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Ongoing and future work
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Ancillary Services (AS)

“Services necessary to support the transmission of
Energy from generators to loads, while maintaining
reliable operation of the power system in accoraance
with good utility practice and reliability rules.”

[NYISO]
AS includes
Reactive Supply and Voltage Support Service

Black Start Capability
Frequency Response Service
Operating Reserve Service ( traded in the wholesale

market)
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Operating Reserve Markets ( e.g., CA, NY, NE
Electricity Market )

Regulation (AGC, load following)

10-min spinning reserves

10-min non-spinning reserves

30-min non-spinning reserves

Fixed Reserve (FR) Requirements
A given percentage of forecasted peak load

To be able to make up the loss of the largest unit
Combinations of both
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a NYISO locational reserve requirement
http://www.nyiso.com/oasis/misc_pdf/nyiso _locational reserve reqmts.pdf

Table 2
Revised NYISO Reserve Requirements
New York CA Eastern New York | Long Island
A =most severe NYCA
Western=NY CA- opetating capability loss
Eastern-Long Island (12000 W)
10 Minute Spinning | Y% A = 600MW 14 A =300M W 1/20 A = 60MW
Eeserve
(1] (1V) (V1)
10 Mlinute Total A= 1200MW 120001 W 1/10 A = [200W
Easerve
(11} (¥ (%I
30 Minute Reserve 1¥e A = 1800 W 1 2001 W 270-540M W
(111} (%1 [
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a PJM spinning reserve requirement (plan to enforce
Dec. 2002 )
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Reserve Requirement

 PJM Spinning Requirement is determined
in whole MW for each hour of the
operating day

* Defined as synchronized reserve that can
be loaded in 10 minutes

- MAAC Spinning Requirement
@v largest system contingency
Provided that double of the remaining 25% is

available as non-synchronized 10 minute reserve
* Additional reserves may be committed based
on system conditions
* Transfer limits
+ Conservative Operation

|@ Dione |_|_|O Internet
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Cons

Over-estimation of actually needed reserves

Actual reserves may not be locationally
assigned as desired.

Consequences
Resources wasting: redundant reserves

Increased operating costs: some contingencies
may not be covered but should have to,
resulting in expensive solutions ( expensive
imports needed)

Potential market power problems: reserves in
the load pocket
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No fixed forecasted reserve requirement

Reserves required will cover a list of
credible contingencies ( unit failure,
line-out, sudden load growth, etc. )

The amount of reserves assigned varies
with different system demands and
energy-reserve offers — Responsive
Reserves



*

PSERC

Objective

minimize the total expected cost (operating
energy cost plus the spinning reserve cost) over
the predefined base case and credible
contingencies

S= kzli:opki[CPi(Gki) + Cri (Rki)] Eopk =1
Subject to network and system constraints
Generation capacity limits
Voltage limits
Line flow limits
Ramping limits



$/MWh G =
53 Energy Offers
$
S Resferve Offers
! S
$, |
$,

MW, G MW, G+R MW, MW

We can clear a market with offers for both energy and
reserves. We can compute locational prices for both
energy and reserves 10
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The co-optimization is K OPF’s coupled by the reserve
costs and the dependence of reserves on generation.

The solution is generally different than K separate OPF’s
which do not consider the cost of reserves.
The important features of the solution are the

“Generator response intervals”
G <G, <G

1min 1 max

Not physical generator limits but the result of the co-
optimization. K separate OPF’s give large generator
response intervals. Co-optimization reduces the size of

the generator response intervals
11
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Cost-minimizing optimization for one of the specified
K systems (base case or a contingency)

£y, = %[CPi(Gki) +Cri(Ry)]

1=1

Old system constraints from the Co-optimization

apply Generation capacity limits, Voltage limits, Line flow limits, Ramping limits

New (non-physical) generator constraints are added
G, . <G, <G,

1min 1 max

Reserves are defined as

_ (ymax
Rik o Gi Gik 13
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If G, is the solution of the Co-optimization, it
is also the solution of the kth AOPF

Proof: like proof of principle of optimality

Consequence:

if @ new contingency can be met with the reserves
from the co-optimization then the single AOPF
gives the optimal solution.

Deals with forecast errors and unanticipated
contingency. Prices from AOPF not Co-optimization

Only need to repeat the co-optimization when a
new contingency can not be covered

14



Test system
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Operating Cost ($/h)
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Comparison of operating costs between Fixed and
Responsive Reserve markets

Reduced operating costs for the RR market
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Comparison of the amount of reserve requirement
between FR and RR markets

Require less reserves in the RR market
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Reasons that the RR market outperforms the FR
market

Aim at minimum reserve requirement to cover specified cases
Optimal way of locationally assigning reserves

B0 . . : : : ,
3 Fixed Reserve market = giﬁe‘igf
=40F |
=
=
5 207 |
2

0

1T 2 3 4 5 6 7 8 9 10 11 12
Zenerators

g0 . . . . : , : , ,
= CO-0OFT market Bl recerve
%40- B =nergy
i
=
5 20¢ |
2

]

172 2 4 5 6 7 & 9 10 11 12
Generators 18



s

PSERC

RR market experiments

Whether or not the RR market is more
efficient in revealing true generator costs

Whether or not the RR market is more
difficult to exploit when market power is a
potential problem.

19



Opportunity Costs: Attempt to lower energy offers.
Depends on energy offers and an energy price.
( possibly from the day ahead market)

PSERC
$/MWh
C*

$5
$,

$1 >

R
MW, G MW, MW, MW

20



V V.V V V V

A\

PSERC

The last results are preliminary.

THIS IS A COMPLICATED MARKET.

Some market solutions are NOT easy to interpret.

Do participants need “tools” to improve their offer strategies?

WE ARE NOW READY FOR SERIOUS TESTING.

Using variable reserves (Co-optimization) is a promising way to
reduce the market power that is inherent with fixed zonal reserves.

Paying reserves the opportunity cost of forgone profits for energy is
a promising way to mitigate speculative behavior compared to
paying separate prices for energy and reserves. (Greedy suppliers
who try to get high energy prices also provide low cost reserves.)

21
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Average Payment / Period /| MWh Generated

TEST I: Fixed MW Reserve Requirements
(New York Rules)
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TEST I: Fixed MW Reserve Requirements
(New York Rules)

Average Payment / Firm / Period PSERC

TEST OF JOINT MARKET FOR ENERGY AND RESERVES
AVERAGE EARNINGS PER FIRM PER PERIOD
TEST | FIXED RESERVE REQUIREMENTS, TWO MARKETS

$3,000

$2,500 -

$2,000 -

O ZONEA
$1,500 B ZONEB(IN)

Earnings: Experimental $

$1,000 -

$500

$0

AVG 1 2 3 4 5 6 7
GROUP
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