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Presentation Outline

e History of OpenADR

* The Changing Electric Grid and DR

e Distributed Energy Resources

 The Need for a Common Energy Service Interface
* OpenADR Activities in China

* Model Predictive Control




OpenADR Interoperability Progress

i\ ?g ; Official OpenADR specification (1.0)

B by LBNL/CEC*
Research initiated by LBNL/ CEC . .
Y 1. Anytime DR Pilots National outreach
. _1e . - Wholesale markets :
OpenADR 1.0 Commercialization - International demonstrations with USGBC
’ (PG&E, SCE, and SDG&E) - Dynamic pricing, renewables

2. All end-use sectors

Pilots and field trials
Developments, tests (Utilities)

2002 to 2006 2007 2008 2009 2010 2011 2012

I I
1. OpenADR Standards Development | El 1.0 standards
- OASIS (EITC), UCA, IEC - OpenADR profiles

2. NIST Smart Grid, PAP 09

0AS|S q OpenADR 2.0 specifications
Communication Standards Development: - Products, commercialization
- International standards (IEC
1. Research and development NIST nternational standards (IEC)

2. Pilots and field trials
3. Standards development OpenAALg!i
4

Conformance and interoperability Certification/Testing (v2.0)
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Historic focus on Seasonal Grid Stress

OpenADR PG&E Demand Bid Test Day
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The Electric Grid is Changing

'\ . . California Ind d
v Cahforr“a |SO S;sllgrr:lgpr;rzt‘:)er%g:r:oration

Your Link to Power

CAISO Load Duration Curve

Sept '05 to Sept '06
56,000
s0000 4= 50,085 MW Peak 7/24/06
Gl Greater than 45,000 MW 57 hours or 0.65%
5,
\ Greater than 40,000 MW 279 hours or 3.2%
= 40,000
5 \ Greater than 35,000 MW 805 hours or 9.2%
¢ 35,000
é \<Vinter Peak 33,275 MW 12/14/05
;’ 30,000
25,000 \
20,000 \
15,000
TRERIBEREERSEEAESEYEER ISR 8EREES
Hour
25,000 |
Less Steep: reduces
23,000 1

need for fast starting and

21,000 1 \ ramping resources / \ \
g A _ Lower Peak : reduces need for

Megawalts

R = . ;
) peaking generation capacity
17,000 +
Significant change
st starting in 2015 T oo
13,000 + — /' ] over-generation

. L—— " Less Deep: less risk of over-generation,
rm ."..| o1 23 45 6 7 8 9 10 better utilization of existing resources

Note, this curve is being updated, it is used here to represent how we should look at what we are trying to accomplish
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DR Service Across Timescales to
Meet Future Grid Needs

%

o

I

Shape Shift Shed Shimmy
| | | | | | |

Years Seasons Days AM/PM Hours Minutes Seconds
Incentivize EE Mitigate Ramps and Manage contingency Fast DR to smooth
and Behavior Capture Surplus events and coarse net net load and support
Change Renewables load following frequency



DR Potential Study - Shed and Shift

J‘\/ Shift Service Type: Shifting load from

—”— Shed Service Type: Peak Shed DR hour to hour to alleviate curtailment/

overgeneratlon
40,000
Lo S,
y N\ __ System Load
36,000 / \ after adding shift
o / \ resources
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DR Potential Study - Shape and Shimmy

Shape Service Type as modeled:
Accomplishes Shed & Shift with
prices & behavioral DR.

W Shimmy Service Type: Load
Following & Regulation DR

lllustrative pricing profile

Peak

Partial

Off- Super
L off-
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Actual
system load

Forecasted
system load

Actual load after adding
Shimmy resources

Time
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End Uses and Enabling Technologies

Sector End Use Enabling Technology Summary
Battery-electric and plug-i
: gry ® e.c ficandpugh Level 1 and Level 2 charging interruption
All hybrid vehicles
Behind-the-meter batteries | Automated DR (Auto-DR)
A conditions Direct load control (DLC) and Smart communicating
Residential ircondrioning thermostats (Smart T-Stats)
Pool pumps DLC
HVAC Depending on site size, energy management system
Auto-DR, DLC, and/or Smart T-Stats
Commercial | . A range of luminaire-level, zonal and standard control
Lighting .
options
Refrigerated warehouses Auto-DR
Processes and large Automated and manual load shedding and process
facilities interruption
Agricultural pumping Manual, DLC, and Auto-DR
Industrial

Data centers

Manual DR

Wastewater freatment and
pumping

Automated and manual DR
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Enabling Technology Modeling Framework
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Components:

Costs
= |nitial
= Operating
= Etc.

Performance
= Speed of response
= Magnitude
= Persistence

Propensity to Adopt
= Based on customer factors
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Forecast Results - System Net Load for 8 Scenarios

Gross Demand - Solar & Wind Generation
Scenarios will be more Ducky with more electrification
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Consider New Architecture for
Future Communications

Demand Response
Service Providers (vin)

o~
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__H BE Aggregated
a5 Loads
Operators meo;gg;.]Un (VEN/vTN)

i I
Secure Internet #
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OpenADR with VEN Residing in Cloud is
Challenge for DR Programs and Codes

Cloud Interface

VTN
Hl "I VEN
Internet |
> KT
ecobee <, ECOFACTOR. - J
+ OpenADR 2.0 a or b enabled
+ Retail or Operator provided or
,,..:._:",,,».r bring your own thermostat
EMERSON + Cloud interface _
_ + No resource constraints
Honeywell : chink + Feedback supported
A : INKeco )
" vopenADR
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Energy Services Interface Vision for DER

“ESI is a bi-directional, service-oriented, logical interface that supports
the secure communication of information between entities inside and
entities outside of a customer boundary to facilitate various energy
interactions between electrical loads, storage, and generation within
customer facilities and external entities.*

DER Facility

Facility

Interacting

Management
Function

J _J
- ——
External Responsibility Internal Responsibility

Hardin et al: http://www.gridwiseac.org/pdfs/forum papersl1/hardin paper eill.pdf.
Note, the words “service-oriented” are added to the definition here.

Equipment
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Interoperability Energy Systems Interface

 US DOE starting Grid Interactive Efficient Buildings Program
* Grid Modernization Lab Consortium Evaluating ESIs and role of OpenADR

DER
Communities

DER Facility

Responsive
Loads

Market >~
. N
Service \
Providers \\
|
/
ili /
Energy Ly Distributed /
Service Management S /
torage
Interface System \
] \
DER Service l \.|
Providers II |
/ /
/ L /
/ Distributed /
/ Generation //
/ -
/ —— -
4 =

-
—’//
P -
Distribution

-

- A System —

roeeeoee] M . e
Operations

BERKELEY LAB

ratory



Evolution of Building Controls

Conventional control systems unable to meet future system requirements:
* Energy cost reduction

e Electric grid integration

* Fault detection and diagnosis
* Occupant-responsiveness

Control complexity
adaptive, grid aware, MPC for
buildings and communities

MPC for large buildings

clock-based & PID

1980 2030

Time
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Strategies to Enable DR
 Codes and Standards, DR- Ready Technology and

Whole Buildings
K 5%

e Community Scale Systems |

Building System Occupant and User

o M a rkEt Tra n S pa re n Cv Performance Data Behavior Data
 Model Predictive Control \‘ - ) J

* Improved Interoperability ] i e

Connection to grid Adap:ive Models and cI§’references
Wind om= (possibly PT[e_Iiable)
""""""""" Optimized A User
Performance Feedback
A
Weather — Grid

Control Optimization

Signals

Forecasts ‘ ‘
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Integrated, Interoperable, Grid Responsive,
Continuous Efficiency Analysis

B — Controllable
Senaors 0 Lighting
|
|
|
|

gttt 4 Ortimized DoRS
> Designand K3
¢" Operations
|
|

Qutdoor
Conditions

Dynamic
Facade

0 Sensors/Input

G Itility Communication
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Complexity of Distributed Energy Resources

Generation
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US China DR Collaboration
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Test Case Result

Test Case Name
N1_0010_TH_VTN_1
N1_0015_TH_VTN_1
N1_0020_TH_VTN_1
N1_0025_TH_VTN_1
N1_0020_TH_VTN_1
N1_0030_TH_VTN_1
N1.0040_TH_VIN 1
N1_0050_TH_VTN_1
N1_0065_TH_VTN_1
N1_0060_TH_VTN_1

N1_0070_TH_VTN_1

P1_2010_TH_VTN_1

Start Time
Mon Sep 04 14:08:16 CST 2017
Mon Sep 04 14:15:34 CST 2017
Mon Sep 04 14:12:25 CST 2017
Mon Sep 04 14:17:55 CST 2017
Mon Sep 04 14:20:48 CST 2017
Mon Sep 04 14:21:53 CST 2017
Mon Sep 04 14:24:15 CST 2017
Mon Sep 04 14:34:40 CST 2017
Mon Sep 04 14:38:28 CST 2017
Mon Sep 04 15:26:20 CST 2017
Mon Sep 04 14:47:19 CST 2017

Mon Sep 04 15:37:22 CST 2017

End Time
Mon Sep 04 14:08:49 CST 2017
Mon Sep 04 14:16:15 CST 2017
Mon Sep 04 14:13:22 CST 2017
Mon Sep 04 14:18:48 CST 2017
Mon Sep 04 14:21:40 CST 2017
Mon Sep 04 14:22:29 CST 2017
Mon Sep 04 14:25:06 CST 2017
Mon Sep 04 14:35:21 CST 2017
Mon Sep 04 14:39:17 CST 2017
Mon Sep 04 15:27:12 CST 2017
Mon Sep 04 14:48:12 CST 2017

Mon Sep 04 15:39:14 CST 2017

Result
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS

PASS

=
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CHINA SOUTHERN POWER GRID

WAL B / Test Result

Log
View Log TraceLog 090417 140816 423 ixt
View Log TraceLog 090417 141534 856 txt

View Log TraceLog 090417 141225 753txf

View Log TraceLog 090417 141755 862.txt

View Log TraceLog 090417 142048 302.txt

View Loo TraccLog 090417 142153 403.txt
View Log TraceLog 090417 142415 358t
View Log TraceLog 090417 143440 322 txt

View Log TraceLog 090417 143828 542 txt

View Log TraceLog 090417 152620 016 .txt

View Log TraceLog 090417 144719 266.txt

View Log TraceLog 090417 153722 258 txt

ik R Testing Case Study
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« Test Sample: “Energy Management System” (Hangzhou Telehems)

v Support OpenADR2.0b. Control different electronics using built-in DR strategy while
maintain comfort indoor environment.

«  isCEdE / A 2017.8.22-9.8 / FRERERERE NEKMIEER AL =
« Testing Time / Unit: 2017.8.22-9.8 / CEPRI

- WHER: 2B
» Test Result: All pass

20
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Introduction of China Industrial Standard — Guides of

Information Exchange for Demand Response

KEUERL IT{EHE
2nd CCWG Big Data Workshop

20175118 BR
Nov, 2017 Nanjing, China

BERKELEY LAB 21




5.{%,%3‘5;&”&%/ Information Exchange Service

3.4 HR35/Event

Down Node Up Node
DistributeEventRequest .
H | CreaebventResponse _H
AN RS 1 e B
4IRS/ 48/Introducation of Event
2R 3%
KA K UNTMDN B #Eix O & 7= AL
( DistributeEventRequest) UN actively pushes generated event to DN
O3 =5 i . DN UN & AT BB — D FA R A N, B
(CreateEventResponse) wEhshsH.

DN responds to each event released by UN
and confirms whether or not to participate.

A 2




Summary

* Need more demonstration to integrate DR
signals with Distributed Energy Resources

* Need International Partnerships

* Time-of-Use Pricing Suggests New
Automation Needs

 Controls are Evolving X

lllustrative pricing profile

Peak

Partial
Peak

Off- Super
peak off-

pea
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