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\%/ How can the potential for CLS to provide grid

Pacific

Northwest  services be simulated?

 How can CLS be modeled for grid service simulation?

 How can lighting service needs be represented in the models? What is the
relationship between lighting service and power?

 How can occupant satisfaction be represented in the models? What is the
relationship between lighting service and occupant satisfaction?

« How can CLS technology performance variations be represented in the
models?

* How do lighting system models, service needs, and occupant satisfaction
needs vary?




\?g/ While many models exist for predicting occupant
Pacific thermal comfort,

Northwest
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Air speed

Pierce Two-Noele Moael

KSU Tweo-Node Model
Fanger Comfort Model = ASHRAE 55 < P Contamination
Adaptive Comiort Model

basead on ENT9287-2007
Metabolic

Dynamic Clotning Moael rate
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Pacific occupant lighting needs and
preference can vary significantly

NATIONAL LABORATORY

Vary by visual task Individual needs,
sensitivities, preferences

Age
[Flicker
Glare
Color Temperature
Llrcadian Stimuilation ¢




\-s-g/ CLS flexibility for providing grid services can be
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Model parameters

modeled by five key parameters that account for
CLS characteristics and occupant satisfaction

1

Maximum lighting load
(watts)

Per building and space type

Nominal lighting load

(Y%owatts per second)

2 (watts) Per building and space type, hour of day
5 performance levels:
3 Minimal lighting load 10%, 15%, 20%, or 30% below nominal in eligible
(watts) spaces; 60% below nominal in daylit spaces, 20%
below nominal in other eligible spaces
4 Lighting load change delay 3 performance levels: 0.2, 2, 20
(seconds)
3 LD gliing) LOFIe] Elmp) e 3 performance levels: 0.5, 1, 15




\?g/ CLS flexibility dependence on lighting application
Pacific can be modeled using DOE prototype building
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DOE Prototype Eligible Daylit LPD > Flexibility . Non_e|igib|e = 100% - E|igib|e
Building Model Spaces Spaces 0.5W/sf Potential

1 Small office 81%  74%  83% High * Core = 100% - Daylit

2  Medium office 86% 82% 81% High . Non_eligible spaces: high

3 Large office 90% 84% 85% High Sensitivity to occupant

4 Restaurant — Fast Food 88% 42% 52% Satisfaction (eg, hotel guest

5 Restaurant — Sit down 91% 59% 80% rooms), emergency or life

6 Standalone Retail 99% 86% 83% safety functions (e_g_,

7 Strip Mall 9% 0% 9% electrical/mechanical rooms,

8 Large Hotel 55% 65% 26% Low stairways, hospital rooms)

9 Small Hotel 28% 30% 6% Low _

10 High-rise Apartment 30% 73% 3% Low : Spaces W|thllower LPD have

11 Mid-rise Apartment 3% 90% 3% Low lower potentlal

12 Primary School 96% 88% 68%

13 Secondary School 73% 77% 61%

14 Hospital 78% 46% 75% Low

15 Outpatient 60% 43% 75% Low

16 Warehouse 99% 69% 33% High




\%/ Example: Space-by-space eligibility for
Pacific Medium Office buildings
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Space Type, Fractlon of Grid Serwce Daylit or Core
ey Frctonosutang | "utams | eiame | "o | 0
Office - open plan 42.4% Daylit 0.61
Office - enclosed 18.7% Yes Daylit 0.74
Corridor/Transition 9.1% Yes Daylit 0.41
Active storage <50 5.2% No Core 0.51
Conference, Meeting, Multipurpose 5.2% Yes Daylit 0.95
Stairway 3.7% No Core 0.48
Lobby 3.7% Yes Daylit 1.09
Restrooms 3.6% Yes Core 0.61
Electrical/Mechanical 3.0% No Core 0.43
Active storage >=50 and <=1000 1.9% No Core 0.37
Lounge/Recreation 1.8% Yes Daylit 0.56
Dining Area 0.9% Yes Daylit 0.41
Classroom/Lecture/Training 0.6% Yes Daylit 0.71
Food Preparation 0.4% Yes Core 1.09

82.2% Daylit

o o
Total 100% 86.2% 17.8% Core




xgg/ Minimum lighting load can be modeled using
racific  requirements/limitations established in standards
and specifications
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LEUKOS VOL 3 NO 2 OCTOBER 2006 PAGES 105-120

The Potential for Demand-Responsive Lighting
a in Non-daylit Offices
Guy R. Newsham, Ph.D. and Sandra Mancini

Abstract—Participants (N = 30) in an office laboratory had personal
dimming control over lighting, and were then exposed to a simulated . . .
demand response (or “load shed") involving dimming lighting by 2 LED Life for General Lighting:
BUILDING ENERGY EFFICIENCY percent per minute. Participants were given no expectation that the . el .
STANDARDS FOR RESIDENTIAL dimming would occur, and the principal measure used was the point Def”—"tlon Of L|fe

at which participants intervened to restore light levels after the

ANSI/ASHRAE/USGBCI/IES Standard 189.1-2014
(Supersedes ANSI/ASHRAE/USGBC/IES Standard 189.1-2011)

AS s I ST recommends...

AND NONRESIDENTIAL demand-response dimming began. Results showed that 20 percent of
participants intervened by the time that desktop illuminance declined
BUILDINGS ~35 percent from their initial preferred level, and 50 percent of
participants intervened by the time that desktop illuminance declined
~50 percent. Therefore, during a power supply emergency, dimming VOIU me 1 ’ ISSue 1
FOR THE 2019 BUILDING lights can c.ontnbuf.e relatively large electricity den-fand rec.lucuons February 2005
before lighting declines to a level where a substantial fraction of
ENERGY EFFICIENCY people would be motivated to seek a change.
aﬁ STANDARDS :
_ - " - K ds—Demand P Load ing, Personal Control,
.’IgCC A Compliance Option of the International Green Construction Code ™ TITLE 24, PART 6, AND ASSOCIATED P,;fen,ed Tuminance, Energy Management.
ADMINISTRATIVE REGULATIONS .
AP SUSTAABL BY T BoOK IN PART 1
A publication of the Alliance for Solid-State lllumination Systems and Technologies

See Appendix H for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, the U.S. Green Build- 1 INTRODUCTION P 4 9
ing Council, the lluminating Engineering Society of North America, and the American National Standards Institute.

1.1 LOAD SHEDDING AND DEMAND-RESPONSIVE BUILDINGS
This standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards Com- uildings use a large amount of energy to create comfortable condittons. For
mittee has established a documented program for regular publication of addenda or revisions, including procedures for timely, B example. in Canada space and water heating, cooling, ventilating, and
documented, consensus action on requests for change to any part of the standard. The change submittal form, instructions, and lighting in buildings accounted for at least 28 percent of total energy use in
deadlines may be obtained in electronic form from the ASHRAE website (www.ashrae.org), or in paper form from the ASHRAE 2003' [NRCan, 2005]. Of the secondary energy used by these buildings. 39
Manager of Standards. percent was delivered in the form of electricity. Demand for electricity in

buildings in not constant, rather it varies according to daily and seasonal cycles.
The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website (www.ashrae.org) or from ASHRAE Cus- Peak demand tends to occur on hot summer afternoons, when demand for

tomer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305, telephone: 404-636-8400 (worldwide), or toll free 1-800-527-
4723 (for orders in the United States and Canada), or e-mail: orders@ashrae.org. For reprint permission, go to www.ashrae.org/
permissions. 1 This figure does not include the fraction of industrial energy that is used to condition
industrial buildings rather than for industrial processes.

© 2014 ASHRAE and U.S. Green Building Council ISSN 1041-2336 Newsham: Institute for Rescarch in Construction, National Rescarch Council Canada,
guy.newsham@nre-cnre.ge.ca

©2006 National Research C
doi: 10.1582/LEUKOS.2006.0:

incil Canada (Crown Copyright)
3.02.002
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\gg/ CLS average®* power draw flexibility can be
Pacific modeled using DOE prototype building load
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CLS models for grid service simulations
describe maximum, nominal, and minimum
possible system power draw over the course
of a day for each of the sixteen DOE
prototype buildings.

One min. response level (15% below nom.) is
based on the Title 24-2019 recommended
practice, and one (60% below nom.) is based
on occupant satisfaction research in daylit
spaces, applied to buildings whose dayilit
spaces are designed according to the WELL
Building Standards™ recommended practice.

Lighting system flexibility is, by definition, the
range between the max. and min. levels.

Small Office Building
(5500 square feet)

Quick-Service Restaurant
(2500 square feet)

4,000
3,500
3,000
< 2,500
=3
- 2,000
S
—1 1,500
1,000

500

Title 24-2019

Effective
4 8 12 16 20
Time of Day
Daylight
Max. Nominal
[ Y o A
Effective

8 12
Time of Day

16

20

24

schedules and other standards and specifications

60%
50%
40%
30%

20%

Effective Reduction

Effective Reduction


https://www.energycodes.gov/development/commercial/prototype_models
https://www.wellcertified.com/

\gg/ CLS average®* power draw flexibility can be

racific  modeled using DOE prototype building load
AAAAAAAAAAAAAAAAAA schedules and other standards and specifications

* Averaged over all days of the year, and associated varying occupancy

* Averaged over all geographic locations, and associated varying daylight hours
* Average flexibility potential may tell a limited story

 Flexibility potential for some days may be significantly higher than average

 Flexibility potential for some geographic locations may be significantly higher
than average

* Lower occupancy may result in lower flexibility potential, if power draw is
lower due to the successful implementation and function of occupancy-based
control, and thereby, or may result in higher flexibility potential, if power draw
stays the same.



https://www.energycodes.gov/development/commercial/prototype_models

xgg/ CLS change delay in responding to grid signal
Pacific can be modeled by measurements of response

Northwest
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Representative change delays were
derived from the characterization of
6 real-world CLS responses to
requests made via their Application
Programming Interface (API) to
change lighting levels.
Characterization results for 2 of the
6 CLS that were used to derive
model parameters are shown here.

Response behaviors are described
statistically for 100 iterative requests
to change their lighting levels via a
mean (J) and standard deviation (0)
response time, and a reliability (p) —
or portion of the 100 requests that
resulted in a changed power draw.

time to API requests

CLS1: 0=80% / u=0.19s / o = 0.04s

30
25
20
15
10

5
o & _r _______r ‘v T gy ' U TUJ
0

10 20 30 40 50 60 70 80 90 100

CLS 2: p=100% / u=2529s / o = 0.50s

30
25  alAAASNASSP NSNS o tP ISP " st PO ol PP PP Pogstl p gy,
20
15
10

5

0
0 20 40 60 80 100



\?g/ CLS ramp rate limitations can be modeled based
Pacific on detectability and acceptability research
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 Model parameters were based on review of
8 published papers on detectability and
acceptability of lighting changes

« Detectability and acceptability are affected
by rate of change, starting light level,
ending light level, availability of daylight,
visual task being performed, and other
factors

* 4% per second with no or little daylight is
too aggressive; 0.5% and 1% per second
chosen to improve acceptability

Lighting Reduction over 10s

* 8% per second with high daylight is highly
acceptable; 15% per second chosen as an
aggressive condition to maximize ability to
provide grid services that require fast acting
load changes

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2008 Study
m Not Detected m Accepted

Electric Light + Electric Light + Electric Light +
No daylight Little Daylight High Prevailing
Daylight



\gg/ Current simulation plan
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 Start with medium office building; other building types TBD

3 different minimum lighting load profiles

5 different combinations of lighting load change delay and ramp rate
« 5 grid services, spanning response times of sub-seconds to hours

* 3 building system scenarios
= CLS alone
= CLS and heating, ventilating and air-conditioning (HVAC)
= CLS with battery storage, HVAC




\-s-g/ Five grid services have been chosen for

Pacifi

R est simulation

. Simulated Grid Service GEB Framework Grid Service(s)
Demand reduction based on real-time Generation energy and capacity,
pricing with 5-minute time intervals contingency reserves, non-wires T&D

solutions—dependent on price variations

2 Day-ahead demand commitment for energy Generation energy
service via demand response

3 Energy service via peak load reduction Generation energy and capacity,
based on time-of-use pricing with hours-long contingency reserves, non-wires T&D
fixed price periods solutions

4 Frequency regulation with 2 or 4 second Frequency regulation
response

5 Distribution voltage support with sub-second Voltage support
response




\?g/ A Simulation Platform for evaluating the grid
Pacific service potential for CLS acting alone has been
developed and demonstrated to be functional

1

Northwest
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* The Simulation

Platform currently e J \
im plements 1. CLS power profile o‘oe"}eéoo“:;}
transactive control for T

real-time price inputs

* The real-time price is N\ @

Set every 5 mInUteS % Control agent ¢ ¢ (”\.\)‘0.(’: /> Price publisher

[ The SimUIation runS \\%:ggrsmnggzvtg;iﬁle WVﬂerﬂﬂﬂ Price schedule /
every 0.1 second to
capture timing impacts

Requested DL

|
S




\gg/ Actual ComEd 2019 Commercial real-time prices,
pacific  updated every 5 minutes, were used in the grid
" service simulation
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. I | I

1.0

0.8 |-

0.06 i
.
0.04 L
0.02
0.6 |-
0.00 i

1 1 1
01/28/2019 01/29/2019 01/30/2019 01/31/2019 02/01/2019

0.4 | -

0.2 -

Electricity Price (S/kWh)

0.0 prwmy” Ty S

-0.2 I I | I
01/28/2019 01/29/2019 01/30/2019 01/31/2019 02/01/2019

Monday Tuesday Wednesday Thursday Friday




xgg/ A lighting power demand curve was developed to
Pacific dictate how the CLS would respond to varying
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weesse - alectricity prices

Demand curve for 30% minimum lighting scenario

Price,, = $0.0041/kWh; Price, . = $0.0563/kWh; Price,..,= $0.0302/kWh
21 T T T | T I T
 Power,, correspondstothe , . |
maximum possible lighting 20f . ]
level
« Power,,, corresponds to the 2l ]
lowest lighting level 2.l |
permissible 5
° I:)ricemin = Pri_Cemean - Gprice E 17+ , -
° I:)rlcemax = I:)rlcemean + oprice §
* Opice = Standard deviation of 6k ]
5-minute real-time price data
for the previous year rower 15F o i -
14 — ' ' : . ' '
-0.01 0.00 0.01 0.02 0.03 0.04 0.05 i 0.06 0.07

Pric€min Electricity Price ($/kWh) PriCema




\gg/ The CLS frequently delivered maximum load
Pacific reduction over the 5-day trial simulation period
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Demand reduction Demand reduction relative to maximum potential reduction
7 T T T T 100 T T T
= CLS maximum demand reduction ”
—— Demand reduction from transactive control .90+

6 === Fjve-day average demand reduction from transactive control 7] ?_3_
g [ — [ — 1 1 — g 80
=>r I 1 B 70t F
S 5
— 60 I
— 4 L _ 8]
S 5 sol
8 % 50 |
f'; 31 1 € 40 i ‘ ’ Il
c Q
© ()
€21 . o 30F }
% 2 ) i L l
o | | T 20F W [

1 T T (A I A IR B 1] O

"oy
]‘HJ‘]MMT]‘[ LL\—I—’—AI 1 r 0 ‘ ] ] 1 1

01/28/2019 01/29/2019 01/30/2019 01/31/2019 02/01/2019 01/28/2019 01/29/2019 01/30/2019 01/31/2019 02/01/2019
Monday Tuesday Wednesday Thursday Friday Monday Tuesday Wednesday Thursday Friday




\-s-g/ The CLS delivered ~40% of the maximum
Pacific potential energy savings over the 5-day trial

Northwest

weeeeer simulation period

Cumulative CLS Energy Use (kWh)

1200

1000

800

600

400

200

1 | I I

= = = CLS nominal energy consumption -

CLS energy consumption with transactive control !
CLS minimal energy consumption y

01/28/2019 01/29/2019 01/30/2019 01/31/2019 02/01/2019
Monday Tuesday Wednesday Thursday Friday

Time



\-s-g/ A representative CLS was shown to respond to
Pacific varying electricit_y pr_ices wi_th varying derr_land
reduction, resulting in varying energy savings

AAAAAAAAAAAAAAAAAA

Friday

Average
electricity price 0.022 0.027 0.056 0.051 0.035 0.038
($/kWh)
Average
demand 0.469 0.598 1.938 1.735 1.067 1.161

reduction (kW)

Total energy

savings (kWh) 11.26 14.35 46.50 41.63 25.60 139.3
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