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Buildings-to-Grid Services: Frequency Regulation
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Synergistic Frequency Regulation Control
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Baseline Routine: baseline power without providing FR

Reference Power Signal: calculate reference power signal to be tracked

Server Power Management: regulate aggregated server power

Cooling Power Management: regulate cooling system power



Synergistic Frequency Regulation Control

FR Control: Reference Power Signal
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Synergistic Frequency Regulation Control

FR Control: Server Power Management
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Server Power Management

(1) determine the number of active servers every hour
based on predicted workload

(2) regulate aggregator frequency every 4 seconds based
on FR signals from the electrical market

Number of active servers:

7>\mecmi (t)

Na(t) = [ 720, Na(2) € {0, N}
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Synergistic Frequency Regulation Control
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Server Power Management

(1) determine the number of active servers every hour
based on predicted workload

(2) regulate aggregator frequency every 4 seconds based
on FR signals from the electrical market

FR Control: Server Power Management
Aggregated frequency regulation

(1) A PID controller is used to track reference power

(2) Service average response time determines the

minimum aggregated frequency

PID control

f(t) = Kpel(t +K/ z)dz + Kg it) f(t) €

e(t) = Prof(t) — Preal(t)
fmin: service stability, response time

A)
kNq(t)p* (1)

fmin(t) —

fmax: nominal frequency, normalized as |

(fmz'na fmax)



_________________________________

Baseline Routine

Synergistic Frequency Regulation Control

FR Control: Cooling Power Management
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Model-based Optimal Control Framework

A

Power Regulation 5

Extra Demand

/ Imposed

Range
COS rey

Objective minJ(C,,)=E. , +D,, —R Operation costs

Baseline AL

Energy costs
Eco — pem(t)PDC(t)dt &)
Time ) S w1
(a) extra demand exposed to FR baseline D ,en = Pam - Max((Py,, = Py iim)-0) Demand penalty

00:00:00 - 1.00

oo

02:0000

03:00.00 — 075 +At

T FR revenues

i R, = Pr(Ds(@)C,, (D)dt

Ce 0 050 rey rm reg

06:30:00

07500500 t—
08:00.00
05,0000 025
oo

10:30:00 . °

8 : (1) (1) FR capacity bids

iz30%0 °'°° Constraints 0 < Creg [) < Creg,max ! P 4

13:30:00

14:3000

o

16:00:00 . °
i t(f) <t Server service response time
17530500 . r —_— r u
e ’
19530500
o

20 -0.75
e s(t) > s FR performance score
-
00:00:00 -1.00

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Month: 2018-08

(b) Normalized extra demand of 30
minutes during July, 2018 in PJM 10



Case Study
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Modelica Model of Data Center Cooling and IT System
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* The optimal FR capacity bid is a result of RegA/D signal profile, energy prices, and FR service

prices.
* The capacity bid is about

* The optimization framework can save and

over two days in January and July,

respectively. The savings mainly from providing FR service.
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(1) A synergistic control strategy is proposed to enable FR service in data centers
without TESS

(2) Real-time optimal control framework enables data centers to minimize operational

costs from energy market and regulation market.
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