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On January 13, 2012, the California Independent System Operator Corporation
filed its proposal on the Phase 1 issues in this proceeding, in accordance with the Order
Instituting Rulemaking (October 20, 2011) issued by the California Public Utilities
Commission (“CPUC” or “Commission”) and the Phase 1 Scoping Memo and Ruling of
Assigned Commissioner and Administrative Law Judge (December 27, 2011). The ISO
proposed that the Commission modify the resource adequacy program by adding a
flexible capacity procurement requirement for the 2013 resource adequacy compliance
year.
The ISO presented its proposal at the Energy Division workshop held on January
26-27, 2012. During the workshop, the ISO volunteered to follow-up on the discussion
by answering the questions asked by the Energy Division and the parties, clarifying and
explaining its proposal, and providing the additional information and data that had been
requested. The attached Supplemental Information to Proposal contains the follow-up
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information to the workshop the ISO agreed to provide about its proposed flexible
capacity procurement requirement.
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1.0 Executive
e Summary
California’s electric systtem is underggoing one of iits most significant transfo
ormations
evver. In an efffort to drive California
C
tow
ward a cleanerr, greener and more diverse energy
su
upply portfoliio, policy makkers have enaacted some off the strictestt and time‐agggressive
environmental regulations in the countrry. California is simultaneo
ously implementing a
enewables po
ortfolio standard, which re
equires that 333 percent of retail energy sales be mett
re
byy eligible rene
ewable energgy by 2020, while
w
simultanneously elimin
nating the usee of once‐
th
hrough coolin
ng technologyy at coastal po
ower plants, ccausing the p
potential retirrement of
12
2,079 megaw
watts of generration, or 21 percent
p
of Caalifornia’s insttalled generation capacity,
1
ovver the next eight
e
years. The
ISSO anticipatess that retirem
ment
off once‐througgh cooled
re
esources will create a capaacity
gaap of more th
han 3,500
megawatts
m
needed to serve
e load
in
n the ISO’s balancing autho
ority
arrea as early as the end of 2017,
2
an
nd the ISO prrojects this
caapacity gap to
o grow to 4,600
megawatts
m
by 2020. The ISSO’s
an
nalyses identifying this cap
pacity gap takke into accou nt new capaccity additionss, most of
which
w
will be variable
v
energgy resources. The 4,600 m
megawatt defficiency by 20
020 also
asssumes that the
t 535 megaawatt Sutter Energy
E
Cente r, which is cu
urrently at riskk of
re
etirement, is part of the su
upply fleet.
California is also pursuing the develo
opment of 122,000 megawaatts of distrib
buted
ge
eneration ressources, which are relative
ely small‐scalee and largely inflexible ressources
co
onnected to utility
u
distribu
ution systemss and located close to load
d. Distributed
d generation is
an
nother component of Califfornia’s strate
egy for diverssifying and increasing the sshare of
re
enewable resource electriccity productio
on in the stat e. Even thou
ugh increased
d levels of
distributed gen
neration mayy decrease sysstem peaks, itt may also inccrease load vvariability on
he grid, poten
ntially adding to the overall energy vari ability of the grid.
th
As the sysstem operato
or for a majorrity of the statte, the ISO is responsible ffor
maintaining
m
grrid reliability and
a doing so in a cost‐effeective manner, particularlyy in light of th
he
significant tran
nsformation that
t
the electricity grid is uundergoing. N
Nothing, how
wever, could
e state’s envirronmental po
olicy goals moore quickly th
han reliability issues or
undermine the
mpacts. Planning for the aavailability off flexible resources, which
significant consumer cost im
oid reliability
arre those resources that can respond to ISO dispatchh instructions,, can help avo
an
nd cost impaccts in the neaar future.
1

Installed net dependable
d
capaacity in the ISO balancing
b
authoority area in Januuary 2012 was 588,458 MW.
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Given the impending challenges of this transformation, the ISO has identified several
concerns that underlay the need for securing sufficient flexible capacity to respond to the
changing grid conditions and to propose a flexible capacity requirement beginning in 2013.
These concerns are:
1. The once‐through‐cooling policy will reduce the number of flexible resources.
California’s State Water Resources Control Board has promulgated a rule that
eliminates most once‐through‐cooled resources by the end of 2020. As a result,
12,079 megawatts of flexible generation resources are impacted and could retire as
early as the end of 2017.
2. Intermittent resource additions will quickly displace flexible capacity in meeting
resource adequacy obligations.
Without timely modification to the Commission’s resource adequacy program,
inflexible and variable resources will displace resource adequacy capacity sourced
from traditional flexible resources that have historically satisfied the CPUC’s resource
adequacy capacity requirements. Unlike most conventional resources, many
renewable resources operate on intermittent fuel supplies, such as sunshine and
wind, and are incapable of responding to ISO dispatch instructions and needs.
3. Flexible resources will retire prematurely due to revenue insufficiency unless
enhancements are made to the resource adequacy program.
ISO studies show that intermittent resources increase supply variability and decrease
supply predictability, which require greater readiness and response from flexible
generation. These studies also demonstrate that increases in the penetration of
renewable resources will result in decreasing energy market revenues for traditional,
flexible generation as more energy is provided by renewable generation. Moreover,
the traditional, flexible generation resources will be cycled more frequently, causing
greater wear and tear and increasing operating costs.
Any parameters for flexibility must support ISO operational needs and align with the
existing market structure and resource adequacy construct. Consistent with these
objectives, the ISO has determined that appropriate, durable parameters for assessing
flexibility are these three operational attributes:


Maximum continuous ramping ‐‐
Maximum continuous ramping is the megawatt amount by which the net load (load
minus wind and solar) is expected to change in either an upward or a downward
direction continuously in a given month.



Load following ‐‐
Load following is the ramping capability of a resource to match the maximum
megawatts by which the net load is expected to change in either an upward or a
downward direction in a given hour for the relevant resource adequacy compliance
month.
4
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Regulaation ‐‐
Regula
ation is the ca
apability of a generating uunit to automaatically respo
ond during thee
intra‐d
dispatch interrval to the ISO
O’s four‐seconnd automatic generation ccontrol signal
to adju
ust its outputt to maintain system
s
frequ ency and tie lline load with
h neighboring
g
balanccing area auth
horities.

These thre
ee categories represent the operationa l flexibility attributes need
ded by the ISO
O
an
nd can be app
plied on a ressource‐by‐ressource basis t o assess the aamount of fleexible capacitty
eaach resource can provide. To determin
ne the total am
mount of cap
pacity needed
d of each of
th
hese three categories for 2013,
2
the ISO based the reequirements o
on an historiccal analysis off
th
he 2011 changes in net loaad for duratio
ons relevant t o the three categories of fflexible
caapacity. A comparative an
nalysis of the net load channges for the yyears 2006 an
nd 2010, and a
co
omparison off the three fle
exible capacityy categories aacross the years 2006, 201
10 and 2011
caan be found in Appendix A.
A
b
lists the proposed 2013
2
resourcee adequacy reequirements for each of
The table below
th
he three flexible capacity categories
c
by month for thhe ISO balanccing authorityy area. The
maximum
m
continuous ramp
ping capacity is based on t he duration o
of the continu
uous upward
raamp for each month. For the
t regulation requiremennt, the valuess are shown o
only for
in
nformational purposes. Although the taable shows thhe approximaate regulation
n requirement
based on analyysis of the 1‐m
minute changge in net load within any 5‐minute interrval, the ISO
re
ecommends that
t
a regulattion requirem
ment not be seet in 2013, bu
ut be evaluateed for use in
20
014 and beyo
ond based on additional in
nformation prrovided by thee implementaation of
re
egulation payy‐for‐performance metrics.
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The ISO proposes that flexible capacity requirements be established for each month of
the year. Establishing the requirements monthly will recognize that the amounts of flexible
capacity needed differ month to month. The inventory of traditional flexible capacity
resources that can provide maximum continuous ramping and load following capacity, as
demonstrated in this report, should provide sufficient procurement headroom in 2013 to
avoid any market power concerns with meeting these requirements.
The implementation of a flexible capacity procurement requirement for compliance
year 2013 requires CPUC action in this proceeding to modify the resource adequacy
program and FERC approval of the tariff amendments that result from the ISO stakeholder
process on flexible capacity procurement. It is critical that we take action this year to put
these requirements in place to ensure the resource adequacy fleet can continue to meet the
reliability needs of the system for 2013 and beyond. Doing so will also mitigate the need for
the ISO to engage in backstop procurement of flexible generation capacity should load‐
serving entities fail to procure sufficient flexible capacity on their own.
The ISO has put forth a reasonable, needs‐based proposal for 2013 to begin refining the
CPUC’s resource adequacy program to incorporate flexible capacity. The ISO looks forward
to working collaboratively with the CPUC, other local regulatory authorities and
stakeholders to preserve sufficient flexible resources that can satisfy the maximum
continuous ramping and load following capabilities for 2013 while preparing the way for the
33 percent renewables portfolio standard and the possible retirement of 12,079 megawatts
of flexible capacity once‐through‐cooled resources.

2.0 What is flexible capacity?
2.1

What is resource flexibility?

The first step in determining a resource’s flexible capacity is to assess its operational
flexibility, which is the resource’s ability to respond to ISO dispatch instructions. The degree
of flexibility each resource has is determined by:
 How fast the resource can ramp up or down;
 How long the resource can sustain an upward or downward ramp;
 How quickly the resource can change its ramp direction;
 How far the resource can reduce output and not encounter emission limitations;
 How quickly the resource can start; and
 How frequently the resource can be cycled on and off.
A resource’s degree of flexibility is largely qualitative; a resource’s flexibility at any
particular time can vary depending on the status of that resource (e.g., on‐line or off‐line) or
other operating parameters (e.g., current MW output or operating range).
Given the essential, yet qualitative nature of flexibility, the ISO must set parameters to
reasonably assess a resource’s flexibility. Any parameters for flexibility must support ISO
6
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operational ne
eeds and align
n with the exiisting market structure and resource ad
dequacy
co
onstruct. Con
nsistent with these objectiives, the ISO ddetermined tthat the appropriate
parameters for assessing fle
exibility are these three opperational atttributes:
 Maxim
mum continuo
ous ramping;
 Load following; and
d
 Regulaation.
These thre
ee categories represent the operationa l flexibility neeeded by the ISO and can
be applied on a resource‐byy‐resource baasis to assess the amount o
pacity each
of flexible cap
re
esource can provide.
p
2.2

What are the charaacteristics of each of the tthree categorries of flexible capacity:
mum continuo
ous ramping, load followi ng and regulation?
maxim
2.2.1

What is ma
aximum continuous rampinng?

r
is the
e megawatt aamount the n
net load (load minus wind
Maximum continuous ramping
and so
olar) is expeccted to change
e in either an
n upward or a downward d
direction conttinuously in a
given month. As illustrated below in Figure 1, the maxim
mum continuo
ous upward raamp is
determined by a moving
m
five‐m
minute window
w and taking tthe sum of th
he net load fo
or each minutte
within
n a five‐minutte interval. As
A long as the sum of a subbsequent fivee‐minute interrval is greaterr
than the
t sum of th
he previous fivve‐minute intterval, the ram
mp is increasing. The maxximum
contin
nuous rampin
ng capacity re
equirement will
w ensure thaat there is suffficient rampiing capacity tto
meet the ISO’s larggest continuo
ous net load ramp for a pa rticular montth. Maximum
m continuous
ramping capacity is expressed in megawatts.
Figure 1:
1 Calculatingg the Continu ous Ramp Vaalue
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For 2011, the maximum continuous upward‐load ramp occurred in August and reached
18,181 megawatts over approximately 11 hours. Based on this experience, resources that can
start and reach their net qualifying capacity (NQC) within 11 hours would meet the maximum
ramping requirement for August 2013. The maximum ramping capacity in August for a long
start unit that requires a start time greater than 11 hours would be its NQC minus Pmin (the
minimum normal capability of a generating unit), assuming that this value is less than the unit’s
ramp rate multiplied by 11 hours. A resource’s maximum continuous ramp capacity can be
calculated as follows:


Maximum Continuous Ramping
 For resources that have a startup time ≥ longest ramp duration:
 min((NQC‐Pmin),ramp duration*RRavg)
 For resources that have a startup time < longest ramp duration:
 min(Pmin+(longest ramp duration‐‐SUT)*RRavg, NQC)
Where:
SUT is the start‐up time; and
RRavg is the weighted average ramp‐rate. The weighted is based on
the MW size of a resources ramp‐rate segment.

For resources that can start in less time than the monthly continuous ramp duration,
Pmin can also count toward meeting the maximum continuous ramping requirement.2 While
the ISO encourages all dispatchable capacity to bid into the ISO’s real‐time market, a portion of
the maximum continuous ramp may be met by flexible resources that are ramping from one
self‐schedule to another. For 2013, the ISO would not prohibit resources contributing to the
maximum continuous ramp from self‐scheduling. For 2014 and beyond, the ISO will reevaluate
self‐scheduling rules.
2.2.2

What is load following?

Load following is the ramping capability of a resource to match the maximum
megawatts by which the net load is expected to change in either an upward or a downward
direction in a given hour for the relevant resource adequacy compliance month. The ISO is
proposing a 1‐hour timeframe for this category to ensure that enough unloaded capacity with a
defined ramping capability is available to be dispatched on a five‐minute basis through the ISO
real‐time dispatch market application.
To determine the load‐following capacity of a resource, the resource must have a
ramping capability greater than the ramping capability of resources meeting the continuous
ramp criteria.

2

See Table 3 for a list of the monthly duration periods.
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Load following capacity is calculated as follows:
For resources with a start‐up time ≥60 minutes:
 min((NQC‐Pmin),60min*RRavg)
For resources with a start‐up time < 60 minutes:
 min(Pmin+(60‐SUT)*RRavg, NQC)
Where:
SUT is the start‐up time; and
RRavg is the weighted average ramp‐rate. The weighted is based on the MW
size of a resources ramp‐rate segment.
2.2.3

What is regulation?

Regulation is the capability of a generating unit to automatically respond during an
intra‐dispatch interval to the ISO’s four‐second automatic generation control signal to adjust its
output to maintain system frequency and tie line load with neighboring balancing area
authorities.
Only resources that are certified to provide regulation by the ISO will be eligible to
satisfy the regulation flexible capacity requirement. To determine the regulation capacity
requirement of a resource, the ISO will look at the weighted average ramp rate of the unit over
the range for which it can provide regulation. The regulation flexible capacity requirement is
satisfied if the sum of the five‐minute capacity with a defined ramp rate from all resource
adequacy regulation resources exceeds the maximum five‐minute change of the net load for
each month. The regulation requirement is expressed as a megawatt per minute value.
For 2013, the ISO proposes not to set a minimum regulation requirement. The risk of
insufficient regulation capacity in 2013 is low and all regulation‐certified resource adequacy
resources are obligated to make their regulation service available to the ISO.
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The following table summarizes the characteristics of the three types of flexible capacity.
Table 1: ISO Proposed Flexible Capacity Requirement Categories
Maximum Continuous Ramp

Load Following

Regulation

Maximum Capacity (MW):
Maximum Continuous Upward
Net Load Ramp for the Month
Ramp Rate (MW/min):
Maximum Capacity/Ramp
Duration

Capacity (MW):
Maximum 1‐hour upward Change
in Net Load
Ramp Rate (MW/min):
Maximum Capacity Change in 1‐
hour/60

Capacity (MW):
Maximum 5‐minute Change in
Net Load
Ramp Rate (MW/min):
Maximum 5‐minute Change in
Net Load/5

Requirement is determined by
largest continuous ramping
period in the relevant month.

Requirement is the 1‐hour capacity
need and the 60‐minute ramping
capability need in the relevant
month.

Requirement is the need for 5‐
minute capacity expressed as a
MW/min ramp rate in the
relevant month.

Unit must respond to ISO
dispatch instructions.
Renewable generation and base
load units are not eligible to
provide this capacity.

Unit must respond to ISO dispatch
instructions.

Each resource’s contribution is
ramping capacity over the time
period:
 NQC – Pmin if the unit cannot
start within the maximum
continuous ramping period.
 NQC if the unit starts and
reaches NQC during the
maximum continuous
ramping period.

Each resource’s contribution is the Each resource’s contribution is:
minimum of:
 Ramp rate based on the MW
 NQC ‐ Pmin
weighted average ramp rate
of the resource for the
 Ramp Rate(/minute) * 60
operating ranges where it can
minutes
provide regulation.
 Ramp Rate based on the MW
 No regulation requirement
weighted average ramp‐rate of
set for 2013.
the resource for a resource with
different ramp‐rates for different
operating ranges (i.e., use the
megawatt size of the operating
zone to weight the ramp rate for
that zone).

2.3

Units must be regulation
certified.

Does flexibility include upward and downward ramping capability?

Yes, flexibility is characterized by ─ (i) a resource’s ability to move both up and down, to
produce or curtail energy, (ii) a demand resource’s ability to consume or curtail energy, and
(iii) a storage device’s ability to charge or discharge ─ based on an ISO dispatch instruction
or automatic generation control signal.
For 2013, the ISO will not separately require downward ramp capability, but will assume
that any resource that counts for flexible capacity can ramp up and down. In subsequent
years, both upward and downward ramping needs will be considered. For example,
10
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regulation up and down are separate ancillary services, so sufficient regulation would need
to be available in both directions as flexible capacity. This will be further discussed and
developed by the ISO for 2014 and beyond.
2.4

Is needed flexibility provided by resources participating in the market?

No. The ISO is concerned that, without a flexible capacity requirement, the resources
participating in the market may provide some level of flexibility, but it may not be sufficient
to meet the ISO’s reliability needs. As an extreme example, if all resource adequacy capacity
were either base load, intermittent, or fully self‐scheduled, the current resource adequacy
requirement would be met, but there would be no flexible capacity available to operate the
grid under normal conditions. While the ISO expects flexibility from the fleet of resource
adequacy resources, hoping that sufficient flexibility is provided based on market
participation alone is not a sound strategy. The risk of a shortage moving into the future is
unacceptably high without an express requirement.

3.0 Why is a flexible capacity requirement needed in 2013?
Adopting a flexible capacity requirement for the 2013 resource adequacy program will
ensure that the ISO has sufficient flexible capacity available in 2013 and beyond to manage
current and incremental operation needs as more intermittent resources come on‐line over
2012‐2013 period. Establishing these requirements now for 2013 will allow us to gain
experience and make refinements to the requirements in subsequent years so that the
program is robust and well established in the 2015‐2017 timeframe when we will have even
higher penetrations of renewable resources and once‐through‐cooled generation
retirements underway. Finally, having these requirements in place beginning in 2013 will
mitigate the need for the ISO having to resort to ISO backstop procurement to address
flexibility deficiencies in the resource adequacy fleet.
The CPUC’s resource adequacy program imposes local and system resource adequacy
procurement obligations on its jurisdictional load‐serving entities for each month in the
resource adequacy compliance year. To date, the Commission has not imposed an
obligation on those load‐serving entities to procure resources with specific operational
characteristics. Load‐serving entities are not required to demonstrate that they have
procured capacity with specific operational characteristics in their year‐ahead or month‐
ahead resource adequacy showings. Accordingly, the characteristics of the resource
adequacy fleet available to reliably operate the grid during the compliance period may or
may not meet the operational flexibility required by system conditions, especially in light of
the grid transformation occurring over the next few years.
Going forward, the prudent course is for the ISO and CPUC to begin the challenging
transition to the new supply paradigm, which means operating with a more variable and less
predictable supply fleet. We must start this transition now by establishing and refining rules
that will ensure reliability for the very near future. Any decision to avoid or delay a timely
11
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transition is untenable and only shortens the limited time we have to “get it right.” In the
end, the risks of doing nothing versus doing something are asymmetric. Securing too little
flexible capacity in 2013 may not be correctable until several years later given the time to
re‐commercialize retired resources or build new ones. Since over the next few years the
need for flexible capacity will continue to grow with the addition of new renewable
resources and, as existing once‐through‐cooled plants retire, the situation will worsen
before it will improve. Specifically, the ISO is concerned about the following three issues:
1. The once‐through‐cooling policy will reduce the number of flexible resources;
2. Intermittent resource additions will quickly displace flexible capacity in meeting
resource adequacy obligations; and
3. Flexible resources will retire prematurely due to revenue insufficiency unless there
are enhancements to the resource adequacy program.
3.1

The once‐through‐cooling water policy reduces fleet flexibility.

In 2010, the State Water Resources Control Board adopted a rule to reduce the effects
associated with cooling water intake structures on marine and estuarine life. 3 According to the
California Energy Commission, the once‐through‐cooling rule and the emission offsets for new
fossil power plants “are two of the most important challenges facing the electricity generating
industry.”4
Implementation of the once‐through‐cooling rule makes grid planning more challenging.
The rule affects sixteen power plants within the ISO grid, which to comply, must retrofit,
repower or retire. About 17,500 megawatts of generation are subject to the once‐through‐
cooling policy, which has phased‐in levels of compliance through 2024. Over the next six to
eight years, the ISO anticipates that 12,079 megawatts of the 17,500 megawatts of once‐
through‐cooled flexible generating units will retire absent long‐term power purchase
agreements that make it financially feasible to repower or retrofit the resources. The ISO’s core
concern around the rule is well expressed by the California Energy Commission in its recently
published 2011 Integrated Energy Policy Report:
To reduce impacts [of the OTC rule], many of the owners of California’s aging power
plants are choosing to retire rather than make capital investments in the facility,
causing a need for new capacity to satisfy peak demand and appropriate reserves.
However, licensing new power plants is difficult, given the scarcity and
corresponding cost of offsets required to avoid harmful impacts on air quality. Even
repowering at the site of an aging power plant has its challenges. So, while policies
to reduce the use of OTC are increasing the demand for new power plants, air
quality constraints are restricting the development of fossil fuel power plants. This
complexity is especially apparent in those areas of the state where existing air
quality fails to satisfy ambient standards. The South Coast Air Basin, for example, is
experiencing the full effects of these opposing forces. To satisfy local capacity
3
4

http://www.waterboards.ca.gov/water_issues/programs/ocean/cwa316/index.shtml
California Energy Commission Integrated Energy Policy Report, January 2012, at pg. 112.
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requireme
ents (LCR) and help integrate variablee renewable generation, tthe region
will have to replace some
s
of its older
o
capacitty with dispaatchable, flexxible fossil
power plants when exissting OTC pow
wer plants rettire.5
…
Most own
ners of California’s plants that use oncce‐through co
ooling would
d prefer to
repower them, accordiing to implem
mentation plaans submitted in April 2011, but no
owners ind
dicated willingness to makke the necesssary investmeent without a long term
power purrchase agreem
ment. Similarrly, plant ownners say theyy would need long‐term
power purrchase agreem
ments to finance refitting ttheir existingg plants with aalternative
cooling technologies. Retirement
R
of
o these plannts will increease the need for new
generatingg capacity to satisfy peakk electricity ddemands and
d maintain ap
ppropriate
6
reserves.
Without any assurance that a portio
on of these reesources will b
be replaced, tthe ISO,
together with the CPUC and oth
her local regu
ulatory autho rities, must eensure that a robust and
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ergy Commission
n Integrated Ene
ergy Policy Repo rt, January 20122, at p. 112.
Id. at p. 3.
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percent local and system resource adequacy capacity requirement. Without sufficient flexible
resources in the fleet, the ISO will be unable to reliably operate the grid. The ISO proposal is to
set a flexible capacity requirement for 2013 that ensures a reasonable amount of ramping
capability exists and prevents the degradation of flexible capacity. For these reasons, the ISO
strongly believes that refinements to preserve flexible capacity resources must be determined in
this phase of the CPUC’s resource adequacy proceeding.
3.3

Retirements threaten fleet flexibility

Renewable resources will offset energy sales from conventional flexible resources.
Table 2 below demonstrates this fact even at the 20 percent renewables portfolio standard
achievement level. As dependence on conventional, flexible generation increases to
balance swings in load net of variable generation, capacity and energy revenues will
decrease. Diminished energy sales from conventional flexible resources increase the
probability of their retirement.
Table 2: 20% RPS Flexible Capacity Impacts Relative to the 2012 Reference Case7

Number of starts
On‐peak Energy
(MWh)
Off‐peak Energy
(MWh)
Revenue ($,000)

Combined
Cycle

Simple
Cycle

Gas Fired
Steam Turbine

35 %

‐21 %

‐22 %

‐11 %

‐39 %

‐29 %

‐16 %

‐33 %

‐18 %

‐16 %

‐39 %

‐29 %

Thus, the Commission’s resource adequacy program, and the programs of other local
regulatory authorities, must ensure that these flexible resources remain viable and available
to the ISO to maintain system reliability and to minimize the need for procurement through
ISO backstop mechanisms.

7

ISO Integration of Renewable Resources 20% RPS Report, August 31, 2010, at p.87. The 2012 reference case
uses the same load and other assumptions as the 20 percent RPS case, except that the renewable portfolio
includes only the renewable resources online in 2006.
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4.0 What are the risks of waiting to set a flexible capacity
requirement until 2014?
4.1

Lost opportunity

Time is short and the issues are pressing. Any refinements not adopted in this
proceeding will be delayed for further consideration until 2014. The more delay, the more
compressed are the opportunities to plan and refine the CPUC’s resource adequacy program in
time to have the flexible capacity requirement in place as increasing renewable resources come
on‐line and once‐through‐cooled resources retire. Also, the less time, the less “incremental” the
necessary modifications will be to the program to address the changing resource mix. If the
CPUC, in this proceeding, delays a decision on the ISO’s proposed transitional flexible capacity
requirement for 2013, there will be a lost opportunity and more pronounced modifications to
the resource adequacy program will be needed in 2014.
4.2

Lost flexibility

At the workshop, SCE suggested the CPUC consider a flexible capacity pilot for 2013.
The ISO’s concern with a pilot is that a pilot does not preserve existing flexibility for 2014 and
beyond, and it allows for the potential degradation of the fleet by an additional year. It is
necessary that the CPUC take steps now to preserve fleet flexibility as a bridge to 2014 and
beyond.
4.3

Delayed learning curve

The ISO believes that the three flexible capacity categories ─ maximum ramping, load
following and regulation ─ have durability, even though the ISO may refine the megawatt
requirement values by category in future years. It is prudent for the Commission to take an
incremental step in 2013 to establish a flexible capacity requirement. In this way, market
participants have the opportunity to plan and procure for flexible capacity resources and gain
experience that will help the process for future years, prior to the need for flexible capacity
becoming overwhelmingly urgent.

5.0

What are the flexible capacity requirements for 2013?

In response to CPUC workshop participants’ comments, the ISO submits this
supplemental information to its flexible capacity proposal filed on January 13, 2012. This
supplement moves away from an inventory‐based flexible capacity requirement to an
analytically determined, needs‐based requirement.8 For 2013, the flexible capacity requirement
is assessed based on a historical analysis of the 2011 changes in net load for durations relevant
to the three categories of flexible capacity. A comparative analysis of the net load changes for
the years 2006, 2010, and 2011 can be found in Appendix A. The year 2006 is included for
8

California Independent System Operator Corporation Proposal On Phase 1 Issues, R.11‐10‐023, January 13,
2012. The proposal is posted on the ISO’s website at http://www.caiso.com/Documents/2012‐01‐
13_Phase1Proposal_FlexCap.pdf
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comp
parative purpo
oses as it reprresents the year with the hhighest peak loads recorded by the ISO
O.
For 2014 and
a beyond, the
t ISO intends to produc e a forward lo
ooking needss‐based
analysis of load and net load ramps, which best
b aligns witth the ISO’s m
methodology used in the
wable integration studies.
renew
t ISO propo
oses not to se
et a minimum
m regulation rrequirement. Although
For 2013, the
regulaation is an important operrational charaacteristic and should be inccluded as a sp
pecific
requirrement in a future resourcce adequacy program,
p
thee risk of insuffficient regulattion capacity
in 201
13 is low and all regulation
n‐certified ressource adequuacy resourcees are obligateed to make
their regulation service availablle to the ISO. Additionallyy, with the implementation
n of regulatio
on
pay‐fo
or‐performan
nce measuress, the ISO expects to have aadditional infformation in tthe future
that better
b
definess regulation requirements in terms of ccapacity and p
performance.. Specific
regulaation requirements will be
e re‐evaluated
d for 2014 annd beyond.
Further, similar to how local capacityy counts as syystem capacitty, the ISO prroposes that
the th
hree flexible capacity
c
categgories contrib
bute to the ovverall genericc capacity req
quirement
resultting in four caapacity catego
ories. The fou
ur capacity caategories are: generic cap
pacity,
maxim
mum continuous ramping, load followin
ng, and regulaation. Generric capacity is then further
define
ed by its locattional attribu
ute: system or local capaciity. Figure 2 b
h
below illustraates how each
capaccity category must
m ultimate
ely add up to the overall 1115 to 117 peercent resourcce adequacy
capaccity requireme
ent.
Figure 2: Eacch Capacity Category
C
Musst Equal the O
Overall RA Caapacity Requirement

Total RA
A Capacityy Requirement (1115 %)
100 MW Overrall RA Req
quirement

Total System an
nd Local Caapacity Reqquirementt ≥ 100 MW
W

Local Requiremen
R
nt
40
4 MW

Syystem Requ
uirement
60 MW
W

Generic + Fle
exible Capaacity Requiirement ≥ 100 MW
Generic
G
60
6 MW

Reg
R Req.
5 MW

LF Req.
10 MW

Max Ram
mp Req.
25 M
MW

megawatts in tthree of the fflexible
Many flexiible resourcess will be able to provide m
caapacity categories; however, certain otther resource s may only bee able to provvide generic
re
esource adequacy capacityy (i.e., they haave no flexibiility) or just o ne or two cattegories of
flexible capacitty. To allow for
f these varyying levels of flexibility, the categories are not
mutually
m
exclu
usive by resou
urce. A flexible resource loocated in a lo
ocal capacity aarea may fulfill
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alll capacity req
quirements depending on its operationnal capabilitiees─ system, lo
ocal,
re
egulation, loaad following and
a maximum
m continuous ramping. Exaamples of how
w a resource
caan be eligible to provide multiple
m
categgories of flexibble capacity aare shown below in Figuree
3 and Figure 4.
Figure 3: Resourcce Eligible to Provide All CCategories of Flexible Capaacity

t Provide Al l Categories o
of Flexible Caapacity
Figure 4: Resource Not Eligible to

5.1

What are the propo
osed system flexible capaacity requirem
ments for 201
13?

Table 3 below lists the proposed 201
13 resource aadequacy requirements for each of the
three flexible capaacity categorie
es by month for
f the ISO baalancing auth
hority area. TThe maximum
m
contin
nuous rampin
ng capacity is based on the
e duration of the continuo
ous upward raamp for each
month. For the regulation requ
uirement, while Table 3 shhows the apprroximate regu
ulation
d on analysis of the net loaad 1‐minute cchange within
n any 5‐minutte interval,
requirrement based
the ISSO recommen
nds that a reggulation requirement not bbe set in 20133, but be evaluated for usee
in 201
14 and beyon
nd, based on additional
a
information proovided by thee implementation of
regulaation pay‐for‐‐performance
e metrics.
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Table 3: ISO Proposed 20
013 Flexible CCapacity Requ
uirement

Figure 5 hiighlights the number
n
and magnitude
m
off maximum co
ontinuous ram
mp periods fo
or
Augusst 2011.
N
and Magnitude
M
off Continuouss Ramp Period
ds from Augu
ust 2011
Figure 5: Number
Net Load Contin
nuous Ramp --- Au
ugust 2011
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5.2

How much
m
flexible capacity must be shown by LSE’s annually and mo
onthly?

The ISO prroposal is thatt each load‐se
erving entity shows procurement of 90
0 percent of itts
flexible capacity re
equirement on the annual resource adeequacy showiing and 100 p
percent
urement of the requiremen
nt on the monthly resourcce adequacy sshowing. Thee ISO is also
procu
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proposing that the annual showing be changed to require a showing for all months, rather than
just the five summer months. This change is necessary so that the ISO can assess the flexibility
of the fleet for that resource adequacy compliance year.
5.3

Why is the ISO proposing a monthly flexible capacity requirement?

The ISO is proposing that flexible capacity requirements be established for each month
of the year. Establishing the requirements monthly will recognize that the amounts of flexible
capacity needed differ month to month. The flexible capacity requirement will be assessed
based on analysis of the 2011 changes in net load for durations relevant to the three categories
of flexible capacity.
5.4

Is market power a concern in 2013 for the amount of flexible capacity required?

No. The inventory of traditional flexible capacity resources that can provide maximum
continuous ramping and load following capacity, as shown in Table 4 and Table 6 below, should
provide sufficient procurement headroom in 2013 to avoid any market power concerns.
Table 5 shows the depth of the 2011 fleet that can provide maximum continuous
ramping capacity relative to the proposed 2013 maximum continuous ramping capacity
requirement. The worst case is September where the amount of maximum continuous ramping
capacity is 66 percent of the fleet capability.
Table 4: Maximum Continuous Ramping Capability (excluding hydro)
Fleet Capability
Technology
Combined Cycle
Gas Turbine
Pump-Storage
Steam
Grand Total

Jan-11
7,493
3,905
1,330
11,266
23,994

Feb-11
8,301
3,902
1,330
11,266
24,799

Mar-11
8,160
3,880
1,330
11,266
24,636

Apr-11
10,770
3,905
1,330
11,266
27,271

May-11
9,596
3,905
1,330
11,266
26,098

Month
Jun-11
9,554
3,905
1,330
11,266
26,055

Jul-11
10,557
3,905
1,330
11,266
27,058

Aug-11
11,858
3,905
1,330
11,194
28,287

Sep-11
10,701
3,905
1,330
11,266
27,202

Oct-11
10,655
3,905
1,330
11,266
27,156

Nov-11
9,575
3,905
1,330
11,266
26,076

Dec-11
8,301
3,905
1,330
11,266
24,803

Table 5: Percent Maximum Continuous Ramping Requirement to Fleet Capability
Jan‐11
34%

Feb‐11
28%

Mar‐11
22%

Apr‐11
32%

May‐11
31%

Jun‐11
44%

Jul‐11
50%
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Aug‐11
64%

Sep‐11
66%

Oct‐11
35%

Nov‐11
30%

Dec‐11
31%
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Table 6: Load Following Capability (excluding hydro)
Load Following Capability
Technology
Total (MW)
Combined Cycle
8,176
Gas Turbine
3,504
Pump Storage
1,330
Steam
10,235
Grand Total
23,244
The highest 60‐minute load following need in 2011 occurred in December, which was
4,506 megawatts. The ISO fleet in 2011 had 23,244 megawatts of load following capability in
2011.
5.5

How would the ISO determine compliance with a flexible capacity requirement?

Based on the annual and monthly showings each load‐serving entity submits, the ISO
will evaluate the quantity of flexible capacity provided in each of the three flexible capacity
categories for the respective annual or monthly time period for the total system and by local‐
regulatory authority. If all load‐serving entities in aggregate demonstrate sufficient system‐level
flexible capacity, then the ISO has no need to take any further action. However, if in aggregate,
the system flexible capacity requirement has not been met, then the ISO will evaluate the
showings by load‐serving entity. The ISO will notify in writing the deficient load serving entity’s
scheduling coordinator and the relevant local regulatory authority. The ISO proposes that the
local regulatory authority coordinate with its load‐serving entities to cure any deficiencies and
provide a revised showing to the ISO. If the local regulatory authority’s load‐serving entities do
not cure the deficiency, the ISO may exercise its backstop authority to cure the deficiency and
satisfy the system‐level flexible capacity requirement. The specific form of this backstop
procurement and the allocation of the backstop procurement costs are being considered in the
ISO’s flexible capacity procurement stakeholder process.

6.0 What resources are eligible to provide flexible capacity?
As a general principle, the ISO proposes that all resource adequacy resources be eligible
to provide flexible capacity, except those resources that are unable to respond to ISO dispatch
instructions. Under this criterion, most renewable generation resources, which generate only
when the sun is shining or the wind is blowing, base load generation, such as the nuclear units
that do not respond to dispatch instructions unless there is a system emergency, and other
physically or contractually limited resources should not count as flexible capacity if they cannot
respond to ISO dispatch signals. Eligibility rules require further stakeholder input and will be
developed fully through the ISO’s flexible capacity procurement initiative. Eligibility will be
discussed in greater detail in the ISO’s straw proposal to be published in March as part of that
initiative.
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Will the ISO be able to quantify the amount of flexible capacity by resource?

Yes, the ISO intends to produce a table identifying the flexible capacity attributes of
each resource adequacy eligible to provide flexible capacity and provide this information to
the respective resource owners, or, if not subject to confidentiality concerns, make it
available through the ISO’s website.
The maximum contributions a dispatchable resource can contribute to load following
and maximum continuous ramping are as follows:


Load Following:


For resources that have a startup time ≥60min:




For resources that have a startup time <60min:




min((NQC‐Pmin),60min*RRavg)

min(Pmin+(60‐SUT)*RRavg, NQC)

Maximum Continuous Ramping


For resources that have a startup time ≥ the longest ramp duration:




min((Pmax‐Pmin),ramp duration*RRavg)

For resources that have a startup time < the longest ramp duration:


min(Pmin+(longest ramp duration‐‐SUT)*RRavg, NQC)
Where:
SUT is the start‐up time; and
RRavg is the weighted average ramp‐rate. The weighting is based on
the megawatt size of a resource’s ramp‐rate segments.

6.2

Could the ISO procure a once‐through‐cooled resource for flexible capacity under
its backstop procurement authority?

In compliance year 2013, if the resource adequacy showings indicate a deficiency in a
flexible capacity category, and if it is not cured by a load‐serving entity, the ISO could use
backstop authority to procure a once‐through‐cooled resource that could provide the flexible
capacity required.
6.3

How do use‐limited resources count toward flexible capacity?

For 2013, the ISO proposes allowing a maximum of 15 percent of the maximum
continuous ramping requirement to come from use limited resources, and the balance coming
from non‐use limited resources. This will enable use‐limited resources to contribute during
ramps that are greater than one standard deviation over the mean ramp.
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Can demand response and storage devices count toward flexible capacity?

If a demand response resource or storage device is dispatchable in the ISO market, and
is capable of providing one or more of the flexible capacity requirements, then, subject to
the rules of the CPUC and other local regulatory authorities, as applicable, these resources
would be eligible to provide flexible capacity.
6.5

Are long‐start resources eligible to provide flexible capacity?

Yes. Long‐start units are eligible to provide flexible capacity. If a long‐start resource can
start in less than the maximum continuous ramping monthly duration period, then the
resource’s full net qualifying capacity may count as flexible capacity. The maximum ramping
capacity for a long start unit that requires a start time greater than the monthly duration period
would be its net qualifying capacity minus Pmin, assuming that this value is less than the unit’s
ramp rate multiplied by the monthly duration hours.9

7.0 Flexible capacity proposal for 2013
The implementation of a flexible capacity procurement requirement for compliance
year 2013 requires CPUC action in this proceeding to modify the resource adequacy program
and FERC approval of the tariff amendments that result from the ISO stakeholder process on
flexible capacity procurement. In this section, the ISO describes its general concept of the
flexible capacity procurement requirement for 2013 under the composite regulatory provisions.
Certain elements of the requirement, such as self‐scheduling rules and ISO backstop authority,
will be developed more thoroughly in the ISO’s flexible capacity procurement stakeholder
initiative. The straw proposal in that initiative will be issued in March and will contain additional
information about those elements of requirement envisioned for 2013. Upon issuance, the ISO
will provide the straw proposal to the CPUC and the parties in this proceeding.
7.1

ISO flexible capacity procurement requirement proposal for 2013
7.1.1

Eligible resources

The ISO will compute the flexible capacity amount that each resource adequacy
resource can provide in the three separate flexible capacity categories. For 2013, the ISO
proposes that all resource adequacy resources be eligible to provide flexible capacity, including
dynamically scheduled resources and pseudo‐ties within their resource adequacy import
limitations; except that the following resources will not be eligible to provide flexible ramping
capacity:
1. Base load resources – This includes, for example, nuclear‐fueled generators and
other resources that produce energy at a relatively constant rate to meet
continuous energy demand, which have limited or no flexibility.

9

See Table 3 for a list of the monthly duration periods.
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2. Intermittent resources – This includes solar photovoltaic and wind resources that
can only produce energy when the fuel source is available, i.e., sunshine or wind.
These resources have no inherent upward ramp capability.
3. Hydro‐electric generation– Hydro resources can be very flexible, but are often
constrained by water and environmental regulations. The ISO and stakeholders will
require more time to properly assess the flexibility of hydro‐electric resources.
Their eligibility to provide flexible capacity should be deferred for further
consideration.
4. Hourly intertie resources – The limited flexibility of hourly intertie schedules
prevents their ability to provide flexible capacity.
7.1.2

Partial flexible capacity procurement

Like other resource adequacy capacity, a portion of a resource’s availability capacity can
be procured as flexible capacity. For example, capacity below a very long start resource’s Pmin
can count toward the system or local capacity requirement, but would not count as maximum
continuous ramping if it cannot fully ramp during the maximum continuous ramping period.
7.1.3

Must offer obligations

For 2013, the ISO is not proposing any change to the resource adequacy must offer
obligations under the ISO tariff. All resource adequacy resources will be required to submit bids
for energy and certified ancillary services, along with a bid of zero in the residual unit
commitment.
7.1.4

Self‐scheduling rules

For 2013, the ISO does not propose to prohibit flexible capacity resources from
submitting self‐schedules in the day‐ahead and real‐time markets, as the resource adequacy
resources can today. This will be re‐evaluated for 2014 and beyond.
7.1.5

Annual and monthly showing rules

In the annual resource adequacy showings to the CPUC, each jurisdictional load‐serving
entity will have to demonstrate 90% procurement of resource adequacy requirements, 100%
procurement of local capacity requirements, and 90% procurement of the flexible capacity
requirements. In the 2013 monthly showings, each LSE must show 100 percent procurement of
all requirements.
The ISO is also proposing that the annual showing for system capacity and flexible
capacity be changed from the current form of only the five summer months to all months in the
year. This will enable the ISO to make a preliminary assessment of flexible capacity based on
the annual showings.
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Deficiency assessment, when done and how done

The ISO will conduct deficiency assessments for both the annual showing and the
monthly showings. For 2013, the deficiency assessment will be conducted by the ISO in two
stages, which the ISO will develop in the stakeholder process. In the first stage, the ISO will
assess the flexible capacity provided by all load‐serving entities within its footprint using a
portfolio assessment. If the combined portfolio does not provide adequate flexible capacity,
then the ISO will assess the sufficiency of each individual load‐serving entity’s portfolio.
Flexibility requirements will be set for each local regulatory authority using a load ratio share.
Using these allocations and working with the local regulatory authority, the ISO will determine
which load‐serving entities are deficient. The ISO will notify the respective local regulatory
authorities if any of their jurisdictional load‐serving entities are do not meet the flexible capacity
requirement.
7.1.7

Opportunity to cure deficiencies

If after the ISO assesses the overall system flexible capacity needs against the aggregate
showings and a deficiency remains, any load‐serving entities that do not meet the flexible
capacity requirement will have an opportunity to cure their deficiencies. For annual
deficiencies, load‐serving entities will have 30 days to cure. For monthly showings, load‐serving
entities will be required to cure the deficiency before the final monthly showing. If deficiencies
are not cured within these time frames, the ISO will consider the procurement to be deficient
and will exercise its backstop procurement authority to resolve the deficiency.
7.1.8

Criteria for selecting flexible capacity for ISO backstop procurement

For 2013, in circumstances where multiple resources are able to provide flexible
capacity, the ISO will through its stakeholder process develop the criteria to be used to select
which resource will be chosen to provide flexible capacity when the ISO must exercise its
backstop procurement authority. Examples of the criteria the ISO will consider are:
1. Effectiveness – The electrical effectiveness of the resource at resolving the required
flexible capacity need and, where possible, local capacity need.
2. Least cost– The capacity costs associated with the resource’s eligible flexible
capacity.
3. Uncontracted for capacity‐ The amount of capacity a resource has that was not
contracted as resource adequacy capacity in the current resource adequacy
compliance year.
4. Ramp rate – The ramp rate of a resource.
5. Sustainability – The potential upward ramp capability of the resource (NQC‐Pmin).
6. Availability – The resource’s amount of flexible capacity.
7. Restrictions – The constraints and use limitations on the resource.
8. Flexible attributes – The ability of the resource to provide flexible capacity in each of
the flexible capacity categories.
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Backstop terms and conditions

The backstop procurement mechanism the ISO will use to procure flexible resources in
the event deficiencies are not cured in a timely manner is currently under development in an
ISO stakeholder process and subject to FERC approval. The stakeholder process will also
consider the cost allocation of the backstop procurement.

8.0 CPUC flexible capacity requirement considerations
The ISO proposes that the CPUC take action to ensure the future reliability of the system
by establishing a flexible capacity procurement requirement as part of the 2013 resource
adequacy program. The requirement should be based on ISO studies which have consistently
demonstrated the dual impacts of increased variable renewable generation and the retirement
of once‐through‐cooled generation resources. Structuring the requirement around the three
categories of flexible capacity procurement will give load‐serving entities time to adjust and
shape their procurement practices and portfolios while they are still in the process of acquiring
renewable generation; waiting until their portfolios are fully procured to meet the 33 percent
renewables portfolio standard will be too late and could have costly impacts that could be
avoided by taking action now.
8.1

Establish load‐serving entity authority to procure flexible capacity

Similar to the process used for local capacity requirements, the ISO will publish the total
flexible capacity needed by category for 2013 by July 2012. The CPUC and other local regulatory
authorities will then require their jurisdictional load‐serving entities to procure the required
amount of flexible capacity.
8.2

Allocation of the requirement to load‐serving entities

The ISO recommends the CPUC allocate the flexible capacity requirement to its load‐
serving entities by implementing a process similar to the allocation of local capacity for the 2013
resource adequacy compliance year.
8.3

Showing requirements and timing of showings

The CPUC should require its jurisdictional load‐serving entities to make an annual
resource adequacy showing that meets 90 percent of system procurement requirements for all
months, 100 percent of local capacity requirements, and 90 percent of the flexible capacity
requirements for all months. Annual showings would be submitted in October as they are
today, but should require showings for all months. For each month in 2013, each load‐serving
entity should be required to show that they are able to meet 100 percent of all requirements.
The annual and monthly showings need not show the same resources.
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Deficiency and cure rules

Load‐serving entities should have an opportunity to cure deficiencies in the
procurement of flexible capacity as determined by the local regulatory authority and in advance
of the final monthly showing.

9.0 Conclusion
The implementation of a flexible capacity procurement requirement for compliance year
2013 requires CPUC action in this proceeding to modify the resource adequacy program and
FERC approval of the tariff amendments that result from the ISO stakeholder process on flexible
capacity procurement. It is critical that we take action this year to put these requirements in
place to ensure the resource adequacy fleet can continue to meet the reliability needs of the
system for 2013 and beyond. Doing so will also mitigate the need for the ISO to engage in
backstop procurement of flexible generation capacity should the utilities fail to procure
sufficient flexible capacity on their own.
The ISO has put forth a reasonable, needs‐based proposal for 2013 to begin refining the
CPUC’s resource adequacy program to incorporate flexible capacity. The goal is to preserve
sufficient flexible resources that can satisfy the maximum continuous ramping and load
following capabilities for 2013 while preparing the way for the 33 percent renewables portfolio
standard and the possible retirement of 12,079 megawatts of flexible capacity once‐through‐
cooled resources.

26

2013 Flexible Capacity Procurement Requirement

March 2, 2012

Appendix A:
Multi‐Year Comparison of Flexible Capacity Needs: 2006, 2010,
and 2011
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The ISO’s proposed flexible capacity requirement is based on the 1‐minute net load data
from 2011. For comparison purposes, the ISO is including here a multi‐year analysis of flexible
capacity needs based on 2006, 2010 and 2011 1‐minute net load data. The year 2006 is
included since that year had the highest recorded ISO coincident peak load, even though it had a
lower penetration of variable energy resources than 2010 or 2011.

2010
Monthly
System
Requirements

Maximum Continuous Ramp

Capacity
(MW)
January
February
March
April
May
June
July
August
September
October
November
December

7,057
8,022
7,594
8,465
6,217
8,337
15,275
19,432
21,732
9,464
8,667
7,706

60-Minute Load
Following
Requirement

Regulation
Requirement

60-Min
Ramp
5-Minute
Ramp
Ramp
Duration
Capacity
Rate
Capacity
Rate
Rate
(Hr.)
(MW)
(MW/min.)
(MW)
(MW/min.)
(MW/min.)
31
20
26
22
21
31
26
35
38
21
20
25

4
7
5
6
5
4
10
9
10
8
7
5

28

4,120
3,440
3,329
2,629
2,527
2,675
3,061
3,010
2,963
3,531
4,321
4,198

69
57
55
44
42
45
51
50
49
59
72
70

609
645
797
654
544
552
636
674
655
1,430
626
1,667

122
129
159
131
109
110
127
135
131
286
125
333
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2011
Monthly
System
Requirements

Maximum Continuous Ramp

Capacity
(MW)
January
February
March
April
May
June
July
August
September
October
November
December

8,133
6,982
5,453
8,859
8,000
11,382
13,544
18,181
17,824
9,510
7,855
7,577

60-Minute Load
Following
Requirement

Regulation
Requirement

Ramp
60-Min
Ramp
5-Minute
Ramp
Duration
Rate
Capacity
Rate
Capacity
Rate
(Hr.)
(MW/min.)
(MW)
(MW/min.)
(MW)
(MW/min.)
32.7
32.8
26
20
22
32
23
27
34
20
22
29

4.2
3.6
3.4
7.4
6.0
5.9
9.8
11.1
8.7
7.8
5.9
4.3

3,935
3,630
3,271
2,897
2,951
2,637
3,137
2,933
3,004
3,514
3,746
4,506

66
60
55
48
49
44
52
49
50
59
62
75

664
656
1,020
544
678
637
840
686
634
635
1,351
668

132.8
131.3
204.0
108.7
135.7
127.5
167.9
137.1
126.8
126.9
270.2
133.7

2006
Monthly
System
Requirements

Maximum Continuous Ramp

Capacity
(MW)
January
February
March
April
May
June
July
August
September
October
November
December

6,869
5,633
6,839
7,683
11,633
12,129
13,949
14,842
17,536
6,706
8,844
7,088

60-Minute Load
Following
Requirement

Regulation
Requirement

Ramp
60-Min
Ramp
5-Minute
Ramp
Duration
Rate
Capacity
Rate
Capacity
Rate
(Hr.)
(MW/min.)
(MW)
(MW/min.)
(MW)
(MW/min.)
33
41
21
22
24
30
42
26
30
33
24
43

3
2
5
6
8
7
6
10
10
3
6
3
29

4,217
3,833
3,414
3,195
2,839
3,374
3,904
2,887
2,928
3,477
3,969
5,194

70
64
57
53
47
56
65
48
49
58
66
87

695
1,356
891
1,250
1,520
1,851
1,533
607
620
622
1,429
819

139
271
178
250
304
370
307
121
124
124
286
164
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Maximum Continuous Load Ramps
2006, 2010 & 2011
24,000
22,000
20,000
18,000
16,000

MW

14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2006

6,869

5,633

6,839

7,683

11,633

12,129

13,949

14,842

17,536

6,706

8,844

7,088

2010

7,057

8,022

7,594

8,465

6,217

8,337

15,275

19,432

21,732

9,464

8,667

7,706

2011

8,133

6,982

5,453

8,859

8,000

11,382

13,544

18,181

17,824

9,510

7,855

7,577

Maximum Continuous Ramp rate ‐‐‐ 2006, 2010 & 2011
50
45
40

MW/Min.

35
30
25
20
15
10
5
0

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2006

33

41

21

22

24

30

42

26

30

33

24

43

2010

31

20

26

22

21

31

26

35

38

21

20

25

2011

32.7

32.8

26

20

22

32

23

27

34

20

22

29

30
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Maximum Continuous Ramp Duration --- 2006, 2007 & 2008
12
11
10
9
8

Hours

7
6
5
4
3
2
1
0

Jan

Feb

Mar

Apr

May

Jun

2006

Jul

Aug

Sep

Oct

Nov

Dec

3

2

5

6

8

2010

4

7

5

6

5

7

6

10

10

3

6

3

4

10

9

10

8

7

2011

4.2

3.6

3.4

7.4

6.0

5

5.9

9.8

11.1

8.7

7.8

5.9

4.3

Maximum 1-hour change --- 2006, 2010 & 2011
5,500
5,000
4,500
4,000

MW

3,500
3,000
2,500
2,000
1,500
1,000
500
0

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2006

4,217

3,833

3,414

3,195

2,839

3,374

3,904

2,887

2,928

3,477

3,969

5,194

2010

4,120

3,440

3,329

2,629

2,527

2,675

3,061

3,010

2,963

3,531

4,321

4,198

2011

3,935

3,630

3,271

2,897

2,951

2,637

3,137

2,933

3,004

3,514

3,746

4,506
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Regulation Requirement --- 2006, 2010 & 2011
2,000
1,800
1,600
1,400

MW

1,200
1,000
800
600
400
200
0

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2006

695

1,356

891

1,250

1,520

1,851

1,533

607

620

622

1,429

819

2010

609

645

797

654

544

552

636

674

655

1,430

626

1,667

2011

664

656

1,020

544

678

637

840

686

634

635

1,351

668
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