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1 Introduction

On June 22, 2012, FERC approved Order 764" to remove barriers to the integration of variable
energy resources by requiring each transmission provider to: (1) offer an option to schedule
energy with 15-minute granularity; and, (2) require variable energy resources to provide
meteorological and forced outage data for the purpose of power production forecasting. For the
California ISO (I1SO), the primary changes required by the 15-minute scheduling option required
under the FERC order are to intertie transactions since internal resources are dispatched every
five minutes. The ISO is required to make a compliance filing with FERC by November 12,
2013 to describe how it proposes to address these items.

In this draft final proposal, the ISO is seeking to maximize the use of existing market
functionality to meet the FERC compliance obligation and address real-time market
inefficiencies while minimizing potential seams issues with neighboring balancing authorities.
The ISO proposes to introduce a 15-minute financially binding settlement within the real-time
market that will apply to both intertie and internal resources as well as load. Currently, the ISO
real-time market includes a fiteen minute process for real-time unit commitment (RTUC) and
procurement of incremental ancillary services. The hour-ahead scheduling process (HASP), in
the existing market, is a special run of the real-time unit commitment run which results in
financially binding hourly energy and ancillary services schedules for non-dynamic intertie
transactions. Under the proposed 15-minute market, energy and ancillary services schedules
for internal generation, and dynamic and non-dynamic intertie transactions will be financially
binding every fifteen minutes. Load will also settle in this 15-minute market based on deviations
from day-ahead energy schedules and ISO forecast. The ISO is not proposing any changes to
the existing five minute real-time dispatch (RTD).

FERC Order 764 only requires that transmission providers offer resources an option to update
energy schedules every fifteen minutes. It does not require a transmission provider to require
15-minute energy scheduling for interties, neither does it address internal resource scheduling.
However, it does provide a transmission provider the option to propose a superior approach.

Consequently, the ISO believes that Order 764 is an opportunity to implement real-time market
changes that were not possible before the order. As described in more detail below, the ISO’s
proposal for adding full 15-minute energy scheduling and settlement is a superior option
because:

e It complies with the Order 764 to allow for 15-minute energy scheduling at the interties.
At the same time, it the proposal includes provisions to allow for hourly schedules of
intertie transactions to remain. However, the ISO would no longer guarantee the price of
those schedules for the entire hour.

e |t addresses existing real-time imbalance energy offset issues that occur because of
changes between the HASP and RTD optimizations. Under the ISO’s proposed design,
the same market optimization will produce settlement prices for both internal and
external resources.

! Additional information is available at www.ferc.gov on the Commission’s order in Docket No. RM10-

11-000; Order No. 764 Integration of Variable Energy Resources
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e |t addresses previous convergence bidding issues at the interties, which resulted from
virtual bids for interties settling at the HASP locational marginal price (LMP) and internal
nodes settling at the RTD LMP. The proposal includes the reinstatement of
convergence bidding at the interties.

e |t meets the needs of variable energy resources through the ability to provide more
frequent energy schedules using forecast updates closer to the financially binding
interval.

The ISO believes that many external parties will take advantage of 15-minute energy
scheduling. However, over the next few years, transmission reservations within WECC will
likely remain predominantly hourly. There is also no indication at this time that NAESB, NERC
or FERC will modify the e-tag deadlines within the compliance timeline of the order. Under its
proposed real-time market design, the ISO would no longer award hourly, financially binding
energy schedules in the real-time market for intertie transactions. Instead, the ISO would clear
and settle intertie energy schedules on a fifteen minute basis. In order to align with the twenty
minute e-tag submission deadline prior to energy flow, the ISO will align the market timeline for
the 15-minute market such that the market results are consistent with WECC tagging practices.
If WECC moves to 15-minute transmission reservations and shorter e-tag timelines in the future,
the ISO can further enhance the real-time market design to run the 15-minute market closer to
actual flow.

Order No. 764 does not require that the ISO settle intertie transactions on a fifteen minute basis.
But, the Commission recognizes that transmission providers may wish to adopt additional
market redesigns that provide better flexibility than the minimal requirements in the order? In
the past two years, the ISO has identified a number of inefficiencies with its current hour-ahead
scheduling processes and real-time market settlement. Introducing the financial settlement of
the 15-minute market addresses these market inefficiencies. In its recent stakeholder efforts,
the ISO and participants determined a root cause of the market inefficiencies under the current
market design. They observed that intertie transactions are financially binding based on HASP
LMPs, however, load and internal generation are financially binding based on RTD LMPs. The
HASP and RTD optimizations run at different time delays and with different market interval
durations. As aresult, system conditions are not aligned when running these applications which
results in price divergence and market uplifts.

By aligning to a single, 15-minute financially binding real-time optimization, most of the current
real-time market pricing issues are addressed. This enables the reintroduction of convergence
bidding on the interties. Prior to suspension, convergence bids for interties were priced in real-
time at the HASP LMP and internal nodes were priced at RTD LMPs. Convergence bids settled
in different market optimizations negatively impacted the market efficiency of virtual bids. The
alignment of the real-time settlement addresses these issues. While not the driver of
suspending convergence bidding on the interties, the other issue that must be addressed in
order for convergence bidding to be reinstated on the interties is prices inconsistent with bids as
a result of the enforcing both the physical and physical + virtual constraints in the day-ahead
market.

2 See Order No. 764 PP 99, 107.
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2 Plan for Stakeholder Engagement

Iltem Date
Post Addendum to Draft Final Proposal April 24, 2013
Stakeholder Conference Call May 1, 2013
Board Meeting May 15/16, 2013
Tariff Filing November 2013

3 Changes to Draft Final Proposal

e Convergence bidding position limit for the first twelve months will be zero percent and
then follow the scheduled increases as previously proposed.

e Establish a process to identify existing PIRP resources where operational characteristics
may require additional protective measures for the energy settlement provisions under
the FERC Order No. 764 market design changes.

4 Renewable Integration: Market Vision and Roadmap

During the Renewable Integration: Market and Product Review Phase |l initiative, the ISO discussed
with stakeholders a potential redesign of the real-time market to a 15-minute dispatch and a new
balancing product to manage changes between the dispatch and regulation. During the stakeholder
process it was concluded that it would be unlikely that in the next two to three years 15-minute
schedules within WECC would not be realized. Also, the implementation complexity of the 15-minute
dispatch design would not be achievable in two to three years due to significant software changes
required for implementing the new balancing product. As a result, the ISO developed seven guiding
principles to assess the comparative value and merits of the market enhancements proposed neatr,
mid, and long term market enhancements. The ISO briefed the Board of Governors in December
2011 on these guiding principles. FERC Order 764 significantly shortened the assumed timing for
the implementation of 15 minute scheduling in WECC. In considering options to allow 15 minute
scheduling, the ISO sought to be consistent with the guiding principles in this proposal.

The seven guiding principles are:

Technology Agnostic

The ISO market accommodates new resource types based on their

SmETEE performance capabilities, without preference for specific technologies.

v' Enables any technically capable resource, regardless of technology, to
Expected provide services on a level playing field based on performance
Outcomes v" Resource technologies are viable based on innovation and competition

rather than on resource-specific market rules
v Integrates devices that can both produce and consume energy
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Transparent

Principle The ISO market relies on price signals to incent participant behaviors that align
with ISO operating needs.

v' Products are competitively procured through transparent market
mechanisms

v' Procurement targets are transparent and tied to operational needs

Expected v Operating constraints are reflected in price signals, minimizing non-market

Outcomes solutions

v Prices incent performance from supply and demand that supports
operational needs and encourages mitigation of generation variability and
congestion

v Pricing rules allow transparent allocation of renewable integration costs

Deep and Liquid

Principle The ISO market attracts robust resource participation.

v" More economic bids and less self-scheduling

% : .

Expected More price requnswe demand . . N

Outcomes v" Increased participation from resources in other balancing authorities through
improved interchange scheduling

v' Minimal seams issues with neighboring balancing authorities

Durable and Sustainable

Principle The ISO market ensures an efficient mix of resources to maintain reliability and
attracts new investment when and where needed.

v" Resources are commercially viable through a combination of ISO market
revenues and forward contracts

Expected v" Resource fleet and mix enables the ISO to meet NERC and WECC

Outcomes reliability standards

v" Resources are incented to enhance availability and performance

v" Market products and rules are stable

v" Known real-time market issues are addressed
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Flexible and Scalable

Principle The ISO market easily adapts to new and changing energy policy goals and
resource mix.

v Establish flexible market design that can accommodate reasonable changes

Expected in pohugs and tgchnologles . o .

Outcomes v" Recognize key linkages and coordinate with initiatives and proceedings of
state agencies

v' Compatible with high penetration levels of distributed energy resources

Cost-effective and Implementable

Principle The ISO market design leverages existing ISO infrastructure, industry
experiences and lessons learned.

v' A market design that is cost-effective to implement for market participants

Expected | 2nd eSO .y .

Outcomes Build on existing functionality and market systems to extent possible

v Design leverages the experience of other ISOs/RTOs as to what works and
what does not; do not re-invent

Cost Causation

Principle The ISO market allocates costs based on cost causation

v ici ; .
Expected Market participants better manage their load and resource variability

Outcomes v More accurate forec_:asting and scheduling by market participants reduces
operational uncertainty and associated costs

5 Real-Time Market Timeline

The current real-time market is composed of three processes:

e The HASP establishes hourly financially binding energy and ancillary services for intertie
transactions.

e The RTUC establishes financially binding ancillary services awards and unit commitment
for internal generation.

e The RTD then establishes financially binding energy dispatches for internal generation.

The RTD optimization is based on demand (including losses) calculated by the ISO’s
state estimator, and load is settled based upon the actual metered demand.

The ISO proposes to replace the HASP with an hourly process to accept block schedules on the
interties. The 15-minute market run will dispatch other intertie transactions. To address the
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need to support hourly intertie energy schedules, in the straw proposal, the ISO proposed
leveraging the market functionality gained from the Dynamic Transfers initiative to award
financially binding hourly transmission reservations for dynamic intertie transactions.

Based upon further discussion with stakeholders, the ISO is no longer proposing to implement
transmission reservations bidding and settlement. The Dynamic Transfer initiative assumed
that all static intertie energy schedules would be hourly. The transmission reservation
established a process to ensure that dynamically scheduled variable energy resources could (1)
secure sufficient hourly transmission capacity to meet positive forecast errors and (2) establish
a cost of securing hourly transmission capacity in excess of its expected energy to incentivize
improved forecasting.

Under the FERC Order 764 paradigm, the two objectives above can be met by a market design
that creates incentives for static intertie schedules to be able to be economically reduced if
variable energy imports schedule greater import quantities in the 15-minute market than they
would have reserved if required to commit to energy delivery for the entire hour. As aresul, it is
no longer necessary to implement transmission reservations to support dynamic transfers.

The proposed real-time market timeline has been designed to limit seams issues with
neighboring balancing authorities by remaining consistent with the existing e-tagging and intra-
interval ramping practices in the West. The proposal maintains existing market timelines
wherever possible to minimize the impact on the business processes of market participants and
neighboring balancing authorities.

5.1 Real-Time Bid Submission

The ISO proposes to retain hourly submission of bids to the real-time market. These bids will
be used to:

e Economically accept hourly block schedules
e Economically schedule resources for energy in the 15-minute market

o Economically dispatch resources in the 5-minute real-time market runs

The bid submission timeline has the same deadline under the current real-time market design.
The same economic bids will be used in both the 15-minute market and RTD. There will be no
changes to the hourly bid information provided by internal generation. As s currently the case,
load will clear based on ISO forecasted demand by DLAP. Therefore, load serving entities will
not be allowed to bid their load in the real-time market.

Variable energy resources that plan to use their forecast unless the price is below certain
amount can use an economic bid curve® to indicate the willingness to forgo the forecast
schedule. If the economic bid curve is submitted, the forecast schedule will essentially be used
as a cap on the economic bid curve for both the 15-minute market and RTD. This will allow the
15-minute and RTD to clear accordingly. This will provide the ISO with a mechanism to

As part of the flexible ramping product design, variable energy resources can submit additional

information so that they can be awarded flexible ramping down and can be decremented from their
15-minute self-schedules. The ability to submit a decremental bid to a variable energy resource’s
self-schedule will be implemented with the FERC Order 764 market design changes, which is before
the implementation of the flexible ramping product.
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economically curtail variable energy resources below their forecasted output, which will provide
significant reliability benefits in over-generation conditions. To get this functionality in as soon
as possible, the proposal includes implementing this functionality in the fall of 2013 for hourly
variable energy resource self-schedules until the 15 minute market is implemented in the spring
of 2014. This is further described in section 7.4 below.

FERC Order 764 does not require changes from hourly transmission reservations to 15-minute
transmission reservations — it only addresses energy schedules, as opposed to transmission
scheduling. In addition, the ISO proposes not to require intertie resources to provide 15-minute
energy schedule updates.

The ISO believes, over time, the hourly timeline, as illustrated in Figure 1, could be pulled in
closer to the start of the hour though additional automation of intertie scheduling checkout
business processes. However, it is important to note that the hourly block schedules must be
accepted at or before the market optimization starts for the first binding 15-minute market in a
trade hour. As shown in Figure 1 below, hourly block schedules are accepted forty-five minutes
before the hour. As is explained below, this is 7.5 minutes prior to the start of the optimization
for the first 15-minute market in the trade hour.

T-75: Real-Time Bid Submission Deadline
T-45: Results from Hourly Process to Accept Block Schedules Published

T-37.5: Start of Market 1 Optimization

T-20: Intertie Hourly Transmission Profile and
Energy Schedule for Market 1 E-Tag Deadline

T
v v I Market 1 I Market 2 I Market 3 l Market 4 I
| | | | |

T = Start of the Hour

Figure 1-Timeline of Hourly Real-Time Processes

The bids submitted by intertie resources will change somewhat under the ISO’s proposal to
accommodate both hourly and 15-minute economic bids and self-schedules. The ISO will run
separate processes for accepting hourly block schedules and determining binding energy
schedules and ancillary services awards. Intertie resources will submit the following
information:

1. Energy self-schedule and/or energy bid, same as currently
2. Ancillary services bids, same as currently
3. Flagto require bid to be considered as an hourly block schedule

4. Flagto allow a single curtailment for the remainder of the hour for accepted block
schedules
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5. Flag to determine participation in the 15-minute market if the intertie transaction is not
accepted in the hourly process

5.2 Hourly Process to Accept Block Schedules

Under the proposed 15-minute market design, there no longer will be financially binding HASP
schedules for energy and ancillary services over the interties. Using the existing RTUC market
functionality, the ISO will determine financially binding energy and ancillary services schedules
within each 15-minute interval. The ISO will determine these simultaneously for each 15-minute
interval based on energy self-schedules and energy and ancillary services bids. As illustrated in
figure 1 above, for each trading hourly there will be four 15-minute markets.

The ISO will also run a market optimization to accept hourly block schedules and provide
advisory energy schedules and ancillary services awards. The results will be published at T-45
which is the same time as current HASP schedules are provided and will be used for tagging
hourly transmission profiles.

The proposal includes several options for intertie resources to manage any transitional seams
issues as the WECC moves to 15-minute energy scheduling. The following six scheduling
options will be available for intertie transactions:

1. Self-scheduled hourly block

2. Self-scheduled variable energy resource forecast

3. Economic bid hourly block

4. Economic bid hourly block with single intra-hour schedule change
5. Economic bid with participation in 15-minute market

6. Dynamic Transfer

In the hourly process to accept block schedules, the market optimization will enforce a
constraint that each 15-minute interval, the energy schedule of submitted hourly block
schedules will be equal. Then in the financially binding 15-minute market, the accepted hourly
block schedule will be considered a self-schedule. For self-scheduled variable energy resource
forecast, the market optimization will use the forecasted energy for each 15-minute interval, thus
there is not restriction that the expected energy is flat for the hour. Then in the financially
binding 15-minute interval the variable energy resource can update its self-schedule based on
the most current forecast which will be used in the 15-minute market.

For economic bids submitted in the 15-minute market and dynamic transfers, the market
optimization will produce advisory energy schedules for each 15-minute interval. The energy
schedule in the financially binding 15-minute market can be different than the advisory schedule
that cleared the hourly process to accept block schedules. However, the 15-minute energy
schedule cannot exceed the transmission capacity listed on e-tag prior to the start of the binding
15-minute market optimization.
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Ancillary services can also be awarded as a block schedule and will be considered self-
provision in the 15-minute market to determine the financially binding ancillary services price.
Currently, if the ISO dispatches contingency reserves on the interties the energy schedule
remains at the dispatched level for the remainder of the hour. The implementation of the 15-
minute market will not change this WECC practice. For example, assume aresource has an
hourly block advisory energy schedule of 100 MW and a spinning reserve schedule of 50 MW.
In the event that the spinning reserve was dispatched in interval 2, the energy schedule would
increase to 150MW, the remaining intervals of the hour, including 15-minute and 5-minute
markets, will reflect a self-schedule of energy at 150 MW.

Figure 2 below illustrates the outcome of the hourly process to accept block schedules. In this
example, the intertie has an import limit of 1,000 MW. The sum of economic bids which would
clear if not limited by transmission capacity would be 800 MW in interval 1, 900 MW in interval
2, 1,000 MW in interval 3 and 1,100 MW in interval 4. Since the sum of economic bids which
would clear is greater than the import limit, the full sum of economics bids which would clear
cannot be awarded in interval 4. The hourly blocks and hourly blocks with intra-hour schedule
change clear at the same MW quantity for each 15-minute interval — 300 MW for hourly blocks
and 200 MW for hourly blocks with intra-hour schedule change. The variable energy resource’s
hourly forecast is 100 MW for interval 1, 200 MW for interval 2, 300 MW for interval 3 and 400
MW for interval 4. The economic bids that will participate in the 15-minute market and Dynamic
Transfers clear at 200 MW for the first three intervals, but at 100 MW for the fourth interval since
the import limit has been reached. Figure 2 also shows variable energy resources can exceed
their forecasted energy up to the MW quantity of economic bids participating in the 15-minute
market and the amount of Dynamic Transfers since those advisory schedules can be curtailed
economically in the binding 15-minute market.

o .
- I
800

700 H Available ITC

600 B 15 Minute & Dynamic Transfer

500 Hourly Block w/ Single Schedule
Change

400

SS VER Forecast

300
¥ Hourly Block
200
100
O T T T 1

Interval 1 Interval 2 Interval 3 Interval 4

Figure 2 - Example of hourly process to accept block schedules
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The following outlines the e-tags the ISO would approve by the hourly tagging deadline for each
of the intertie bidding options above. As shown, the ISO would approve e-tags with transmission
profiles that exceed the maximum projected 15-minute energy or hourly block award (if
submitted with single intra-hour change). This is so the ISO can dispatch these intertie
resources with these e-tags in the 15-minute market above their projected 15-minute energy or
hourly block award. This may result in the ISO accepting tags with transmission profiles that in
aggregate exceed the transfer capacity of an intertie, but in no case will the 1ISO accept e-tags
that have energy profiles and ancillary services awards that in aggregate exceed the transfer
capacity of an intertie.

E-tags would be submitted as follows:

1. Self-scheduled hourly block
T-20 (before the hour) Tag
Transmission profile = hour ahead process schedule
Energy profile = hour ahead process schedule
No changes to tag made from 15-minute market
Energy profile can be updated intra-hour due to reliability curtailments

2. Self-scheduled variable energy resource forecast
At T-75, use 15-minute granular forecast for hour-ahead process
At T-37.5, updated forecast used for self-schedule in first 15-minute market
T-20 (before the hour) tag,

Transmission profile >= maximum projected energy award in15-minute
intervals from hour-ahead process

Energy profile = 15-minute market schedule for interval 1

Energy profile updated every 15 minutes

3. Economic bid hourly block
T-20 (before the hour) Tag
Transmission profile = hour ahead process schedule
Energy profile = hour ahead process schedule
No changes to tag made from 15-minute market
Energy profile can be updated intra-hour due to reliability curtailments

4. Economic bid hourly block with single intra-hour schedule change
T-20 (before the hour) Tag
Transmission profile >=hour ahead process energy schedule
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Energy profile = hour ahead process schedule unless updated in first 15-
minute market

15-minute market can increment energy profile up to lowest transmission profile
tagged prior to start of binding 15-minute market optimization.

15-minute market can decrement.

Energy profile updated once within the hour 20 minutes prior to flow and remains
unchanged for balance of hour.

5. Economic bid with participation in 15-minute market
T-20 (before the hour) Tag

Transmission profile >= maximum MW energy bid submitted for
participation in 15-minute market

Energy profile = 15-minute market schedule for interval 1
Energy profile is updated every 15 minutes based upon 15-minute market results

6. Dynamic Transfer
T-20 (before the hour) Tag
Transmission profile >= maximum MW bid submitted

Final energy profile in dynamic tag will be updated after schedule hour

5.2.1 Self-Scheduled Variable Energy Resource Forecast

Variable energy resources can use the ISO forecast for their 15-minute expected energy in the
hourly process to accept block schedules. In addition, a variable energy resource can also use
its own forecast of expected energy; however, if the expected energy is not delivered in the 15-
minute market, the variable energy resource will be subject to a penalty similar to the existing
HASP schedules decline charge, as discussed in more detail in a section 6.2 below. This
ensures that variable energy resources using their own forecast do not overstate expected
energy that crowds out hourly block schedules. Since the advisory energy schedule that clears
from the hourly process to accept block schedules is not financially binding this penalty
mechanism is used to incentivize forecasting actual expected energy. The hourly block process
schedules declines charge also applies to other intertie transactions that do not e-tag an
accepted hourly block schedule which is advisory.

5.2.2 Economic Bid Hourly Block with Single Intra-Hour Schedule Change

In order to increase the amount of energy schedules that can change in the 15-minute process,
the ISO proposes to allow hourly block schedules the option of being economically dispatched
once in the hour. Given the proliferation of intermittent resources, the ISO believes entities
throughout the WECC region will take advantage of 15-minute energy scheduling. However,
over the next few years, transmission reservations within WECC will remain predominantly
hourly. Currently WECC allows and has established business processes that support a single
intra-hour schedule change of intertie schedules. While the WECC provisions are for
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reliability, rather than economic curtailments, it is reasonable to expect the associated business
processes could be relatively easily adapted to accommodate economic curtailments.

The proposed single intra-hour schedule change of intertie schedules will work as follows for a
curtailment:

e Assume an hourly block import has bid of $50.00. In the hourly process to accept block
schedules, the import is accepted for 100 MW.

e Ininterval 1 of the 15-minute market the LMP is $55.00 and the import is economic for
the remainder of the hour, the import flows and is paid $55.00.

e Then ininterval 2, the 15-minute market the LMP drops to $45.00 and the import is not

economic for the remainder of the hour, the import is curtailed and does not flow in
interval 2, interval 3, and interval 4.

e Ifininterval 3 and interval 4, the price increased to $55.00, the import schedule would
remain at the curtailed level in interval 2.

The proposed single intra-hour schedule change of intertie schedules will work as follows for an
increment:

e Assume an hourly block import has bid of $50.00. In the hourly process to accept block
schedules, the import is accepted for 50 MW.

e The lowest transmission profile tagged in a neighboring balancing authority at T-37.5 is
equalto 100 MW. The ISO market optimization will not award energy schedules which
exceeds the lowest transmission profile tagged at the start of the binding 15-minute
market optimization.

e Ininterval 1 of the 15-minute market the LMP is $55.00, but is only economic for the
balance of the hour at 50 MW, the energy schedule is unchanged and is paid $55.00.

e Then in interval 2, the 15-minute market determines that the import is economic for the
remainder of the hour at 100 MWW, the energy schedule is increased to 100 MW and
will remain at that level for interval 3 and interval 4.

e Ininterval 3 and interval 4, the import is paid the relevant LMP for 100 MW

In the revised straw proposal, the ISO proposed that the hourly block schedule with the option to
curtail once is eligible for real-time bid cost recovery if it is decremented from its day-ahead
schedule. However, after considering stakeholder feedback, the ISO agrees that a subset of
hourly block schedules should not be eligible for bid cost recovery as this could provide
disincentives to move to 15-minute scheduling. In addition, the opportunity to curtail once per
hour mitigates the risk of exposure to LMPs below a resources bid price if system conditions
change between the hour-ahead process to accept block schedules and the financially binding
15-minute market.

CAISO/M&ID/D. Tretheway Page 14 April 24, 2013



California ISO

5.2.3 Economic Bid Participation in 15-Minute Market

There may be instances when an intertie resource submits an economic bid and is willing to be
rescheduled in the 15-minute market, but is not accepted through the market optimization of the
hourly process to accept block schedules. In the event that an intertie resource does 