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Project Description

» Objective
= Demonstrate automated response to price and reliability signals for large
commercial buildings in New York City using OpenADR communication protocols

- Significance
= Provide a practical solution to facility managers for continuous energy
management under day-ahead hourly pricing
= Provide a framework to develop and test control algorithms that optimize energy
use and cost in large commercial buildings

DEMAND RESPONSE RESEARCH CENTER

Proceedings of the 13th International Conference for Enhanced Building Operations, Montreal, Quebec, October 8-11, 2013




ESL-IC-13-10-31a

4

L LHELT

T 8 1 0 o e 8t e e e e e g 1 o e e e ot e e g 1 e

Project Partners

« Project Sponsor

s New York State Research Energy
Research & Development Authority
(NYSERDA)

« Project Manager
= Lawrence Berkeley National Lab

(LBNL)
» Sub Consultants
s Honeywell

= Akuacom
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Dynamic Pricing In New York

- Mandatory Hourly Pricing (MHP)

= Since 2005, MHP has been the default tariff in New York State to non-
residential customers with demand over 500 kW

> Customers’ energy cost is calculated based on NYISO’s day-ahead
zonal locational based marginal price (LBMP)

 Primary barriers to the adoption of MHP

= insufficient resources (both labor and equipment)
to monitor hourly prices

= Inflexible labor schedule (KEMA, 2012)
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Day-Ahead Locational Based Marginal
Price (LBMP)

Price duration curves and LBMP distribution

Data shown are from Sep 2011 to Aug 2012 > $300/MWh
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Communication Architecture

]

Nvisowtlity —
ay-Ahea

Hourly Price Operation Modes

0
D
=
o
. . 0 3
via web scraping ol via OpenADR
_ hem
o =
— @
=he)
<28
DR Test/Event § ;_' Interval Meter Data
Notification @
Curtailment — via email g"
Service Provider ©
OpenADR — Facility
Server

DEMAND RESPONSE RESEARCH CENTER

Proceedings of the 13th International Conference for Enhanced Building Operations, Montreal, Quebec, October 8-11, 2013




ESL-IC-13-10-31a

L o e L o

hi

DR Signal Prioritization
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Customer User Interface

(B https://bwaycm/systemdisplays/sysdtiplant.htm?Hsc Type=3&HscFile=0&HscRect O ~ @ B & X || 3 utitity X ‘ | {n} v.7 st
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Conirol Strategy o ofF [ ren Honeywe] |
Control Strategy Moderate| High | Critical Actual Value |
|Global Te Reset - Raise setpoint to 78F for Mod, / BOF for High / 80F for Critical
- Supply Fan ACS #1, 2, 3 Senving Floor 4-17 North 0O 2 T 80.00 F
- Supply Fan ACS #4, 5, 6 Serving Floor 4-17 South r 2 o 80.00 F
- Supply Fan ACS #7, 8, 9 Serving Floor 4-17 East | 2 O 80.00 F
- Supply Fan ACS #10, 11 Serving Floor 18-24 East r w r 80.00 F
- Supply Fan ACS #12 Senving Floor 18-30 Morth r = r 80.00 F
- Supply Fan ACS #13 Sening Floor 18-30 South G 2 &l 80.00 F
Shut off Exhaust Fan for High/Critical
Shut off General & Toilet Exhaust Fans - E 9-1 =2 B Off
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- Supply Fan ACS #13 Sening Floor 18-30 South i " r 25.31 Hz
Condenser Water Temperature Reset - Raise setpoint to 85F for Moderate / 85F for High / 85F for Critical
Cooling Tower i 2 W [ 85.00 |F |
ILock chilled water pump speed at 42Hz for High / Critical \
|2 chilled water pumps for retail and 4 chilled water pumps for every chiller running v r 42.00 |Hz |
]
BT 40 Vo Outside Conditions: fJ —— u—— Honm;

Server; BWAYCM Operator ID: \system admin Security: Mngr Connection: Stn01

Bl e g

DEMAND RESPONSE RESEARCH CENTER

Proceedings of the 13th International Conference for Enhanced Building Operations, Montreal, Quebec, October 8-11, 2013




ESL-IC-13-10-31a

LT

Case Studies

Enabling Auto-DR in Large Commercial Buildings in New York
City
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Building #1 - Office Building

 Building characteristics

= 32-storey office building in NYC

= 130,000 m2 (1.4 Million ft?)

= HVAC systems
Multiple-zone reheat systems with constant air volume
AHUs controlled by VFD
3 x 1,350-ton centrifugal chillers with constant speed
1 X 900-ton centrifugal chiller with variable speed

= Operation schedule: weekdays, 6am — 6pm

« Opportunities
= Centralized BMS for HVAC controls
Honeywell’s Enterprise Buildings Integrator™
= Open communication protocol: BACnet
s A good track record of DR performance
= Night flushing during weekends and precooling throughout summer

« Challenges
= Limited lighting control
= No Global Temperature Adjustment (GTA)
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Building #2 - Campus Building

 Building characteristics
s 14-storey university building in NYC
= 11,300 m2 (122,000 ft?)
s QOperation hours: 7am — 11pm, 7 days a week

« Opportunities
= Centralized BMS for HVAC controls
+ Automated Logic Corporation’s WebCTRL®
= Communication protocol: BACnet

- Challenges
= Lighting control not tied to the BMS
= Stringent network security requirements
= No designated facility manager
= Energy usage is less predictable during school semesters
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Building Load Characteristics

Facility Peak Load Peak Load Load Annual
(kW) Intensity Factor Consumption
(W/m?2) (kwh)
Office Bldg 6,200 48.0 0.51 27,612,000
Campus Bldg 600 53.0 0.40 2,150,000
Summer 2012 Winter 2012
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< 6000 ‘ | | | 6000 | | | |
£ 4000 4000 A 7~
B " B
S 2000 2000
-
0 : : ~ : ~ ~ 0 : : : : : :
Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
Campus Bldg Campus Bldg
—~ 600 | | | | 600 | | | |
=
< 400 400
S
S 200 200
-
0 ‘ : : : : : 0 ‘ ‘ ‘ : ‘ ‘
Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun

DEMAND RESPONSE RESEARCH CENTER

Proceedings of the 13th International Conference for Enhanced Building Operations, Montreal, Quebec, October 8-11, 2013




ESL-IC-13-10-31a

T e e e e e e

LT

Load Duration Curves
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Data shown are from Sep 2011 to Aug 2012.
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Weather Sensitivity
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Data shown are from May to Aug 2012.
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Field Test Results - Office Building

Jul 30, 2013 (Peak OAT = 81.0 °F)
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Field Test Results - Office Building

Jul 30, 2013 (Peak OAT =81.0 oF) Avg. model error = 0.01

(range = 0.59,
standard dev. = 0.09)
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Field Test Results - Office Building

Whole Building Load (kW)
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Field Test Results - Office Building

Jul 30, 2013 (Peak OAT = 81.0 °F)

——whole building load —=— OAT regression baseline ——weather adjusted CBL —LBMP
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Field Results - Campus Building

Sep 25, 2013 (Peak OAT = 71.9 °F)
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Field Results - Campus Building

Sep 25, 2013 (Peak OAT =71.9 °F) é‘;i-glgidgl;;mrm&o:l
standard dev,’= 0.06)
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Field Results - Campus Building

Sep 25, 2013 (Peak OAT = 719 OF) é‘\;iglélidslggrorz 0.05
standard dev. = 0.07)

——whole building load = —=—OAT regression baseline  ——LBMP
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Field Results - Campus Building

Sep 25, 2013 (Peak OAT = 71.9 °F)

——whole building load —=— OAT regression baseline ——weather adjusted CBL —LBMP

400 - - 60

350 - 50
’;‘\ 300 - 40 _
< =
@
— 250 30 &
) o
£ =
o m
= -
m 200 - 20
Q@
o
N
=

150 - 10

100 0

12 AM 2AM 4 AM 6 AM 8 AM 1I0AM 12 PM 2PM 4 PM 6 PM 8 PM 10PM 12 AM

Hour of Day

DEMAND RESPONSE RESEARCH CENTER

Proceedings of the 13th International Conference for Enhanced Building Operations, Montreal, Quebec, October 8-11, 2013




ESL-IC-13-10-31a

Iiiii[[LLLL 1111111111111111

Conclusions

- Centralized BMS and open communication protocols have a
central role in Auto-DR enablement.

- Understanding customer’s financial and operational goals is key
to successful adoption of Auto-DR.

- Allowing opt-out capabilities and modifications over individual

DR control strategies can reduce the customer’s feeling of “loss of

control” and increase the participation in Auto-DR.
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Next Steps

- Complete field tests
- Conduct follow-up interview with facility managers

- Develop short-term load prediction model to quantify energy

savings under dynamic pricing

- Examine the cost of implementation and predicted energy savings

for Auto-DR
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