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What Is POWERMAX?
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POWERMAX Operation

Grid-Tied Controller

Operation
Automatic
AR ;

Decoupling
Synchronization
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POWERMAX Applications and Goals

Power Management Remedial Action
System (PMS) Scheme (RAS)

Microgrid

Utilities Small
Heavy Industries Communities
Blackout Resiliency

Prevention

: Economics
Blackout Wide-Area

Prevention Schemes
Renewables

Efficiency Speed of

Operation

Process _
Survivability Adaptive

Security Protection




Controller Provides Many Features
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All High-Priority Controller Tasks Must Execute
Each Operating Cycle

Receive Data Validate
Communications

Produce Operating Calculate
Communications C | Arming
yC € Values
2 ms
Detect
Store Data @ Contingencies

Calculate Actions




Fast and Scalable Architectures Are Required

Small (<20 ms) Medium (<30 ms) Large (<40 ms)

Controller Controller Controller
Scan Time: 2 ms Scan Time: 2 ms Scan Time: 2 ms

Central FEP
Scan Time: 2 ms

Substation FEP Substation FEP
Scan Time: 2 ms Scan Time: 2 ms

y

20 Relays 200 Relays 1,000 Relays
Scan Time: 2 ms Scan Time: 2 ms Scan Time: 2 ms




Redundancy

Dependabllity

Security
Complexity and Cost

All dual systems can be hot, standby, or dual primary



Redundant
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POWERMAX Functions
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High-Speed Load Shedding
Objectives

 Power system frequency stability

» Shed the correct amount of load

= Quickly shed load
* Process survivabllity

= |ntelligently select loads that minimize the
effect on the production process



SEL Load Shedding

Features
Subcycle speed * Asset overload shedding
Dual primary mechanism  « Multiple simultaneous
Primary CLSP contingencies
Backup UFLSP / ICLT e SOEs and event records

e Backup Web HMI



Contingency Load Shedding

e System contingencies  Primary load shedding
= Tie line » Blackout prevention
= Bus tie e Fastest — independent
= Generator breaker « Decision based on
= Turbine trip topology, contingency

« Asset overload and load calculations



Contingency Breaker Opening Is Determined by
52A and 52B Limit Switches

C}CIosed
Flow of
Current

52B o

52A }Open

Breaker in “CLOSE” condition

SPINDLE
\ I
— —
52A Y 52B
Limit Switch Limit Switch
in “CLOSE” In “OPEN”"

position position



Contingency-Based Load-Shedding System
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; 53PvaBAG BB B —~{»Cqinganen ——~ BrearsdkosCRIot St
I I el
_____ e !

. W
| paler o oR

IRM Set Points
__Sheddable Loads L_T
BT N ;
::. Breaker CM@EB\&I&EES::F* | oad
MW Value —pseletnad| || COSSPOINT[ _JLoad Trip

Load Topology Tracking—>| | Selectipn asspqint _Sighatsd Trip
' Signals

Load Topolem FigeHipg—="

Yy VvV VY

Contingenc e e o .
on%n C 1 RT Utot11- -
c%ga@aam;%gge? Bl




Required to Shed (kW)

m
L =P, — z IRM,,,,
g=1

n = contingency (event) number

m = number of sources (generators) in system
g = generator number, 1 through m

L, = amount of load selected for n event (kW)
P, = power disparity caused by n event (kW)

IRM,, = Incremental reserve margin of all generators (sources)
remaining after n event (kW)






Typical CLSP Contingency Screen

Breaker Present IRM IRM Current Avallahle
Contingency Contingen Contingency
e Status Power Set Point Maximum Maximum e

Number Description Open Close | Connection ; (MwW) (MW) ; (MW) Status

2.00 23.96 Enabled

1.00 Enabled

Enabled

[ | oo [ oo




Load Awvailable For
Shedding (Not Selected)

Bad Quality

Tag

ing

Load Inhibited
From Shedd

| Load Selected

| For Shedding
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SEL CLSP Load Screen

Breaker
Breaker T
Load Number Description Status
Humber P Open Close
O O

Lo1 2 Substation 1

Loz K Substation 1
Feeder 2

LO3 Substation 1
Feeder 3

Substation 1
Feeder 4

Substation 1

Feeder 5

Substation 1
Feeder &

Substation 1
Feeder 7

Substation 1
Feader 8

Lo Substation 1
Feeder @

L10 e Substation 2
L11 _ Substation 2
L12 T Substation 2
L13 a1 Substation 3 Bad
Load 13 Feeder 1 Breaker Breaker
L14 o Substation 3
_ Load 14 Feeder 2 Breaker




Operation Example — Multiple Contingencies

CLSP Lockout

‘\\\,/\J

1 Island Formed 2 Islands Formed OFGS Action

T

CLSP UFLSP Action

Action /

CLSP Lockout \/\




Proactive Overload Load-Shedding Integrator

Measured MU>—>

Limit =
Threshold

Errar—m] (j_‘ dt

Display MW*Sac
Alarm if = 1

User -Entered
Max-Resel Time

s

1~

Load-Shed Logic

Trigger

|/

User-Entered
Threshold

User-Entered
MW To Shed

Load Shed

MW o Shed

Figure 3-1: Integrator Load-Shedding Logic

Select and
Trip Loads



Proactive Overload Load-Shedding Screen

) Integration | Integrator Minimum Maxtimum Breaker Available Present F Cont “ d
Gﬁ" Er;tmn Pickup Threshold to Shed Reset Time Status Capacity Power requency jLontingency econds
umber % of MW [KPU x Second (Mw) (Seconds) D':—'“ “’;5“ (MwW) (1MW) (Hz) Status to Shed

Generator GT-101A :
: : : : 21.75 21.97 59.97 Disabled

Generator GT-1018 - R, :

i . : : Oper : 60.00 Disabled
Generator GT-101C e R, :

; : B : 21.17 20.63 60,00 Disabled

Substation To

Substation TS




Backup — Underfrequency Load Shedding

Why ?



Strategy: Keep Frequency at Nominal
Ball in a Bowl Analogy




Advantages of powerRMAX UFLSP

 Dynamically selects loads (only active loads to shed)
 Incorporates load consumption (MW) into selection
e Tracks power system topology

e Selects correct amount of load to shed for every
underfrequency threshold

e Sheds less load with better impact
» Easily changes priority of sheddable load



UFLSP Algorithm

e Detection logic monitors frequency and asserts
underfrequency trigger

e Signal conditioning logic in UFLSP protects against
chatter

e Event calculation logic calculates load shed for
each event

e Crosspoint logic determines load trip signals



UFLSP Screen

Breaker/
Load Number
Substation 1
Substation 1
Substation 1
Feeder 4
Substation 1
Feeder 5
Substation 1
Feeder 6
Substation 1
Feeder 7
Substation 1
Feeder 8
Substation 1
Feeder 9
Substation 2
Feeder 1 Breaker

Substation 3

Substation 2
Feeder 2 Breaker
Substation 2
Feeder 3 Breaker
Substation 3
Feeder 1 Breaker
Feeder 2 Breaker

Substation 1

Substation 1

Ln
[=]

Contingency

Priority/
Description

- = Contingency | UF Pickup Frequency Contingency
Contingency Description Pl (Hz) (Hz) Satisfied

i e e B [
i e e R | oo | -
i W I B I
| e ios | o | oo ol [

UFCS Generator GT-101C 2
Under Freguency Level 1 Disabled 28.00 : Yes

UFCE Generator GT-101C .
Under Freguency Level 2 Disabled 58.50 : Yes




Inertia-Compensated Load Shedding

Do It Rightt!
Frequency (F) MW Load to Shed
Normal Operation F
P DFDT B 218
60 L L 2
pZ S L <05 | 2 8
Inertia-Compensated
Success 0.5-1.0] 8 12
R B WY A N S N
o9 > 1.0 64 18
. Load
Shed _
- N B Macrogrid r=====c=====;
Blackout

| . .
Load Shed ~H e+ DFDT=8+1 =8 MW Microgrid

Load Shed ~H ¢« DFDT =42 =8 MW




Questions?
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