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TYVRLARREIZE

OT I FL AR X (DR:Demand Response) &ld, MEITH S EE DO SRBBE-IIRHEELDOBETEIZSL
T.BERHEMBOREF I toTATOXICEL T, EEREABEHOFERENFITHE5EN
SHB/NNA—VFEESEHAIEIF$ET, (Assessment of Demand Response & Advanced Metering, FERC
(2011))

OTFTIUFLARVAEBHEEN . BRFNHEZEDESHEA—ADILDLFRABRZHNEZFD
TATR=ZADELDIZH OIS,

TIVEYA F?*‘BO‘JF(DSM Demand Side Management)

———CTRET AL E—BEL
N / EIREHOLEIRBBONRASE

(DR: Demand Response)

BERHEA—RX A2 TATR—R*2
ok BhRH | kAR, REERNE
- AR B B <& (Tou) €080 - REHIEAOHE ~
E—sEEe(rr) | | BERERK. WEAEMN
WTLSALRSED) | 2 | (GRTS. RAnmETA) \\
%1 Time-based-Programs RS 2% 2 Incentive-based-DR-Programs

B2REBENV AT LAEEMEZESEHRHIRHEN (FR24F3H6H)
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g H & L TOMEN 5 DDRFE

] wTx(New
. Energy
: Efficiency)

®EFE K (DR:Demand Response)

: ST :
#RTHE (Dispachablo) | N maHe
E ............................................... e |E TG
MSTTHE 1 amp o mMsEERLE -
(Controllable) : I filiH5% 5E :
: I :
sgn T T oTRaX— 0 mmEmse |
: B OEEE G mRE | i
: il BEC—sEHe  1F€T
| mpaanm PUPH gew o BEAN | o
EBEBT E BEL 0 yzusqnme
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D HMHEEE B i | RE—TREENE
C E—UHHE f# o] HEBAHB(TRLF—H [T
L peanan ; [BEERTSO BOTECERCT.E
R ERFECEE REORAESELTER
(FHNIBTBED)

NERC (North American Electric Reliability Corporation) [Z&4

HE  EH24FEEERI AN T —FAGEBEERREFEAYN— NI ZIa T #HEICAITETIVRLA
RURIZEAT 3 BNERAER. FE25E3A
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Generation Storage

Wider Operating Range
(lower min capacity)

Over-Generation
Mitigation

Regulation

Dispatchable

Fast Ramping
Wind/Solar

Frequency
Response

Dispatchable
Quick Start

Load Shift

Peak Load Reduction

Demand
Response

System Flexibility for Integrating 33% Renewable Generation in California ISO
For Clean Energy Regulatory Forum Workshop 4 November 8-9, 2012
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Megawatts

28,000

26,000

24,000

22,000

20,000

18,000

16,000

14,000

12,000

10,000

CAISO DEMAND RESPONSE AND ENERGY EFFICIENCY ROADMAP(2013)

Net load - March 31

2012
(actual)

201 3 (actual)

increased ramp
2014

2015

potential overgeneration —-'-""'H

2018
2019

2020

1 2ur'rll I I3c|m I I Iéum I I I9c|ml I I'I 2pn'|| I I 3pml I I6pml I I?pm I
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Pathways

80% RES
10% CCS
10% nuclear

60% RES
20% CCS
20% nuclear

40% RES
30% CCS
30% nuclear

Transmission & additional generation capacity

RES
curtailment?

requirements®
DSM Transmission Back-up and balancing %
0% 166 255
20% 127 160
0% 103 205
20% 87 140

55

110

Demand flexibility reduces grid and related investments, minimizes low-carbon resource

curtailment, minimizes cost by 2050
European Climate Foundation, Roadmap 2050
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KXEIZH T BDR

- HENMEEEICX L, FEOFRKREEZILKRT D2FREL
T. DRZEHHA

« RT T wILHB600FKW (E—2 D10%) ERDHEIREE :
FD30%FEE(2012)

o HEINMHZIZHEITHOREREFIEDOXNFLMDOGEFEE
&M EL

« ZLOMTDSMT BT 5 LEME, REIICHZYFEZR/DE
YA T 2EBEBNESTUND

Y ITANLNZTRETHIAWISDRESENIZILED

SE IR UFEEERI AL F—FRABLELEGREEAVN— NI I a T #HECRITETIY Y RLX
RURIZCET 2 BBAERFAER. EM25F3F
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RFE—BERERHEE | l
E—o%UR—tk | |
wEECPP | .

CcPP ||

RPP |
RS | oom L vy
Foi ||

EEFHS | |
BEPHS | :

FEALL-BEL |
ZARBEGE | | !
mxaEsn [ I .
EUFATAE R | | j N :
g HaH | l

0 500 1,000 1,500 2,000 2,500
AkW

At T

[H#] FERC. “2012 Assessment of Demand Response and Advanced Metering Staff Report” . 20124128

MEEBERIALTF—FBER AIARIILF— FHIRIILF—DREEIRIILFTF—NEELFOEES
(20142£108)
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e (2 & 1+ BDR

e DROERIFAO—R—I(KODEF. EEXDH)
- BHEARLRELENBRELBECH -
— FEHEMIC IR —HEADAN RN REELEE RS
— RETHMFIELIN TN

c BIAXAKEEAANDOHIEEND—DL LTORAEE(C

~00

SHEEDENS

et oy £ LA BHOTIY K LZR
activity in Europe S ROBE L AR, 20154
48, B2OEAYX—hRY FJ—
IR, EEFMAEAGEA
B ftb

- DRIEH DA

Mapping Demand Response in
Europe Today
Smart Energy Demand Coalition

) y fevow. OR 2014,4
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DRINEB A AT AIZEGRT 2=5HI

« DRIRTY I v
- EDEIBEFEBETEDLSVDELFIARIREGZDH (
RERET. RIGEE., KICFE., 2 —U2BMHE... )
- FAEHO=—X
—- EOELHSLEEFET. EOLSGHRBIAODZ—IHH
oM ?RERODEREMXICHEKE., ttOEHREEREDHRE
— RENLGTEEENH BN ?
o iy
— ED & D LHIE - @ERMAF ABIgEN (OpenADR,
Echonet Lite) 7? £/=IXFHARANE"?
o HIE - R
—~ EDELSLBHE - BERNARELRZOMN?
- IR ARXDFE (R, WHHFT. EVRXETIL)
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BT AXISDRERANT v IL

s BIXAXISELDOREBEORT VI vILHET, TRIILF—

- REME. FIARERLGEEEERICHET CKE)
« Sheddability (HIjgid % WNEEMNAIRERARTOES) .
Controllability (BfTHIEH S NI T FE2ER/IT 5768
CIWELBEEEFHEE T ZAROEES) |
Acceptability (£8#8M%G4 > T4 TOx{ & L TDR
EZTANONDEBRDOEE) 25E

— Grid Integration of Aggregated Demand Response, Part |- Load Availability.
Profiles and Constraints for the Western. Interconnection. LBNL, NREL
(Sep. 2013)

— Grid Integration of Aggregated Demand Response, Part 2: Modeling
Demand Response in a Production Cost Model. National Renewable Energy
Laboratory (Dec. 2013)

#77 Institute of Industrial Science,

i/ 7 the University of Tokyo Iwafune Lab. 12
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DREAETO T 74 )L

Maximum Generation

Ramp rate

Maximum Response

Response Time Energy
Re-charge

Load shed (MW)

Re-charge Timing

Grid Integration of Aggregated Demand Response, Part I: Load Availability. Profiles and Constraints for the
Western. Interconnection. LBNL, NREL (Sep. 2013)

|
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H—Ex YIBHISELT
. R ARG
T i Eg‘ ’ég FTh | FIFTASEE
i
| MRALHEND |, 15%) 553 S SRR PO
(Regulation) EEINDXIE ~ FHIRIFEIREL
SRR BT ROFRIAEE
T RASRS> T 593 1853 209> S SR AR PR A
(Flexibility) FADNS
2% “/EI\ <z g%
: Con;f“;’;ncy) & igﬁ%@i‘ 173 <3097 | <109} 1B1EMTF
THRILF— | smchoakhE 18(C1~2[E] (4~8ksR]
(Energy) i - = 553 >1B5f8 | 1093 HIDERES S D)
=] T
(Ciiy) %E@.dfr%%?ﬂﬁ?ﬁbf 3?‘51" L t OTOpZOH%FEﬁ (Li]‘hf\

Grid Integration of Aggregated Demand Response, Part I: Load Availability. Profiles and Constraints for the
Western. Interconnection. LBNL, NREL (Sep. 2013)

. Institute of Industrial Science,
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Products
Resources Regulation Flexibility Contingency | Energy Capacity
Agricultural Pumping v v v
Commercial Cooling v v v v v
Commercial Heating v v
Commercial Lighting v v v v
Commercial Ventilation v v v v
Data Centers v v v
Municipal Lighting v v v v
Municipal Pumping v v
Refrigerated Warehouses v v
Residential Cooling v v v v v
Residential Heating v v v v v
Res. Water Heating v v v v v
Wastewater Pumping v v

Grid Integration of Aggregated Demand Response, Part I: Load Availability. Profiles and Constraints for the
Western. Interconnection. LBNL, NREL (Sep. 2013)

—
. Institute of Industrial Science,

525 the University of Tokyo Iwafune Lab.
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H RBIDR&E B (Contingency Availability)

—— Daily Contingency Availability

0 wastewater-pumping
Il residential-water-heating
residential-heating
BN residential-cooling
Bl outdoor-lighting
|wastewater Pumping| [ municipal-pumping
I} EEE data-centers

[0 commercial-ventilation
Il commercial-lighting
[ commercial-cooling
W agricultural-pumping

2000

-
w
b~4
=]

Residential Cooling

Available load (MW)

—
=3
L=
o

Residential Water Heating \ Residential Heating

{1 ~
I -- a ' Commercial Cooling R B Municipal Pumping

Commercial Ventilation
=

Commercial Lighting Agricultural Pumping

09/01 02/01 03/01 04/01 05/01 06/01 07/01 08/01 09/01 10/01 11/01 12/01

Grid Integration of Aggregated Demand Response, Part |: Load Availability. Profiles and Constraints for the
Western. Interconnection. LBNL, NREL (Sep. 2013)

<77, Institute of Industrial Science,
i, the University of Tokyo lwafune Lab.
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S BIIDR&E R4 (Regulation Reserve)

2000

1800

20:00 l I Max, 1822 MW

"’ 1400
=
1200 s
Min, 153 MW >
“
) o
£ 1000 2
= o
>
I
)
5
800 3
T

00:89/01 02/01 03/01 04/01 0501 06/01 07/01 0B/01 09/01 10/01 11/01 12/01 2 P P P P
Date i ol S
Number of hours

Grid Integration of Aggregated Demand Response, Part I: Load Availability. Profiles and Constraints for the
Western. Interconnection. LBNL, NREL (Sep. 2013)
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« THNSF =3 DBEHEERRT LY NDONTURE?
¢ P—IxiDR CKE) TH, 1 vty T4 TR, HE
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SSICEITIZHDHER. HAEODBEENERIN TS

(FERC Staff Issue Assessment of Demand Response and Advanced
Metering Report, 2014.12)
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Z E DR D ZE15|-Opower & BG&E

e H—FXA Y FFIZKDRERDES ZHIHET 5 BB
HFEEZDH HEIRX MAEL. BEXE DYIRE

« AT IvwoEETOTI L (2013 &)
— A= )LZFIZK>TE—VHy FEREL, "R—XF A
VICRLTEIARATERLSEICM
— 20 FEU EOEFBERIZT L THEH =Y EHK 5%
DE—THhy b PR
—-FEF~NDA T4 TOXHIZIE, PIM OBRE
hi5 %5
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—-EZF05-10A) OFP—/7 BRI 7aV0ARE
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SR EER I K D ETEMN LN

Advanced vanadium redox flow battery $2,000-%12500
Advanced lead acid e 52,200-53,900
Lithium ion—high energy I $2 500-%$3,500
Vanadium redox battery I 52 200-53,100
Sodium suffur I $2,600-$3,100
Zinc bromide I $1,200-%3,000
Sodium nickel chloride I 52 000-53,000
_ Vale-requlated lead acid I $1.600-$2500
s Pumped hydro m— $1,800-$2,200
£ Compressed-air energy storage—smal E— 51800-52 100
’;, Nickel battery (NICd, NiZn, NiMH) I 51 100-51,800
5 Fywheel | NN $1,200-$1600
? Zinc-air battery s 51,200-81,400
(0 Thermal storage—cold | mmmmm $500-$1,300
Compressed air energy storage—cavern N 5700-51,300
Lithium-ion—high power s $800-$1,200
Hybrid lead acd and double-layer capactor mmm  51,000-51,200
Doublelayer capactor | I $600-%1,000
Thermal storage—hot | $110-$300

$0  $2000 $4000 $6000 $8,000 $10,000 $12,000 $14,000 $16,000 $18,000
Cost ($/kW)

Notes: KW = kowat, NiCd = nickel cadmium, NIMH = nickel metal © E Source; daia from Sandia Madonal Laboratories
hydride, NiZn = nickel zinc.

Battery Killers: How Water Heaters Have Evolved into Grid-Scale Energy-Storage Devices(2014.9)

—
£ “=. Institute of Industrial Science,

i *—' < the University of Tokyo |Wafune Lab 22
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7 > <2 1) —m]ITDR-Enebala

EROLEBFSBMICES TR T T 7 U EHEE. ZH
BEEHENRE L. BREARY —EX &M

INDUSTRIAL VENTILATION

l.\ A, f
W Whe M\y\'\.a'

Demand Side Regulation for a Smart Water Grid May 18, 2012

3 Institute of Industrial Science,

4} the University of Tokyo lwafune Lab. 23
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Enebalatt DR

-2000

150 Signal
kw = EPN Response
4000 + Compressor

= Aerator

3:10AM 3:40AM 410 AM 4:20AM 5:10AM 5:40AM 6:10AM 6:40AM 7:10AM 7:40AM 8:10AM 5-40AM 5 10AM $40AM

B)V)—REEHLTNE,
ISODERI T FILIZ—
BMEETUL,

—150 Signal

~——EPN Response
Compressor

——Aerator

——tigh Lift Pump

==
—HVAC
——Cooling Tower
e
—
e GriNG T2
2000
I ; i = R il
R A e e
-1000
il
3000 +
-4000 ~+
5000
-6000
7000
-8000
-9000

3:10AM 3:40AM £ 10AM 4 20 AM 510 AM 5:30 AM 6:10AM 6:40 AM 7:10 AM 7:40 AM 8:10AM S5:40 AM 510 AM 540 aM

— 150 Signal
w—EPN Response
Compressor
— Arrator
e High Lift Pump
—Press
w—Grinder
w—HVAC
= Cooling Tower
=—=Dryer
—Pump
~—=Grinder2
Compressor 2
Aerator
High Lift Pump 2
HVAC2

Blower

=, Institute of Industrial Science,
=v: the University of Tokyo
st MERATEBHEHHIR
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RESE ity D 7= & DDRA

« EV Driver Pilot Program (SDG&E) ( 2014.9~2016.3)
— CAISO Day ahead price 123 &) L F=-8l418x. EVAY

TA—BDFREFDOERIEHAER (G004 R)

3,000

2,500 —=

5

Net Load (MW)

500

System Low Days

TOU price - SDG&E

g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour Ending Pacific Standard Time (PST)

Iwafune Lab.
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~4/26/2015
—4/3/2016
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—4/29/2018
~——4/28/2019
~4/26/2020



esesec arizon LTE B:06 PM

Profile

You are currently at this location

CP Solar Canapy - CGP Solar Canopy,
San Diego, CA 92123, USA - Charger
#8 (1 kW)

Automatic Custom

Charge me max price of

$ 020000 KWh
My Departure Time is
06:30 PM

kWh Needed

6 20.00 kWh

M
<©

pl

rof

]

7-8 AM
8-9AM
9-10 AM
10-11 AM
11 - Noon AM
Noon -1 PM
1-2PM
2-3PM
3-4PM

4-5PM

So%

8:09 AM
My choices...

$0.151/kWh
$0.149%kWh
$0.146/kWh
$0.144/kWh
$0.148/kWh
$0.149%kWh
$0.147/kWh
$0.147/kWh
$0.149kWh

$0.152/kWh

\/

National Town Meeting on Demand Response and Smart Grid 2014

Day ahead pricing for electric vehicle charging, Lee Krevat (Director of Smart Grid, San

Diego Gas & Electric)

#77: Institute of Industrial Science,
L ~=+! the University of Tokyo
e REAFEELHERF
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N5 5 E 1+ Solar City

o SolarCity(RERKBEYLREEFE) N100004DREEIZNEST
DO —FEXZy MERG L, EIFRKT 5 ERK
(2015.4)

— I 7AVOEBEEEPVREBICEHLE TEE ST Y.,. H
RZRIFOFF I 572 & #RIEEIC

— Work with NestD##E A& T, ZEFLIA £ FHIEIR]RE

—NESTH—FEX& Y b TE—UEDRA RN M, 225
E—2J DL5%ZEHIBTES Z EMNT TIZHERZH

|
#77%, Institute of Industrial Science,

i/ 7 the University of Tokyo Iwafune Lab. 27
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NEST Rush Hour Rewards

Home Air Conditioner Usage Rush Hour
without Rush Hour Rewards ® Cooling
°F/°C

Target
temp
76°F/
25°C
NOON 2PM 4PM 6PM 8PM
Home Air Conditioner Usage Rush Hour
with Rush Hour Rewards ® Cooling
°F/°C

Target
temp
76°F /
25°C

NOON 2PM 4PM 6PM 8PM
|
<=, Institute of Industrial Science,
i‘\,% -/ the University of Tokyo Iwafune Lab. 28
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SN YDR7 ) /7 —4% : Entelios

« PV BIXEA=Z836GW (RFMREI143CGW)
<3/31/2014D /7 — X >

o KGHDOFRIBCGWAH, ERILTFAHIZKELHNI GW
(40%) OARRBIZ(AEEOENL WNEFE. 77U AHLLORA
MYNTOWEEY, BINDODKEBAHAY—F—DOAFRZE)

s BHDONY Ty TREMTETENOREEFEILENRE

Demand and Residual Load at 50% RES (in GW)

8

I — Demand

System Load [GW]
8

& &

N
o

Residual load

|

Wi [,‘ HEHTTTH [” | "|‘

Demand Response as a Market Component in

Europe, September 12, 2014

-20

0

2.000 4.000

#77%, Institute of Industrial Science,

i %! the University of Tokyo
"v--;m«f WEXFERHHRIR
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Entelios : ¥ Dreserve~DDR

— Secondary Reserve (SRL):
« TSSO T FILIZRHT B0 RO &I (E Eh&EER)
— Minute or Tertiary Reserve (MRL):
« 15973 LIRD &t

—SRL Demand SRL Actual

TSO catches instability first
with secondary control;

Entelios responds (red)

03/31/2013:

+ Delivered 100% of required control actions

« Delivery of: 2h in SRL, 4.5 hrs in MRL
« Circa 30 MWh
T

TSO continues to stabilize for longer period using tertiary

control; Entelios responds (blue)

# 7 7= Institute of Industrial Science,
i ~=+! the University of Tokyo
"v-;,.«f [Errs T

10:56

Iwafune Lab.
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Secondary

Tertiary
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EARNDODBE T AXIGDRINT v IL

HEST I

« 7T ) —H—EXBDROEAFBEM DKRET
- RIEEH - BRREHNTVT7DEESE
« EIKE36AKW, TKEFZE3ILIFKW | mEDEE
25 kW
« EJLZEF160/-790 5kW(HEHIKE~EZF¥H
. BfE¥H)

=

- B REE (RAFE) BREZ50005kW. &L
E 14007k W
- XBGHFEEHEEBAE £5160075kW55(2014)

2. BERREIRIIL T —FRREERICHIET D7 T —H—EXBFITU RL AR
U ADEATREMEDRET., ERHFE®EY13030, 2014

Ittt of Industrial Science,
ol thU versity of Tokyo Ilwafune Lab. 31
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TIESE —PEREE ——B\TNE

FHIENE —-FEE

THE [GWh]

ook ILE— [TJ]

e [1J]

-
Cd
rd
7

2B

3

[

#2777 Institute of Industrial Science,
¢ the University of Tokyo
0 HEXFEZHEWHRIER

1200

5005t D EEIRETE LR
b SRR KB TR HO BARREIALE—DEREEEQENLEEELEE L RT LAOBRFERET L, ESEL2EAL(2012)

NINEHERNOEEREHADEE  8005kW |
AMNERTOORHT T, F—ILEBILEENOORF(S BHPHREER23AF) (h22),
HP!) Z LA ANEALEE LTEDGCEL0FKWOPVIRINAR T > o v ILIZ,

45

= 40 N

*‘E 35 ;\ A, \\

o v ,-.

Tim 30 1 A N {l’-"\/

Ik =~ __\( ran

X 25 =

A \ THRE - - PV PV+EMS |

20 ! I !
0:00 6:00 12:00 18:00 24:00
T ED TR

PV:3~4 kWD R T LMN—HEFEH3.4 kw, i 2K T
17 GWE A,

ZEMIE. THEBRE1~2 kW (FEHL5 kw, #hilgi& k7.5
GW), EERE2~12 kWh (FE#6 kwh, thigi£{K30
GWh) . BIREROORE15~20% (FEH16%) o
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