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PART 1T — OUTLINE

PART 1 FOCUSES ON 4 TOPICS:

. CONTEXT FOR REFORM IN THE ELECTRICITY INDUSTRY
A. WHY ARE WE HERE?
B. NON-DISCRIMINATORY OPEN ACCESS TO THE TRANSMISSION SYSTEM.

[I. THE IMPORTANCE OF THE UNDERLYING TECHNOLOGY.

[II. DISPELLING THREE COMMON MYTHS ABOUT ELECTRICITY AND
TRANSMISSION.

A. MYTH #1 — THE CAPACITY OF THE TRANSMISSION SYSTEM CAN BE PRE-
DETERMINED ACCURATELY ENOUGH TO ALLOW REAL TIME OPERATION OF THE
GRID.

B. MYTH # 2 — ENERGY AND RELIABILITY CAN BE SEPARATED.
C. MYTH # 3 — FORWARD MARKETS CAN “SOLVE” REAL TIME TRANSMISSION
CONSTRAINTS.

V. WHY THE COORDINATION FUNCTION (I.E. DISPATCH) IS THE KEY.
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CONTEXT FOR REFORM IN THE ELECTRICITY INDUSTRY

WHY ARE WE HERE?

L.

1.

THIS IS IMPORTANT!

A. IN ALMOST EVERY MARKET DESIGN PROCESS, THE REASON BEHIND WHY THE
PROCESS WAS STARTED IS EITHER NEVER LEARNED OR FORGOTTEN ALONG
THE WAY...AND SOMEBODY ENDS UP PAYING FOR THIS.

1. THE RATIONALE FOR REFORM VARIES: GOVERNMENT FISCAL CONSTRAINTS, PHYSICAL
SHORTAGES, NEED FOR FOREIGN CAPITAL, ETC.
B. MARKETS THAT HAVE BEEN “REDESIGNED.”

1. VIRTUALLY EVERY MARKET IN NORTH AMERICA AS WELL AS THE UK MARKET HAS
UNDERGONE FUNDAMENTAL CHANGE SINCE IT BEGAN OPERATION.

2. WHILE THERE HAVE BEEN CHANGES SOME MARKETS HAVE NOT HAD TO UNDERGO
FUNDAMENTAL REVISION.

3. TREMENDOUS IMPLICATION FOR THE COMMERCIAL CONDITIONS OF THE
PARTICIPANTS, PARTICULARLY THE GENERATORS.

UNIQUE COMBINATION OF TECHNOLOGY AND FINANCIAL IMPERATIVES.
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NEW ZEALAND EXAMPLE — PART 1

NEW ZEALAND PROVIDES A USEFUL EXAMPLE:
. MARKET BEGAN ON 1T OCT 1996 FOLLOWING A VERY LONG PROCESS.

A.

o

INITIALLY THE ELECTRICITY INDUSTRY WAS PART OF THE GOVERNMENT — NEW

ZEALAND ELECTRICITY DEPARTMENT (NZED) — PRODUCING AND

TRANSPORTING ELECTRICITY TO LOCAL GOVERNMENT-OWNED DISTRIBUTION/

RETAIL COMPANIES.

1. MONOPOLY WHOLESALE/TRANSMISSION SELLING TO MONOPOLY LOCAL WIRES AND
RETAIL COMPANIES.

AT THE MACROECONOMIC LEVEL, NEW ZEALAND WAS GETTING DEEPER AND

DEEPER IN DEBT, UNTIL IN THE 80’S IT WAS EFFECTIVELY UNABLE TO BORROW.

CHANGE WAS FORCED UPON IT BY INTERNATIONAL CAPITAL MARKETS.

THE DEBT IN THE ELECTRICITY SECTOR WHICH HAD BEEN USED BY THE GOVT.
TO FOSTER ECONOMIC GROWTH AND JOB CREATION WAS A HUGE DRAIN ON
THE GOVERNMENT’'S BUDGET.

1. THIS WAS THE IMPETUS FOR REFORM.

PERIOD OF FOOT DRAGGING...CONSULTANTS, REPORTS, ANALYSIS, ETC.

IN THE EARLY 90’S HYDRO SHORTAGE CAUSED BLACKOUTS. GOVERNMENT
INVESTIGATION HIGHLIGHTED THAT THERE WERE NO PRICES TO SIGNAL
SHORTAGE CONDITIONS WHICH STARTS THE REFORM PROCESS.
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1.

NEW ZEALAND EXAMPLE — PART 2

REFORM PROCESS “HEATS UP”...HIGH VOLTAGE TRANSMISSION
ACTIVITIES ARE SEPARATED FROM GENERATION.

A.

GENERATION IS PUT INTO A “STATE OWNED ENTERPRISE” (SOE)

I. ELECTRICITY CORPORATION OF NEW ZEALAND (ECNZ). PROFIT MAXIMIZING
OBJECTIVE WITH THE TREASURY AS THE SINGLE SHAREHOLDER.

II. TRANSMISSION IS PUT INTO “TRANSPOWER.”

DISTRIBUTION/RETAILERS ARE PRIVATISED. SHARES ARE GIVEN TO THE
RESIDENTS OF THE LOCAL MONOPOLIES.

[. INTHIS SENSE NEW ZEALAND, DE-REGULATED THE RETAIL SECTOR FIRST.

GOVERNMENT WOULD LIKE TO PRIVATISE THEIR GENERATION ASSETS BUT
DOESN’'T HAVE THE VOTES IN PARLIAMENT. INSTEAD IT GETS MANAGEMENT OF
ECNZ TO VOLUNTARILY SPLIT ITSELF INTO TWO COMPANIES.

TWO COMPANIES REQUIRES SOME WAY MECHANISM/METHODLOGY TO SELL/
BUY THE “OVERS” AND “UNDERS” (I.E. THE DIFFERENCES FROM THE BILATERAL
CONTRACT AMOUNTS) FROM PLANNED OUTPUT, I.LE. A MARKET IS REQUIRED.
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OTHER SITUATIONS

WORLD-WIDE INITIATIVE.

I

ELSEWHERE AROUND THE WORLD THERE ARE (TO A GREATER OR LESSER
EXTENT) REFORM HAS RESULTED IN ORGANIZED MARKETS IN AUSTRALIA,
WESTERN AUSTRALIA, SINGAPORE, NEW ZEALAND, THE PHILIPPINES,
SCANDINAVIA (NORD POOL), GREAT BRITAIN, IRELAND, THE
NETHERLANDS, SPAIN, PORTUGAL, TURKEY, ITALY, THE CZECH REPUBLIC,
BRAZIL, AND CHILE (AND A FEW OTHERS).

A. MANY DIFFERENT UNDERLYING REASONS:

1. AUSTRALIA — MICROECONOMIC REFORM, FINANCIAL SITUATION IN THE STATE OF
VICTORIA.
2. UK — MICROECONOMIC REFORM, BUDGETARY SITUATION.

3. US — OVERVALUED ASSETS, CHANGES AND INCREASED USE OF NATURAL GAS.
GHANA...???

t

FIRST PRINCIPLES ECONOMICS, LLC 6



UNDERLYING TECHNOLOGY DROVE INSTITUTIONAL
STRUCTURES...

[ EFFICIENCY FROM SIZE IN
GENERATION:

A. CHEAPER PER UNIT COST THE $/MW ,
LARGER THE GENERATION UNIT. 1920's

B. LEADS TO THE DEVELOPMENT
OF LARGE PLANTS.

[I. BENEFITS FROM INTERNALIZING 1970’ s
THE SIZE VS. LOCATION
DECISION (I.E. VERTICAL
INTEGRATION).

[II. IMPETUS FOR REGULATION.

1940’ s

QTY OF MW
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I1.

1.

...BUT WHEN THE TECHNOLOGY CHANGES...

EFFICIENCY GAINS IN SMALL SCALE
GENERATION.

A.

B.

C.

ADVANCES IN TECHNOLOGY ARISING
FROM THE SPACE PROGRAM.

SMALL PLANTS CAN NOW COMPETE
EFFECTIVELY WITH LARGE SCALE
GENERATION.

TREND OF DECLINING LONG RUN

AVERAGE COST OF GENERATION HAS
BEEN REVERSED.

ELIMINATES REASON FOR
REGULATING GENERATION.

A.

B.

PUTS INCREASED FOCUS ON
LOCATION DECISION.

MUST SEPARATE ELECTRICITY AS A
COMMODITY FROM TRANSMISSION AS
A SERVICE.

FORCES CHANGE ON THE ENTIRE
SECTOR:

A.

IN PARTICULAR THE NEED FOR
COMPETITIVE GENERATORS TO HAVE
NON-DISCRIMINATORY OPEN ACCESS
TO THE TRANSMISSION GRID.

$ /MW

1920’ s

1990’ s

QTY OF MW
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WHAT NEEDS TO HAPPEN?

WITH A COMPETITIVE GENERATION SECTOR THERE IS A NEED TO HAVE
NON-DISCRIMINATORY OPEN ACCESS (L.I. 1934 SPECIFICALLY STATES
“THE RULES SHALL ENSURE THAT THE TRANSMISSION SYSTEM
PROVIDES A FAIR, TRANSPARENT, NON DISCRIMINATORY, OPEN
ACCESS...TRANSMISSION AND DELIVERY OF ELECTRICITY")...

. THE QUESTION THEN IS HOW SHOULD NON DISCRIMINATORY OPEN
ACCESS BE IMPLEMENTED?

[I. UNBIASED OPEN ACCESS TO THE SYSTEM MEANS THAT NO INDIVIDUAL,

GENERATOR OR SPECIFIC TYPE OF GENERATION TECHNOLOGY RECEIVES
PREFERENTIAL TREATMENT.

ll. WHY HAS IMPLEMENTATION OF NON-DISCRIMINATORY OPEN ACCESS

BEEN LINKED TO THE CREATION OF A REAL TIME SPOT MARKET FOR
ELECTRICITY?
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[1.

UNDERLYING STRUCTURE

THERE ARE THREE “CORNERSTONES” TO THE PROCESS OF CHANGE THAT
IS GOING ON IN THE ELECTRICITY INDUSTRY IN GHANA:

A. THE NATURE OF ELECTRICITY ITSELF.

1. ELECTRICAL ENERGY CANNOT BE STORED.
- WITHIN A TIGHT BAND SUPPLY AND DEMAND MUST BE EQUAL AT ALL TIMES.

2. NETWORK PRODUCTION.
— NETWORK EXTERNALITIES EXIST.

B. THE REGULATORY AND LEGISLATIVE INSTITUTIONAL INFRASTRUCTURE.
1. ELECTRICITY AS A MONOPOLY GOOD.

2. DEFINED AS AN “ESSENTIAL” SERVICE.
C. THE NATURE AND FUTURE OF OWNERSHIP IN THE INDUSTRY.
1. OWNERSHIP AFFECTS BUSINESS OBJECTIVES AND HENCE INVESTMENT.

EARLY DAYS IN THE PROCESS...
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I

1.

1.

ESTABLISHING A STARTING POINT BY DISPELLING SOME
POPULAR MYTHS

MYTH # 1. TRANSMISSION CAPACITY CAN BE DETERMINED BEFOREHAND.

A. IN THE US, THE FIRST ATTEMPT AT ESTABLISHING NON-DISCRIMINATORY OPEN
ACCESS WAS BASED ON THE (INCORRECT) ASSUMPTION THAT TRANSMISSION
CAPACITY COULD BE (1) PREDETERMINED AND (2) ALLOCATED EFFICIENTLY
ENOUGH THAT THERE WAS NO NEED FOR CENTRALIZED COORDINATION OF THE
TRANSMISSION SYSTEM.

1. LEADS TO CONCEPTS SUCH AS TOTAL TRANSFER CAPABILITY (TTC), AVAILABLE
TRANSFER CAPABILITY AND THE OPEN ACCESS SAME TIME INFORMATION SYSTEM
(OASIS).

2. POLICY MAKERS TRIED TO IMPOSE THE STRUCTURE OF THE NATURAL GAS MARKET ON
THE ELECTRICITY MARKET.

MYTH #2. ENERGY AND RELIABILITY CAN BE SEPARATED.

A. KEEP THE MARKET OPERATOR OUT OF THE “THE MARKET  ...SEPARATE THE
PHYSICS FROM THE ECONOMICS.

MYTH #3: FORWARD MARKETS CAN “SOLVE” REAL TIME TRANSMISSION

CONSTRAINTS.

A. PRE-DETERMINED AND ALLOCATED TRANSMISSION CAPACITY (I.LE. PHYSICAL
TRANSMISSION RIGHTS) CAN BE EXCHANGED TO ENSURE RELIABILITY.
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1.

1.

START WITH THE LAWS OF PHYSICS

IT MAY SEEM OBVIOUS, BUT IT IS USEFUL TO REMEMBER THAT
ELECTRICITY FLOWS ARE ALWAYS AND EVERYWHERE SUBSERVIENT TO

THE LAWS OF PHYSICS.

A. NOT REGULATIONS, LEGISLATION, CONTRACTS, PRICES, ETC.

B. IN PARTICULAR, ELECTRICITY IS GOVERNED BY KIRCHOFF’S AND OHM’S LAWS.
THE PRIMARY QUESTION OF ELECTRICITY MARKET DESIGN IS HOW TO
ALIGN THE THE "“MARKET” WITH THE PHYSICS.

A. BY ALIGN WE MEAN MAKE CONSISTENT, |.E. THE MARKET DESIGN, OPERATION
AND OUTCOMES SHOULD BE CONSISTENT WITH THE PHYSICS OF ELECTRICITY.

B. OBVIOUSLY THE LAWS OF PHYSICS HOLD PRECEDENCE AND THE MARKET MUST
BE BASED ON THE PHYSICAL REALITY.

C. WHENEVER THIS OVERARCHING OBJECTIVE HAS BEEN IGNORED THE MARKET
HAS FAILED.

CANNOT BE STRESSED TOO MUCH....THE MARKET MUST BE BUILT FROM

THE FUNDAMENTAL ELEMENTS OF ELECTRICITY.

A. NOT FROM GOVERNMENT POLICY, ECONOMICS, LEGAL INSTITUTIONS, ETC.
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1.

MYTH #1 — DETERMINING TRANSMISSION CAPACITY

START WITH A SIMPLE NETWORK
MODEL.:

A. 3 INTERCONNECTED NODES.

B. 1 TRANSMISSION LINE WITH A
THERMAL CONSTRAINT OF 200 MW
(LINE AC).

C. 2 GENERATORS (G1 AND G2) AT
NODES A AND B RESPECTIVELY.

D. 1 LOAD AT NODE C.

E. LINES ARE EQUAL LENGTH AND
LOSSLESS.

THIS 3-NODE MODEL WILL USED

THROUGHOUT THE TRAINING.

A. GIVEN THE ASSUMPTION OF EQUAL
LENGTH, 2/3 OR EVERY MW

GENERATED BY G 1(G2) WILL FLOW

ALONG AC (BC) AND 1/3 WILL
FLOW ALONG AB (BA) AND BC
(AC).

NODE A — GENERATOR (G 1)

200 MW
LINE LIMIT

NODE C — LOAD

NODE B — GENERATOR (G2)
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1.

SUPPOSE LOAD Is 300 MW — UstE G 1

IF, LOAD AT NODE C Is 300 MW:

A.

B.

IT IS POSSIBLE FOR G1 TO MEET
ALL THE LOAD.

BUTIF G1 DOES PRODUCE 300
MW THEN G2 CANNOT PRODUCE
ANYTHING.

IF, G1 PRODUCES 300 MW THEN
THE TOTAL CAPACITY OF THE
TRANSMISSION SYSTEM IS 300
MW.

A.

NEITHER G1 OR G2 CAN PRODUCE
MORE OUTPUT WITHOUT
INCREASING THE FLOW ON AC
WHICH WILL VIOLATE THE LINE
LIMIT.

DOES THIS MEAN THE CAPACITY IS
300 MW? NO!

NODE A — GENERATOR (G 1)
(300 MW DISPATCHED)

300 MW GENERATED BY
200 MW G 1 REACHES NODE C:
LINE LIMIT 200 MW vIA AC AND
100 MW via A>B=>C.

100 MW

NODE C — LOAD
(300 MW)

NODE B — GENERATOR (G2)
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1.

[I.

SUPPOSE LOAD Is 300 MW — UsE G2

IF, LOoAD AT NODE C 1s 300 MW:

A. ITIS ALSO POSSIBLE FOR G2 TO

NODE A — GENERATOR (G 1
MEET ALL THE LOAD. D NERATOR (G1)

B. IF G2 PRODUCES 300 MW THEN G'1
CAN STILL PRODUCE, I.E. THE LINE
LIMIT ON AC HAS NOT BEEN

300 MW GENERATED BY
200 MW G2 REACHES NODE C:
LINE LIMIT 200 MW via BC AND
100 MW via B2>A=>C.

REACHED.

IF, G2 PRODUCES 300MW THEN
THE TOTAL CAPACITY OF THE

TRANSMISSION SYSTEM IS MORE
THAN 300 MW.

THIS EXAMPLE HIGHLIGHTS THE
CENTRAL ISSUE OF NON- NODE B — GENERATOR (G2)
DISCRIMINATORY OPEN ACCESS... (800 MW DISPATCHED)
WHO MAKES THE DECISIONS ABOUT

WHICH GENERATION RUNS... AND ON

WHAT BASIS?

100 MW

NODE C — LOAD
(300 MW)
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1.

NOW SUPPOSE LOAD Is 600 MW

IF, LOAD AT NODE C 1s 600 MW:

A. ITIS NOT POSSIBLE FOR G1 TO
PRODUCE 600 MWSsS. IF THEY DID

NODE A — GENERATOR (G 1)
400 MW wWOULD FLOW ALONG AC.

600 MW GENERATED BY
200 MW G2 REACHES NODE C:
LINE LIMIT 400 MW VIA BC AND
200 MW VIA B>AC.

B. THE ONLY POSSIBLE SOLUTION IS
FOR G2 TO PRODUCE ALL 600

MWs.

C. THE MAXIMUM CAPACITY OF THIS
TRANSMISSION SYSTEM IS OO0
MW.

HOwW MUCH PHYSICAL CAPACITY
SHOULD BE DEFINED?

A. 300 MW, 600 MW...OR NODE B — GENERATOR (G2)
SOMEWHERE IN BETWEEN? (600 MW DISPATCHED)

200 MW

NODE C — LOAD
(600 MW)
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VWHAT IS THE REAL PROBLEM?

IN ORDER TO HAVE TRUE NON-DISCRIMINATORY OPEN ACCESS EVERY
GENERATOR MUST HAVE AN EQUAL OPPORTUNITY TO SELL THEIR POWER...
AND THE SYSTEM MUST BE OPERATED RELIABLY!

[. USING THE RESULTS FROM THE PREVIOUS EXAMPLES, SUPPOSE WE ISSUE
300 MWS OF PHYSICAL TRANSMISSION CAPACITY RIGHTS. IN ORDER FOR A

GENERATOR TO RUN, THEY MUST USE TRANSMISSION RIGHTS TO SCHEDULE
FROM THEIR GENERATION FACILITY (SOURCE) TO THE LOAD (SINK).
A. NOW ASSUME THAT FOR WHATEVER REASON, G 1 ENDS UP WITH ALL THE RIGHTS.

B. ON ANY GIVEN DAY, G1 USES THEIR PHYSICAL TRANSMISSION RIGHTS TO
SCHEDULE POWER FROM THEIR PLANT AT NODE A TO LOAD AT NODE C.

C. AsSLONG AS THE LOAD IS £ 300 MW EVERYTHING IS FINE. BUT WHAT HAPPENS IF
LOAD IS MORE THAN 300 MW?

1. WITH ONLY 300 MW OF PHYSICAL TRANSMISSION RIGHTS AVAILABLE, NO ADDITIONAL
GENERATION CAN BE SCHEDULED...NOBODY WOULD HAVE THE “RIGHT” TO SCHEDULE.

2. |F THE DISPATCHER FORCED SOMEBODY TO GENERATE... THEY WOULD SIMULTANEOUSLY
VIOLATE G 1’S RIGHTS. AS WAS SHOWN, IF G1 PRODUCES 300 MW, THERE IS NO WAY
FOR G2 TO PRODUCE ANYTHING. THE ONLY THING THE DISPATCHER CAN DO IN THIS
SITUATION IS TO MANDATE THAT G 1 REDUCE THEIR OUTPUT AND ALLOW G2 TO
PRODUCE, AND THIS WOULD VIOLATE G 1°S TRANSMISSION RIGHTS.
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MYTH # 1. ABILITY TO PRE-DEFINE THE CAPACITY OF THE
TRANSMISSION SYSTEM Is “DIFFICULT”

I WHY IS THE UNDERSTANDING OF THIS ISSUE IMPORTANT?

A. MANY MARKET DESIGN PROCESSES ASSUME THAT THE “MARKET~ CAN BE
LARGELY SEPARATED FROM THE DETAILS OF ELECTRICITY..."KEEP IT
SIMPLE”..."WE DON’T NEED ALL THAT COMPLEXITY.”

B. THIS ASSUMPTION REQUIRES THAT THE AMOUNT OF TRANSMISSION CAPACITY
BE DETERMINED IN ADVANCE AND THEN “PHYSICAL RIGHTS” CAN BE
ESTABLISHED FOR THE CAPACITY.

C. THESE “RIGHTS” ARE THEN SOLD OR ALLOCATED TO MARKET PARTICIPANTS.
D. IN ORDER TO PRODUCE/CONSUME PHYSICAL POWER, YOU MUST HAVE THE
“RIGHT” TO TRANSPORT IT FROM THE SOURCE TO THE SINK.
[I. THE PREVIOUS EXAMPLES ILLUSTRATE THE DIFFICULTY IN PRE-DEFINING
PHYSICAL PROPERTY RIGHTS ON AN INTERCONNECTED GRID.

A. NEITHER GENERATOR CAN HAVE PHYSICAL CAPACITY RIGHTS OVER LINE AC
WITHOUT KNOWLEDGE OF WHAT THE OTHER IS DOING — AS WELL AS THE
LEVEL OF LOAD — WHO MAKES THE DECISIONS?

B. NOTE: IN THE USA, FERC ORDER 888 TRIED TO IGNORE THESE ISSUES AND
IMPLEMENT THE BASIC STRUCTURE OF THE NATURAL GAS MARKET IN
ELECTRICITY...IN THE END, IT WAS A COSTLY AND FAILED EXPERIMENT.
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1.

1.

MYTH #2 — ELECTRICITY CAN BE DISAGGREGATED

IT IS COMMON FOR MARKET DESIGN
PROCESSES TO FALSELY SEPARATE
ELECTRICITY FROM CONSTRAINT
MANAGEMENT AND/OR RELIABILITY:

A. DISAGGREGATE ELECTRICITY INTO THAT

USED FOR, SAY, LIGHTING AND THAT
USED TO KEEP FREQUENCY AT 50HzZ.

LET'S USE A TYPICAL TRANSMISSION
CONSTRAINT TO SHOW WHY THIS IS
NOT POSSIBLE.

A. CONGESTION IS ONE TYPE OF A
TRANSMISSION CONSTRAINT. IT
OCCURS WHEN THE LIMIT OF A
TRANSMISSION LINE HAS BEEN
REACHED.

REDISPATCH EXAMPLE.

A. IFLOAD AT CIs 270 MW AND THE
OFFER PRICES ARE $20 AND $30 FOR
G1 AND G2 RESPECTIVELY, THEN THE
ENTIRE LOAD SHOULD BE SERVED BY
Gl.

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

200 MW

LINE LIMIT AT THESE OFFER PRICES,
270 MW WILL BE
GENERATED By G 1.

90 MW

NODE C — LOAD
(270 MW)

NODE B — GENERATOR (G2)
(OFFER PRICE OF $30)
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MYTH #2 — SEPARATING “ELECTRICITY” FROM RELIABILITY

1.

1.

SUPPOSE THAT LOAD IS 360 MW
RATHER THAN 270 MW, THEN.;
A. EFFICIENT (I.E. LEAST COST) DISPATCH

REQUIRES THAT G 1 PRODUCE 240 MW
AND G2 PRODUCE 120 MW.

MAY SEEM COUNTERINTUITIVE...WHY
NOT PRODUCE 300 MW FROM G 1
(THE LOWEST COST GENERATOR) AND
60 MW FROM G2 (THE HIGH COST
GENERATOR)?
A. BECAUSE ONCE G1 PRODUCES 300
MW, LINE AC IS CONSTRAINED.
EFFICIENT (I.E. LEAST COST) DISPATCH
REQUIRES G1 TO PRODUCE 240 MW
AND G2 TO PRODUCE 120 MW.

A. WHAT PHYSICALLY HAPPENS IS SHOWN
ON THE NEXT SLIDE.

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

200 MW

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

40 MW

NODE C — LOAD
(360 MW)

NODE B — GENERATOR (G2)
(OFFER PRICE OF $30)
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MYTH #2 — SEPARATING “ELECTRICITY” FROM RELIABILITY

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

200 MW
AT THESE OFFER PRICES,
LINE LimMIT 240 MW WILL BE
GENERATED BY G 1 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)

{

- G2 PRODUCES./
INJECTS 120 MW
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MYTH #2. ABILITY TO SEPARATE ELECTRICITY FROM
CONSTRAINT MANAGEMENT AND RELIABILITY IS IMPOSSIBLE

I WHY IS THIS IMPORTANT?

A. IN AN ATTEMPT TO CREATE A “SIMPLE MARKET”, IT IS OFTEN ARGUED THAT ELECTRICITY,
AS A COMMODITY, CAN AND SHOULD BE SEPARATED FROM OTHER COMPONENTS (E.G.,

REGULATION, VOLTAGE SUPPORT, ETC.). THE “MARKET” CAN THEN PRICE AND ALLOCATE
THE COMMODITY AND THE DISPATCHER CAN PROVIDE THE OTHER COMPONENTS WHICH
ARE ASSUMED TO BE INSIGNIFICANT AND SEPARABLE FROM ELECTRICITY.

B. BUT THE DISTINCTION BETWEEN ELECTRICITY AND RELIABILITY IS A FALSE DICHOTOMY.
Il. THE PREVIOUS EXAMPLE WITH CONGESTION SHOWS THAT DISPATCH MUST TAKE

INTO CONSIDERATION BOTH THE AMOUNT OF ELECTRICITY DEMANDED AS WELL AS
THE RELIABLE OPERATION OF THE GRID.

[II. IN REAL TIME ALL ELECTRICAL ENERGY IS INDISTINGUISHABLE, I.E. THERE IS NO
DIFFERENCE BETWEEN ENERGY USED TO SOLVE A CONGESTION CONSTRAINT (OR
ANY OTHER TRANSMISSION CONSTRAINT) FROM THAT USED TO MEET LOAD.
A. TO THE EXTENT THAT THERE IS DIFFERENTIATION IT STEMS FROM ACCOUNTING AND NOT

FROM ACTUAL PHYSICAL OPERATION.

V. ALL ENERGY IN A NETWORK IS A SINGLE INTEGRATED PHYSICAL POOL AND IT MUST
BE MANAGED ACCORDINGLY.
A. THIS IS AN ABSOLUTELY FUNDAMENTAL CONCEPT WITH RESPECT TO MARKET DESIGN.
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MYTH #3: FORWARD MARKETS CAN “SOLVE” REAL TIME
TRANSMISSION CONSTRAINTS

ASSUMING THAT IT IS POSSIBLE TO DETERMINE TRANSMISSION CAPACITY
IN ADVANCE OF WHEN THE POWER FLOWS (I.E. MYTH # 1) AND THAT
ELECTRICITY CAN BE DISAGGREGATED FROM THE MANAGEMENT OF
CONSTRAINTS AND RELIABILITY (I.LE. MYTH #2) IT FOLLOWS THAT ONCE
CAPACITY HAS BEEN DETERMINED/ALLOCATED AND THAT ELECTRICITY
HAS BEEN DISAGGREGATED THEN THE” MARKET” CAN ALLOCATE

TRANSMISSION CAPACITY IN REAL TIME.

A. NOT ONLY ARE BOTH OF THE NECESSARY ASSUMPTIONS FALSE (.LE. MYTH’'S #
1 & # 2) BUTIT IS ALSO INCORRECT TO ASSUME THE “MARKET” CAN OPERATE
(.LE. REACH EQUILIBRIUM) IN THE TIME FRAMES NECESSARY FOR REAL TIME
BALANCING.

B. REAL TIME POWER FLOWS NEED TO BALANCED AT VIRTUALLY EVERY INSTANT IN
TIME AND THERE IS NO WAY THE “MARKET” CAN REACH EQUILIBRIUM, I.E.
SUPPLY = DEMAND, INSTANTANEOUSLY.
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IMPLICATIONS

[ EVERY MARKET THAT HAS FAILED TO UNDERSTAND WHY THESE THREE
IDEAS/BELIEFS ARE MYTHS HAS FAILED.
A. WHY? BECAUSE EACH OF THE THREE IDEAS ATTEMPTS TO SEPARATE

ECONOMICS (I.E. THE MARKET) FROM THE PHYSICAL LAWS THAT GOVERN
ELECTRICITY.

B. THIS SEPARATION CANNOT BE MAINTAINED AND IT REQUIRES SOME “OUT OF
MARKET” SOLUTION(S), I.LE. THE MARKET, BECAUSE THE DESIGN IS BASED ON
FALLACIES, CANNOT ALLOCATE TRANSMISSION(AND GENERATION EITHER COST
EFFECTIVELY, RELIABLY OR (MOST OFTEN) BOTH.

C. THIS LEADS TO ANY COMBINATION OF THE FOLLOWING:

1.
2.
3.

4.
S.
o.

ARTIFICIALLY LOW AND./OR HIGH PRICES,
ARTIFICIALLY LOW AND/OR HIGH PRICE VOLATILITY,

ARTIFICIALLY HIGH “UPLIFT” COSTS, I.E. COSTS THAT ARE NOT RECOVERED THROUGH
THE MARKET BUT RATHER THROUGH AN “UPLIFT” CHARGE ON MARKET PARTICIPANTS,

UNPREDICTABLE OPERATIONS,
UNRELIABLE OPERATIONS,
COSTLY REDESIGN.

[I. THE ONLY KNOWN SUCCESSFUL ELECTRICITY MARKET DESIGN IS BASED
ON LOCATIONAL MARGINAL PRICING.

A. THE ONLY DESIGN THAT FULLY INTEGRATES THE ECONOMICS AND THE PHYSICS.

>
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SUMMARY — THE IMPORTANCE OF COORDINATION (DISPATCH)

FOR A NUMBER OF REASONS ELECTRICITY IS TRULY A UNIQUE COMMODITY:

- LIMITED STORAGE MEANS THAT CURRENT PHYSICAL SUPPLY AND DEMAND MUST, WITHIN A
NARROW BAND, BE EQUAL TO EACH OTHER.

- PRODUCTION AND CONSUMPTION ARE INTERDEPENDENT.

THE COMMODITY, I.LE. ELECTRICITY, AT ANY POINT ON THE GRID CANNOT BE SEPARATED
OR DEFINED INDEPENDENTLY OF THE PATH IT TOOK TO GET TO THAT POINT.

- NOT LIKE NATURAL GAS...OR OIL...OR ORANGES...OR VIRTUALLY ANY OTHER COMMODITY
WHERE YOU CAN SEPARATE THE COMMODITY ITSELF FROM THE TRANSPORTATION.

- THIS IS THE SINGLE MOST IMPORTANT CHARACTERISTIC OF ELECTRICITY FROM THE
PERSPECTIVE OF NON-DISCRIMINATORY OPEN ACCESS.
WHAT THIS MEANS, IS THAT THE EFFECT OF THE ACTIONS TAKEN BY THE DISPATCHER IN
KEEPING SUPPLY AND DEMAND IN EQUILIBRIUM MUST BE INCLUDED IN THE PRICE OF
THE COMMODITY, I.E. THE PRICE OF ELECTRICITY MUST INCLUDE THE EFFECTS OF THE
DISPATCHER.
- PUT DIFFERENTLY, THE PRICE MECHANISM SHOULD INCENTIVIZE MARKET PARTICIPANTS TO DO
WHAT THE DISPATCHER NEEDS IN ORDER TO KEEP THE LIGHTS ON, I.E., ALIGN THE PHYSICS AND
THE ECONOMICS.
HENCE THE IMPORTANCE OF THE DISPATCH FUNCTION OR EQUIVALENTLY, THE METHOD
OF MANAGING TRANSMISSION CONSTRAINTS.
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