Lowering energy demand during
peak hours

By Johannes Blomquist
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Problems:

* People have very similair daily routines
* Supplying the peak energy is very expensive




Motivation

e Clients might get charged for their maximum peak demand

* Providing clients financial incentive to take some action

* Residential and commercial buildings account for over 75% of electricity
consumption in the US

* Benefits both client and power supplier
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Difficulties:

 Energy charge and discharge algorithms




Energy charge and discharge algorithms

e System modes (threshold):

* Request exactly the demand
* Request more then demand and charge the battery
* Request less then demand and discharge the battery

e Overflow and Underflow
* Underflow is not allowed in the system

* Online and Offline algorithms



Energy charge and discharge algorithms

~ Alg. Battery Online Threshold T; Running time
1.b Boundec No (1, n) O(n? log n)
2.a Boundec Yes D— D""‘“ ) O(n? log n)
_ 2b boundec Yes ;- H("”?s' 1'; O(nlog n)
n—s;+




Difficulties:

 Energy charge and discharge algorithms
* Batterysize




Battery size

* Alarge part of the initial system cost is the battery’s capacity

* A completely flat request curve is possible with a large battery

* Knowledge of maximum demand is needed

* Goalis to find the smallest battery that can achieve the optimal
peak request
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Difficulties:

 Energy charge and discharge algorithms
* Batterysize
* Lossy batteries




Lossy batteries

* AC/DC transforming suffers some energy losses
 The bigger the battery, the greater the losses




Lossy | ma

e AC/DC
* The big

Ratio (lost energy)/(total energy)

Battery size B x 10

(b) Varying B; L = 0.33.



Sesazave Compraing: Inirramic ard Syversa | (2001) 775108

Camtarns e wvsitabte ot Sceccellesct

Sustainable Computing: Informatics and Systems

Fl ]'»\ IR ournol homopage. mww. elitvior comiocate/suscom

Energy peak shaving with local storage”
Matthew P, Johnsan®-*, Amatz Bar-Nay ", Ou Lin®, Yi Feng®

B L L Sy s—— Y TS T Ly
* Dvporimees of Computer Schenvr. Clty Cninerry of N fork Craskasss Crvaer, Usked Sizm

ARTICLE INFO

AESTERACT

Arick knary: W ntrodace 3 sew poobiem lospined by esery pricieg soneeses in Which 2 chear is S8led for peok
Rcobv ey 2033 e AL Cack Tinciot (he SYSIEn D0ets 26 eatriy Ootund rough & Onibaation of 3 ew roqucst.
Rexcived i revived Sorrs. 4 May 2001 an cerchulsic amouy of froe souwrce crcrgy [cx volar or wand power | and proviseady roccreed cecrgy.
Acceyied 11 Shep 041 e wdded pecoe ol ifrotiuture o the Duttery, whanh cas sord warpben cecrgy foe fueare we, and o
ittty asvaared 32 be perfecdy ethicarne o busien . In 4 ki solztion, cach derrand rung be appled
Keywurtr: o0 e thesoph. of g CORTY PNeeTY WIERArTAT oes the battery, aed e
g“":‘f":' wasrrs, The g ls s stisie reques btk iR prosem the
n,::" i st deanrmiee cach exguest withour bnowledipe of lnuee Semonds o e source Jealabibny, wick the
ok g vl Oof Ehdximinng (e deoust By whicch the posk o seducod W gac efcont opthoal abporiahins fo
rndare the offae probhon, with ssd el 4 bossdad bettory. Wy abe slarw how 0o lied the sptmmal olflas:
lstlory wae. pven e soguarcrxct (het e Gl butiory hevd ogeats Uae imstad basory bevel Maally, wc
pree efthcwmt IV, “he e o revealod e advance. and
peredde marcting brwve housde
Larer_ww crwreddiec rhe wrering which boer feecy 3 crmerant facion
of Jay snore charged (e g 33T w«cm-m, APt Or Fpoeifi s 10 Ths SeTing. mamaniog opol
Oy For O Aned [ Wie Qo Tiie | mias iy CONpetmivendss fac solisc. W give oo rovaing
L, whinch poanide So0ne Quasi -conpaiical cvidenie fox Competiohencss, Rrally. we evibate e 3
thee, Scurwin dgontlmis on scdl snd syrithetn dats
©305) Ehever lac All nights reverves.
1. lntroduction G 30 s epman () (Fr s £y, O] Lie, 4 wogtas

There Is increasiog ingerest In Saving foe] costs by use of rencw
ahie eoerpy sowTes sach as wind ang solar power, Altsough sch
warres arv teghly devirable, andl the power they provude is m a
scxoe frow, e Lypical doud * i {laldity: atalit
doponds cg o0 waathe! conditions (K s nat “Sspatchable”™ on
Geatand). Many companies seek 1o bulld eMickent systems t gather
opch ezergy when avatiabie and store it, pertags (n modthed form,
for future use |3

On the otisy hand power competies. thage sone high-
cosanption cicots oot julk S the wweal amoure of powel
consamed. B2t 30 foe how gquickly they consame It Within e
Niling penind (rypacally 3 manth), e dient is charped tor the
amanre of erergy waed [asapy chany, KW ) and fee the macmum
amour rerpuested ovee time [ pesk chorgy, in KW' ¥ dermarcs e
wives as esesurnes (g, Ayl ) U U todad Bl is o the Serem

A pesbrarary veroon af i work wan persed @ (135
R R R L

Leve! st Tgrotmrn@gruilonn (NS Jmzeml
* I fact. eoese SRIng rasdels 35 Tecy nexpee.

V0337 - wer Sewt carey € 2003 Ehewacy b, AN gt reverersd
34:10 101 €L asecmnn 201 1 03060

san of the vl usage and the maximues usage. (I pracics, the
@screte timeskots may be 30 min averages [41) This means tae
3 clent who powers 3 100 ¥W plece of machinery for ane hiwr
AN then uses NO MOTe energy for the rest of the momes would he
chargesl mee than 2 Gt wha was 3 mtal of T00KWS qereanl
evenly treer Whe counse of O msuth, Since 180 g -usl conl for
Peak Chaugcs iy lx o1 the oider of 100 taies (e gor wnit cosk
for tonal usage [547 this difterence can be sigmiticane. Indeed. this
1% horne et 111 00T PXRETIITIOTRS,

This vegaests & potroh sl Srtancial incentive to storey purchaesd
sreviy o future son. indoeil o least noe stan-up company las
marketod sech a bammery-based system inmended o reduce peak
energy charges, In sech 2 system, 3 Bactery s placed botween the
Power company and 3 high-comsumpenn client site [ sach 25 2 lape
offer mniding or fartory) in nnder to smsoth power neguests and
shave the peak The ciont site will drae o the battery wien
Gemand is low and dischange when demand & high Spikes in te

Tove Dtk Uit e Commmtaon webwie: 3| bt coampie. Goedcs ratr of 5359
cornc par K ["waergy charge”) g $6.9) per KW (“deraaed ctange”)

U2 e L on Fersaawe O

SmartCap: Flattening Peak Elect

- G Lugare (19-23 Mascs 20121

ricity Demand in Smart Homes

Sean Baes, Aditya Mishrs, David Srwin, Prashas Shesoy. and Jeaenis ARvocdt!
Ummverary of Mavsurbamm Anivor
Tl Collegr

Abwrmc—¥ h demand reduces
Lrrevadon cone, duce crnts arv dipreportioeacely aftecied by
peak demands While the vant majertts of Bosawhald rlectrical
Soads ey ateractive and have Trrle sohedaling Besibilits (TVe
mhorowaves, et ), w asbetantial fracties of home esergy e
devives Brom backgroum] fowds with some. albcit lmited
Boaibiliny. Exampde of sach devioes loclnde ACs, eeflrigeratons,
aend dehumidibion. lllh".'tM lkulull.u-l-i
-b—-‘kh denzand

-u_.-n,m.:—in—l.-n-amu:
pevpese 3 Leant Soack Fint (LSF) scheduding algeeithm for
hesvsotiold baads, Bapind Iy the nellkaoes Farfest Deodliae
lnwmmm'ummw-
Capy » systemm we have Sallr G meninoring snd contrdling
weorrie loads [n heoes, T evalsare LSE, we collected pawes
dota o outhets, pasch, and switches Som o rend Mosoe for
K2 days. We ww Ui dats o drive simulutias, o well o
experiment with 2 rod iotied impdomonlativn Siat wes soilar
beedarvuad besds o our bome. Our rowlts isdicate Ut LSF
u—uﬂd“p‘n.mlhlm Hpeako
hebanier, whery power deviates

¥ al o berelit roidentid s (e clectre grad
beoomes smarter and mode efficient, since peak demands
T s doproportinestc wllect o yoid cepitsl sd opexatioesl
Costs, Inchuding MransasSOn. gmemnn. and feed costs. For
instance, derrsad 1 Iy matiac
s100 and Ssinbenoo losxs, um.b accours for neacty hall
(A7) of mexidentiad enopy comamptine |3), sinee how
bosses are propormonal 10 the sgeare of curreat

To incertrvize demand ik stilitios anc
from Ha pocieg models W varialde toe-of-ase o pcﬂ.
beeal masichs 31, (5] (B] [17) Semex the nurpmal oot 4o
gescrale slecmicity dives as Jonand incioces, wlilides we
btoginming % add sorchanges 10 billks basd oo 2 consamer’s
peak waage. Fur excamgle, 3 oeiliny may Jeteouios e Nl =
Jont, fomed o0 3 costomer’s lapest Ralf-howr of electmcny
demend wilhin a Juy, sopelioe of the tal day’s cncigy
consurmpoon. The new electinaity poang models provade

Trom e average. Vor example, L8y m the
Cerfathon oo Me meen power by aver J0% across all §boas
peciads where the devlation b o least 300 vans.

1 INTRODUCTION

Rocers sembes imbicate the nouderssd and commersial
tuillicgs accowt for over 75% of decmicily comamplion
s e Usited States {2] Ax 3 ressll, desigmeg new “pram™
Tudddi - Wit ety buikli with geeen tech-
rokagicn ban hocomne both e impeortant nescand chalkerge
and socketal esed. lo the sesidoatial secton, msmy wechaigees
exast 10 redwce evther 3 home's coergy Sootpeint of ity eneTEy
WL For destance, sonut buildiees ey 4se mothon sctsocs o
vk oocepants and nﬂ-m:mnva dncomect lm.m
suply somnis J11]. A » smary |
I J00omened demand rt-pvnr programs nnrasvgh of
ferod by choctric wlilitics, which susooratically tees off hans
appliances wheo the Semand for electnony i high (104
These micllipent had massponcol schomes roducos 2 hossc™s
cocrpy footpant and ks B by ostometically Gscomnecting
bosals fruen puser when mocouary or cosvomicnt. Th papecr
foceses o0 an woelligent bod management schome for
fhtiermmg bouwhald chectricny ssage or domand

Flatiznieg demand implics seducing the differsnce be-
teen the pesks and froeghs 5o 3 home's eleamcily usge
Bovcly cocating o flatier wsage panem that lesscis the
deviatiom from the: soemge noge. Dvamand sty loe the

"W e e wes koo tuoughow (5 Z30CT 16 KIS 4 a0y JpPlaT o
desare in e wwwe Ut dews electany

Y7E-1-A67 3025561 2/831 .00 LR072 IEEE

sy B scpulte pol caly (heie sotal
enorgy comsampoon. et also ther coasempoon profike s
peeticular, Bene now gewing masdch mentiviac cashonons
»m«mm;mmm funening thes usage
y. whik 4 contenl] @
Gemand. & home Deed caly .x‘:uk umnnma-:-m‘t "
hewlv—ircthigent tosd mamagement bee proeen difficull o
lnplemeat W posctice. One sesson & that Sscomecting
bels mapmees active comesmer imeabemest ey ek
petiods, sach o tesug off snceccoay light, progran
mnp w (hermoelst, or pospeming washmg cothes. Fror
stedics bave shown that compelling consors 0 chuge
thar hoauhald rmtines w chadlenpig (V) Whike provading
occupanss el time feedbock of thein power consumption
TYE Ity ancontivine themm 40 reduce thear ssape. onoe the
covely wears off oceupeents yprically revert 8 i o
tabus. Even for consemens taat wish o actively manage
Saze Il chocrny which bosals 1 diwoormat snd whoe o
2 comples decisson that must be contineoesly pe evaloosed
eoncal o it that is By chanyiny. Tor mbdioe
tho proticm, we bave desigood SewrtCop, o sysoms tor
aussenatically monivoriny st comtielliog hosschold ks
As 8 key s0p 0 SmanCap’s design, (his paper studics
the cxtest fo which bomes ane shie o flatten therr bome
elecmicity demand wahoal affecung dome occupas of
v their sotree wh e exphore the impact
o awdl)llu Dl rnd clocuicad loads e ae coenpletely
trnagerert o home: ncagmnts snd kave oo it on thear
pesceived comfint. While the vast majoe ity of checticad losds
n homses arm dvtervzive and hee little schocubing flexabi by




Sasazave Compuaing Inborramics ard Syversa | (2001 £77- 108

Camtarns e wvsitabte ot Sceccellesct

Sustainable Computing: Informatics and Systems

Fl ]'»\ IR ournol homopage. mww. elitvior comiocate/suscom

Energy peak shaving with local storage”

Matthew P, Johnsan®-*, Amatz Bar-Nay ", Ou Lin®, Yi Feng®

* Pryerinen of Compwies Ssoonr wnd Dgsereng, Rwtrriveen Wt Dorrvesdy, Uraind S

* Dvporimers of Computer Sctenvr. Clty Uiy of N Vork Ceasbs Crrser, Uisked Sz

ARTICLE INFO AESTERACT

Arich nary: W ntrodace 3 sew oot Iospined by esergy pricieg soneeses in which 2 cher is S8 for peok
Ricsived 1}y 305 e, AL CACh TRDciot (he SYSTER D20t 36 eatriy Bo0und roegh & Unibaation of J oW reguest.

Acrcrved te revived Sorrs 4 My 2071
Acorpaed 11 Mag 2301

an wenchulsc amour of free sawror cecrgy (e soler or wand power | arnd proviseady roaucreed cecrgy.
Mw added peecoe ol mfotiucture o the Doy, whah ces word sarplen cecrgy for futare we. ard »
irttaadty asvarred 32 be perfecdy ethicarne or busien . n 4 kb solction, cach derrand reun be appled

Keywurtr: 00 TETe thesorh 3 ETEIINSO Of Brvdy FAGIRTIeg FOSTY FAETY WIERALTAWT BTeT the batrery, ard e
‘("’“",'_'_""’: wnars The pasd €32 stisinre reques btk iR prosem the
_;;" S st deasrmbee cach w)mnﬂmlmdhmrmltwt» ource Jeakabibny, wirk the
ok g ool of Niming 1D eoul by whicch the poak 5 seducod W gae ot optinal abponioh s fix
rndare the offae probhon, with ssd el 4 bossdad bettory. Wy abe slarw how 0o lied the sptmmal olflas:
btlory wae. pven the soguarcrnxant (hat G Sl batiory kond ogeets U imatad batiory lovel Faally, we
pree efthcwmt IV, “he e o revealod e advance. and
peredde marcting brwve housde
Larer_ww crereddec the ot which ner feecy acraerant foion
of Jay snore charged (e g 33T Weeﬂﬂnm Pt Our FgoeEn s 10 THS SETING. MMERNINg opol
Oy For O Aned [ Wie Qo Tiie | mias iy CONpetmivendss fac solisc. W give oo rovaing
L, whinch poanide So0ne Quasi -conpaiical cvidenie fox Competiohencss, Rrally. we evibate e 3
wther, Sxurain adgonilies on real snd et dats
€301 Bhever bnc All ighty reverved.
1. tatroduction 0 30 v pman () (e surmme £1.6y % 0L Lie, s wogbael

There Is increasiog ineerest In SIving foel costs Dy use of rencw
ahie eoerpy sowTes sach as wind ang solar power, Altsough sch
warres arv teghly devirable, andl the power they provude is m a
scxon frew, 1 Lypical doud * i {laldity: atalit
doponds cg o0 waathe! conditions (K s nat “Sspatchable”™ on
Geatand). Many companies seek 1o bulld eMiclerns systems t gather
opch ezergy when avatiabie and store it, pertags (n modthed form,
for future use |3

On the otisy hand power competies. thage sone high-
cosanption cicots oot julk S the wweal amoure of powel
consamed. B2t 30 foe how gquickly they consame It Within e
biling pened (rypacaly 3 month), e dient is charped tor the
amanre of erergy waed [asapy chany, KW ) and fee the macmum
amauns serpuested ovee time [pesk chorgy, in KW' ¥ demarcds e
wives s aosegurnee (dy, dy o e, ren Uhe total Bl is of the Sorm

A peebiraary verdan af dis work wm prarsed o (135
e e T T

Love! sddvo” Tgrorzem@gruilomn (NS Jmzem)
' Ie fact. woese NRing raadels 338 mecy oo

ZZI0-3I7XF - wer et et € J00) Eheewry o AN rights reverees
0610101 E0naecner 201 105,000

san of the vl usage and the maximues usage. (I pracics, the
@screte timeskots may be 30 min averages [41) This means tae
3 clent who powers 3 100 ¥W plece of machinery for ane hiwr
N4 then uses No more energy for the rest of e moses wonkd he
chargesl mee than 2 Gt wha was 3 mtal of T00KWS qereanl
evenly treer e coune of S msath, Since 18e ekl cosl for
peak Chapts may be o the order of 100 tnies e gor it cosk
for 1otal usage [317 thes difference can be significane. Indeed. this
1% horne 11 o0 EXpETITIeTES,

This vegaests & potroh sl Srtancial incentive to storey purchaesd
sreviy o future son. indoeil o least noe stan-up company las
marketod sech a bammery-based system inmended o reduce peak
energy charges, In sech 2 system, 3 Bactery s placed botween the
power company and 3 high-cnmsumpenn client site (sech 25 a2 lape
ot Innading or bartory) in ander tn smseth power resped and
shave the peak The ciont site will drae o the battery wien
Gemand is low and dischaige when demand s high Spikes in te

Tove Dtk Uit e Commmtaon webwie: 3| bt coampie. Goedcs ratr of 5359
cornc par K ["waergy charge”) g $6.9) per KW (“deraaed ctange”)

P02 et rteTuoorsd Cafereros un Fersesws Computng wnd Comemareaticona. Lugaso (19-23 Maescs 20127

SmartCap: Flattening Peak Elect

ricity Demand in Smart Homes

Sean Baes, Aditya Mishrs, David Srwin, Prashas Shesoy. and Jeaenis ARvocdt!
Usrverary of Maxsurfunermy Ambvnr

Abwrmc—¥ h demand roduces
LrreTaton conte, dnce crmts arv diprepartiesasely aflecied by
peak demands While the vant majertts of Bosawhald rlectrical
Sons aev Rateractive and have Breke sohedaling Bexibilits (TVe
mhorowaves, et ), w asbetantial fracties of home esergy e
devives Brom backgroum] fowds with some. albcit lmited
Boaibiliny. Exampde of sach devioes loclnde ACs, eeflrigeratons,
aend dehumidibion. llllhc-tr.'cM lh‘ulull.u-l-i
2 hoooe b shbe Maticn its o denzand

Capy » systemm we have Sallr G meninoring snd contrdling
weorrie loads [n heoes, T evalsare LSE, we collected pawes
dota o outhets, pasch, and switches Som o rend Mosoe for
K2 duys. We mwe thin dats to drive simulutias, o well o
experiment with 2 rod dosthed i
leedarvuad

s Collegr

¥ al o berelit roidentid s (e clectre grad
boooines simater and made efficient, since peak demands
T s doproportinestc wllect o yoid cepitsl sd opexatioesl
Sosts, ICRIdIEg MANSSHOA. FEOTAUING. A Fred Costs. For
instance, derrsad 1 Iy matiac
S0 and Ssinbenoo h)sxs, um.h accours for neacty hall
(A7) of mexidentiad enopy comamptine |3), sinee how
bosses are propormonal 10 the sgeare of curreat

To incertrvize demand ik . whibitios anc
from Hat poscieg models W u:ulvl: tioe-of-ase of pcd.
beeal masichs 31, (5] (B] [17) Semex the nurpmal oot 4o
fescrale slecmicity cives as Senand incioces, wiliges we
boginming 0 add srcharges 1o hilks based oo a consemer’s
peak waage. Fur excamgle, 3 oeiliny may Jeteouios e Nl =
Jont, fomed o0 3 costomer’s lapest Ralf-howr of electmcny
demend wilhin a Juy, sopelioe of the tal day’s cncigy
consurmpoon. The new electinaity poang models provade

e taten
Trom e average. Vor example, l.\’ m the
Cerfathon oo Me meen power by aver J0% across all §boas
peciads where the devlation b o least 300 vans.

1 INTRODUCTION

Rocere stmbion mbicte the noadersnd and commuersial

tuillicgs accowt for over 75% of decmicily comamplion
s e Usited States {2] Ax 3 ressll, desigmeg new “pram™
tuikliogs wd At exvtmg budd with geeen tech-
ralagics ks hocomne hoth s important rescanh challenge
and socketal esed. lo the sesidoatial secton, msmy wechaigees
exast 10 redwce evther 3 home's coergy Sootpeint of ity eneTEy
WL Fos dastance, sonaut buildiees may 4se motiou sctsoes
inck nocepants and rwvnlmunnlh dmcomect I-v.m
stgty o [11]. A 1y. "
I 200TEned demand Tespoase Ingranms um'rasr--h of
ferad by choctric utilitics, which susooratically tses off hans
appliances wheo the Semand for electnony i high (104
These micilipent head massporncet schemess roduc: 2 hose™s
cocrpy footpant and ks B by ostometically Gscomnecting
bosals fruen puser when mocouary or cosvomicnt. Th papecr
foceses o0 an woelligent bod management schome for
fhtiermmg bouwhald chectricny ssage or domand

Flatiznieg demand implics seducing the differsnce be-
tween the pesks and froegks 55 3 bome's eleomicity nsge
Bovcly cocating o flatier wsage panem that lesscis the
deviatiom from the: e noge. Divamand ishanmg loe the

"W o e wes kood teoughow (35 23007 1D WS 42 30y IpplaT o
desare in e wwwe Ut dews electany

Y7E-1-A67 3025561 2/831 .00 LR072 IEEE

sy B scpulte pol caly (heie sotal
enorgy comsampoon. et also ther coasempoon profike s
peeticular, e pow gewcing masdch meamlivive wskanas
w0 Imw thetr peak consumpoon tv- funering thes usage
y. whik mple—in contenl @
Gemand. & home Deed caly -kn.k umn W dbcoomect ws
hewlv—ircthigent tosd mamagement bee proeen difficull o
lnplemeat W posctice. One sesson & that Sscomecting
keals mapimees active conesmer imeheetest g sk
petiods, sach o tesug off snceccoay light, progran
mng # thermostst. o posgminyg washag cothes. Pror
stadics tave shown that compelling consorss o chuge
thse hoawhnld rmtines w chsdlonpirg (V) Whike ovaing
occupanss el time feedbock of thein power consumption
YE InstEits ancostivine Shemm 40 reduce thear ssape. onoe the
vovely weas off ocoupeets fypcally revert 8 s previoes
babuts. Even for consemens tat wish o actively manage
Saze Il chocrny which bosals 1 diwoormat snd whoe o
2 comples decisson that must be contineoesly pe evaloosed
eoncal o it that is By chanyiny. Tor mbdioe
tho proticm, we bave desigood SewrtCop, o sysoms tor
aussenatically monivoriny st comtielliog hosschold ks
As 8 key s0p 0 SmanCap’s design, (his paper studics
the cxtest fo which bomes ane shie o flatten therr bome
elecmicity demand wahoal affecung dome occupas of
v their sotree h e exphore the impact
o awdlylm Dl rnd clocuicad loads e ae coenpletely
trnagerert o home: ncagmnts snd kave oo it on thear
pesceived comfint. While the vast majoe ity of checticad losds
m homes am Mvteraezive and hrve Hittle schocubing fhexabi by




SmartCap: Flattening
Peak Electricity Demand
INn Smart Homes

SEAN BARKER, ADITYA MISHRA, DAVID IRWIN, PRASHANT SHENOY,
JEANNIE ALBRECHT




SmartCap, A system that:

e Gathers information from:
* Sensors
* Energy prices
* Grid information
* Household consumption data

* Goal: Schedule devices intelligently in order to lower peak
demand without affecting house occupants



Background loads

 Example of background loads:
* Refrigerator
* Freezer
« HRV (Heat Recovery Ventilation)
 Dehumidifier
« A/C
 Battery chargers

* Accounts for 59% of total energy consumption in this household

* |nteractive loads such as lights, TV, PC, Microwave, etc is not
controlled by SmartCap



LSF — Least Slack First

 Adopted from the EDF policy used in Real-time systems

* Responsible for turning devices on and off

* Includes a threshold to prevent to many devices scheduled at the
same time

 Devices have min and max guard band boundary

* Devices close to max boundary get high priority




(a) no scheduling (b) with scheduling
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power
power

peak = 1000W

one hour period one hour period




(c) offline scheduling (d) online scheduling
interactive loads
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* Profile flattened on over 91% of the days
e Resulting in 16 % flatter profile on average.




Earth Hour city of Guelph, Kanada 2013

e 2,6 MWh drop was noticed
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1.4% during Earth Hour, when |

compared against March 16,
2013 load. |
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