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PART 2 — OUTLINE

PART 2 CENTERS ON THE FOLLOWING 3 TOPICS:

[.  COORDINATING ELECTRICITY SUPPLY AND DEMAND.
A. WHAT IS DISPATCH?
B. WHY IS IT IMPORTANT?
C. WHAT ARE THE OPTIONS?

[I. DISPATCH BASED ON NODAL (I.E. LOCATIONAL) PRICES.
A. BASIC OVERVIEW.
B. KEY STRUCTURAL COMPONENTS.
C. HOwW IT WORKS.

lII. PRICING AND SETTLEMENT IN AN LMP-BASED MARKET.
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DISPATCH — INTRODUCTION

“DISPATCH” REFERS TO THE METHODOLOGY BY WHICH REAL, TIME
POWER SUPPLY AND DEMAND ARE BALANCED.

I ELECTRIC POWER HAS UNIQUE CHARACTERISTICS THAT NECESSITATE
PRECISE AND CONSTANT COORDINATION OF SUPPLY AND DEMAND.
A. SINCE LARGE SCALE STORAGE IS NOT COMMERCIALLY VIABLE, WHEN PHYSICAL
SUPPLY EXCEEDS PHYSICAL LOAD, FREQUENCY ON THE SYSTEM WILL RISE

(UNSTABLE), SIMILARLY WHEN PHYSICAL SUPPLY IS LESS THAN PHYSICAL LOAD,
FREQUENCY WILL DECAY (UNSTABLE).

B. POWER FLOWS ACCORDING TO THE LAWS OF PHYSICS, SO ALL POWER FLOWS
MUST BE COORDINATED, IT IS IMPOSSIBLE TO SEPARATE MWS PURCHASED
UNDER BILATERAL CONTRACT FROM SPOT PURCHASES.

[I. THE SIMPLE EFFECT OF THESE CHARACTERISTICS IS THAT PHYSICAL
SUPPLY/DEMAND MUST BE KEPT WITHIN A TIGHT RANGE AT EVERY
INSTANT IN TIME. |IF SUPPLY/DEMAND ARE NOT BALANCED THE ENTIRE
ELECTRICITY SYSTEM WILL FAIL.

A. DIFFERENT THAN ANY OTHER COMMODITY.
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START WITH THE SIMPLE 3-NODE
EXAMPLE FROM PART 1.

[. TwO GENERATORS, G1 AND G2,
AT TWO SEPARATE NODES, A AND
B RESPECTIVELY.
A. ASSUME G1 I1s A 300 MW

CAPACITY GENERATOR WITH
MARGINAL cOST OF $20.

B. ASsSUME G2 I1s A 200 MW
CAPACITY GENERATOR WITH
MARGINAL CcOST OF $30.

[I. ONELOAD NODE AT C.

[II. G1 AND G2 ARE OWNED BY THE
SAME COMPANY.

I\V. UNLIKE PART 1, ASSUME THERE IS
NO CONSTRAINT ON LINE AC.

DISPATCH — SIMPLE EXAMPLE

NODE A — GENERATOR (G 1)
(BOOMW GENERATOR, MARGINAL COST = $20)

NODE C — LOAD

NODE B — GENERATOR (G2)
(200MW GENERATOR, MARGINAL COST = $30)
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DISPATCH — SIMPLE SUPPLY CURVE

CONTINUING ON WITH THE SIMPLE
(UNCONSTRAINED) EXAMPLE.

[. CREATE A SUPPLY CURVE FROM
THE INFORMATION REGARDING
CAPACITY AND MARGINAL COST
FOR BOTH G1 AND G2.

[I. USING THIS SUPPLY CURVE.

A. IFO<sLoAD @ NODE C = 300MW,
THEN G 1 WILL SUPPLY ALL THE
POWER.

B. IF LOAD @ C IS GREATER THAN
300 THEN INCREMENTAL POWER
WILL COME FROM G2.

1. IFLOADIS 320 MW THEN G 1 WILL
SUPPLY 300 MW AND G2 WILL
PROVIDE 20 MW.

lll. ASSUMES NO CONSTRAINTS!

o __ SupPLY _____
RICE A . CURVE | ,r
! :
$30 1+ : -
: \ J
i |
", G2 —
$20 200MW @
\ ’ $30/MW
|
G1 — 300MW
$10 T ‘ego0o/Mw
® ] | | ] ] )

1 1 1 1 1

100 200 300 400 500 Q1Y (MW)
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COORDINATING SUPPLY IN DEMAND IN THIS

THE DEMR ARE BASED ON THE SIMPLE SUPPLY CURVE

EXAMPLE IS SIMPLE. FOR EXAMPLE:

I

I1.

IF DEMAND IS 250 MW, 1L.LE. D1, THEN
SUPPLY = DEMAND AT $20 (THE
MARGINAL COST OF G1). ALL 250
MW WILL BE PRODUCED BY G1.

IF DEMAND IS 400 MW, L.LE. D2, THEN
SUPPLY = DEMAND AT $30 (THE
MARGINAL COST OF G2). G1 WILL
PRODUCE 300 MW AND G2 WILL
PRODUCE 100 MW.

Ill. WHEN THERE ARE NO CONSTRAINTS

V.

THERE'IS A SINGLE AGGREGATE
SUPPLY CURVE THAT APPLIES TO ALL
NODES ON THE SYSTEM.

THIS SIMPLE UNCONSTRAINED
GENERATION “STACK” MODEL IS THE
BASIS FOR THE DRAFT ELECTRICITY
MARKET RULES.

SUPPLY
PRICE CURVE =
A A A (ABCD)

$30 T

DEMAND D
CURVE, D1
$20 P~
A
DEMAND
CURVE, D2

$10 =

—tt

100 200 300 400 500 Q1Y (MW)
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SOME LESSONS FROM UNCONSTRAINED DISPATCH —
SUPPLY

THE UNCONSTRAINED DISPATCH MODEL FROM THE PREVIOUS SLIDE
HIGHLIGHTS IMPORTANT ASPECTS OF MARKET DESIGN.

[ HOW IS THE SUPPLY CURVE CREATED?

A. WHAT INFORMATION WILL THE GENERATORS BE REQUIRED TO GIVE?
1. PRICE PER MW, L.E. AN OFFER.

2. IS IT MANDATORY FOR GENERATORS TO OFFER?
. DOES IT MATTER HOW LARGE, I.LE. DO GENERATORS LESS THAN 5 MW HAVE TO OFFER?
" HoOw IS DEMAND RESPONSE TREATED?
3. HOw MANY PRICE/QUANTITY PAIRS ARE ALLOWED PER OFFER, I.LE. HOW MANY
TRANCHES?
4. ARE OFFERS SPECIFIC TO INDIVIDUAL GENERATION FACILITIES OR ARE THEY
AGGREGATED BY PORTFOLIO, ZONE, ETC.?

5. WHAT IS THE TIME INTERVAL FOR EACH OFFER, I.E. IS THE OFFER FOR 5, 10, 15, 30 OR
EVEN 60 MINUTES?

6. HOW WILL RAMP RATES OR OTHER PHYSICAL PARAMETERS BE TREATED WHEN
CREATING THE SUPPLY CURVE?

7. HOW FAR IN ADVANCE OF REAL TIME WILL GENERATORS BE REQUIRED TO OFFER?
8. ONCE SUBMITTED, UNDER WHAT CIRCUMSTANCES CAN AN OFFER BE CHANGED?
9. HOw WILL DISCONTINUITIES IN THE SUPPLY CURVE BE HANDLED?
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SOME LESSONS FROM UNCONSTRAINED DISPATCH —
DEMAND

THE UNCONSTRAINED DISPATCH MODEL ALSO HIGHLIGHTS IMPORTANT
ASPECTS OF MARKET DESIGN REGARDING THE DEMAND CURVE.

[ HOw IS THE DEMAND CURVE CREATED?

A. PRESUMABLY BY FORECASTING EXPECTED DEMAND FOR THE PERIOD?

1. WHO HAS THE AUTHORITY FOR CREATING THE FORECAST?
. WHO PAYS FOR INACCURATE DEMAND FORECASTS?
. IS THE DISPATCHER THE “RIGHT” ENTITY...WHAT ARE THEIR INCENTIVES?

2. WHAT FORECASTING TOOL WILL BE USED, E.G. REGRESSION, NEURAL NETWORK MODEL,
ETC.?

= WHO MAKES THE DECISION ABOUT WHAT METHODOLOGY TO USE? ON WHAT BASIS IS THE
DECISION MADE? UNDER WHAT CIRCUMSTANCES CAN IT BE CHANGED?

3. IS THE FORECAST FOR EXPECTED LOAD AT THE BEGINNING OF THE INTERVAL, MIDDLE OF
THE INTERVAL, END OF THE INTERVAL OR AVERAGE OVER THE INTERVAL?

= REGARDLESS OF THE CHOICE, THIS NECESSITATES OTHER DECISIONS. FOR EXAMPLE, SUPPOSE
THE LOAD FORECAST IS FOR THE END OF THE PERIOD... THEN WHAT LOAD FORECAST WILL THE
DISPATCHER USE FOR THE MIDDLE OF THE PERIOD?

4. WILL MARKET PARTICIPANTS BE ASKED/REQUIRED TO PROVIDE THEIR INDIVIDUAL LOAD
FORECASTS? IF SO, HOW WILL THAT INFORMATION BE INTEGRATED INTO THE FORECAST?
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SOME LESSONS FROM UNCONSTRAINED DISPATCH —

PRICING

THE UNCONSTRAINED DISPATCH MODEL LEADS TO IMPORTANT QUESTIONS
REGARDING PRICING:

l. HOW IS THE EQUILIBRIUM PRICE DETERMINED?

A. INTERSECTION OF SUPPLY AND DEMAND? BUT WHICH SUPPLY AND DEMAND
CONCEPT?

1.

SHOULD WE USE EX ANTE SUPPLY, I.E. THE EXPECTED SUPPLY CURVE? BUT WHAT IF A
GENERATOR FAILS TO PERFORM? THAT IS, THE EXPECTED AND ACTUAL SUPPLY CURVES ARE
DIFFERENT. DO WE SET PRICE BASED ON A GENERATOR THAT DIDN'T ACTUALLY PRODUCE OR
ON A GENERATOR THAT SHOULDN’T HAVE PRODUCED?

ALTERNATIVELY SHOULD WE USE EX POST SUPPLY, I.E. THE ACTUAL SUPPLY CURVE? SHOULD
WE LET A GENERATOR WHO WASN'T SUPPOSED TO RUN SET THE PRICE?

SHOULD WE USE EX ANTE DEMAND, I.E. THE FORECAST EXPECTED DEMAND CURVE? BUT
WHAT IF ACTUAL DEMAND WAS GREATER OR LESS THAN FORECAST DEMAND?

WHAT IF WE USE EX POST DEMAND, I.LE. THE ACTUAL DEMAND FOR THE PERIOD?

REGARDLESS OF WHETHER WE USE EX ANTE OR EX POST DEMAND, WHICH DEMAND ARE WE
REFERRING TO, THE LOAD AT THE BEGINNING, MIDDLE, END OR THE AVERAGE OVER THE
PERIOD?

WHAT ABOUT A MIX LIKE EX ANTE SUPPLY AND EX POST DEMAND WHICH IS THE WAY NEW
ZEALAND DOES IT?

ANSWERS TO ALL THESE QUESTIONS WILL HAVE PROS AND CONS. THE KEY IS TO
UNDERSTAND THE RAMIFICATIONS/IMPLICATIONS OF THE CHOICES.
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SIMPLE MODEL OF DISPATCH — WITH A CONSTRAINT

THINGS CHANGE WHEN THE LINE FROM A TO

I

C HAS A THERMAL LIMIT OF 200 MW (AS IT A ORIGINAL UNCCZI;STRASINED
SUPPLY CURVE (ABCD) —
DID IN THE ORIGINAL EXAMPLE IN PART 1). PRICE APPLIES TO EVERY NODE IN THE
A SINGLE SUPPLY CURVE IS ONLY RELEVANT SYSTEM
WHEN THERE ARE NO BINDING CONSTRAINTS! » C’

NO LONGER A SINGLE AGGREGATE SUPPLY

C

A. ONCE A CONSTRAINT OCCURS THERE IS g3n - T S—
!
I
CURVE...INSTEAD THERE IS POTENTIALLY A :
0

DIFFERENT SUPPLY CURVE AT EACH NODE

! C D

SUPPLY CURVE AT NODE C
WHEN LOAD IS 360 MW

0
AND FOR DIFFERENT LEVELS OF LOAD. $20 9= —— (AB’'C’D)
B. FOR EXAMPLE LET'S LOOK AT NODE C: A B” B B
1. AT NODE C IF LOAD IS 360 MW, THEN SUPPLY CURVE AT NODE C
THE SUPPLY CURVE AT NODE C IS WHEN LOAD IS 480 MW

GIVEN BY AB’C’D, SINCE THE $10 == (AB"C"D)

CONSTRAINT ON AC LIMITS THE
OUTPUT OF G1 TO 240 MW.

HOWEVER, IF LOAD IS 480 MW THEN
THE SUPPLY CURVE AT NODE C IS ® : + : } T >
GIVEN BY AB”C"”D, SINCE THE 100 200 300 400 500
CONSTRAINT ON AC LIMITS THE

OUTPUT OF G1 TO 120 MW.

QTY (MW)
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SOME LESSONS FROM CONSTRAINED DISPATCH

THE CONSTRAINED DISPATCH MODEL LEADS TO IMPORTANT
CONCLUSIONS.

[

[1.

[I.

V.

THE EXISTENCE OF A BINDING CONSTRAINT NECESSARILY MEANS THAT (1)
THERE IS POTENTIALLY A DIFFERENT SUPPLY CURVE AT EVERY NODE AND
(2) THE SUPPLY CURVE AT EVERY NODE IS DEPENDENT ON THE LEVEL OF
LOAD.

THIS CONCLUSION IS NOT AN “OPINION”. RATHER IT IS PHYSICAL REALITY.

THERE IS NO WAY FOR THE DISPATCHER TO IGNORE THIS REALITY AND BE
RELIABLE. THAT IS, IF THE DISPATCHER ASSUMES THERE IS A SINGLE

SUPPLY CURVE AND ISSUES INSTRUCTIONS TO GENERATION BASED ON
THIS INCORRECT ASSUMPTION, THE SYSTEM WILL FAIL.

BINDING CONSTRAINTS CAN CHANGE QUICKLY AND DYNAMICALLY. THIS
MEANS THE SUPPLY CURVE AT EACH NODE IS VOLATILE.

IN ORDER TO BE RELIABLE, THE DISPATCHER MUST USE A DISPATCH TOOL
THAT ACCOUNTS FOR THIS DYNAMIC ENVIRONMENT...AND THE TOOL MUST

BE UNBIASED AND PRODUCE RELIABLE OPERATION OF THE GRID.
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DISPATCH AND NODAL PRICING

NODAL PRICING IS BASED ON THE NOTION THAT PLACE AND TIME ARE
IMPORTANT CHARACTERISTICS OF ELECTRICITY.

[ NODAL PRICING IS A TOOL USED BY THE DISPATCHER TO PROVIDE
RELIABLE, LEAST COST, NON-DISCRIMINATORY ACCESS, IN REAL TIME, TO
COMPETITIVE GENERATION FACILITIES.

[I. NODAL PRICING IS BASED ON THE FACT THAT ENERGY DELIVERED TO A
DIFFERENT PLACE AND/OR AT A DIFFERENT TIME IS A DIFFERENT GOOD
AND SHOULD BE PRICED ACCORDINGLY IN ORDER TO ACHIEVE ECONOMIC
EFFICIENCY.

A. AN ATTEMPT TO CREATE A MARKET AT EACH “PLACE’ AT DIFFERENT “TIMES” .

B. RECOGNIZES THE EFFECTS OF JOINT PRODUCTION OF ENERGY FOR DELIVERY
AND ENERGY FOR CONSUMPTION.

C. INITS SIMPLEST FORM NODAL PRICING, IS THE “COST’ OF ELECTRICITY AT THE
GENERATOR BUS AND THE COST OF MOVING THE ELECTRICITY FROM THE

GENERATOR TO THE CONSUMER.

1.  IN PRACTICE THINGS ARE A LITTLE MORE COMPLICATED, E.G., THE ENERGY PRICE IS SET BY THE
MARGINAL GENERATOR, THE COST OF ANY CONSTRAINTS, AND THE COST OF TRANSMISSION LOSSES.
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MARKET “VS” DISPATCH...THE NEED IN REAL TIME FOR
CENTRALIZED COORDINATION

SINCE ELECTRICITY SUPPLY AND DEMAND MUST REMAIN CONSTANTLY IN
BALANCE WE CANNOT RELY SOLELY ON “DECENTRALIZED” PROCESSES
LIKE A MARKET TO FIND AN EQUILIBRIUM. THE MARKET PROCESS, I.E.
FINDING A PRICE WHICH BALANCES SUPPLY AND DEMAND, SIMPLY TAKES
TOO LONG TO BE RELIED UPON FOR RELIABLE OPERATION OF THE
ELECTRICITY SYSTEM. THEREFORE, SOME AMOUNT OF “CENTRALIZED”
DECISION MAKING WILL BE NEEDED. THIS CENTRALIZED DECISION
MAKING IS THE REAL TIME DISPATCH FUNCTION. A KEY ELEMENT OF
DESIGNING AN EFFICIENT NON-DISCRIMINATORY OPEN ACCESS
STRUCTURE, IS TO ACHIEVE THE RIGHT BALANCE BETWEEN THE
DISPATCHER (I.E. CENTRALIZED DECISION-MAKING) AND THE MARKET (I.E.
DECENTRALIZED DECISION MAKING).
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THE DISPATCHER AS THE AIR TRAFFIC CONTROLLER

IN EFFECT THE DISPATCHER IS AKIN TO AN AIR TRAFFIC CONTROLLER AT
AN AIRPORT. BOTH ACQUIRE INFORMATION AND, BASED ON THAT
INFORMATION, UNILATERALLY MAKE DECISIONS.

.  FROM A MARKET DESIGN PERSPECTIVE THE KEYS ARE NOT TO GET RID OF
THE DISPATCHER BUT TO (1) ACHIEVE THE PROPER BALANCE BETWEEN
THE DISPATCHER AND THE MARKET AND (2) TO PROVIDE THE RIGHT
INCENTIVES FOR THE DISPATCHER TO ACT IN THE BEST INTERESTS OF THE
MARKET PARTICIPANTS.

[I. UNDER NODAL PRICING, THE DISPATCHER USES THE SAME “TOOLS” TO
MATCH SUPPLY AND DEMAND THAT ARE USED TO ESTABLISH PRICES.

A. THUS THERE IS A MATCH BETWEEN DISPATCH AND PRICES OR, PUT ANOTHER
WAY THE MARKET PRICE PROVIDES A GOOD INDICATOR OF WHAT HAPPENED IN
THE PHYSICAL SYSTEM.

B. THIS MINIMIZES THE NEED FOR THE DISPATCHER TO MANAGE THE DIFFERENCE
BETWEEN WHAT PEOPLE THOUGHT WOULD HAPPEN AND WHAT ACTUALLY DID
HAPPEN.
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OVERVIEW OF REAL TIME DISPATCH BASED ON NODAL
PRICES

NODAL PRICING, ALSO CALLED LOCATIONAL MARGINAL PRICING OR
LMP, IS AN APPROACH TO BALANCING REAL TIME SUPPLY AND DEMAND
BY HAVING THE DISPATCHER OPERATE A REAL-TIME ENERGY MARKET AND
PRICING SYSTEM THAT IS BASED ON THE PHYSICS OF ELECTRICITY AND
USES ECONOMIC INCENTIVES TO PROVIDE NON-DISCRIMINATORY OPEN
ACCESS TO THE REAL TIME ELECTRICITY GRID.

[ THERE ARE THREE PRIMARY ELEMENTS OF AN LMP-BASED DISPATCH
SYSTEM:

A. [T USES SECURITY CONSTRAINED ECONOMIC DISPATCH (SCED) BASED ON THE
OFFERS OF MARKET PARTICIPANTS.

B. IT CALCULATES MARKET PRICES (LMPS) FROM THIS DISPATCH AND USES THEM
FOR ENERGY MARKET SETTLEMENTS.

C. IT OFFERS ENERGY BALANCING SERVICES TO ANYONE WILLING TO PAY THE
ENERGY MARKET PRICES.
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DEFINITION. LOCATIONAL MARGINAL PRICE

THE MARGINAL COST OF SUPPLYING THE NEXT INCREMENT OF ELECTRIC
DEMAND AT A SPECIFIC LOCATION (NODE) ON THE ELECTRIC POWER
NETWORK, TAKING INTO ACCOUNT BOTH GENERATION MARGINAL COST
AND THE PHYSICAL ASPECTS OF THE TRANSMISSION SYSTEM.
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DISPATCH BASED ON THE OFFERS OF MARKET
PARTICIPANTS

LMP IS BASED ON THE SECURITY-CONSTRAINED DISPATCH OF A
COORDINATED ENERGY MARKET.

1.

DISPATCH USES VOLUNTARY MARKET BIDS THAT CAN CHANGE (DEPENDING
ON THE RULES) ANYWHERE FROM EVERY FIVE MINUTES TO HOURLY OR
EVEN DAILY.

A. GENERATORS CAN BE SCHEDULED BASED ON BIDS.

B. LOADS CAN PURCHASE ENERGY AT THE MARKET PRICE.

1. IF ALLOWABLE, DISPATCHABLE LOADS MAY SUBMIT BIDS BASED ON WILLINGNESS TO
PAY.

C. PARTICIPATION IN THE ENERGY MARKET IS VOLUNTARY:

1. GENERATORS CAN SELL ENERGY INTO THE ENERGY MARKET, THROUGH BILATERAL
TRANSACTIONS, OR ANY COMBINATION OF THE TWO.

2. MARKET PARTICIPANTS WHO SERVE LOAD CAN BUY ENERGY FROM THE MARKET,
THROUGH BILATERAL TRANSACTIONS, OR ANY COMBINATION OF THE TWO.

MARKET PARTICIPANTS OBTAIN NON-DISCRIMINATORY GRID ACCESS BY
SUBMITTING BIDS AND SCHEDULES FOR THE DISPATCH. PARTICIPANTS
ARE NOT REQUIRED TO OBTAIN TRANSMISSION RIGHTS.
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AN EXAMPLE OF AN LMP MODEL*

GENERATOR OFFERS o]
DisPATCH RATES (MANUAL DISPATCHER INPUT) —( )
DISPATCHABLE TRANSACTIONS | LOCATIONAL PRICING
—> ALGORITHM
PRE-PROCESSOR
\_ J
; STATE
ER)E?/]; -(rll_:'\ﬁs) ESTIMATOR > FLEXIBLE GENERATING
J ENERGY DEMAND UNITS & OFFERS
GENERATOR MW
SYSTEM TOPOLOGY 4 ™
LOCATIONAL LMP’S FOR
—> PRICING —> ALL
ALGORITHM LOCATIONS
(" ) \ y
DISPATCHER UNIT T
INPUT (MANUAL DISPATCH
KIESSTCHER SYSTEM BINDING TRANSMISSION 4
CONSTRAINTS LOCATIONAL
\_ _
PRICING
ALGORITHM POST-
PROCESSOR
* FROM PJM \.

S
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L OCATIONAL PRICING ALGORITHM

THERE ARE THREE COMPONENTS TO THE LOCATIONAL PRICING
ALGORITHM (LPA).

. THE LPA PRE-PROCESSOR WHICH SCREENS FOR AND DETERMINES THE
ELIGIBLE UNITS.

[I. THE LPA ENGINE OR PROCESSOR WHICH CALCULATES THE LMPSs AT
EACH GENERATOR, LOAD, TIE AND EXTERNAL BUS IN THE MODEL..

[lI. THE LPA POST-PROCESSOR IS COMPRISED OF SEVERAL DIFFERENT
PROGRAMS WHICH ULTIMATELY PRODUCE THE SETTLEMENT PRICES.
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DISPATCH AND CONGESTION — THE EXAMPLE FROM PART 1

l. RECALL FROM PART 1 THE EXAMPLE
GIVEN IN THE DIAGRAM TO THE RIGHT.
A. WHEN LOAD AT NODE C Is 360 MV,

EFFICIENT (I.E., LEAST COST) DISPATCH
REQUIRES THAT G1 PRODUCE 240 MW

NODE A — GENERATOR (G 1)
(OFFER PRICE OF $20)

AND G2 PRODUCE 120 MW.

[I. EVENTHOUGH IT WOULD COST LESS TO
HAVE G1 PRODUCE 300 MW AND G2

200 MW

AT THESE OFFER PRICES, 240
LINE LIMIT

MW WILL BE GENERATED BY
G1 AND 120 MW By G2.

PRODUCE 60 MW THAT SOLUTION IS
NOT FEASIBLE SINCE IT WOULD VIOLATE
THE CONSTRAINT ON AC:

40 MW

NODE C — LOAD

A. (BOOMW * $20) + (6OMW * $30) = (360 MW)
$7,800

B. (240MW * $20) + (120MW * $30) =
$8,400

NODE B — GENERATOR (G2)
I” WHAT PHYSICALLY HAPPENS IS SHOWN (OFFER PRICE OF $30)

ON THE NEXT SLIDE.
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DISPATCH AND CONGESTION

NODE A — GENERATOR (G 1)
(OFFER PRICE OF $20)

200 MW
LINE LIMIT

AT THESE OFFER PRICES, 240
MW WILL BE GENERATED BY
G1 AND 120 MW BY G2.

40 MW

NODE C — LOAD
(360 MW)

G 1 PRODUCES/
INJECTS 240 MW NODE B — GENERATOR (G2)
\ (OFFER PRICE OF $30)
\
\

40 MW

- G2 PRODUCES./
INJECTS 120 MW
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1.

[I.

V.

DISPATCH AND CONGESTION — PRICING

WHAT ARE PRICES AT EACH NODE FOR THIS
LOAD AND DISPATCH?

THE LOCATIONAL MARGINAL PRICE IS THE
LOWEST COST OF SUPPLYING AN ADDITIONAL  NoDE A — GENERATOR (G 1)
INCREMENT OF LOAD AT EVERY NODE. (OFFER PRICE OF $20)

SO, IF THERE WAS AN ADDITIONAL INCREMENT

200 MW
LINE LIMIT

OF LOAD AT A, G1 WOULD BE USED AND
SINCE THE ENERGY WOULD BE CONSUMED AT
A, NO POWER WOULD FLOW TO THE REST OF

AT THESE OFFER PRICES, 240
MW WILL BE GENERATED BY
G1 AND 120 MW By G2.

THE GRID. THEREFORE, THE LMPA = $20.

AT B EVEN THOUGH IT WOULD BE CHEAPER TO
USE G 1, THE POWER FROM G 1 WOULD FLOW
ON AC AND VIOLATE THE CONSTRAINT. SO
WE HAVE TO USE G2 AND LMPB = $30.

WHAT ABOUT C? |F WE TRIED TO USE G 1
THEN 2/3 MW wWOULD FLOW ALONG AC AND
VIOLATE THE CONSTRAINT. LIKEWISE IF WE
TRIED TO USE G2 THEN 1/3 MW WOULD
FLOW ALONG AC AND VIOLATE THE
CONSTRAINT...SO, WHAT THE DISPATCHER
HAS TO DO IS REDUCE G1 BY 1 MW AND THEN
INCREASE G2 BY 2MW (1 MW TO MAKE UP
FOR THE LOSS FROM G 1 AND 1MW FOR THE
EXTRA INCREMENT). THEREFORE THE PRICE IS
LMPC = (-1 *$20) + (2 * $30) = $40

40 MW

NODE C — LOAD
(360 MW)

NODE B — GENERATOR (G2)
(OFFER PRICE OF $30)
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1.

[I.

CONSTRAINTS, CONGESTION AND THE PRICE SPREAD

IN THE SIMPLE 3-NODE MODEL, THE REASON WHY THERE ARE THREE DIFFERENT

PRICES (AT THE GIVEN LEVEL OF LOAD) IS DUE TO THE 200MW LIMIT OR

CONSTRAINT ON THE TRANSMISSION LINE FROM AC.

A. ANYTIME THERE IS A BINDING CONSTRAINT PRICES WILL SEPARATE (AGA[N, NOT TAKING
INTO CONSIDERATION THE EFFECT OF LOSSES).

WITHIN A SINGLE DISPATCH REGION CONSTRAINTS “CREATE” PRICE SPREADS.

GOOD MARKET DESIGN WILL LARGELY ELIMINATE INCENTIVES FOR MARKET
PARTICIPANTS TO ARTIFICIALLY CREATE OR EXACERBATE CONSTRAINTS.
A. GOOD MARKET DESIGN, IMPLEMENTATION AND OPERATION RESPECTS THE ACTUAL (RATHER
THAN EXPECTED OR FORECAST) DISPATCH.
1. DESIGN FROM THE REAL TIME MARKET OUT...NOT A FORWARD MARKET IN.

B. GOOD MARKET DESIGN IS BASED ON PHYSICS AND REFLECTS THE ACTIONS OF THE
DISPATCHER (I.E. USES MARKET MECHANISMS TO INCENTIVIZE MARKET PARTICIPANTS TO
BEHAVE IN A MANNER THAT IS ALIGNED WITH WHAT THE DISPATCHER NEEDS/WANTS THEM
TO DO).

C. BAD MARKET DESIGN CREATES INCENTIVES FOR MARKET PARTICIPANTS TO DO SOMETHING
OTHER THAN WHAT THE DISPATCHER WANTS/NEEDS.
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DISPATCH AND CONGESTION — SETTLEMENT AND THE
CREATION OF A FINANCIAL SURPLUS

NOW THAT WE KNOW THE LOCATIONAL MARGINAL PRICES AT EACH

NODE WE CAN SHOW HOW THE SYSTEM CLEARS AND SETTLES.

[. UNDER LMP DISPATCH GENERATORS ARE PAID THE LMP AT THEIR TRANSMISSION
BUS FOR ENERGY.
A. IN THE 3-NODE EXAMPLE:
1. G1, THE GENERATOR AT A WILL BE PAID $20 * 240MW = $4,800 FROM THE POOL.
2. G2, THE GENERATOR AT B WILL BE PAID $30 * 120MW = $3,600 FROM THE POOL..
3. THE TOTAL DOLLARS PAID FROM THE POOL TO GENERATORS = $8,400
[I. UNDER LMP DISPATCH LOAD PAYS THE LMP AT THEIR LOCATION.
A. IN THE 3-NODE EXAMPLE:
1. LoAD AT NODE C WILL PAY $40 * 360MW = $14,400 TO THE POOL.
2. THE TOTAL DOLLARS PAID TO THE POOL FROM THE LOAD = $14,400.
[lI. IN THIS EXAMPLE, GENERATORS RECEIVED $8,400 AND LOAD PAID $14,400.

THERE IS A SURPLUS OF $6,000. WHAT HAPPENS TO THIS MONEY?

A. HAVE TO GIVE IT BACK OR THE RTO WILL HAVE AN INCENTIVE TO PERFORM INEFFICIENT
DISPATCH.
B. THIS IS COVERED IN PART 3 OF THE TRAINING.
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L OCATIONAL MARGINAL. PRICING AS THE BASIS FOR
DISPATCH — SUMMARY

I THE PHYSICAL CHARACTERISTICS OF ELECTRICITY MEAN THAT THERE NEEDS TO BE
AN “AIR TRAFFIC CONTROLLER” CHARGED WITH BALANCING REAL TIME SUPPLY AND
DEMAND.

I[I. THE KEY TASK IS TO DESIGN THE MARKET SUCH THAT MARKET PARTICIPANTS ARE
INCENTIVIZED TO BEHAVE THE WAY THE DISPATCHER NEEDS IN ORDER TO MAINTAIN
RELIABILITY WHILE MINIMIZING THE COSTS.

IllI. AN LMP-BASED DISPATCH SYSTEM IS A MECHANISM THAT PROVIDES NON-
DISCRIMINATORY OPEN ACCESS WHILE AT THE SAME TIME MINIMIZING COSTS AND
OPERATING RELIABLY.

A. THERE ARE THREE CORNERSTONES OF AN LMP-BASED DISPATCH SYSTEM.

1. IT USES SECURITY CONSTRAINED ECONOMIC DISPATCH (SCED) BASED ON THE OFFERS
OF MARKET PARTICIPANTS.

2. IT CALCULATES MARKET PRICES (LMPS) FROM THIS DISPATCH AND USES THEM FOR
ENERGY MARKET SETTLEMENTS.

3. IT OFFERS ENERGY BALANCING SERVICES TO ANYONE WILLING TO PAY THE ENERGY
MARKET PRICES.

[V. LMP-BASED DISPATCH IS THE ONLY KNOWN WAY TO ALIGN THE PHYSICS OF
ELECTRICITY WITH THE ECONOMICS OF THE SYSTEM.
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