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 Why Primary Frequency Response is important

Define Primary Frequency Response

Discuss the NERC Advisory Generator Governor Frequency
« Recommendations for Dead Band and Droop

* Coordination Requirement with Plant DCS

* Step vs. Linear Response

* Frequent Occurring Issues

* Questions
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NERC Why Primary Frequency

I
NORTH AMERICAN ELECTRIC

RELIABILITY CORPORATION Response IS Important

e Essential for Reliability of the Interconnections
= Cornerstone for system stability
= Line of defense to prevent Under Frequency Load Shedding(UFLS)
" Prevent equipment damage

e Essential for System Restoration
= Droop response is critical in restoration efforts

e Compliance with NERC Standards BAL-003-1, BAL-001

= prevent future regulations related to generator frequency response
performance

e To accurately predict system events ( Transmission Models)
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E— Primary Frequency Response

RELIABILITY CORPORATION

* Primary Frequency Response are 2016102728 073140 Sat Easten Time

actions to arrest and stabilize N | 1

frequency in response to Pt .

frequency deviations. Primary B -

Response comes from generator g5 e b s e
governor response, load response gm e TSR e
(motors) and other devices that i ST T

provide immediate response
based on local (device- level)

$9851
control.
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e Generator Governor Response L "L
CERTS

* Bieckic Power Grous

within 0-10 seconds..

Frequency Point A is the frequency prior to the event
Frequency Point C is the nadir or lowest point
Frequency Point B is the settling frequency
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Primary Frequency Response

Generator Response

Plant level (DCS) Load Control

Plant Load Target

28

60.000 Hz (from AGC or other)

ar Dead band l +

Generator turbine governors either
mechanically or electronically
control the primary control valves
to the turbine. Steam, Water or
Fuel is what is requlated.

N\

Plantdroop | +
> gain
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Frequency biased
Plant Load Target Boiler
PID
Measure d Integrate plant
Frequency load error to Unit demand
form unit set i
it Air and Feed :
poin water
Plant
frequency bias
Net plant|/output Turbine Control valve
ontrol panel demand /

Graphic from GE info bulletin PSIB20150212

Sioum The Position of the Throttle Valve is
Controlied by the Governor

Stator

Turbine
/— Generator
Rotor

; Assembly

Turbine
Blades

To 3-Phase
Electrical

Force System

From
Generator

From
Turbine

RELIABILITY | ACCOUNTABILITY




NERC

E— Current Interconnection Profiles
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we Eastern === \\estern === ERCOT
TYPICAL INTERCONNECTION FREQUENCY RESPONSES FOR 2014

60.02 60.02

60.01 \ 60,01
6000-*’- /- : 3% 7 60.00
59.99- 5999
59.98- 59.98
5997 5997 i
59.96 59.96
59.95- 59.95
59.94 59.94

59.93- 5993

Frequency Traces of Medians for 201 4 Generation Candidate Events

g 20 40 60 80 100 120 140 160 180 200 220 240 260 280 30002

Time [seconds] 3

CERTS ASH

RS AR ReSase TR Advariwt Syyierma Meses (hers

8 RELIABILITY | ACCOUNTABILITY



NERC

E— Current Interconnection Profiles
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BAL-003 Field Test - Interconnections 2014 Candidate Events
Profiles Using Freqi equency Traces for Same 1-Second Median
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NERC Decline in Eastern Interconnection

e Frequency Response

Eastern Interconnection Mean Primary Frequency Response
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NERC Current Eastern Interconnection

HMORTH AMERICAM ELECTRIC

RELIABILITY CORPORATION Frequency Response
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Generator Governor Frequency

Response Advisory

NERC

NORTH ICAN ELECTRIC
RELIABI RP({ ATION

Industry Advisory

Generator Governor Frequency Response|

Initial Distribution: February 5, 2015

As a result of the Eastern Interconnection Frequency Initiative, the NERC Resources
Subcommittee has determined that a significant portion of the Eastern
Interconnection generator deadbands or governor control settings inhibit or prevent
frequency response. While this specific work was based on the Eastern
Interconnection, in the absence of more stringent regional requirements the
following good practice and guidance is applicable to all interconnections. The proper
setting of deadbands, droop, and other controls to allow for primary frequency
response is essential for reliability of the Bulk Electric System (BES) and critical
during system restoration. Further, the accuracy of Transmission Planning models
are impacted by incorrect governor data. The purpose of this Advisory is to alert the
industry of recommended governor deadband and droop settings that will enable
generators to provide better frequency response to support the reliable operation of
the Bulk Electric System.

Why am | receiving this? >>
About NERC Alerts >>

No Reporting is Required — For Information Only

PUBLIC: No Restrictions
More on handling >>
Instructions: NERC Advisories are designad to improve reliability by disseminating critical
reliability information and are made available pursuant to Rule 810 of NERC's
Rules of Procedure, for such use as your organization deems appropriate. No
particular response is necessary. This NERC Advisory is not the same as a
reliability standard, and your organization will not be subject to penalties for a
failure to implement this Advisory. Additionally, issuance of this Advisory does not
lower or otherwise alter the requirements of any approved Reliability Standard, or
excuse the prior failure to follow the practices discussed in the Advisory if such
failure constitutes a violation of a Reliability Standard.

Distribution: Initial Distribution: Balancing Authority, Generator Owner, Generator Operator,
Reliability Coordinator, Transmission Operator, Transmission Planner
Who else will get this alert? >>

What are my responsibilities? >>
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* Advisory issued February 5th
* Prompted by NERC Resource

Subcommittee

" |nterconnections frequency
response has declined

= Eastern Interconnection Lazy L
profile

= 2010 and 2013 Generator Survey
Data

Generator Governor Frequency
Response Advisory
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http://www.nerc.com/pa/rrm/bpsa/Alerts DL/2015 Alerts/NERC Alert A-2015-02-05-01 Generator Governor Frequency Response.pdf

NERC

E— e What Has Been Learned

RELIABILITY CORPORATION

e Primary Frequency

. . Speed - El Enugrgnr
Response logic typically | e

reS|deS |n the turb|ne S + / 3 Fusl commore
o 5z —H = :—>|| il | S
controls. e o i
i
e Dead Bands Vary | :
= Many exceed 36 mHz or _Hﬂ ___________!

2.16 RPM

e Droops Settings Vary

= Majority Droops reported
5%

Graphic from GE info bulletin PSIB20150212
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What Has Been Learned

e Coordination with plant DCS is a requirement when operating in
MW Set Point Coordinated Control.
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Graphic from GE info bulletin PSIB20150212
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Plant Load Target
60.000 Hz (from AGC or other)
+ Dead band + S - GT Governor
demaned
Plantdroop |+ / = A
Y '/ gain ’ J,H/Z 1- > ¥z —’|| s "'F----ﬂ-------]
\__/ / IMWIHE} \_ / -1 = | i
- A I i
1 Frequentybiased (OR | K@ | o
Plant Load Target
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Measured Integrate plant
Frequency load error to [
form GT set
point
F
(HZ,,,.,— 60+ DB)

MW primarycontol = { }*(Frequency Re sponsiveCapacity ) * (—1)

(60* Droop— DB)
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Conventional Steam Plant

RELIABILITY CORPORATION

Frequency 59.940 Hz
Plant level (DCS) Load Control -

Plant Load Target
(from AGC or other)

N d6MW l 400 MW

Plant droop
CZ // gain
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406 M Fuel control
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form U_mtt set Air and Feed 5
poin water
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Net plant{output Turbine Control valve
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/‘\ .
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Graphic from GE info bulletin PSIB20150212
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NERC Droop Response Step vs.

RECIABLITY CORBERATION: Linear or Proportional

Figure 42: Frequency Response of 600 MW Unit £36.0 mHz Deadband and Step Response
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100.00 e
"-\H““H“‘H‘
"!-..N_“h
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"‘l-.._-.“-|l
o "“\-.,._
g e
5 0.00 B L_
|
g Step response at | H“‘H\R
dead-band.
-50.00
]
"‘-.‘__“H
]
-100.00
-150.00
F9. 50 58.55 50.80 59.85 50.70 50.v5 59.80 59.85 50.90 55.95 40.00 60.05 680.10 80.15 60.20 &60.25 &D.30 8D.35 80.40 60.45 6050
Hz

Source: Frequency Response Initiative Report: The Reliability Role of Frequency Response,
NERC, Robert Cummings, October 30, 2012
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NERC Droop - Linear Response
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Figure 43: Frequency Response of 600 MW Unit £16.67 mHz Deadband and No-Step
Response
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Source: Frequency Response Initiative Report: The Reliability Role of Frequency Response,
NERC, Robert Cummings, October 30, 2012
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— Event Occurrence

RELIABILITY CORPORATION

Balancing Authority  MyBA

DereiTime 8)|_BA * The majority of the Eastern events
BA Time Zone DelFreq h f d I . . f
o = where frequency declines in excess o0
12/8/2013 8:46:58 EST -0.048 . . .
212018 13:5030 R 36 mHz is when the interconnections
1/26/2014 12:09:30 EST -0.044 . . .
220810 EST oo are lightly loaded and the majority of
2M5/2014 22:5414 EST -0.049 . . . .
219201403302 EST 0041 generation is dispatch is less than
2/23/2014 12:32:26 EST -0.048
362014 16:24:17  EST -0.040
47372014 8:36:35 EDT -0.040 Pmax' -~ W P— E"'::Vm MW
4/3/2014 14:00:37 EDT -0.033 Generated Imported Load Loss
4/8/2014 4:27:56 EDT -0.056 ¢ % H
4/25/2014 13:30:23 EDT -0.061 v -
5172014 10:17:00 EDT -0.051
5/22/2014 12:10-17  EDT -0.067 > L
5/25/2014 T:01:46 EDT -0.059
7i24/2014 12:14:01 EDT -0.060
TiI25/2014 15:16:32 EDT -0.046
712712014 14:09:32  EDT -0.049 Frequency In Hz
8/13/2014 11:67:44 EDT -0.042 00‘\ 80 59
10/4/2014 4:19:16 EDT -0.049 T
101472014 4:41:15 EDT -0.040
10/20/2014 2:18:39 EDT -0.049 A
10/24/2014 18:43:23 EDT -0.040
10/26/2014 11:31:10  EDT -0.050
ERERENEAY EOT Sl Source: MYBA_ 2015 FRS_FORM_19a_Eastern Interconnection_Final
11/3/2014 14:21:14 EST -0.059
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NERC Common Generator Frequency

I
NORTH AMERICAN ELECTRIC

RELIABILITY CORPORATION Response Issues
Combustion Turbine Conventional Steam Unit
No Droop response Verify that CT has droop logic Verify that ST droop is enabled
Verify that the logic is enabled Determine if ST was rejected from REMOTE mode

Add plant control frequency bias logic
.Droop response less than 5% |Check CT settings (%, deadband, step) |Compare Coordinated & ST settings (%, deadband, step)

ST MWs will lag the 4% CT droop Trend Throttle Pressure and Temperature
Initial response is pulled back |Check plant control logic Trend boiler master % vs. turbine master %
Response in wrong direction  |Check plant control logic Check Coordinate Control logic for proper math

Other issues

e Some units come out of AGC or MW Set Point Control when
frequency response is being provided.

e Conventional Steam Turbines operating in sliding pressure or
turbine following mode

e Resolution/quality of speed signal
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NERC

e A Misconception

RELIABILITY CORPORATION

“If | provide primary frequency response | will be penalized.”

e [nterconnection frequency events resulting in deviations below the
recommended governor deadband settings are infrequent (about 1 / week)

e Primary frequency response is a relatively small amount of energy for a short
period
= Typically provided for about 120 seconds
= Roughly 0.5% of capacity

e Tariff provisions vary but typically measure dispatch imbalance or deviation

charges based on substantially longer time intervals (on the order of 30 to 60
minutes with a tolerance band of 5-10%)

e Tariff provisions typically allow for exemptions or recourse if a generating
resource is subject to imbalance or deviation charges due to providing
frequency response

e Contact your Transmission Provider for specific tariff information
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E— Requested Next Steps

RELIABILITY CORPORATION

Fall Outages 2015/ Spring 2016

e Check and add if necessary Frequency Response Algorithm on
Frame Gas Turbines

e Check/ Adjust Dead Bands and Droops
e Check Conventional Steam Unit

Note: Need to make sure dead bands and droop are coordinated to be the
same in the Plant DCS as Turbine.
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— Resources

RELIABILITY CORPORATION

e NERC Resource Subcommittee
e North American Generator Forum www.generatorforum.org

e Original EQquipment Manufacturers
e Industry Trade Associations

e Architect /Engineering Firms

e Balancing Authority
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NERC

e Participating Vendors

RELIABILITY CORPORATION

* GE imagination at work * SCh“Eider
a Electric

* &
SIEMENS EMERSON.

Process Management

“ I. Il Power and ivi
productivity
" .. I' for a better world™

BLACK&VEATCH

. Building a world of difference:

ALSTOM

* - have developed or are developing a related technical guide
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RESE Appendix Sample Logic for GT

MORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Target in Hz
VOTED SPEED —— Tunable Parameters ——
DEADBAND DROOP (%)
A0 | VALL=0.036 VALU=6
3 3 E
]
+
t
1 | 8
= K | Gain-06
FREQBIASBAD [ ]
MEDWNINPUTS || §
€Tat DCSENTL | [T
/ SELECTED _}M
©TG1 NMODES | |_$ + +
OPERATION [8] 1, T Limit | (imie I Denominator of EPFR equation
to to
J begin | begin
1 X Freq Freq
ocs : l — 5 Determine median frequency (in Hz) of good Resp. :
SELECTED 6] {7 “— quality frequency signals (see Latch Qual
algorithms above).
CTG2 NMOOE & { 1 1]
OPERATION R gr
o ar
ST %
/= ‘
. MW available for -
cTea wa@(ifk |;| 1 - frequency response [ «3== Frequency error in Mz,
SELECT N - :lw CUnS per GT (tunable to =2 Available units on
et > max value) 4 and above high limit
CTG3 N MOOE & -
{ - l -~ A Fr.eq‘ error = .1 . to begin frequency
J minus 3 < Frequency error plus deadband. %
Luf | deadband. 3 response.
= jom U =
24 o | ran e - BT [
= S s =1 Available
1 [z A, WeU-080000 units on and
S e T [
v R - y below low ‘
Determines if the gas turbines MW/unit times = Ly (o Skt o Legin
ber of unit frequency |
are in the correct mode to RUMBer o1 Uniks error plus
respond to frequency. available for . remonewe.. (|
Sreaie 5 .. | desdband —__, Wffrequency goes below the deadband, this transfer
i ot TEQUENCY T il divided "7 isused for the final calculation of EPFR. |
response. errorminus | g H
deadband il | epyiie of ! |
divided bythe | g 0 \V
negative of - \.i, If frequency goes above the deadband, this transfer
the 5 2 is used for the final calculation of EPFR.
denominator. §
5%
) X | = , Last step of EPFR calculation - multiplying by total
[ A— ) T ~ available capacity for the untis that are available,
o m Lam | o
s Foi=——,
P i oe weToa R G TY
—N} o A T
Frequency bias is zeroed out if all speed L]
signals are bad or operator selects to
disable it.
| i )
=
FREQ IWAS MW
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