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Motivation 

• 29 states and Washington, D.C. have mandatory RPS in place 

• Existing RPS policies will apply to 56% of U.S. electricity demand once fully implemented; 
require 73 GW of new RE capacity by 2025 

• Challenges with integration of wind and solar, due to variability and intermittency, 
include:  intra-hour variability, ramping, forecast error and over-generation 

 

Non-Binding Goal

Source: Berkeley Lab

WI: 10% by 2015

NV: 25% by 2025

TX: 5,880 MW by 2015

PA: 8.5% by 2020

NJ: 22.5% by 2020
CT: 23% by 2020

MA: 11.1% by 2009 +1%/yr

ME: 40% by 2017

NM: 20% by 2020 (IOUs)

10% by 2020 (co-ops)

CA: 33% by 2020                              

MN: 25% by 2025

Xcel: 30% by 2020

IA: 105 MW by 1999 

MD: 20% by 2022

RI: 16% by 2019

HI: 40% by 2030

AZ: 15% by 2025                              

NY: 30% by 2015

CO: 30% by 2020 (IOUs)

10% by 2020 (co-ops and munis)

MT: 15% by 2015

DE: 25% by 2025

DC: 20% by 2020

WA: 15% by 2020

NH: 23.8% by 2025

OR: 25% by 2025 (large utilities)

5-10% by 2025 (smaller utilities)

NC: 12.5% by 2021 (IOUs)

10% by 2018 (co-ops and munis)

IL: 25% by 2025

Mandatory RPS

VT: 20% by 2017ND: 10% by 2015

VA: 15% by 2025MO: 15% by 2021

OH: 12.5% by 2024

SD: 10% by 2015

UT: 20% by 2025

MI: 10% by 2015

KS: 20% of peak 

demand by 2020

OK: 15% by 2015

AK: 50% by 2025



Demand Response  

Requires Automation 

OpenADR 



2002   2003   2004   2005   2006   2007   2008   2009   2010   2011 

 LBNL/ DRRC Research 

(CEC PIER) funded 

Pilots and field trials 

 

OpenADR  

Commercialization 

OpenADR v1.0  

OpenADR donated to 

OASIS and UCAIug 
  

 OpenADR 2.0 

  

> 200 MW of DR in 

California 

> 70 

Companies 

with products 

OpenADR - a National Standard 
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Seattle Municipal Tower Mckinstry Target - T1284 3/10 BL OAT Reg BL

Test Period

Evolution of OpenADR Applications 



7/9/2008

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

1
2
:0

0
 A

M
 

1
:0

0
 A

M
 

2
:0

0
 A

M
 

3
:0

0
 A

M
 

4
:0

0
 A

M
 

5
:0

0
 A

M
 

6
:0

0
 A

M
 

7
:0

0
 A

M
 

8
:0

0
 A

M
 

9
:0

0
 A

M
 

1
0
:0

0
 A

M
 

1
1
:0

0
 A

M
 

1
2
:0

0
 P

M
 

1
:0

0
 P

M
 

2
:0

0
 P

M
 

3
:0

0
 P

M
 

4
:0

0
 P

M
 

5
:0

0
 P

M
 

6
:0

0
 P

M
 

7
:0

0
 P

M
 

8
:0

0
 P

M
 

9
:0

0
 P

M
 

1
0
:0

0
 P

M
 

1
1
:0

0
 P

M
 

1
2
:0

0
 A

M
 

W
h

o
le

 B
u

il
d

in
g

 P
o

w
e
r 

(k
W

)

CPP MA Baseline

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

P
o

w
e

r 
[M

W
]

Seattle Municipal Tower Mckinstry Target - T1284 3/10 BL OAT Reg BL

Test Period

HVAC Lighting Other

Building use G
lo

b
a
l 
te

m
p
. 
a
d
ju

s
tm

e
n
t

D
u
c
t 
s
ta

ti
c
 p

re
s
. 
In

c
re

a
s
e

S
A

T
 I
n
c
re

a
s
e

F
a
n
 V

F
D

 l
im

it

C
H

W
 t
e
m

p
. 
In

c
re

a
s
e

F
a
n
 q

ty
. 
re

d
u
c
ti
o
n

P
re

-c
o
o
li
n
g

C
o
o
li
n
g
 v

a
lv

e
 l
im

it

B
o
il
e
r 

lo
c
k
o
u
t

S
lo

w
 r

e
c
o
v
e
ry

E
x
te

n
d
e
d
 s

h
e
d
 p

e
ri
o
d

C
o
m

m
o
n
 a

re
a
 l
ig

h
t 
d
im

O
ff
ic

e
 a

re
a
 l
ig

h
t 
d
im

T
u
rn

 o
ff
 l
ig

h
t

D
im

m
a
b
le

 b
a
ll
a
s
t

B
i-
le

v
e
l 
s
w

it
c
h
in

g

N
o
n
-c

ri
ti
c
a
l 
p
ro

c
e
s
s
 s

h
e
d

ACWD Office, lab X X X X X X X

B of A Office, data center X X X X X

Chabot Museum X X

2530 Arnold Office X X

50 Douglas Office X X

MDF Detention facility X

Echelon Hi-tech office X X X X X X X X

Centerville Junior Highschool X X

Irvington Highschool X X

Gilead 300 Office X

Gilead 342 Office, Lab X X

Gilead 357 Office, Lab X X

IKEA EPaloAlto Furniture retail X

IKEA Emeryville Furniture retail X

IKEA WSacto Furniture retail

Oracle Rocklin Office X X

Safeway Stockton Supermarket X

Solectron Office, Manufacture X X

Svenhard's Bakery X

Sybase Hi-tech office X

Target Antioch Retail X X

Target Bakersfield Retail X X

Target Hayward Retail X X X X

Walmart Fresno Retail X X

Evolution of OpenADR Applications 
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ACWD Office, lab X X X X X X X

B of A Office, data center X X X X X

Chabot Museum X X

2530 Arnold Office X X

50 Douglas Office X X

MDF Detention facility X

Echelon Hi-tech office X X X X X X X X

Centerville Junior Highschool X X

Irvington Highschool X X

Gilead 300 Office X

Gilead 342 Office, Lab X X

Gilead 357 Office, Lab X X

IKEA EPaloAlto Furniture retail X

IKEA Emeryville Furniture retail X

IKEA WSacto Furniture retail

Oracle Rocklin Office X X

Safeway Stockton Supermarket X

Solectron Office, Manufacture X X

Svenhard's Bakery X

Sybase Hi-tech office X

Target Antioch Retail X X

Target Bakersfield Retail X X

Target Hayward Retail X X X X

Walmart Fresno Retail X X

Evolution of OpenADR Applications 
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Actual 5 min. Data Hourly Forecast with reduction Forecasted Data

PLP EVENTPG&E/CAISO 

Participating Load 

Pilot 



7/9/2008

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

1
2
:0

0
 A

M
 

1
:0

0
 A

M
 

2
:0

0
 A

M
 

3
:0

0
 A

M
 

4
:0

0
 A

M
 

5
:0

0
 A

M
 

6
:0

0
 A

M
 

7
:0

0
 A

M
 

8
:0

0
 A

M
 

9
:0

0
 A

M
 

1
0
:0

0
 A

M
 

1
1
:0

0
 A

M
 

1
2
:0

0
 P

M
 

1
:0

0
 P

M
 

2
:0

0
 P

M
 

3
:0

0
 P

M
 

4
:0

0
 P

M
 

5
:0

0
 P

M
 

6
:0

0
 P

M
 

7
:0

0
 P

M
 

8
:0

0
 P

M
 

9
:0

0
 P

M
 

1
0
:0

0
 P

M
 

1
1
:0

0
 P

M
 

1
2
:0

0
 A

M
 

W
h

o
le

 B
u

il
d

in
g

 P
o

w
e
r 

(k
W

)

CPP MA Baseline

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

P
o

w
e

r 
[M

W
]

Seattle Municipal Tower Mckinstry Target - T1284 3/10 BL OAT Reg BL

Test Period

HVAC Lighting Other

Building use G
lo

b
a
l 
te

m
p
. 
a
d
ju

s
tm

e
n
t

D
u
c
t 
s
ta

ti
c
 p

re
s
. 
In

c
re

a
s
e

S
A

T
 I
n
c
re

a
s
e

F
a
n
 V

F
D

 l
im

it

C
H

W
 t
e
m

p
. 
In

c
re

a
s
e

F
a
n
 q

ty
. 
re

d
u
c
ti
o
n

P
re

-c
o
o
li
n
g

C
o
o
li
n
g
 v

a
lv

e
 l
im

it

B
o
il
e
r 

lo
c
k
o
u
t

S
lo

w
 r

e
c
o
v
e
ry

E
x
te

n
d
e
d
 s

h
e
d
 p

e
ri
o
d

C
o
m

m
o
n
 a

re
a
 l
ig

h
t 
d
im

O
ff
ic

e
 a

re
a
 l
ig

h
t 
d
im

T
u
rn

 o
ff
 l
ig

h
t

D
im

m
a
b
le

 b
a
ll
a
s
t

B
i-
le

v
e
l 
s
w

it
c
h
in

g

N
o
n
-c

ri
ti
c
a
l 
p
ro

c
e
s
s
 s

h
e
d

ACWD Office, lab X X X X X X X

B of A Office, data center X X X X X

Chabot Museum X X

2530 Arnold Office X X

50 Douglas Office X X

MDF Detention facility X

Echelon Hi-tech office X X X X X X X X

Centerville Junior Highschool X X

Irvington Highschool X X

Gilead 300 Office X

Gilead 342 Office, Lab X X

Gilead 357 Office, Lab X X

IKEA EPaloAlto Furniture retail X

IKEA Emeryville Furniture retail X

IKEA WSacto Furniture retail

Oracle Rocklin Office X X

Safeway Stockton Supermarket X

Solectron Office, Manufacture X X

Svenhard's Bakery X

Sybase Hi-tech office X

Target Antioch Retail X X

Target Bakersfield Retail X X

Target Hayward Retail X X X X

Walmart Fresno Retail X X
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Actual 5 min. Data Hourly Forecast with reduction Forecasted Data

PLP EVENTPG&E/CAISO 

Participating Load 

Pilot 
Tested OpenADR with ISO: 

• OASIS (Real-time Wholesale Prices to OpenADR) 

• Automated Dispatch Signal (DNP3 to OpenADR) 

• Automatic Generation Control (ICCP to OpenADR)  



Ancillary Services (CAISO) 

Operating 

Reserves 

/Ancillary 

Services 

Products 

Response Time Duration Telemetry 

Requirement 

Regulation Up Start <1 min 

Reach limit <10 min 

15 - 60 

min. 

 4 sec. 

Regulation 

Down 

Start <1 min 

Reach limit <10 min 

15 - 60 

min. 

4 sec. 

Non-Spinning 

Reserves 

< 10 min. 30 min. 4 sec. every 

minute 

Spinning 

Reserves 

Instant Start 

Full output <10 min. 

30 min. 4 sec. every 

minute 

 



DR as a Pseudo Generation 

Parameters 

• Capacity Available (MW) 

HOL - LOL 

• Min. Operating Level 

LOL 

• Max. Operating Level 

HOL 

• Ramp Rate (MW/min) 

Varies by end use 

e.g. HVAC – variable by  

season, day of week,  

time of day 

    



Commercial and Industrial Facilities –  
DR Strategies 

27 

End Use Type Ramp Down  Switching Off 

HVAC 

Chiller 

Systems 
Setpoint Adj. 

Package Unit Setpoint Adj. 
Disable 

Compressors 

Lighting 
Dimmable Reduce Level 

On/Off Bi-Level Off 

Refrig/Frozen 

Warehouse 
Setpoint Adj. 

Data Centers 

Setpoint Adj., 

Reduce CPU 

Processing 

Ag. Pumping 

Turn Off 

selected 

pumps 

Wastewater 

Turn Off 

selected 

pumps 

0.8 GW –hot summer afternoon 

0.25 GW – cold winter morning 

1.8 GW –hot summer afternoon 

0.4 GW – cold winter morning 



 <1 sec. 

 <1 sec. 

Site A: <1 sec. 

Site B: 10-20 sec. 

Site C: 12 min. 

Load as Regulation in California 

EMS

DRAS 

Client
Loads

Interval 

Meter
Telemetry

AGC

Meter Data

Meter Data

MDM

DRAS

ICCP 

over ECN

OpenADR 

over Internet

TCP/IP 

over CDMA

CAISO

Utility

C&I Facility



 <1 sec. 

 <1 sec. 

Site A: <1 sec. 

Site B: 10-20 sec. 

Site C: 12 min. 

Load as Regulation in California 

EMS

DRAS 

Client
Loads

Interval 

Meter
Telemetry

AGC

Meter Data

Meter Data

MDM

DRAS

ICCP 

over ECN

OpenADR 

over Internet

TCP/IP 

over CDMA

CAISO

Utility

C&I Facility

	



Challenges and Opportunities 

• DR Characterization 
– Which end-use, how 

long, how often, how 
much? 

– Variable ramp rates 

– Individual loads (small 
vs. large)  

– Aggregation 

• Communication 
– Security 

– Poll vs. Push 

– Telemetry – technology 
and cost 

 

 

 

• Controls 
• Closed-Loop vs. Open-

Loop 

• Automation 

• Measurement, 
Verification and 
Settlement 
• Forecast accuracy 

• Economics 

• Regulatory and Market 
Issues 

 

 

 



Thank you! 

Sila Kiliccote 

skiliccote@lbl.gov 

Demand Response Research Center 

Building Technologies Department 

Resources 

DRRC Website: http://drrc.lbl.gov 

Energy Analysis Department Publications: 

http://eetd.lbl.gov/ea/ems/sg-pubs.html 

DR and Ancillary Services: http://drrc.lbl.gov/system/files/lbnl-

4189e.pdf  

http://drrc.lbl.gov/system/files/lbnl-2945e.pdf 

DR Strategies Guide: http://drrc.lbl.gov/system/files/59975_0.pdf 

Tools: http://drrc.lbl.gov/tools  

OpenADR: http://openadr.lbl.gov, http://www.openadr.org 
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