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Agenda

*Operating Reserve Needs: A Review

=Defining Operating Reserve from a “Market
Software” Perspective

*Operating Reserve Formulations
— Can the formulation be more important than the quantity?

»Examples (preliminary):

— Flexible ramping product and regulation interaction

— Interval timestamp definitions, meeting the average vs. instantaneous
demand

=Conclusions and Future Work
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Operating Reserve Need

1.Hold capacity now to meet the variability that occurs
within the scheduling time interval.
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12:00:00 12:05:00 12:10:00 12:15:00 12:20:00

* Regulation (NERC/FERC) capacity held in hourly
DASCUC, and 5-min RTSCED to be deployed in 4-
second AGC

 Flexible ramp constraint (CAISO) capacity held in 15-
minute RTPD to be deployed in 5-minute RTD
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Operating Reserve Need

Load

2.Hold capacity now to prepare for anticipated variability

that occurs beyond the scheduling time interval.
r%;f“ﬁ‘J’ﬂﬂfffhyhﬁFhﬂx”hx

I
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» Examples:

 Flexible ramping product (CAISO) capacity held in 5-
minute RTD to be deployed in next 5-minute RTD

13:12 14:24 15:36 16:48 18:00 19:12 20:24 2136 22:48



Operating Reserve Need

3.Hold capacity now to prepare for uncertain
outcomes that occur in within or beyond the
scheduling time interval.

i H H
* Examples:

« Contingency reserve held in all normal scheduling
models and deployed due to uncertain contingencies

* (everything else)
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Operating Reserve Need

1.Hold capacity now to meet the variability that occurs
within the scheduling time interval.

» Reserve constraint vs. faster scheduling time resolution

2.Hold capacity now to prepare for anticipated variability
that occurs beyond the current scheduling time interval.

» Reserve constraint vs. multi-period optimization and longer
horizons

3.Hold capacity now to prepare for uncertain outcomes that
occur in within or beyond the scheduling time interval.

» Reserve constraint vs. scheduling toward multiple scenarios
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Defining Reserve in “Market Software” Context

Cycle 1. ~4 HA
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Cycle 3: Real time , ; .
T ||1—b- | &=——»
| Highest » Highest
Resolution Resolution
Available Available

= Capacity held above or below the scheduled energy in one scheduling

procedure, deployed in some future scheduling procedure
— What event will trigger its deployment?

— Is the scheduled energy toward instantaneous or average load?

— What does the scheduling interval represent?

— What scheduling procedures eliminate the need for exogenous reserve?
— What level of anticipated imbalance is deemed acceptable?
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Example Definitions

Variability Uncertainty )
Made available

Inter Intra Inter Intra fOr consumption

Current Name Cycle held Need in cycle Explicit Representation

Net load v v
Regulation RTSCED ramping AGC Stochastic scenarios at 4 second resolution

v v

Contingency RTSCED Outages RPU Stochastic scenarios with generation failure

Net load v Multi period at 5 minutes with ramp rates and commitment
FlexiRamp Constraint RTSCUC  ramping RTSCED constraints enforced

Net load v Stochastic multi period at 5 minutes with ramp rates and
FlexiRamp Constraint RTSCUC  uncertainty RTSCED commitment constraints enforced

Net load v
N/A RTSCUC ramping RTSCUC Multi period dispatch with ramp rates (already done)

Net load v
LFU/LFD RTSCUC uncertainty RTSCUC Stochastic multi period dispatch with ramp rates

Net load v RTSCUC - Multi period dispatch at 5/15 minutes with ramp rates and
FlexiRamp Product DASCUC ramping RTSCED commitment constraints enforced

Net load v v Stochastic multi period dispatch at 5 minutes with ramp rates and
FlexiRamp Product RTSCUC uncertainty RTSCED commitment constraints enforced

Net load v v
FlexiRamp Product RTSCED ramping RTSCED Stochastic Multi period dispatch with ramp rates

l= ELECTRIC POWER
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Advanced Scheduling Strategies

Approximation

Explicit

representation

Variability anticipated in the

future

Variability occurring at faster
time resolutions than the

scheduling model

Uncertainty of future

conditions

Frequency responsive reserve

11

Reserve Requirements (e.g.,

flexible ramping reserve)

Reserve Requirements (e.g.,

regulation reserve)

Reserve Requirements (e.g.,

contingency reserve)

Reserve Requirements (e.g.,

spinning reserve)

© 2015 Electric Power Research Institute, Inc. All rights reserved.

Time-coupled multi-period

dispatch

Shorter scheduling

intervals

Stochastic or robust unit

commitment and dispatch

Explicit PFR

characteristics scheduled
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Impact Variability Uncertainty

RTSCED-
RPU

Hold- DASCUC- RTSCUC- RTSCED- DASCUC- RTSCUC- RTSCED-
Deploy RTSCUC RTSCED AGC RTSCUC RTSCED AGC

Cause/ Transm.

Gen. Avall

Avall

Reserve

12 '= ELECTRIC POWER
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Impact Variability

Uncertainty

RTSCED-

RPU
AA
Hold- DASCUC- RTSCUC- RTSCED- DASCUC- RTSCUC- RTSCED-
Deploy RTSCUC [ RTSCED RTSCUC AGC

—

Cause/ . Transm.
: Avail
Reserve

Strategy: Model DASCUC at fifteen minute resolution rather than hourly
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Impact Variability

Uncertainty

RTSCED-

RPU
AA
Hold- DASCUC- RTSCUC- RTSCED- DASCUC- RTSCUC- RTSCED-
Deploy RTSCUC RTSCED AGC RTSCUC RTSCED AGC

—

O
e

VG

Cause/ Transm.

Avall

Reserve

Strategy: Model potential VG scenarios using stochastic DASCUC
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Following Reserve

No longer a linear trending net

—Load
Hourly Average load, may need reserve capacity
/w-’"" ~ within the scheduling interval
/ Prices and energy schedules:
Based on hourly average

MWW// ©€\© Commitment: Based on max/min
C

[

15:00  16:00  17:00  18:00  19:00  20:00  21:00  22:00  23:00 Hourly Average

—Net Load
Up reserve need

need

%® 15:00 16:00 17:00 18:00 19:00 20:00 21:00

ELECTRIC POWER
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Definition of reserve through constraints

Different formulations mean different things
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Importance of ramp constraints

Chart Title
115 Fie

110

105

100

95

90
10:00 10:05 10:10 10:15

low scenario (lower reserve) Base high scenario (raise reserve)

17
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2P +=/100,104 110] for {last 11,12}
L Ri =5 (eg, Regulation)

—RR;I < P;1 — P; 145t < RR;1

~RR;I < Py — P;t_1 < RR;I

R;: < RR;I

P+ Ry, < P"

min
Pi,t_Ri,t ZPL

In intervall, the system is only
guaranteed to meet the expected
ramp. In interval 2 it is not guaranteed
to meet any uncertainty above the net
load.

If Load, > Load, ; + Res Rgmnt,_,;, R, Is
useless
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Importance of ramp constraints

Chart Title

115 s 2P +=/100,104 110] for {last 11,12}
Y Ri: = 5 (eg, Regulation)

—RR;I < P;1 — Pijast + Ri1 < RR;I
—RRJI <Py —P;r_q + Riy < RRiI

110

105

100 45 Pi,t i Ri,t < Pimax
95 Pi,t_Ri,tZPimm
90 . .
10:00 10:05 10:10 wis  The system is ready for uncertainty of
® low scenario (lower reserve) Base high scenario (raise reserve)

5 MW in either direction.
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100

90

80

70

60

40

Different ways of modeling mean different things

10:00

Chart Title

10:05

low scenario (lower reserve) Base

Pl t + Rl t
— Piiase T R < RR;1
— P 1+ R

P; 4
P; ¢

max

p i,1,s
p i,t,s

19

—Pit_10

10:10

high scenario (raise reserve)

Pmax

< RR;I

— Pi,last < RRiI
< RR;I

10:15

Chart Title
100

90
80
70
60
50

40

10:00 10:05 10:10

low scenario (lower reserve) Base high scenario (raise reserve)

Pmax

Pl t + Rl t
Pi1 — Pi1ast + Rit < RR;I
Pii +R;;

— (Pi¢t—1tRi¢—1)
< RR,I

Piys < P
- Pi,last < RRiI
— Pit-15 = RR;l

p i,1,s

p it,s

© 2015 Electric Power Research Institute, Inc. All rights reserved.

Chart Title

40
10:00

10:05 10:10

low scenario (lower reserve) Base high scenario (raise reserve)

Pmax

Pl t + Rl t
Pi1 — Pi1ast ¥ Rit < RR;1

Pit +Rit — (Pit—1—Ri¢-1)
< RR;1

max
Pi,l,s
Pi,t,s

- Pi,last < RRiI
— Pi,t—l,a < RRiI, Va € s
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Different ways of modeling mean different things

Chart Title Chart Title Chart Title
100 100 100

40 40 40
10:00 10:05 10:10 10:15 10:00 10:05 10:10 10:15 10:00 10:05 10:10 10:15

© low scenario (lower reserve) ® Base high scenario (raise reserve)

* low scenario (lower reserve) @ Base high scenario (raise reserve)

¢ low scenario (lower reserve) ® Base high scenario (raise reserve)

pmax

Pl t + Rl t
Pi1 — Pi1ast T Rit < RR;1

Pmax

PI, t + RI, t
Pi1 — Pi1ast + Rit < RR;I

Pmax

Pl t + Rl t
Pi1 — Pi1ast ¥ Rit < RR;1

Py —Pir1+ Rt <RR;I

Pii +R;;
— (Pi¢t—1tRi¢—1)

Same

Pit +Rit — (Pit—1—Ri¢-1)
< RR;1

max

Pi,l,s — Pi,last < RRiI

max

max

Pi,l,s - Pi,last < RRiI

Pits —Pit—10 < RR;I

20

Pi,l,s - Pi,last = RR;I
Pirs—Pir_15 < RR;I

© 2015 Electric Power Research Institute, Inc. All rights reserved.

Pi,t,s — Pi,t—l,a < RRiI, Va € s
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Different ways of modeling mean different things

Chart Title Chart Title Chart Title
100 100 100

40 40 40
10:00 10:05 10:10 10:15 10:00 10:05 10:10 10:15  10:00 10:05 10:10 10:15

Pii + Rt < pmax Pt + Rt < Pmax Pt + Rt < pmax

Pi1 = Piigst ¥ Rit S RR;I  Py1 — Pjjas¢ + Ry < RR;1 Pi1 — Piiast + Rit < RR;1
Pit =Pt 1 +Riy SRRl | P+ R Pit+Rit — (Pit-1—Rit-1)
: — (Pit—1+Rit—1) < RR;I
Flexiramp Typical Stbdh. Form.

max
P;ps < P Pits < P

. < max
Pi1s— Pilast < RR;1 Pl't's =h Pi1s — Pilast < RR;1

P: — P; < RR:]
Pits—Pit_10 < RR;I LLs tlast = L Pits—Pit1a <RRILVa €s
its — Pit—1s = RRG1

*There are many different ways of defining these in each of the metr’mdologies. This is a generic, simplistic assignment of formulation to model method
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Interval by Interval Reserve Analysis

lllustrative examples on how each product is defined, held and deployed

Note: Must use in slideshow mode
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Example Descriptions

= First example: No uncertainty
— No regulation or flex deployed

— Assumption of predictions being more certain as horizon gets closer. May
not always be the case.

» Second example: Uncertainty

— Each interval (binding and advisory) has uncertainty and so reserve
products are deployed.

= [n all cases, the first colored dot is actual, the second dot
connected through a solid line is the binding interval, and dots
beyond connected through solid lines are advisory lookahead
Intervals

» Dots connected through dashed lines are potential outcomes
— E.g., they may be the upper and lower bounds within 95% confidence
— Either through reserve product or 3-scenario stochastic model

= Assumption: The dots represent meeting the instantaneous
demand. Units ramp linearly from one interval to the next.

EEEEEEEEEEEEEE
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No Uncertainty

Interval 1
Interval 2
95
10:00 10:05 10:10 10:15 10:20

|= ELECTRIC POWER
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No Uncertainty

Flex Up (Advisory interval)
.

125

Interval 1

Flex Up

120

115

Regulation Up Flex Down (Advisory interval)

105

Flex Down

100

Regulation Down

95
10:00 10:05 10:10 10:15 10:20

25 '= ELECTRIC POWER
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No Uncertainty

Flex Up (Advisory interval)

7

125

Interval 2

Flex Up
Regulation Up 4
/

120

115

Regulation Up Flex Down (Advisory interval)

Flex Down
105
£,
Regulation Down
Flex Down
100
Regulation Down
95
10:00 10:05 10:10 10:15 10:20

26 '= ELECTRIC POWER
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Uncertainty modeled

130

2@
125 ///0

- - - - / /
Dashed Lines: Uncertainty anticipated ///
120 ///
P ,/

115 ;

Uncertainty occurs

110

105

100
Interval 1
Interval 2
9510:00 10:05 10:10 10:15

27
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Uncertainty modeled

28

Flex Up (Advisory interval)
125 /l
Interval 1
Flex Up
Regulation Up Flex Down (Advisory interval)

Flex Down

100
Regulation Down Interval 1
Interval 2
95
10:00 10:05 10:10 10:15

10:20

'= ELECTRIC POWER
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Uncertainty modeled

130 Flex Up
Flex Up (Advisory interval)
.

125

Interval 2
20 ReduftidR up

115

Regulation Up Flex Down (Advisory interval)
Flex Down
Redtiatibnvidown
Regulation Down Interval 1
Interval 2

'= ELECTRIC POWER
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Interval Definitions

* Previous examples assume scheduling to an instantaneous
load, with timestamp representing End_ Interval

= |f timestamp represents Beginning_Interval or
Middle Interval, results differ

= |If scheduling energy to average load, rather than
Instantaneous, results differ

= |llustration:
— 15-min RTUC and 5-min RTED
— Example 1: RTUC represents average load
— Example 2: RTUC represents instantaneous load at End_ Interval

— Note: Next examples must also be used in slideshow mode.

I= EEEEEEEEEEEEEE
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Interval Definitions (Average)i.

155

145

135

125

115

105

15 Minute Real-time Unit Commitment

5 Minute Real-time Economic Dispatch

10:05

10:10

10:15 10:20

© 2015 Electric Power Research Institute, Inc. All rights reserved.

10:25

10:30

Err |

10:35
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Interval Definitions (Instantangeus)

155
145 z’
////

15 Minute Real-time Unit Commitment ,’,!
5 Minute Real-time Economic Dispatch

135

125

115

Commits to meet the end points.

105

May not meet the five-minute intervals within.

10:00 10:05 10:10 10:15 10:20 10:25 10:30 10:35

32 |'= ELECTRIC POWER
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Interval Definitions

=\When committing for the average, but formulations are
based on snapshots, the commitment may not give the
dispatch a feasible solution

= Similar issues can arise with economic dispatch by itself

= |t IS Important to understand these definitions, how they differ
by region, and how they are aligned with model formulations

= Can have a big impact on reserve requirements.

— Simple changes may drastically reduce or increase apparent reserve
requirements

= Can also affect prices and economics

— Settlements and prices should be based on averages, reserve and
capacity should based on max/min

33 I: EEEEEEEEEEEEEE
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Conclusions and Future Work

= New reserve products are being introduced
» Essential to understand the direct need for new product

» Formulation of reserve product in market software perhaps
as important as quantity of reserve requirement

* Needs depend on many different factors beyond just the
driving force of reserve

» Expand to many different permutations of ISO & BA
formulations

= Multi-cycle, multi-timescale simulations including various
permutations

* Report on final analysis
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Together...Shaping the Future of Electricity
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