DEVELOPMENT AND DEMONSTRATION OF THE
OPEN AUTOMATED DEMAND RESPONSE STANDARD
FOR THE RESIDENTIAL SECTOR

Karen Herter, Josh Rasin, and Tim Perry
December 2009






Acknowledgements

"H#P%&' (P)#*+',-#)$,.$/" *$H0&'[$%1L*$+&&"),. 1/#)$-2$/"#S3H#HA 1. ) $5H#*0& *#$5#*#1'+"$6#./#'$
1.)$78.)#)$-2$/"#$619,7&'.,1$: #',2$6&44 ,** & .$<:.#',2$6&44,** &.=>$78-9,+$@.[#'#*/$. #',2$
S5##1'+"$<?@:5=$7'&;'14>$8.)#' A& ($7&'$BI#*$6 &./' 1 +/$C&DSERFHF-1J$1.)$-2$/"#$KDLD$
3HOL'/A#./$& TS #,2$8.)#'$6&./'1+/$C&D$3:  @I6FI GFE6NOOIHGDS

LO#+,19$/"1.(*$/&$:)$P&+"$1.)$31. SN ., #SL/$M(81+8&4>$1.)$/8&$31.$CHO", $1/$#51),&>$7&'S
I"#,'$%& ($&.$/"HSM35 KQBS*&7/% 1'HS$-' ) #$/"1/SA1)H$/" *$0' &RHHS0&** -9HD

PL#.SN#'/#>$?"D3D>$*#'S#)$1*$7?',.+,019$@.S#*/,; 1/&'$L/$N#*+"&.; $Q1"& #ST'&B0$<NQT=>$
*800&'/#)$-28U&*"$51*,.$1.)$!,4$7#"2D$$3&8;$Q1"& . #$%1*$?',.+,019%,. $+" 1" #DSPL'#. SN#'/#'$
7,.19,VH)$/"#SHO& ISL/SN#'[#'$: #';285#*#1'+"$L&98/,& *$17/#'$#LENQTD $

$

L E R B R - - A - B - B < A AR - - S - B - B - A AR

Please cite this report as follows:

N#/#>SSPLH.>BI&H"$51%, 9.)$1,4$74"2  DSIFFWHBHOE (H)*1+),I"#(&)-*.+*/&)I&0I*1#12'#) |
3ARG(+HH, (), I5H-&)#  6%+),+.,10&. N LIS/ #)*/+ 06 64T BB+ #A-# SIFFWE



Preface

I"#$619,7&"., 18 #'2$6844, % & X*$?78-9,+$@ [HH#*I$: #2854 #1'+"$<?@:5=$7'&;'14$*800& /*$
08-0,+$, [HH*I$H#.# 28 ##1'+"$1.)$)#SHIKOAH.1$/" 1/$%,99$"#90$,40'&SHS/"#$Y 819, /2$& 7$9, 7#%,.$
619,7&".,18-2$-",.;,..$#.S, &.4#./1992$* 1 TH>$177&") 1-9#>$1.)$'H#O, 1-O#S# #', 28*#'S, +11°$$
0'&)8+/*$/&$/"#$A1' (#I091+#B

"#$?@:557'&;'14$+&.)8+/*$08-9,+8, [H#'#* S #*#1'+">P)#S#HIL04#./>$1.)$)#4&.*/'1/,&.$<53Z23=%
0'&R#+/*$/&$-#.#7,/$619,7&'$1D

"#$?@:5$7'&;'14$*, SH $/&$+&.)8+/$/"#$4&*/$0'&4 ,*,.;$08-9,+$, . [H#'#*/$# #', 2 #*#1'+"$-2$
01'/#,.;% %,/"$53Z3%#./,/ #*>$,.498),.;$,.),S,)819*>$-8*, #**#*>$8/,9,/ #*>$1.)$08-9,+$&'$
0, S1/#$'##1'+"$,.*/,/18/,&*D$

s ?2@:5%$78.), ;$HTT&*$1#$7&+8*#)$&.$/"#$78&99&%,.;$53Z23%0'&;'14$1'#$*[

\8,9),..%%:.)  -K*$:. #2877+ #. 42 %

LH#28@..&S1/,&.*$L4199$T'L./* $

L#52 -5#H91/#)$:.S,'&.4#./1985#*#1'+" $

L H2SL2MHAS@ 418 $
o 1S &AH[1992$PHTHH)SM)SLH)STH#L/ &  $

@.)8*/, 19]M:' +8O/8'1O]AL/#'S:.)  -K*#$: #:2$:77,+#.42 $

S5# #%1-9#$: #';281#+".&9&; #* $

'1.*0&'/1/,&.  $

"HEHODE! (H)*1+),"H(&)* +¥I&) QO LHI2'H)3"516%+) + ., 108&. 1% 1#I5#-/ #)*/+%| 6HTSES/"#,.19$
'HO&' /BT &'/ HBSHW &' (#)*!+),I"#(&)-*. +*/&) | &01* 1#12'#)3"516%+),+.,10&. 1 * 1 #!5#-/ #)*/+%!6#7* &S
0'&R#+H-&./'1+/$.84-#'SEFF GHF1J>$3556%$*8-+&./'1+/$.84-#'$I" INW>$+&.)8+/ #)$-2$/"#$
N#*+"&.;$Q1"&.#$T'&80 DI!"#3$,.8'41/,&.$37'&4%/" *$0'&R#+/$+&./',-8/#*$/&$? @:5X8:9),.;*$
) &HS #2877+ #.42$2'&;'14D $

a&'$48&'#$,.7&'41/,& . $1-&8/$/"#$?@:5$?'&;' 14>$09# 1 *#3S * [$/"#$: . #',2$6 &4 4 **, & X*$%o#-* [#$1/$
%%%D#.#';2D+1D;&8F#1'+"] B'$+&./1+/$/"#$: #',2$6&44,**,&.$1/$WOIIE" - "

$
$

i



Table of Contents

M+(.&%9#);4#./*<$DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDDDDDDDDDI
?'#71+#$$$DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDID!
:b#+8/,S#%$L.8441'2 DDDDDD DD DD DD D DDDDDDDDDDDDDDDDDDIDDIDDIDIDDIDDDIDI
1.0! @./'&)8+/,&. $DDDDDDDD DD DDDDDDDDDDDID
2.0! ?'&R#+/$M00'&1-4DDDDDDD DD D DDDDDDDDDDIDID
IDAD @.7&'41/,&.$1.)$6&448.,+1/,&.* $DDD DD D DD D D DDDDDDDDDDDTRNHDAEBDDDDDIDDI
IDID @.7&'41/,&.$1.)$6&./'&9$3#S,+#$ DD DD DD DD DD DDDDDDDDDDDID
IDHD 3#4&$K.,/$6&.*/'8+/,&. $HDDDDDDDD DD DDDDDDDDDDIDID
3.0! ?'&R#+/$B8/+&4+#%® DD DDDDD DD D DDDDDDDDDDIDIE
HDODB&448.,+1/,&.* $DDDDDDDDDDDDDDDDDDDDDID
HDID L#.),.;$?",+#3$:S#./* $©DDDDDDDD DD DDDDDDDDDDDID
HDHD@.7&'41/,&.$1.)$6&./'&9%$3#S,+#%® DD D D D D D D D D DDDDDDDDDIDD DDA
HDID3#4&.*/'1/,&.$K.,/ $DDDDDDDD DD DDDDDDDDDDDID
4.0l 6&.+98*&.*$1.)$5#+&44#.)1/,&.*
4.1.! 6&.+98* &.* §DDDDDDDDDD DDDDDDDDD
4.2.! 5#+&44#.)1/,&.* $HDDDDDDDDD D DDDDDDDDDDIDID
"DHD\#.#7,/*$/&$619,7&'.,5DDDDDDD D DD DDDDDDDDDDDID
5.0! 5#7#'#.+#*®DDDDDDDD DD DDDDDDDDDDDIE
MOO#.),b$M[$@.*/'8+/,&.*$7&'$5#*,)#./,19$B0#.M35$3#4&.*/'1/,&. $DDDDDDDDDD DDDIDDDDDDDDC

D))D)1D)ID)IDID) D)1

XX D DDA XD DDA A MDIBIDDDDDDIIDIIDID L

)LL) DD D)0 D0 D0 00 D00 0% D)1 2SS DO 04 1001 1 D0 0N 0N DT T X1 (1 XE X1 XM

DD D)D), 1D)1D),1D), D) 1D),1D),[D),1D)

111



Abstract
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Executive Summary
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Recommendations

The ADR-UMC system should be considered an option in all future utility plans for customer
notification of electricity pricing, given its low-cost, wide broadcast range, open protocol, and
support from the National Institute of Standards and Technology.

Benefits to California
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1.0 Introduction
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2.0 Project Approach
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Figure 1. OpenADR price schedule to price tier conversion
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2.1.2. Utility Message Channel (UMC)
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Figure 3. RDS transmission of price schedules and price tiers
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2.1.3. Integrated OpenADR -UMC Functionality
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Table 1. OpenADR, UMC, and ADR-UMC Messages

. ADR-
Function OpenADR UMC UMC
Each message allows four time Yes
Price Can accommodate up to periods/prices; but messages can
Schedule |one price per minute be combined to allow an unlimited
number of periods/prices
Allows up to 4 Tiers, where Tiers Yes
. , Added to OpenADR as part |1-3 are commonly used for time of
Price Tier . ) . , :
of this project. use prices and Tier 4 is used as a
CPP event.
Relative | Allows a base price with 3 No
Price multipliers
Each message provides one offset | No
Temperature . .
- (in degrees) from existing
Offset ;
thermostat setpoint.
Each message provides one No
Set L .
- setpoint (in degrees) to be applied
Temperature \ :
to all devices in the group.
Display | Free-text message limited to 36 No
Message characters.
Cancel . . Yes
Event Cancel a previous message. | Cancel a previous message.
Modify Update price schedule Cancel a previous message and Yes
Event send a new one.
.. Sends information about No
Bidding - , .
. timing of the auction (i.e. -
Information : o
opening and closing times)
Receipt |Additional information can | _ No
Notification |be sent back as well.

$
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2.2. Information and Control Devices
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Table 2. Information and control devices used to demonstrate the
OpenADR-UMC price notification system

Comban Device Reception | Connection to
pany from utility | local devices
Load Monitor and Wireless
Energy Hub Display None (Wifi)
Entek Load Control Switch UumMC Wired
General Electric UMC Router UumMC Wired
Residential Control | TE43 Communicating UMC Wired
Systems Thermostat
Universal Devices ISY-99i Controller OpenADR (levslr.?:_:eg?\l)
$

2.3. Demo Unit Construction
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3.0 Project Outcomes

3.1. Communications
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Figure 4. Web-based Interface to the Demand Response Automation
Server (DRAS)
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K. ) SLILH*$&.$%"&[$.&/, +H#DS!" *O&+HRL.*4 [/#'$098:%$, /&$S/"H#S H#/-8&&($ +&408/#'$1.)$

L, SHAS* ) 19%$T' &ABHSKQES #'SH'SS, 1$/"#S @EI#/DSK QBSAH 1 S 1 HS/"#.$*#.ISI&S)HS +#*$
9&+1/#)$%,/",.$100'&b,41/#92$/%&STHH#IS&TSI"#$53L.$/'1.*4 /##'D
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3.2. Sending Price Events

I"H#S)# 4&.5'1/,&.$8.,/$"1*$1$.#/ -&&($+&A08/H'SI&S#.)$/"HS,.,/, 195BO#.M35$0',+#$*,;. 19DBM$
*O#t+,198)#48&.*I'11,&.$ Yott-* [# RO 1S #1/#)$T&'$/" *$0' &R#IES1998%6$S #%0# *$/&$*#.) S ISEHH) $
0, +#$*+"#)8O#HL-OHFESY,/"$$*,., 9#$-8//&. DB 1/$199&%*$8*#*$/&$*#.)$1$#19$B0#.M35$0',+#$
*+'H)89#>$%;+"$,*$/'1.*91/#)$/&SKQBS0', +#$*,;. 19*$1*$)#*+' -#)$0'#S,&8*9FD$

"#$M35 KQOGS\',);#S'#* JH* $&. $/"#IKQOS*# ' SH'>$%",+"$,*$*#/$80$1*$1$+9,#./$/&$/"#$35MLD$ @/$
0&99*$/"#S35MLIHSH'2$4,.8/#$7&'SHSH.[*>$1.)$%"#.$1.$#SH#./$,*$7&8.)>S,/$+"#+(*SI&$*##S, 7$/"#$
#S#./$,*$19'#1)23%,.3/"#IKQ6$*2*/#4DI@ 7$*&>$.&$1+/,&.$,*$/1(#. DE@F R /&FSB#B . #% S#SH#./$
L)$+#1L#*$13.#%S*#/S&TIKQOSA#** 1, #*$-1*#)$&. $/"#$4100,.;$, B&xE&%&728"9"&"+."2(%-&."2+%,2
9%-+": Dib

Table 3. Price schedule used for the demo

OpenADR UMC Price Timing
Normal Tier 1 $0.08 Before event start
Moderate Tier 2 $0.11 2 minutes after event start
High Tier 3 $0.15 4 minutes after event start
Normal Tier 1 $0.08 6 minutes after event start
$

I"HHSO', +HS HFSLHSHB H./92$#.1-91)$, . $/"#S35ML[$.&'419>$4&)H# 1/#$1.)$", ;"D $"#H#$0', +#$

1 #%$410$/&SKQBS0', +#$/ #*SO>SI>S1. ) SH>$ #*0#+/ GHRGET 28"9"&" +."2(%-&."2+%, 29%E "
SH.I$,. 78'41/,&.5,*$0899#)$-2$/" #SK QOS*#' SH'S% " # #SH'SI"#S.&/,7 +1/,&.$/ A#$-#;, *DSI"# HT&'HS
1&$1998%6$#.&8:"$/, AHST&'SI"HEK QBS*# SH'SI&S H+#, SHPL.)S*#. ) SHSH. IS 1 #+>$"#$.&1,7,+1/,&.$
1,44 H##)*$I8S-HSLISOH1*/$& HS4, . 8IHS-#T & HSFHFS&TS1. $#SH D

3.3. Information and Control Devices

a, SH)HS, +H#*$+101-94$&TSH0&.),. . $/&$0" +HSHSH L' #S, +&'0&'1/H#)$, ./1&S/"#$)#A& . */'1],&.$
),*0912D$B #$'#*08&.)*$/&$*,;. 19*$*#./$8* .:$/"#$BO#.M35$0'&/&+&9>$/"#S&/"# $7&8'$ #*0&.)$/&$
KQ6$*,:. 19*$*#./$S, 1$53LDS!"#$78&998%, . $*#+/ & *S)H++ -HSH1+"$&TS/"HE)H S, SA& HS)H#/ 1,003

3.3.1. Universal Devices ISY-99i Controller

"#S@LIBVW, SN&A#SMBI L/, & . $6&./'&9MH ' #+#, SHBO#.M35S *,;.19*$1.)$/'1.*4,/*$/"#$)1/1$/&$
9&+193@CL!:BC3)#S,B®.5/" *$)#4&.*'1/,&.>$/"#I@ LEAVW,$*#.)*$) 1/1$/&S*#S#' 195L 41" /N&A#S
@CLI:BCH)#S, +# [ #$28%t e, +$Q&)HA >BHSe140e,.+ B140 §,44#'$4&)89#>$1.)$/"#S
MO009,1.+#e,.+$4 &)894%a,;8'#$ IO

I"HS@LIBVW, $1998%6*$+#1/ & BRESH GHT,#) 0'&'14* $'1/$+1.9,4$098;$981)*>$/8' $/"#4$
&TT>$1.)$H#*/& #S<7899=$08%# D$a& $/"#$)#4& *'1/,&.$),*0912>$1$0'&; 14$% 1*$+#1/#)$/" 1/$
), 448)$  ["#$9,;"*SI&SHFS$1.)$/8' #)$&T 7S/ #$*01$0840$%" #.$/"H#S0', +#S&TSHI#+' +,/123%1*$" "#'S

M$MI/"&8;"$MB/&M3H*$+101-9#$&7$*,;.19,.;$1$! #'$ $#S#./>$/"#$35ML$),)$.&/$1998%$,/$
%"#.$/",*$*/8)2$%1*$+&.)8+/#) D6
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["1.$MFDOF$0#' $(A"D$!"#%$.&'419$0", +#$%1*$*#/$1/SMFDFA(A">$*&SA&)H 1/#$1.)$",;"$0", +#$/ #'*$
I'##)$" *$#S#./D$ $

Figure 6. ISY-99i Controller with SmartHome PowerLinc Modem,
LampLinc and ApplianceLinc modules

$

3HS, +H$YH #81),9299,.(#)$/&S/"#S @ IOV, SN&A#SMB/&41/,8.$68./' 89T &998%, S#.)&' $
K8+ &.*  DE&..#+,.$"#S@LN VW, SNE&AHSMB/&A1/,&.$6&./' &I9# /&SI HS3EMLSY 1 *$4& H#S$
0'&-9#41/,+D$"& #$+199*$%, /"$/#+". +19$*800& /S #SH19#)$1$7, 4% 1'#$80) L/#$% 1*$'#Y 8, '#)DSB.+#$
["1/$%1%$)& #>$/"#$35MLX*$SK5e>$+9 #./$. 14#>$1.)$01 % & ") $Yok #$#./# H)$1.)$/"HS)HS +#$% 1*$
1-OH$I&S H+#, SHSO' +#$*,,.19*$S,1$BO#.MIEDS$

3.3.2. General Electric Demand Response Module

I" #ST:$)#A1.)SH0&. *H#PA8)BIHS *$1$+&./' &M S)#*,; #)BI&S, .[H# T1+#$%,/"$1.2$T:$1009,1.+#$
["1/$"1*$)#41.)$H#*0&. *#$+101-,9,/ #DF : X*$+8"#./$KQ6 G#1)2$0'8)8+/$9,.#$,.+98)#*$1SN&4A#S

L #2$0Q8&.,/&'>$1$+98/ " #*$% 1" #' >S+9&/ " #*$) ' 2#'>$), "% 1*"# >$% 1 /# S " #1I# B #' 1/&'>$
4,+'&%1S#>$1.)$'1.;#D$!"##$1009,1.+#*$199$'#*08&.)$/&$! #'$ $HSH./*$-2$'#)8+,.;$&'$)#912,.;$
*2*[#4$78.+/,&.19,/2%58./, 9517 1#'$/"#$#SH.I$#.)* D@ . $1 995+ 1 *#*>$/"#$+8*/&A#' $+1.$+"&&*#B/&S&SH" ) ) #$
#S#./*D$

@.* )HS/"#S+1*,.;3,*$1.$53L ' #+#, SH ST & TS, .;$/"#50', +#3$*,;. 1 9*$*#./$&SH#'$/"#$K Q6 $0'&/&+&9ID$
"#$7'&./$& 7S/ #$3534&)8I#F"1*$7&8'$<"=$+&9&'#)$e:3*$/"1/$9,;"/$80$1++&"),.; $/&P/"#$0', +#F*,;.19%
"W, SH)S7'&AS/"#$8/,9,/2D$3,77#'#./$1009, 1. +#*$"1SHS), 7T#'#./$H#*0& *#*$1++&"),.; $/"#$+8"#./$
0',+#$/ #'

Figure 7. GE’s DR module
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@.$#19$9, 7#>$199$& 7S THIFBBL009, 1. +#+$1'#$0'&; ' 144#)$/&$#+0&.)$,.$*0,;"/92%), TTHH./$
0012*$%"#.$/"HST: $)HA1.)$H*0& *#$4&)BOHS* . 19*SI&S/ HASI"L/$,I$" 1S #+#,SH) SIS #$ $0', +#$

* - 19DSMAEIY, 1. +#+$), *0912$1$A#+* 1 HSI&S/ " HS+8*I&AH'S,. T&',.;$I"HASI"1/$1. $HSH.I$,*$

A4, #.1$<&'S, $0'&; HH=>S1.)$/" LIS*#'S, +#*$%,00$-#$# /"#'$H) 8+#) $&'S)#HO1 2#) DSI"#SS*#'$+1.$/"#.$
&SH" VHS"HSHSH.I$T8.+/,8.19,/287&'S#1+"$1000, 1. +#$-#7 & #S&'S)8',..$/" HSHSHIDRE -+ +#$&T$
1.$HSH.[>$"HH$*41'/$1009, 1. +#+$+1.$-#$0'&; 144#)$/8$0'8S, JHS#'S, +#°$8.92%)8',.;: SEBHL($
"&8*$HSH2$) 123

a&'$HO1409#>$8. $H+#,S,.;$180',+#$*,;. 19>$/"#S)#7189/$H*0& *#$7&'ST:X*$*41'/$918.)'2$1.)$

), *"% 1+ #'$8. [*$, *$1$8)#012$8./, 05/ HEHB /S, *SESH >$%" OHSTH.H LIS 0#+ +X*$*ALISHT' #1/&'S
YHOL2*$/ HERE*/S/"HS)HT'&*I$+2+0#$1.)$/8' *$&T TS/ BIAHLIS #1/#+$8./, 91 T/#'$/"HS0#1($0#,8)$

# ) DSTX*$*41/$ " &ISYLIH'S H1IH $H#*08.)*$-2$8*,.:$8.92$& HSOLBEYH' S #1/, .. SHO#AH.1$8.1,9%
17/ SIHSOH#L(S0# &) S#.)* DL, 4,01'02>F/ " #$+41'/$' 1. HSB*#*$1$#) 8+#)$0&Y6# $*#//,.:$8./ 9$17/#'$
"HSOHL(SOH' &) $H.)*>$1.)$/"HS*41'/$4,+ &% 1 SHSS*H*SOFSSOH*$0&0#'$)8 .. SHSH./*S<ALI9SL/ #H#/$
U&8'.19$IFFV$=D

M$78EIVH)$T:$1009,1.+4#$%&89)$.&/$7,/$,.$/"#$), 091 2F$IEIS H&)BHS, *$*#/$80$/8$+&./'€9$H)$
©:359, " FEHOHHL, S LI, SHOHME IS, $+8A4&.$"&8 ' &9)$1000, 1 +#*  [$%LIHS #1/#>$
Y2HSSHT #LI&'SL.], GUHLIS HLH>$L.)SE&SH,;,/195*,;. 19* Wo# #$+&. SH H)F'&AST:X*$
JHAL)$H0& *HSA&)BIHS-28)H+8&), . $/"#S& B/08/SS&I/LHS . IS&SH SI"HS:/"# #$+1-9#$1*$1.$
.08/$/&$1$"#bS$, SHH'DE 8.,/ $*$&.7,;8'#)$/8$/8'.$1009,1.+#*R77$)8',.;$0', +#$/ #*$H$1.)$ DS

3.3.3. EnergyHub

I"#$: #,2N8-$)#S, +#$4&  .,/&*$098; ®&1)*$8*,.:$1$A B, $&. . #+], & $-#Y%ot#.$/"#$)1*"-&1")$
),*0912%1)$/"#$098; ®&1)$4&.,/&*DIM/$/"#$/,4#$&7S$/" *$0'&R#A+/>$/"#$: . #';2N8-$) 1*"-& 1YL *$
LIS)H*,, #H)SI&S H+#,SHSO' +#9,.7&'41/,&.D$@ .$/" *$)#HA& *'11,& >$I"#$: #'2N8-$)#S ,+#3,*$8*#)$
18$),*0912$/"#$ #1BA#$98&1)$0'& 7, W7 S/"#48)#9$1009, 1. +#D$: . #;2N8-$0'&S ,)#*$1$

+8%/&4, V1-OHS)HS +#$%,/"S.&$*+'##.$/ A#&BISA1(,.;$,/$*8,/1-9#$7&'$/"#$),*09$2D

$

Figure 8. EnergyHub dashboard
and Plug-load monitor
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3.3.4. Entek Load Switch

M4 #( R&L)SL%,/+"$,*$/"#$&.928)#S,+#$,.$/",*$),*0912%/"1/$8*#*$1$0'&0" #/1 28K R6=$
0'&/&+8&9$7&'$*,;.19%/'1.*4 ** & $&SH#'$53LDSa&'$/" *$)#4&.*/'L/,&.>$/"#3$: .[#($!61' F$9&1)$+&./'&9%
8.,/$%1*$7,//#)$%,/"$1.$53L$ #+#,S#'$/&$1998%$/ " #$*'#)),.;$&7$S1'2,.;$14&8&THI&1)$1/$#1+"$
0',+#%/ #'DSa& 'S/ #$5#* )#./,193B0#.M35$3#4&.*/'1/,&.>$/"#3$8.,/$%1*$0'&;'144#)$/&$*"#)SEFs$
TS/ H#S+&. #+/#)$9&1)$%"#.$1$! #' SHSO', +#$* ;. 193, *$ #+RFBOFFs$&7$/"#$9&1)$%"#.$15! #'$°$
0',+#$*,,.19$, *$'#+#,SHB

$

Figure 9. Entek TC240 Load
Control Switch

3.3.5. RCS TE43 Thermostat

S5#* )#./,19386&./'&9ISL2*/#4*$!."HS0'&;'1441-9#$/"#'4&*/1/5,*$#Y 8,00#)$%,/"$1.$53L$'#+#,S#'D$
5#+#0/,&.$&7$130",+#3$*,;. 198/, #*SLS/HA0H 1L/8'HS*#/- 1 +(S& T S-#/%o##. SVH' &S$L1.)S., #B)#; ##*>$1*$
VHI#H 4,.#)3-28/"#5#.)$8*#'DIM.$&0/,&.5/&$0'1B-&&93$,*$19*&$1S1,91-9#DS!" *$/"#' 4&*/1/$+1.$'#+#,SHS
-&/"$1-*&98/#3$0' +#31.)$0',+#3/ #'$,.7&'41/,&.DS!"#3$1-*&98/#30", +#>$%"#.$1S1,91-9#%/"&8;"$/"#$
KQBE$S4#1:#>$ *$0'#+#./#)$&.$/"#$63$),¥0912>$,.$1)),/, & $/&$/"#$.&/7,+1/,&.$/"LI$1.$#SH#./$,*$
-30'&;'#**D3%a&'$),*0912308'0&* #*>$/"#S/"#' 4&*/1/$,*$%, #)$/&$1$+&408/#'$0'&+#**&'$71.$1.)$1$
-98#%e:3 BH#1./B/&SHO'#*#./1$1.51,' G&.),/,&.,.;$8.,/D$!"#$71.$1.)$-98#%e:3 $8'.3&77&.$
"‘H+#0/,&.$&T7S1S! #' B +#F,;.1906
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3.4. Demonstration Unit

I"#S5H* 4./, 19$B0#. M35$3H#4&. */'1/,&.BK . [$% 1*S)#* ; #)$/&$-#$'#91/, SH#I2$08/1-9#>$/&$1998%$
I"#$8. I$I&S-#EH1* 02848 SH)$T' 84091 +#$/&S001 +#>$1*$HY 8#*/#)DSA"#.$01+#)$1%12>$/"#$8. ,/$
A#1*8'#+$'&8;"928HINS%, ) #$-2SHFhS)##0$-2$ 1h$","$1.) BO9*$&. $7&8'$% " #HI*>$%" +"$+1.$-4#$
9&+(#)$7&'$*/1-,9,/2D$

I"H$A&)HOS" &AHSY1*$-8,9/$7'&ASLS(,/$/"1/$0'&S ) #)$/"#$41,.$%199$1.)$'&&7$*/'8+/8'#D$3#/1,9%>$
*BHGLHFRET, S OH>$%,.)8%*>$%, ) &%S/, 4>$TIEE! . >$-14#-&1')>$%199$/#b/8'#$1.)$01,./$

Yo' HSL))H)$T&'DH19, *4ADSMO09, 1.+#+$1.)$9,;"/,.:$7, bI8'H#*$/&S-HS+&./'&OOH) $VoH HSH /" #'S08'+" 1*#)$
&'SHHLH)ST'RAS1SL,91-O4SAL/H 19%>$%" OHSTS'. /B HSY1*$+H1/H)$I&$+&A0MHHS/" HSHT THBODSEI& #
0"8&/&;' 10" $&TS/"#S' &&A*S, $/"#SA&)HOS &AHS1 HS0'ES )#)$,.9,;8'#$ OO$%" OHS/"#SHD/# &'$S&TS

["#$" &AHSL.)$+08B0S$0"&/&; 10" $&TS/"#$"&/$/B-$1.)SME$-0896#'$8. /$1'#$*" &%.$ a5 8'#$ OIF

Figure 10. The residential OpenADR demonstration unit
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Figure 12. Ei_terior of the residential Open-ADR model home, With hot
tub and air-conditioning unit
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4.0 Conclusions and Recommendations

I"#$BOH#. SMB/&AL/H)$3#A1.)$5H#0&. #$*/1.)1')$,*$1$794b,-O#>$&0#.G/1.)1)$,.78'41/,8.$

A&)HOS/" LIS  1*$-##.$8*H)$*, +HSIFFOB/I&S ) SHOMH' +, /280" +,.:$1.)SHSH.I$, 7&'41/,&. SI&SH #:2$

A1 1;H#44.1$+&.I'&IS* 2+ /#A*$, $O1 #$+&A4H#'+,19$1.)$,.)8*/',19$-8,9),..*DSI#  +".,+1992>$/" *$
A&)HIS+1.$-HSB*H)ST&'SH* )#./,19$1009,+1/,8. S " &YHSH'>S, IS HY 8, HS@ /# HI$+&. #+,S,/2>$%" +"$
<$.&I$2#/$8-,Y8,/&8*S, $I"HSH* )./, 19$+#+/&' DSI&SL)) #+*$/" *$0&/#./,19$+"'&'[7199>$/" *$0'&R#+/$%1*$
Vi ) SI8S- & 1) H. S/ HS H1+"S&TSBOH. SMB/&AL/H#)$3HAL ) $5#-0& *#$*,;. 19*$-2$0'&S ), .;$1$
9,.($/8&$1$+&4A48.,+1/,& *$/#+".898&:2$/"1/$,*$.#1'92$8-, Y 8,/&8*$,. $199$*#+/&*[$aQ$'1$,&D$

I"#$&-RH#t+, SHS&TS/" *$*/8) 28 %t #$/&[

OD A&'($%,/"$+8&448.,+1/,& *$SH#.) & *$/&$)#SHIKOS1S*&TI% 1 #S-' ) HST' QAR H) 13 4%&(+*#,]
"H(+),) 5#-'&)-#>$1.$,.7&'41/,& $A&)HIS)H* ) #)$T&'S/%8D012$+&448. +1/,& *$&SH'S/I"HS
@ I #I>BREHBB *[%/*O) #--+#K 1+))#96$1.$,.78&'41/,& $A4&)HOP)#*,; #)$T7 & $& #T612$
~&1)+1* ®S#$aQ$'1),&3

ID M*#4-9#$1$08&'/1-O#$)#4& *I'11,&.$8. /$/"1I$+1.$,../, LIHS 1S #1W' +#SHSH.1$S,1$@ .14 #I$
1.)$aQ$'1), &>$#+#, SHS"#$0' +,.;5*,;. 19*$1+' & *$1$S1' #/2$&7$+8448. +1/,.,$+&./'&9$
[#+".8&9&; #*>$1.)$4&)HIS/"#S0&/#.1, 19$ #*0& *#$&TS'#*,)#./,19$1009, 1. +#*$1.)$9,:"/,$D

4.1. Conclusions

" *$*/8) 2 HA& ¥ LI+ S)HAL.) S H*O& *#E* 2+ #4S  ["1/$+&.* */*$& 1$6&$%,)#92$1S51,91-9#$1.)$
& ®'&0' #/1'2$+&448. +1/,&.*$/#+".&9&; #* $101-9#S&HO,SH#',.; $tO#+/' +,/28,+,.:$ 1.)$
HSH.[*$,;.19*S/&$1$S 1 #/2$8TS @AL' (#HS)HS, +#* B"#$BO#.SMB/&AL/H)$3H#A1.)$54#*0&. *#$

Q3 HASL.) S/ HSKI,9,/28QH** L #HS6" L. # OP*2*/HASYott HS*8++#**78992%, . /#; 1I#)$*8+"$/"1/$
HOH+] + 1D +,.:5.&/,7,+ 1/, & *$+1.$.8%$-#$*#./15/&$; &BO*S&WES, +#*$-2$/"#$ @ ./#' #5)$ aQ$
'1),&>%,489/1 .#&8*92DWP&'/1-94$8. ,/$% 1*$+& . */'8+/#)$/&S)#A& *I'1I#$/" *$+101-,9,/2D$!" *$8.,/$
*$08-9,+92$1S1;9#$1.)$+1.$-#$S #%1) $&'$-&"&Yt) $ 7' &AS/"#$3#41 ) S5H#*0& *H#S5H#*#1'+"$
6#./#'$1/$e 1% #.+#P\H# (#9#2$C1/,&.19%e1-&'1/&'2$, $\# (#9#2>$619,7&".[F

4.2. Recommendations

The ADR-UMC system should be considered an option in all future utility plans for customer
notification of electricity pricing, given its low-cost, wide broadcast range, open protocol, and
support from the National Institute of Standards and Technology.

4.3. Benefits to California

"#$,.14#,"1I#)$M35  KQOE6$*2*/#4$,*$.&%$1$S,1-9#$&0/,&.$7&'$-'&1)+1*/,.;$"&8'92$& '$1B&8'92$
0',+,.;$,.7&'41/,&.DS@/$"1*$/"#$08&/# ./, 19$/ &P (H#HOS/"#$+&*[*$& TS #%$#H#+/',+$0',+,.;90'&;'14*$98&%>$
%" OHS&TTH#',.; 31 #+8'H#>S R.&O' #/1'2$*2*[#4$%,/"$.#1'$8.,S#H' *19$+8*/&4# $+&SH#'1;#D

$
$
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6"1'9#*$Q+?1'91.)DSIFFVEDS. SM8/&A1/#)$3#41.)$5#*0& . *#$6&448.,+1/,&.*$
LO#+,7,+1/,&.$<I#'* & .$O0P$619,7&".,1$: . #':2$6&44 ,** &.>$?@:5$7'&;'14D$6:6 EFFS
IFFVWEJH®

C1/,8.19$@.*/,/8/#$&7TSL/1.)1)*$1.)$l#+".&9&;2DSIFFWDSL/1.)1)*$@)#./, 7, #)$7&'$@. +98* &.$,.$/"#$
L41'/$T',)$@./#&0#'1-,9,/2$L/1.)1')*$a'14#%& (>$5#9#1*#$ODBD

AL199$L/##/$U&S'. 19DSIRBBY(+.*O!13"%/+) TH-1A(&EH#.18-#.-1*&16+$#1: &) #OPI5#, 4T#IQ##,108..!
3,,/%1&)+ %I A)#.; OIF#)#.+*/&)BCFRAPIFAI+), 12+ */7/'+)*-IC#+.)/):1S.&(16 (+.*!
#4473 06/ +) TH#-12/%8412.&; +6$Q12$HOD
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Appendix A: Instructions for Residential OpenADR
Demonstration

S HSIH M HSY0&HI$Y" (")&* )&, "-$)" . (", (1012"1$ -+ %6 H'$% D
MD I"#$%$&" (%) *+'&("*%, -."' %/ (*0%1-""%208*3%40((', *5%*+'%6(/7'&5-"%8'7/,'5%9:;<</%
I"H#$"%8 () $*(+,-&%. $&($&/%$0"&%. "% &$1 29634+ %5 $678$! " HEBIVEA S!S

ID I"#$%&'()*+,-*%.-/0%, *(-%12""%-#(") (%34/-5,0)+%4-1)/%(-%2""%(6)%0¥5,.)+ 78

HD I"#$%& #()*+&,&-("H#S%& (")B(*+"(, 1"HS%&' ()*&(+,-#).$($/0&%6 (/" (/+(/L()*&($/2+3)&Y%4(
I"HB06&" &'B()"*&H" -.($%&)/&012(1'38(4$&2%" (&$53$E&"2& (4B&+" -. (3% &6HA1+4&1T&T$+.%$5&
I"HS%& ()*+,%-./%0("/ VoS Yo 1+1*0601"H) $YoH+YoH$ Yo' 240634+51+.' BUGBHEII HS% &, ()#
IHHSI"06$E (%0)$*)+,$-1"06). %6 $*#10%$H. +$123$)+$#)%$45)607$&0899%6+$5.

O @» @

e deadd I awive

m O Fomw A0 ~ O Thae devee 5 o
»  Brding T devas a0 Supene
. Of The cevice @ o

on L S . A P dviie » o8 side Pa yolih W Pa
A P v

- N Pa dwvvm n o Ly wule e sath
Teoiw? L visw Ml don

- P T Owvaw A7 wtpes) re®y sade Te
LA K T o W el Lniend

. At Tow Swuim w # M ain boefy Uow
To vl U Te wt il ent leT slor

R I e i St I R
e o L

st v o e T serrrehy o Ase o Ve Aeuve

T3 T POre 0O yOI DOW TR et

Seterags = Byviams oh » Poeer Manageemeed
=/>-&"2,?)22=8%52@-/.A(,B&,2C-/""29%&2D02E/+/2;;;FG@8

D I"HS%E&'SYoH()*+&S,%-((&.%0+*/%)01$%. + S &' BISUEOE, (H&" %o ()" (VoS ($Y68*"+#,-#%. () (H&/H#
IHSY&! ()F+)', "))+ F%0L) () 2. ()+3) %) "+ %6).)4.1/*%635)6 T, ")-*4.-)68)4"%!*+)

IHSOI"& () H+, -, 1"&&" & (/-00/1'-22"&& (') 3"(1/'45'()"6'-1"-&'7/00/1&8 $
MDI"#$%%&' (#)"™*+"#,-/ $ 1 C C GGG $
\D I"#$ 1"#$%&%# ()* $$ IR CRCRGRGES

6D I"#$%&'()*+%%$#,%*-/10 $ I G G G G G'$
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ED I"#$%&"" ()&*(+$%'($,%-B #$%&' (&)*+,*+&-.$*/01&.%2" 0*#&%/&03*&#*450%6 7&8-.$25&0%&4* *20
I"HSYO&H () HH+,%") (- B

u e-Radio Tx Server Cliost (v1.0 Beta)

AArpw Lorrecion

MORame ety 2 BIONC (OF Gw-:» DO I Ve
(TP | 00 ':'-w e 12000 : sBl

- 1
Srrect reanse

=/>-&"2H)28B'/%21J K"&L"&2MN/"+,20"9%&"2.%++".2%+

MD I"#$%&" (") *+$#,$-./- $012$34"56(7#$89%:/;.<b
\D I"H$%& (HHH+"H, - &IGLE
6D I"HE%& )%+ &+, ++)-+.$/&012&' () %*&3(, SIHS* 485 +--8)66$) %8+, &HT$&B) 58I & +$-*:&

a e-FBad o Tx Server Cliot (v1.0 Beta)

ﬁ. Déard Cirretied

ASemptng conrecion

[Corvecied 12 server

Message RS Groug 114, UME mag seg 1 firet et packet
{Mestage R05 G TIA UNKC meg 900 | fent las patkiat
{Mensage ROS Groug 114, UME mag s 2 frat aet packost
{Message R0S Goup 1A UNE mag 560 2 Tt laat patkont

L 45
=/>-&"2,P)2'8B'/%21J2K"&L"&2MN/"+,2B9,9&2+".,/%+2
3D 1"#$%&' (&) ((*$+,&-./0& 1L +&2# " &3*A5&) (*$+*58+&6*37*3,84(5&+8*(&9*#(&+'&
I"HB96%6&" (1)*(18) &I (+&, +&.(&/$--$' &OS1#8I6,+(1& HEVOE" 1$
ID IHE%6& () ++ Yol HEY6& )+, &H-.1-)&0)1$23-845).6".3)-&)2$6$.-)701)4#$22)890-$4(::)
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Demand Response Automation Server

Login

* Paccmards wesssssEs

=/>-&"2F ) Z%>/+2(.&""+29%&2REBK
Homepage is set to the RDS DEMO page on the DRAS server. The HMG
username and password are stored in the browser. Just click “login” to access the

RDS DEMO page to create events. If there are any problems loading the page,
PRISRT () (M) H)D) L 86T (5. () 08) ) "12.58)4. () 234" (1456578 94z 2+(;$

Demand Response Automation Server

I Program RDS DEMO I

Creato Evemt | [ Cancel

Active Events
I Nothing found 1o display.

No Events found

=/>-&"2T)28RK2R"5%21B>")29%&2.&"B,/+>2"L"+,(29%&2R"5%:

_D I"#$%%&#' ()&*+',*-'./$-&01234,156'$0','7,8#2'+1,+'9:2*'8/$85$*%'$*0$-&'+1&';<=." t
Firefox window will trigger an event and an informative PowerPoint slide show. This
macro is in the Startup folder, and therefore activates when the computer first starts up.$
MDClicking on “Create Event” adds an event to the “Active Events” queue.$
\D I"#3%&#'(&)*+ #$-. & H&'*//18&0$& 1 & 2 HYHEBHE '$() %0*+$($,$-'(./012231(45*6(7*88(
"#$%&'(%&)*+('$&*, &' (Y& (-#$%&'-& . */0&' (Y &S1"&1#/1&'-&$(#'&-220&",.&' (% &3 %4&
"#$"%&' ()| $*&$+&$, %L EHEY" &' ("%0)*()"+,-'&"&." %, /B
6D I"#3%&'(&"))#*+(',&#-+& *([#$018& #&-*,,&2$&'&3*$IB &S8O & "' () %) *)+,%-./01230%
"#$%8&H "% ()*$+%,"+%'#-",$%#.%0,"+%/+0/#-+/),1/2%*.3+/%,"+%456%*.#,2%).3%,"+%71,,18
"#$%8&$'()$*+)&$*S$, (-'$*..$%&$/00%'%*&$*$'()$1233$./&$/& 0S4 S
"D I"#3%&'$()*"#$%0+ #B(-$*"#S" (. %0#S+%0$%0#/.0#,$12$3#4/0(5$6+%/ () ) #/*$*"#$" (%#$-0(7$*"#$'+0$
M"#1$%&'$()*+(,!"--$"1$(./$+1%$(0$1/#02/$310#$*+!-%4$%& '$3*--$*($)*(.$) %(/15$6%7/$+"1/$
"#S%&I# () #P)+$,-+IS.H#(/%0B!"#$"/(#+30/'$!"#$!-.)* 1 2$3#4(&5#$%"#*$0) BBBEH ' (%0&)*%
"#$%%"#&'&()*%+'&$' *1'-(.-/ $
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WDI"#$%"#&' () %6+ %o$+##,)$V0($-HS)HObSV0(S$YoH' HE& Vol &HS*VSOH) Yo$(+H$, # 1 &HHS-HO(2$Y%6" HE'- 3+
I"H$%& (8| Vo) H&*$+,-& &HIBO)H"12$%38&$4,)#5&$,6$%38&$0"5(718/$%3&$!"#$% &' (&#1%)#8$I&1&!
I"HSYO8H () &H-HHHHDY" & ($)*$+%0, VS +%6$./'S, 0+*& %61 "+*$.+$+2'06 1. $2%+2' %#34$./ $&' . 2+"*.$
I"HSUEHSIO& (1) S SH(+)SH, 8H*SH-8*)SHI" & H,+$#-&) JHSYoX " #" " &HO& L' & &)H211-& HEYo " HSYo8H*['H
I"H$"%681'%" ()" <+, (-*.$/8&0"-1(23"(-"4&'/{(.53"-'/"(*.(67(-",%"".(&//(13" (*#"1(84(13"(

145 %8 " HSU&SS' (%61)%6*$%+ " (1$'-%6. +/$%610$% 1 0+&2$%+& %6 3HS((%!0$%4) 5$#9%6#6201%60+8'%
I"HHSY0& SRHOHEH(*& +,%&, *)-'&.1$0-$2
OFD®

®
: Temperature
° up/down
Run/Hold
$

=/>-&"2U)28MK2,V"&5%(,,

OOD#$%EH ()*+,$-./012)$32)$/"A5$28SH#" A'SIH/2(H$26  "HS Y& T HSYE! 1" HSY& HE& HSYo(#
I"HSUBRESYOE (&) S+ $*-.$/%,..'$*"$,./ *0$" $HSI%E&S' () *+&$,-).&/$0111) 2$341%$"$54 26 8*14#S
I"HSUOI& (H)™ I"HS %8 ()*"+,-&&MN"H 1"# B'HSI%E&S (&) +,-. $/01($1($1%E&$28&341 1#$5%&($/!$
I"HSYORHSYE (") (HHHHS(,+$-H$.+/(012$) &SI, H$'" 5HS3, Yol #-4#6

OID$

A sorry!
The application Dashboard Demo 2 (process net.

energyhub.android.dashboarddemo2) has
stopped unexpectedly. Please try again.

=/>-&"2W)26+"&>#D-02"&&%&25"((B>"

OHDH$Y%& H(H(*&tt+,-. &/ SOH1&.-%E& H), (/) 00&/H-'#, &8 282 3H) A& HSHE&OHBI)5' &IHS, 2H(TAGH(*&#t
I"HH"$%6& ()*+(%6&(,-.(/001.22(3/ 140" H#$% % &&E& () *+,-./0 G'HE%" &' Y6()*++$B
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MD I"#$%& #(8&%) (*&""+,$) (&$H(-,./0(&) 1%2(3/  I"H#"SY&H" ()*+#,%6#)--%.%""/0$2
O D"#$%& () H*+,-. $
MD I"#$%& ($%$)$(*+,-./%-8%601'//$2%-.%" 2%+ $%034$(%53(28%" ($%&4-+5, %6 789:
\D I"#$%&H ()&*+(,-$#./,08.96 () HO(&.H#-($H1&2, ), SUHSYEH - $,35, (-#("#3-H&A&-$5#6 37 &#
I"H#$9%68 ' $Y6()*#+%")1%,$$-06)*&./) &$0%, 1%60-G 2BHY6E" HSYo8H V0! ($)*SH!"#SYo&:Ht
I"H$%& (%)% 1+(,-.)/I".(01"2%(32! (4*)!"#586 73585
BD I"HSY68H (VH& '+, )H-Yok. | OHY*# H1 (Y02 ('3HYo (H+&--Yo* M- ($H)5/-1* 24-6)#3". (Yo THEYo&H.
I"HBYO& H(H* &+ &+ HEYo-#, -+ H#IO1H2" "HE+HSYo-#$3'4(3. B BIPEF0& (%0'H) Yo+
14008 ()*+,&Y6-. ) IO) THSY&H (VF-+#(, (- #I+1018& GHISU&'(%o)*+#, (+%-.(/&%0/1%
I"#$9%8'()*+',-.&'(/0120.(3.0'%.$%&,0(4* $
3D I"#$%&'S(")*+,(%-,"&.$/01$2,345$6'$-74.4$89,54+,84.$"H$H#A 4-- &8S-TAS*" A4S
I"HSU6HE () *$ " HS% & H() Y NHSNE'T CHSY!I"HSYE (HUG "#S $
OED#$%H& (#)$*+#3)" -.$'.$ I"HS%E&" I"#$%&'S"()*+,-1$
MD I"#$%8& ()*+%$#,%"*-.%"/+0*12*3456 7-4*82"1&2))%&$

\D I"#$%&'()&*+,-&.J0#12  $

D I"#$%"&!($)*(+,-(&./)$' (H#($)*(01$*%()* 1$*06(1#2(38."$)* (2%4*$65
6D I"#"$%&'(&")*$+)' -./01*"S

D I"H#$9%" & ($)*(+,-(&.)$' (H($)*(%*0%./*%1$"%b(1#2(3"$$"4("5*#(&.)\$6
3D I"H#$%6"&'S(*+ &) IO 124%34 - 1"HS%SS

D I"H$9%6" & ($)*(+,- /(0" 1 2%+ % (34#(4#5(678(8&9:)$'(*#+4$)($)*(34#<  $
D I"#$%& ()*+,-./08*123"  GHHSYE ()&% + $

D I"H$%" &' (Yo)* (*+%6 'S H#(,"&-(.$%) (/00("1(%)*(/2"3*(-*3$,*'4(506 7(0"/-'S
aD I"HSY&YH ()4  t I"HSY%& (%) +#",$

D I"HSY6& %" H(SY&)HI +,-#Y%"-)HS. [HYHOH(8968 %6 &) B%12345%

D "HH$96& (&"(&)$(*"+&,- $(/0L(&+ #23&ES+(-$#$,8) (&) $(%"2*4&$+()$%6

$
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