Construction Designs I IS i,
Water-Cooled Chiller IR S|

General Service Lighting - Exterior Lighting IR ||
Water Heater 1 5 IR
Air-Cooled Chiller I E I |

RTU EN#mm
Exempted Lighting I #5550 | m Achievable Potential - BAU
Chiller - Chilled Water Reset Il | # Achievable Potential - High

Interior Lighting - Skylights IR |
Linear Lighting - Exterior Lighting IiES|
Refrigeration - Demand Defrost Il | m Technical Potential
Central AC HiN| [ [
Ventilation - Demand Controlled Il I |
Printer/Copier/Fax IEEENI|
Building Energy Management System || IN|
Ventilation |5 M|
Area Lighting IERIN
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Projected Savings (GWh)
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State of Hawaii Market Potential Study | Savings from EEPS Perspective

Island -Level Results

TabT-summarizes the subset of cumulative savings pote
(2030) for the categAgayihmfsetdfcwtmud eatpotee wtail aile.sghse xcl ude

and natwurally occurring savings and represent savings
For eachhe srhagqnmi,t ude obrt &tkbam stmhne nmgts of el ect rticea ty co
island (or military) .avThapsc2aomBel ati igwhe sfpoltilemw@abhlub,ys Ha wa
Maui, the military, Kauai, and then Mol okai and Lanai

Tab?3e Fut&nergy PBatvemtgisal Summary (BgWaJs0l 3aealdl Sectors

iﬁgsﬁg\r’sezgggmgs € Oahu Hawaii Maui Kauai Molokai Lanai Military Is;: |r|1 ds
Achievable Potential BAU 851 166 163 43 3 3 100 1,329
Achievable PotentialHigh 1,116 220 216 72 5 5 121 1,755
Economic Potential 1,865 369 359 131 10 9 272 3,014
Technical Potential 2,274 462 435 159 12 11 343 3,695

Fi gddsshows the energy savina@sdpdthenatsii dali tpfearrg eenatcahg ei solfa n
consumpwoiron he gimnerBBOU-BaeabHows t hestshtagas hdide viab ¢ le
potentiali nby20i3s0l and

FigéddeEnergy Savings2@8(Fi gidbs eShaaogfachi evHibdPmt ent

Il sl @naof RBaLeolnisru)ymp by | sharR@adt0al = 1
Potential by Island in 2030, All Sectors Achievable- High, 2030
0.29%
45% 0.30%

40%
35%
30%
25%
20%
15%
10%

5%

0%

% of Baseline Consumption

64%

m Technical Potential

Economic Potential
# Achievable Potential - High
® Achievable Potential - BAU ® Molokai ® Lanai = Military

Oahu = Hawaii Maui = Kauai

The achiBeAvla bpleer cent age worfa rmge efl rinne (8mo7h ¢ o @) &1 and of
Hawaii). Similathliyh tplee ceanhiage®biabgeefiroen(@MOdhdomptyio
to %Bi 91 and of Hawaii). The military percentages for I
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for the i sl andusnibgeuceanuesses ooff thhoew t he military uses ene
capture this wniequermés snoedeh é mmgt e fdievi |l i an sector in
Il ncrement al measure costs are 25% higher
Earyleyar achievability is | ower by 25%

Commu cabased controls measures were removed due to

The Kauai achievabl efp dtaesretl ii axle fwalnBaAdp@h.dh®B5. 8% f or hi

also a bit | ower than the other riasr amdst,i carpiamd roinl yr alt &
years and | ower penetration of air conditioning.

I n tetmeg oDt al stat-@awigthe pad leineFvi apbhdlbeeh o ¥8 3 0 hat Oahu acc
for the | a64g%)sf obhawed (%)yMakia wa(ili2tvhe3 mi | i tary (7%), a
Mol ok aliamaaid each account for | ess than one percent.
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POTENTIAL FRONADVANCED RATE DESIGNS

The core MPS work described thus far has quantified t
efficiency in the State of Hawaii . This work is condi
These are traditional in natur e, since advanced meter
recover revenue mostly through a flat volumetric char
modern rate designs freemdavwer itnignee nvearrgiyatd osnt si.n That ti

comes in the fobofaosef raitmp]l eantdi m@ometi mes in the form o
al so feature demand charges for recovering mapaci ty ¢
di stribution. Someti mes generation and -vtarraynisnngi sesn eorng y
charges, but it is rare in modern rate designs to incl
With the State of Hawai i dswaibnltee nbtyi 02n0 4t50, bietc ohnees 1b0eOgu nr

grid to enable such a future:siTdee amaws dreiadn éwiolulr cierst, e g

for -wawo fl ow of power, and have smart meters. As the |
by rehewaelmergy resources, the wholesale price of p o\
flexibility wild!/ be required to maximize economic eff]

Studies have shown bthhetacaesmtomsrd respond totmadern p
vary by time of day lann dt hbey ftuytpuer eqf tdhayt wi | | become c
homes will be equipped with digital technol ogi es, S m;i
dynamic energy management systems.

Thsectisocnr idbees an eanabtmateespathant i al i mpacts of advance
consumphpeak demand in Hawaii, with consideratnpn for
opobut, and mandatory).

Approach

AEG engaged we t@Br dlhpe tBo acomduct the advanced-stape des
process, &4 gd8tewn i n

Fig8te Process to Estimate the Potential Il mpact of Ad

Scenarios for
Deploying
Rates
Class
Changein
Energy Use
Estimates

Advanced
Rate Design
Identification

Change in
Class Load
Shape
Estimates
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State of Hawaii Market Potential Study | Potential from Advanced Rate Designs

Advanced Rat e Design Results

The following subsections summarize the results for
Appenbdi x

Review of Existing Rate Designs

Tab8Ert hrollgh84eshow the existing rate designs in Hawai
customer s.

T a b8-1e Resi dBanttéfsdéler ed by HE GO,d HWELGCD

A3 5SAO0ONKLIGNAZY
w ¢CASNBR FTAESR ¢{dFyRIFINR NBAaARSYydGAlIf NIGS
¢ hiw ¢h! B ¢ASNBR FtAf2dG ¢h! NIGST Oft2aS8SR (2
WSAARSYUGAF ¢h! B ¢ASNBR FtAfz2G ¢h! 9+ NWGINSTAOL A BRA

LYGSNRY ¢h! NIGST Ifaz I LI
¢ hiwl ¢h! ONBIljdzA NBR (2 KI @S &asL S
Odza 2 YSN&A

T a b8-2 Resi dBantté@fsdler ed by KI UC
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State of Hawaii Market Potential Study | Potential from Advanced Rate Designs

Identification of Advanced Rate Designs

For both classes of customers, we designed the foll ow
7 Thr-peri odofugane( TOU) r ates

9 Thr-epeeriod TOU rates with demand charges

T Thr-peri od TOU r atpesakwiptrh cd migt i(c€C®PIP) r ates

The advanced rptecmnesiwjadht aelspect toFitbhb&8leRkRowsi hber at
residenti al and commerci al average annual |l oad shapes.

Fig82e Hawai. Residenti al and Commercial Average Annu

Average Consumption and Sales Shapes by Sector  Total Residential and Commercial Consumption

MW . MW
1,200 Com. Consumption 1,600
Com. Sales
Res. Consumption
Res. Sales 1,200
800
Commercial
800
400
400
Residential
0 0
0 4 8 12 16 20 0 4 8 12 16 20
Hour of the day Hour of the day

FigB8Behows the definitions of the pricing periods, whi
Fig88e Aver@grsumption by TOU Period
Off-peak: 10pm9am, mid-day: 9am-5pm, on-peak: 5pm-10pm

Residential Commercial

On-peak
30%

Source: Residential and commercial class consumption profiles for 2018 provided by AEG. Note: Period definition based on
19/ hQa ¢h! LISNAZ2R RSTFAYyAGAZ2Y TFT2NJ NB&ARSYy ibbthdlassksy. R 02 YYSNDA I €
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State of Hawaii Market Potential Study | Potential from Advanced Rate Designs

The prices by time period andTdb8mandiadl-ées gew talh s or atae s
by customer <c¢cl ass.

T a b8-5 Revenue MNetuet rParlopRosal s for the Residenti al Cl as

b2 dzSt 9y SNHE& / KI NBS3 hiKSNI / KI

¢h! 55YIy Itt CAESI CcdzSHi i i
hytdSE ] aAmRlE& h#3ISIT hydSt]1 hydSE] / KFENE / KINH

pmn LY Gl B LY maldyt Yy pmnallY pma LY yol o £t K
Ckl12kK Ckl12FkK Ck12FE Pki?2 Ck1i?2 Pk Y2 Ck1i?2

9EAAGAY 3 MMO®DYy ( MMODY ( MMO®DYy ( y ol & y ol & MM®Dp My ®n +
9EA&GAY3 Hn ®c) mbny Mp Dy | y ol o y ol o MM®Dp My ®n r
¢ h | Hp ®n M®nn ponn y ol & y ol & MMDp My ®n
¢th! b 58 MDYy | M®dnan ponn c ®oo y ol o MM®Pp My ®nr
¢ h | b /t MDY | M DN p®nn y ol & MT N PH MM®Pp J My @n +

Notes: *Only applies during the top 10 highest sales days of the Peang the orpeak period of those critical 10 days, the TOU

on-peak charge gets replaced by the CPRA& I 1| OKI NBS® G9EA&AGAY3I ¢h!wLNFVR G9BBRGRY3
+2f ®¢ NI GS o6l aSR 2y -fuel@defyy cha@esDFBUzE 4D B GG/ yCEV 0 +2f ®é NI GS |+ NI
the first 350 kWh, 11.8347¢/kWh for the next 850 kWh, and 13.7121¢/kWh for all kWh over 1,200 kwWh. Monthly fixed charge of
Pumdpn o6l aSR 2y R and Schedfe(RKii%ed difar§e far sipliase service. Fuel charge of $0.18/kWh

estimated based on the difference between theesageresidential alin electricity price and the fixed and nduel energy

charges. The demand and CPP charges collect 20% of the total revenue collected-fiemion K2 dzNB Ay G KS a¢h! & N

T a b8-6e Revenue Neutr al R&toenmRarlc p@Ilsaadss f or t he

b2ifdzSt 9ySNHE / KI NHSH hiaKSNI / KI
¢h, 5SYIy I tt CAESICdzSt b

hytJSI ] aAmRlI & h#ISIE] hywdSE] hywdSIE] / KINE [/ KINH
pmn LY b g LY maldyl Y pmnallY pmwna LY yol o ! ff K
Ckl2k Ckl12FkK Ckl2FkK bkl?2 Ckl12K bkY2 Ck | 2

9EAAGAY 3 pdcn pdcn pdcn y ol & y ol & op®dny My ®nt
9EA&GAY3 p ®o H p ®o H p ®o H Modnsr yold ccdny My dnr
9EA&GAY3I wmMndcs, cdcn MM®DC y ol @ Yol ® opdans My dntr
¢ h | on®ny M®nn y ®p n y el @ y ol & op®dny My ®n
¢th! b 58 My ®n M®nn y ®pn MM®n H y ol & op®dny My ®n ¢
¢h, b /1t HN ®ny M®nn y ®p n y el @ HMA ®n op®dny My ®n
b2GSaYy &G9EA&GAYI Cfl G +2ftdé o6F&SR 2y 19/ h {OKSRdzZ S DI 4G9EAA&C(
based on Schedule TA® for HECO. CPP-peak charge ign additionto the TOU charge during that period. Monthly fixed

chargesbase Yy | 9/ h Q& { OK SR dzphfise vervioK AsSm&] sam2 N@l éharge A f& the residential class. The
demand and CPP charges collect 40% and 20%, respectively, of the total revenue collectedlfd@toh K2 dzNA Ay (G KS a¢
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Literature Revie w

FiggdAehows findings far o doeurr | isimportant to emphasize that no other

TOU, demand, and CiP®Vv epsitli ayta| place in the mainland is like Hawaii, which |
reduction in overall consumpi hasitsunique climate, sociodemographic i gns . T
no Haw@ieici fic studies avail a b\ and economic characteristics. \
Fig4e ComparAcsoss Studies of Reduction in Overall Co
7%
o CPP TOU +CPP__
6% : : : :
I X ! I
| X ! |
5% ! I ! I
| X ! |
H : I : I
A -
2 | : CNF G dt !
Q 3% : I assumptioni2.1%,
: CNI G V!
Q% assumption::l.z%. : |
5 Lo |
g ' I I '
2 1% 1 i 1 i
& : I . : I
0% : : L : :
|
% Vo .
I X ! I
| X ! |
2% ! I I I
Xeel SMUD SMUD IACEEE I sMuD Ontario SMUD MMLD SMUD ACEEE SMUD Green Xcel BGE BGE SMUD ! ACEEE | Ontario
(opt-in  (Optin _Awg.. | {Default Energy = [Optdin (Default Avg. (Cpt-in  Mountain, (w/otech) {w/tech) (Default _ Avg._ | Energy
wf tech) w/o tech) w/tech) Board |w/otech) wy tech} w/ tech) VT wj tech) Board
{2dz2NOSY . NByR2y . I+FiGTlEyd8NASORS2yYIZTawSadREYiaKkE wlHiGS 58a4i13
| 2dzy OAf FTHONTAPASYENBO2y2Yed 6! /9990 al NOK HAMT
Based on our r evtiheew,a weer aegset icmaastteodmer 8s change in over a
t he newt madtteourbees as f ol |l ows:
9 Thr-eer iTOW atle2% reduction in overal/l consumpti on
9 Thr-Per TOWi t lemmamdh arlge2% reduction in overall consump
9 Thr-period TOU rate2witthd u€CRR ocnharmge:ver all consumpti ol

We al seweelvel asticity of substitution dathi §8-H#& sever a
We based our elasticity param@aleirfsoromi a hegiresmnl| ttise fgiom

to Hawaii compared to other regions dithevbeaty&s Weomes
two mild climate zones in California (Zone 1 and Zone
and Zdne capture the | ikely range of customer price r

7 Aer aggonoefs -Q&Q45
19 Aer ag2onoeB&4:-0. 10

®The elasticity of substitution measures a customerds widiflferemcggsness to s
across those periods

Applied Ener guww.dppliedanergydroup.com Mp p



State of Hawaii Market Potential Study | Potential from Advanced Rate Designs

Given the | ack of information available about the poss
cl ass, twee ussaemle el asticities of substitution as for th

Figdb5e Comparison of Elasticities of Substitution Acr

-0.30
025 Highest
-0.20
Avg Zones 1&2: Avg Zones 3&4:
015 -0.045 -0.10
-0.10 Lowest
- -
0.00
Ontario, Connecticut BGE California, California, California, California, California,
Canada Zonel Zone2 Zone3 Zoned All Zones
{2dz2NOSY . NByR2y . FFidl 32 awlkidS 58SaA3dy alGiSNARY ¢KS LyGdSNBSOGA
| 2dzy OAf FTHONTAPASYENBO2y2Yed 6! /9990 al NOK HAMT

Calibration of PRISM

We calibrated Bio d ettol eBlawaPiRl SMust omer consumpti on da
requirements. Next, we populated it with customer r es|
in the mainland for the residential cl ass.

The inputs to PRI SM were:

. PRISM grewoutd Cal i forni ad
1 Average cusftowens@8mp0i on plPricingPilotin2004.Subsequently,itha:s
1 Proposed new rates been used to predict impacts for a variety

of time-varying rate designs in pilots in
- Change in total energy 0N Connectcut Floridaand Maryland. litera
revi ew)

9 Elasticities of substitution (based on I|iterature re€
Based on those inputs, PRISM outputs theperihadhge i n en

Per-Customer Change in Energy Use

We used PRI SM to -esastommee, basi a, pehe percentage chanc
period for eachsobbythieme aperidedi gy cl ass.

Residential Class
We obadhe foll ovoirngt hree sruelstisdent i al cl ass:

7 Thr-per iToQUrat eJisi ng -Hpwai fic residenti al consumpti on
elasticities of -8uDB45-DaAddentwbmttweaert hat residenti al
on average reduce COnspuemXt ipoenr i dolr iBoyg 3f.M3e¥%wno 2, 390 Kk Wi
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State of Hawaii Market Potential Study | Potential from Advanced Rate Designs

2, 250310 kWh/yr under a TOU -paalkpdadfplirgaet, i @ ssfumi2 .ngOwe
ener gy consudmpbtei orne dwocueld by an average of 1.2%, from

Thr-per iT@Od) rate with aThe mamangded air g-eaevaekr acloln sainmp t 6 ro n
switching to a TOU rate with a demand chargéo(assum
be similar to that of the simple TOU rate on average
reduce their peak. 8% mafmdomy11387 5KV W.0 1. 70

Thr-period TOU rate Uwmidteh GPR ewlairuge :neut rsatli nfaQ e+ @ hPaR
onpeak consumpti on woufl.d3 % excrr eaavseer agye ,4 . f0r% AR ,22,9309 0 k W
kwh/vyr. I n addition, @permrkumpturesnodutihegctrhei cml peak
by 1200986, fr om 7 2-6KdWH/Whr/ ytro 58

Comm ercial Class
We obadhe foll owiomgthes clotmsner ci al cl ass:

Thr-per iToGUat éJisi ng -Hpwai fic commerci al consumpti on

elasticities of -Gub4s53-0amdoonwdee swieiemat ed tiwatl dommer
reduce consumpt i-pena kd upre rnige/d BBy adn.dle®® a TOU rate struc
kWh/ vyr tadl110364&KWh/ yr, -pssak-mehf patioon of 2. Over
consumption would be reduced bkWhhyaveoage, 6801k W/ y

Thr-per iT@OdJ) rate with aThe mamangd air y-@evaekr acloln sainmp t o ro n
switching to a TOU rate with a demand charge (assum
be similar to that Hofwetvlkee ,s iwmplweo uT AU ad stoe .expect pea
4. 0% 4%, from 11027 kMWt o 10. 2

Thr-eeri od TOU r at e Umidter @GP P ecleanrugee :neut r al TOU+CPP r
onpeak consumption wou7l.dé %, e cfrrecany el b, > 0D.05ANE 3 Ok Wh / y r .
addition, consumppdaok MMaurisngoft hteheoncritical22p®,ak day
from 377 kWBB%¥r kWb/ ¢804

Scenarios for Deploying New Rates

Drawi ngt huepolni t eratur e, we ocewsdtiamaere dp arhtei cfiopatoiwoinngr at e s
scenar iTad-@®s.ee
Op-tin 20% wlfagshepopul ati on. Most TOUndepl eyymemtcs et od-
Okl ahoma has achieved 20% with its Smart Hours progr
29% and Arizona Public Service has adlyi evoendimumn7 %.ateH
to customer s, appropriate customer service is made

portals have been created.
Tab87 Rat eAd o p t U nodne

Opbut 80% of t.he class por¢g Thr@@n&rios:entage_
may be even higher, based ments in
SMUD (it mbmihg its resid { Y i 2 (o
default TOU deployment | a-s hL#ly HE: ported o
out percentages of just a nL#@ dzi yg: doint) al
earl i er depl oyments in Ont S re 90% o
al yRIG2! M N JE

customers are on default T

Mandat ot @0 % loafs st hpeopcul ati on. Fort Collins in Colorac
rates | ast year. I n many jurisdictions, TOU rates ar
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Class Change in Energy Use

We estimated the percent changeod nascltahses pernoadrsigcyd nuesfe tbhy
i mpact ti meageéebetpemeentparticipating in the rate und:eé
above. The following subsections summarize the result:

Residential Class

Under the assumptions | aid out here, dweicmmdaknah euwr & h a
coul d be reducetdh e nf calvleorwaigneg baymount s :

Op-t M:. 71% 3%, from 1, 03D, G2Mh / GWh/tywr 1, 015
Opbuf: 65% 0%, from 1,908300, 0@VBh /G/Wh /tyor
Ma n d a t3a r3¢2a 3 %, from 1, 03909 5G6V&Why/ry rt o 965

We esti matodraelssihdagnti al consumpti on c dauthled flod | roemd incge da nmoon
Op-t M:. 20% 4 %, from 3, 4863,Q3Wh/ yGWht/oy r3, 465
Opbutl: 0% 7f%%,om 3, 480 GCGWh,/3I4453 oGWh /4RO
Mandatlor226 1%, from 3, 4838, A@WH/ \6r'wht/ ¢y r3, 405

Commercial Class

Under the model wed easstsiunmapdte noeénhsa,it a | cdaurr sourme bk o it @ w i
be reduced onhavegllgewibmt s:

Op-t M:. 81% 5%, from 1, 350, &8Wa/ GWhitpr 1, 330
Op-buB: 26% 1 %, from 1, 350, &Wh/ @Whteor 1, 270
Mandat4iorOps 6%, from 1, 35-0, Wb/ BsWht gr 1, 245

We esti madteaolmmat ci al ccoonus udmpbteioonre d u e etdhgee fboyl | owi ng amo
Op-t M:. 20% 4 %, from 6, 295 ,Q@WM0/ yoWht/oyr6, 270
Opbutl: 0% 7%, from 6, 296, B/ GWh gr6, 190
Mandatlar2224 1%, from 6, 296, WB/ sWhtf gr6, 165

Hourly Impacts

Taking thenpgerceantcl alsa energy use and multiplying it
kwh) and class peak demand (expressa&lde xoanrkdVinpwadaobt ai
haspFei g 8-6€h ows esodmglkhéei nhaotuerdmp aicnt s2f003rOTtOWe CP Pi m aQah u
nder ptohugacenari o (80% wati @gofanacdd@tsitd )0t Y0 Fdfe dulgsutriet u
hows resultgyfpesithcae ¢gawk day, average weekday, an
he rate design, the i mpactsherer sdgmiah g goacikatkl worelyii gohde r
han footrh etrlh gdppeys and tThmee hpieg hhegdite mipa@awits t | mat @d tMW b e
3MWf or resi dbe’f/ntMW If oarn dcaomdneod cd w56 dur iomng t he criti cal
The aviemmpget dur-hogrtpeakd Beriradei MW (aMW) .

~ —~ =~ c W0
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Fig86ée Hourly filmpmaotgt TOU+CIPY Bayye: Oahu, 2030

Sales Load Profile - Critical Peak Day TOU + CPP Impacts - Critical Peak Day
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9

POTENTIAL FROM DEMAND RESPONSE AND GRID
SERVICES

I n addition to rtelae h$thgt eE&®PfSolydbwadisiprh ori ties for addr
suchs haesddi ng psehaikf tliomag dl, csaudpsp,0 e § ureegocwy!| an d roind s i | Tiheinsc y
chapitemaeal udes potenti al i mpacts from i mplemébDRaAGSESPN of
programs.

Purpose

The purpbbesi st esti mate tthreompos ewnea idaellmatnmpersetsgpfonse a
grid semvdrersgy consumptiiom IdaTwhaeipid alcusemeshdnand o6conne
endse technodl mgagdiraeass can communriiegdhtde s yb IR/ tBlFee ngt s .

Distributed batteries were not a part of this assessm

Approach

Fi gu¥lesummari zes AEGOSs approa Fig@gtPR/ GS Analysi the
potential from demand rRAREE®N SIE 5.
analysis |l everagedt HBECGEIauDtR n Approach

making some key enhancements s fro

MPSas notedandelionweor por atiursge d: Define DR options and
enabling fechnologies from a

Theubsections below describe Kk grid services perspective anal y:
DR Options and Grid Services Modeled
. . . ) Identify end-uses and
AEG modeldéefrfefnitvegriid services technologies that can
Traditionallr £daiptaicointay DR de: participate in DR options |

during high @ddak st icnmedsa-g b & ad

dagfmoti ficatoingrramrdent hour s Determine eligibility of each

end-use and fechnology for

Nom pin Auto Response ofr : each DR option es
Traditionals hDeRd tlhoaatd ciamn r es p

or contingeh@ynevent s me n38 |chgrgcterize DR options in terms

mi nut e miniduurnateivoennst ar e typi of participation, impacts, etc.
Load SR fdtesigned to -péhak th V
Ther mal or battery storage 4ai 1di dat

Estimate Technical

chract erdazgefd nboyt iafnidcoantgiean e v e Achievable potential

Fast FrequencyAuReedpterspPpens
resource to change inlftrecguardyrbydcdmtr ol
as a shoadnyfoll owing type of grid service.
4 AEG revised somé nf or mati on to make the analysis more current. AEG and HECO

different than what HECO has nowfor its Forecasting and DR groups.
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State of Hawaii Market Potential Study | Potential from Demand Response and Grid Services

RegubmaReaser Aetsomat ede resptonsan increase or decr easc¢
mannletr i s referrerdedgwl atsi an sthy prenyof gri d servi ce.

Enabling Technologies and Eligible End Uses

There are three main types of enabling betbwodegicesbé
these technologies and provide examples of eligible e
end uses and end use technologies to these enabling te
would be eligible.
Direct Load ( Obtejduri o-ay ooemmuni cati on and all ows a p
to remotely control the customer s eguiapmbdrt ucrds lho
various end use equipment such as centr aluighC DdyCst e m:
switches can be used on equipment | i ke zonal AC syst
Aut omated Demand Reesquomweay f(eanRyuni cati on and all ow
participate in DR programs when they enable their a
frome utility. Connected thermostats, connected EV
energy management -tsiyesdt ebnast,t earnide sgruisded with solar PV
Manu al Swaltldblwiengu s tome r ol | oads mea ntuoa la yn dMmii friecsgptoincs
manual c onnotprtoi POENG8s aanal ysensdfsecueeldwiothto gt ees odapabili
beiagtomatically controll ed.

Factors that Affect Participation and Impacts

Three factors affecting participation and i mpacts wer
Accept arbeifleirtsy t o t he per cent|rheDR/GS analysis considers 1at ar e
willing to participate in an Technical Achievablepotential instead |[g e f or
i ncentABM@E s ut itlwioaedept abi |l ity | ofEconomicAchievable potential
represent | ow and haagdeptealeil I sincethe hourly avoided cost

information that would be required
LowaAEQtilized acceptabilit]yryaluingtimeof-daybasedsavings ©Mm t he
Navigant osdedy |wop caasckLo Th e for DR/GS opportunities is not yet
vari ed acceptabiHadury poevreir (| available. Hourlyavoided cost
comme rccuisatlomer willingness information is expectedto be ropping

into thsai giithglpe rdcuernitnagges o1 available once HECC

periods. Planning process is complete.

Hi gTho: devel op a OHighodé bodkemrd opr dt lae szrealay s ios wWhAE @€
acceptability forcamsterldlgb®Wdhétedpoadewhs the most S
scenari o we haveemazmrd If@Pspgmnismnboatrher jurisdictions

Control rebéds ttyo geheofpelrcaechtfaoseat gpavenananbe enabl e

capability for . Tooade vsehleodps / s i if nat e s of eachtni clall abi
achi evable results from thaecEEngotbaetiadbpandlysifspo
technol ogies throtghoexambhéef ohecmsstats installed

mi ght one day be controllable within a DR/ GS progr a
the basis for ftcdhre tchboevntgmdtl tabRH&8 mmeasur e.

Participation rate (DR option) = Acceptability * C

SheddabieFety to the fraction of participating | oad
aDR evewWe used dHEE€OTfPHRne &thuedly

Appl i ed Ener guww.appliedanergy§roup.com HC M
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DR potelnmdaal*

AEGpplied these

Time Periods and Day -Types

Because of t he
t h#Fdvanced

dayt ypwesed in

Time Periods

CriticadlOPeRPAM :0nb5
cCri piecdkay s

1,200

OnPe akdl 005 PM

1,000

Of-FPeak: O0ORAMPM 800

PM 600

Mi d daAMS5

MW

Day-Types 400

Criticalodpedadk ®day
dayser wietiki g hleosat

200
0

Average weekday

Average weekend

There is |l ess seasonal
vari at itohnetstver € kbt ydpaeys . Si
da-yypes of i

Key Results

The

t hem e smeonrte derteasiulleeds f or

By Grid Service Type

AEG mo dieteygp egr iod s:er vices
Capaébeyease
Capadlingrease

No+Spin AutodoBRecspéase
Fast FrequembecReapense
Regul ati o®dD®&eseayves
hour |l

Fi g8-8xhoewsampl es of

=Participation

tdeenmpaonrda Ir ensaptounrsee oafn d
hour |l yABE@pelrieesdul t s hforuarh yt menal ysi s

FigB2eal es

vari
nce
nterestt lte ufldt bbree .expl ored i n

subsectfiipmeskaltovs e meésruyf t s
one

y

| Potential from Demand Response and Grid Services

rate * Sheddabil:

ty

f acd oh saccha le epsottieanattiea It.h e

grid services, t he
Bandr ikleg/d ffiionndCha st

Rateess cDe diegn8itro Chnd mtnetwrsteh ¢ oa dti meofpicked ds
t h e ahnoaul ylsy esig@R &oitl | us)t r ati on

Load-TRmpefsi lasm:d DOay

Off-Peak Midday On-Peak

56 7 8 9101 1213141516 17 18 19 20 21 22 23

= (ritical Peak Weekday Weekend

abi |l
AEG

State of Hawv
the anal ysi s

ty in the
perfor med

of DR/ GS i mpacansd by
speci fi coDieycpes acsfe gr i d

ty|
ser

It is important to note that the impacts from
different types of grid services arenot stackable
This is because generally the same endse
equipment would be called for each type of grid
service event, and the same equipment cannot
be called for more than one type of event at the
same time. (However, there is a possibility to
assign different types of equipment to different
types of grid services)

i mpacts forseaichhpacdt sheepri &:

t hte ¢ h nacchaile vpaobtleent i alb nai nc r2i0t3i0c aflo rp etahke diasyl andtd hledw Oahu |

4! Due to the unpredictability of renewables, we modetd grid servicesfor every hour of the year. The actualservice performance will

depend on reaktime requirements of the grid.

42 HECO notified the AEG team that the norspin auto response grid service is currently obsolete.
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The remainder of otnhdChpap®De ¢yr ¢ dseisglsedasseevi tehas the |
to yield pédak higmamdcti ons rel ative .tode¢esiespetted i gril d vy
tehddad bet ween Th b&lasdh olwlsaptehreage MWmpalwyw)t i meampeéri od

i sl and ®Trhe26830ts ar e bpitabcsceenptteadb ifloirt ya nstdc egrhar iaonsd (rleopw e s

43 Impact estimatesare provided for each island and the military separately however, Oahu and Militarywere modeled together when
estimating peak
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FigO4e HourClaypya®ietcy ¢ mpalcyt sblayype Oahu, Al | Sectors, Technical

Load Profile- Critical Peak
1,200

1,000
800
2 600
400

200

012345678 91011121314151617181920212223
Baseline Capacity - Decrease

Load Profile- Average Weekday

1,200
1,000
800

MW

600
400
200

0123456 7 8 91011121314151617181920212223
Baseline

Capacity - Decrease

Load Profile- Average Weekend

1,200
1,000
800
600

MW

400
200

012345678 91011121314151617181920212223
Baseline Capacity - Decrease

MW

MW

MW

45
40
35
3
2
2

o o1 O

(&)

a1

Capacity- Decrease- Critical Peak

0123456 7 8 91011121314151617181920 212223
Hour Beginning

Capacity- Decrease- Average Weekday

0123456 78 91011121314151617181920 212223
Hour

Capacity- Decrease- Average Weekend

0123456 7 8 91011121314151617 181920212223
Hour

B HVAC

B Water Heating
Lighting

M Refrigeration

M Other

HEYs

Ac hi

evabl

Appli ed Ener guww.dppliedeanergydroup.com

He p

e



10
INTEGRATINGEE, DR/GS, AND RATES

I ntegrati nsgi déée nmaannda ge memtk nomaevso utroc eisncrease the effect
e fcfiiemanyl DR/AGDTr tcsonodvuecrt i ng energy efficsepay &eHy DR/ G

integrateéedDEBMredgyf i ci ency programs can focus on-improvi
usequi pment that has theéeroapabidt mteyne@fdobmeispeonse or ot
ser egenlthsee i s an I mpbetamaeBynmeggoantesi lpetak tde mand

reductwihod £DR/hGS eovfetnetnel d addi ti onalveeb ealones.achagser
describes the integrationDRf GEBardgapdeédhcedenayemdasug
energy a@adi mgst other Il gribedgolmjse btyi pesesenting hourly e
and t hen ilmpyaetsu lotresd vfarnocred r at es -o(usp eTaOiUf+iCaPaP)D BF/h @ B p t

(speci fi cadDley,r aGegpspcti & y

Hourly Energy Effic iency Potential

To model the hourly eR&ElSh pefdf itdhiee mayn umptoeemtait ylp,l ef €65 al
hou,ulsyi ng t he +4rsiet ilzoeedd esrhdapes dB8BoussrtmphaCbapeer mar |
segmantd a gioviteme yfearrheoxoarsrte s p&d®ha@ld gt i ng | oad shape was

the savings ¢add ghhampeg femrer gy Tehifd cd papsreopacehs adilsi@ee . end

|l oad shapes represertr osmd/ds evgrme d sardos happesesweldverl aid

the hpuouo] gsctefoer gy ef mpateémcwy giorent ope ahwofuritlahseel i ne

pr otiesknr eati ng a modi f i eadf tseyrs tfeum ulroea dE Ep raodfoipltei o n

Tabl®(on the folslhoowsagtdpeage) MWn fa M&J ¢ enptalcyt %) i me peri od

and i6eplamsg minl i2t0a3r0y.) The results represent the combi ne
commerci al sector s. The i mpaet scnoanrseu nrtpeblr setoiavsed tian t2H0e3 0
estimate the average i mpact s, AEG averaged the hourl.y

across theg. yeavenage i-mpuarctpeoalrpdrmieod fThea hperlde nctr i
i mpactf @irmi lbar magnistlundiedsae roaaastcaormasesr v e d.Koayuhald B |

slightly | pwiemaid mpancbecause of | ower program particip
penetration of,amaial coino@kR@dnmEeegct s for the military a
i sl andsunduweuetn,ess of how the military.uses energy and

4 That is, we can use the enduse shape for lighting to represent the savings shape from more efficient lamps because the savings are
proportionate in each hour. This is a reasonable assumption for many measures, with the exception of loathape changing measures such
as variable speed pool pumps.
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State of Hawaii Market Potential Study | Integrating EE, DR/GS, and Rates
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State of Hawaii Market Potential Study | Integrating EE, DR/GS, and Rates

Estimation of Resource Class Interaction s
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45 See Chapter9 for the explanation for using Technical Achievable potential for DR/GS.
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Hourly Potential of EE,Rates, and DR/GS

Fi gufBer eséehsetsacrkeesdul @ash t

X Tabl@Addi tional Savings
in 2030 by sty plnrcea nd ac

. . i Oahu, Al Sector s,
DR/ @ tisdmbwn in the fig
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i mpacts rtedh eacthaltelva bl e Energy Efficiency 182.4 20%
for t he | ow accefptarmi TOU+CPP 66.4 7%
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savings significhmibe ge DiVRSIMSE & s pdemmaarbehnytt he cri ti cal p €

duritrhe -permak p(ee Ealll @), whiempeact s f or 1BRval ag‘e(a MMWe
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savings
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a l
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46 Average MW or aMW is the average of the MW dring a period time, in this case during the onpeak period.

Appl i ed Ener guww.appliedanergy§roup.com T 1



State of Hawaii Market Potential Study

| Integrating EE, DR/GS, and Rates

Fi gueBe HourlSkwclkeepda(EEs Calpeacridas e ;;Ouan dl OQbte P Blayymen d S:e cQaohru, 2030
Reidenti al Commerci al
DSM Impacts - Critical Peak DSM Impacts - Critical Peak
180 180
160 — HVAC 160 — HVAC
140 m \Water Heating 140 m \Water Heating
120 | ighting 120 | ighting
= 100 mmmm Refrigeration = 100 mmmm Refrigeration
= g mm— Cther = g mm— Cther
60 — EVs 60 — EVs
20 ——TOU + CPP 40 ——TOU + CPP
——DR/GS ——DR/GS
20 20
—E —E
0 0
01234567 89101M1121314151617181920212223 01234567 89101M1121314151617181920212223
DSM Impacts - Average Weekday DSM Impacts - Average Weekday
180 180
160 — HVAC 160 — HVAC
140 m \Vater Heating 140 m \Vater Heating
120 | ighting 120 | ighting
z 100 m— Refrigeration z 100 m— Refrigeration
= g mm— Other = g mm— Other
50 I3 50 I3
0 ——TOU + CPP 0 ——TOU + CPP
——DR/GS —DR/GS
20 20
—E —E
0 0
01234567 8910 1121314151617 181920212223 01234567 8910 1121314151617 181920212223
DSM Impacts Average Weekend DSM Impacts Average Weekend
180 180
160 — HVAC 160 m— HVAC
140 mmmm \Vater Heating 140 mmmm \Water Heating
120 mm Lighting 120 m— Lighting
= 100 mmmm Refrigeration = 100 mmmm Refrigeration
= g mm Other = g mmm Other
60 [ At 60 A"
40 ——TOU + CPP 40 ——TOU + CPP
——DR/GS ——DR/GS
20 20
—E —E
0 0
012345678 910711121314151617181920212223 012345678 91071121314151617181920212223
Appl i ed Ener guww.dppliedanergy§roup.com MT ™M



11

IN

Th

TERVENTIONCONCEPTS

chapagaxpl ores program and op @lpittéhyei izsea veirnvgéso rp aitrheen t mad t

i mpactfuli dnemtsiufriesd tduudryi ng t he

Purpose

Wi
on

t h alnlnutaH e amd dredaifmigyot ent icampi mpadt s AEG toekl|l acstep
the keQuir i dwa intgse provi de HRUMGkagmaoea itnog thhoew it mi ght n

tao the foll owing

We

Achieve EEPheighalssi pritbeitgntewtsptfrovhide sathuegti ma
the energyotéhtt2@B@byapd beyond) andhelopnebtEcEtPhSe nd wa

goal s

Achieve other obj elTcht&iavtees oif n Hawa iail | heabsl so tthoe rc a nrspiod
i ncl mdlidngqng more renewahhegidinhget,ive cxpsagl , water use eff
andddressi ng c ubsyt orneearc hd gqmug dltylnr dnar ket s, to name a few
Manage : Bgpisdte nt icfoywitf nfge cetniew e y emeasuwietsly hi gh achiev
potentiaal veelpll oa s-enfgf eccotslitee & s t( aitn a quparloigtraatrd vpolsieqys e)
inter sepuuresme those measures.

frame our analysis as deved opment of odintervention

Analysis Approach

Th

e analysis approach for the Fighfid nterventscepts t

fi vieain ¢sé&pgdi)e The bullet poi Analysis Ape

each step:
i ) Approach
Revi ew MPS -Imeevaeslur e Reswil etwse:d

meas-ieeel frreosnulttlee anmwmal i ar: Review MPS measurelevel
me a sutrhea t are mostréempact fub results
savings . .bWwedgB tehedt wo | evel :

pot erftBiAdHd MHimght hi.s review
. o Identify a set of metrics
|l deytai §et of:Conmedirdneertssed cs r el

maionbj ecti ies ofudy, aofd ompe!

for Stttae e of Hawai i : Characterize how each

| mpact t owar d EEPS goal measure meets the meftrics

Loadcducti on poioddnatfyioqmle alkyp etail

and miasdadefined during the Identify intervention options rsiogn
Contribution to renewable e \ 4
Categorize each measure by

Water savings

intfervention option
Characteri ze how each mmeéas —— I
Loekht quanand agualei t ag i ovfe tvlaé umeé i mincs for each meast

Appl i ed Ener guww.appliedanergy§roup.com MT H



State of Hawaii Market Potential Study | Intervention Concepts

Cumul ati ve eneh)gybys a2v0i 3nOgvEfeofré&éWsh eof achi evabl e poten

Qual i aasegeomenatd reduct{ddnghpot Madi taimmpddlaoyw) by

Does the measure contribut¥&esp Nehewabl e energy go

Does the measure contribute to water savings (Yes,
Il denti fy inter:8ehéedctoend ofpotoiscih ppbesi ofervention opti

Publ ic Benefi tsatF@m®BPAdomdg n &nsesr:gfyf i cmeeanscuyr es ei t he
i ncluded, or recommended for consideration, in PBF

PBFRAr ogsa@amut uCroedt andBired gy e fmfeiaciueheasty coul d conti
to be implemented through FoBeFetAeap rnoegm acnosd eb uotr csotual ndd
the state and/ omrsf émys palrsAdeve@A sTi tl e 20, CA Title

DR/ GS Fachinlleirtggt @ fnfeiacsiuerrecsy f or equi pment t hat has

automatically controll epdpgfamslitating future DR/ C
NewienactsSedndbheaelsse measures fall under a new stand
transitioning away from a PBFA program. This is a
so the savings are called out separately.

Categoanchemeasiumttebwyent i:Ans eospdteicohn measures were be
for each type ofchntervention approa

Findings and Recommendations

Figu-RPanHi glu-Bshow the cumul at if wehssuabvsi entgess fibrye 2 0B det er mi
to be most i ampwicatrdeu Ig.r ofutpde e  wpef i ntervenTheoecompdi ons
catef@ggBBKFA Prodrmuamod&®Rt andihad the highest, swawihn gst 6p cGWhn t

cumul ative saving€oplbeentval ybytR22&d3t000p measures acros:
potentli,ad4d340fGWh AxskFi QB howhsits compares fawmowamtd yofwi th
cumulative energybsaweegs? When identifying what should be considered as
20301000 GWh) meedav earBaElPtSar g & :

the most impactful measures, we looked at the
4, 3GWh bet weemd2®RIDBOr e fherse top 20 measures for each sector (in terms of
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and/or implemented through a code or standard
or GS/DR delivery approach.
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9 PBFRr ogr amButouGoede / StTahredsa@r dneasures could contint
through PBFA Trprnoegw aansdes | Therecommendation to pursue new codes
Consipdiesrui ng st &t er sé”rempt € and standardsis consistent with work that has
and hprinter/ ane@iselrr lefsa xm@& & n ¢ already begun in Hawaii. For example, the
t h@eo mmeridineelar rlé sgihda ondgii, atnod| State of Hawaii recently adopted International
commergeuieaslt r oo nmeccrupraest s o Energy Conservation Code (IECC) 201th
energyaso Was bec€ml| d d ® ege inmr amendments, as wellseveral new state

service,pliogmtigreg esrtaalndar ds appliances standards that will take effect on
Januaryl, 2021.
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This woul build on some of the new

programs and pilots thqo
HECO have been working together on, such ast hat
the smart thermostat offering, grid integrated ces
water heater pilot, and exploration into

leveraging energy management systems for ol
energy efficiency and demand response. ms .
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One of the priorities for the State of Hawaii

beyond energy efficiency is to advance

efficiency in the waterenergy nexus. The new

state standards for watersaving appliances
contribute to this objective, as do additional ‘s e
activities outlined in

plan. ese
andar ds.

47 Hawaii House Bill 556 (Prior Session Legislation), A Bill for an Act, Relating to Energy Efficiency, Passed 7/1/2019, A6{2542019,
access text here: <https://legiscan.com/HI/text/HB556/id2003415/Hawaii2019HB556- Amended.htmlI>.
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FiguHbe 111 ustr atHigrmhn dfepdseswr es are Distributed Among Possible I nterventdi
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