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1 Executive Summary

This report supplements the FRP pricing performance analysis presented by the CAISO in the Market
Surveillance Committee (MSC) meeting on February 11, 2021.1 Historically, Flexible Ramping Product
(FRP) prices have been predominantly de minimums and mostly at zero levels for most of the CAISO
market footprint. This report presents analysis of market outcomes for July 9, 2021, when FRP exhibited
zero prices even though the CAISO system faced tight supply conditions. This report also details the
current FRP formulation, which is foundational for understanding the analysis.

There are three main factors driving the FRP pricing outcomes in the in the real-time market.

1. FRP requirements are generally reduced by import capability. The current framework assumes
the total | import capability of WEIM areas can be available to meet each WEIM area’s specific
FRP requirements. Since the import capability is usually greater than the total uncertainty
requirement, the effective requirement for individual areas will typically be zero. With zero
requirements to meet for the individual areas, prices will tend to be zero. This will result in the
system-wide area requirements being the main driver for FRP procurement. The framework of
upcoming enhancement for nodal procurement in fall 2022 will no longer consider the import
capability in the determination of the FRP requirements.

2. Congestion continues to limit the performance of FRP. FRP continues to be procured from
resources that are behind a congested area. Congestion may result in the market assuming the
resource is not available for energyand therefore does not dispatch the resource, or dispatches,
creating the impression that the capacity is available for FRP. However, because there is
congestion, the FRP cannot be deployed subsequently for energy. Being able to procure FRP from
such stranded capacity means the requirement will be typically met, which in turn will tend to
clear at zero prices. CAISO has developed a solution to address this issue by using a new
formulation for nodal procurement. This is scheduled for implementation in fall 2022.

3. FRP pricing is based on opportunity costs to procure FRP and energy. FRP pricing is based on
opportunity costs, which in a given interval reflects the tradeoff between the need for energy
versus reserving capacity for ramping capability. Unlike other market products with explicit bids,
the FRP price will be nonzero only when such opportunity costs between energy and FRP exist.
CAISO’s formulation utilizes demand curves to price the amount of relaxation of the FRP
requirements, which will set the clearing price. The two factors described above create conditions
for no opportunity costs and, therefore, there the FRP price is zero, i.e., there are no nonzero
prices to be reflected.

! Presentation available at http://www.caiso.com/Documents /FlexibleRampProduct-Presentation-Feb11 2022.pdf
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5 Background

On November 1, 2016, CAISO introduced the Flexible Ramping Product (FRP) to the real-time market
(RTM) operation. This product was introduced to help manage uncertainty from load, wind and solar
production. Similar to other products, there is an FRP requirement enforced in the market in order to
procure flexible capability from resources in the system. The FRP secures flexible capability that can be
dispatched in subsequent market runs to cover realized uncertainty. This product is in place for both
CAISO and all balancing authority areas (BAA) participating western energy imbalance market (WEIM).
There are no explicit FRP bids submitted by resources. The current market does not consider locational
constraints when procuring the FRP. Procurement of the FRP is based on opportunity costs, which arise
from the tradeoffs between the needs for energyand reserving ramping capability.

FRP is formulated taking into account the WEIM framework, which relies on diversity and leverages on
the transfer capability among areas. Under this construct, FRP requirements in one area can be met by
either internal resources or from other areas’ capability through transfers. Each WEIM area, including
CAISO, hasits own FRP requirement and additionally there is an overall requirement for the system-wide
WEIM area.

In 2019, CAISO performed a comprehensive assessment of pricing at the CAISO’s markets and identified
several issues impacting the FRP performance?, including the award of FRP to proxy demand response
(PDR) resources that could not deploy the capacity, the need for a minimum FRP requirement for areas
with a significant share of the overall requirements, and persistent non-deliverability of FRP due to
congestion. CAISO undertook a policy initiative to address these issues3 . CAISO implemented the first
phase of this project in November 2020 and plans to implement the second phase in the fall of 2022. This
second phase addresses the deliverability of FRP by using a formulation for nodal procurement, and also
enhances the calculation of the FRP uncertainty requirements.

Figure 1 illustrates the evolution and AISO efforts to assess and enhance the performance of the FRP since
its implementation in 2016. The subsequent sections describe in details the different efforts.

2 CAISO’s analysisreportcanbefound at
http://www.caiso.com/Documents/SummerMarketPerformanceReportforJuly2021.pdf

3 All the material of the Policyinitiative for FRP issues can befoundat
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Flexible-ramping-product-refinements
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Figure 1: Evolution of the flexible ramping product
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6 Mathematical Formulation

On November 1, 2016, CAISO implemented the FRP functionality for the real-time market, in both the
FMM and RTD markets. This functionality consists of minimum requirements for FRP procurement at the
individual and system-wide areas. This section describes the original formulation, changes implemented
afterwards and the current functionality. This will help understand the drivers for the observed market
price trends.

6.1 Initial formulation

The FRP formulation is based on a constraint to meet the FRP requirement for eachindividual area#. This
is expressed as an inequality constraint that ensures that at least the FRP requirement is met and allows
the market to procure more than the requirement if the capacityis available.

Z FRU;;+ S;, = FRUR;, — NIC;, (1)
IEBAA;

The left hand side of the equation defines the procurement where i stands for the index of resources
within the WEIM areaj and t is the time interval. The term FRU;, is the FRP procured from the i-th

4 The description in this paper is simplified to highlight the main concepts and ease the understanding of the core
elements. Thedescription is limited to describe only the upward FRP and only for cases where there were no failure
of flexibility requirements tests imposed on WEIMbalancing authority areas. If a test failure exists, the requirements
for the constraints are slightly different to refl ect the failure. Analogous expressions apply to the downward FRP and
the constraints arealso very similar for conditions under testfailures. Since the focusis on understanding the price
formation, this limited scope will properly capture the elements at play.
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resource; thus the summation over all resources i defines the total FRP procured by all resources in area
J- The term S, represents a slack variable for WEIM area j for interval t to allow the requirement
constraint to be violated (relaxed). The value this slack variable will take depends on two factorsi) there
is actual capacity available in area j but also ii) at what prices that capacity can be procured. The
procurement of the FRP capacity is price-sensitive and driven by demand curves, which reflect the value
of procuring FRP at different prices. This is analogous to a bid-in demand curve for energy. The higher the
price, the less FRP will be procured. The maximum price define for the demand curve is at $247/MWh. It
means that if the FRP price is equal or greater thanthe $247/MWh, the market may not procure any FRP
capacity even when the capability is available. This slack variable is a classic optimization concept; in the
context of the FRP framework, this is referred as surplus variable and its value is determined as part of
the overall market optimization.

The right-hand side of the constraint stands for the FRP requirements. The term FRUR; represents the
uncertainty requirement for area jin interval t. This is estimated using the histogram calculation that relies
on historical net load errors in the real-time market. The term NIC; . is the net import capability (NIC) for
areaj ininterval t. Within the WEIM framework, an individual area will generally be interconnected with
other adjacent areas through different interfaces, which will enable transfers among areas. The transfer
capability for one area directly depends on the individual transfer capability with each other area directly
connected to. Under this construct, the formulation utilizes the concepts of NIC and net export capability
(NEC). Figure 2 illustrates the WEIM areasand the transfers among them. The bubbles in red reflect typical
sub-regions created by price separations when there are limited transfer capabilities.

Figure 2: Regional separation of WEIM areas

2021

EEIM

ETSR diagram
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The NIC/NEC concept relies on the premise that a given WEIM area will have certain transfer capability
that can be leveraged for imports and exports. This capability considers the nominal transfer capacity
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made available by each WEIM entity but also on the amount of import or export transfers cleared in the
market. Withthe formulation of the FRP, the NICis effectively considered in the determination of the final
requirement an area needs to procure locally. This is illustrated in Figure 3. There are twoindividual WEIM
areas with aninterface that allows transfers between them. The two areas together define the system-
wide area. The requirement of each individual area will take into account its net import capability. This
concept practically considers that FRP procurement can be done locally but, as part of the wider WEIM
area, it can be also met with transfers as long as there is import capability to bring that capacity into the
area. Therefore, the effective requirement that needs to be met locally is the uncertainty requirement
reduced by the NIC.

Figure 3: Configuration of individual WEIM areas and system-wide area

/” BAAgy

/’
FRURgy

Additionally, there is one more FRP constraint to enforce a minimum requirement at the system-wide
WEIM area. That is, regardless of how each individual WEIM are meets its requirement, this constraint
ensure that a minimum requirement is met at the system level. The first termisanalogousto the individual
area and reflects the contribution to the FRP procurement from all resources from all WEIM areas. The
second term reflects the contribution of any surplus variable from the individual WEIM areas. When an
individual area relies on the surplus variable (S; . > 0) to meet its local requirements the surplus capacity
is carried over for accounting in the system-wide area. This effectively reduces the WEIM area
requirements by the amount of relaxation already taking place from individual areas. If an area relaxed
the requirement, that capacity cannot be produced locally and, thus, will not be fulfilled from other areas
for the system-wide area.

iEEIM JEEIM

Similar to the individual areas, the term Sg;), , is the surplus variable associated with the system-wide
WEIM area at interval t, which can take a value to reflect any relaxation of the WEIM area requirement.
The right-hand side of the constraintis composed only of the uncertainty requirement for the WEIM area,
FRURgy  There is no NIC component at the WEIM area since this is only a concept when transfers exist
for the area of interest relative to other areas.
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6.2 Enhancements toinitial formulation

After the implementation of the FRP model and as part of standard validation and analysis of market
performance, CAISO assessed FRP performance and identified some unintended pricing outcomes. Inthe
original formulation, the total FRP procurement from either local area could take on any value since they
were not bounded which could result in local procurements in excess of what was actually deliverable.
For this reason, an upper bound was imposed on the local area FRP procurements

Z FRU,; +S;; <FRURj,+ NEC;; Vj 3)
{EBAA;

Another issue identified through the market performance after implementation was that the surplus
variables for FRP had no upper bounds. This resulted in outcomes in which the optimizations took the
most economic surplus variable based on the local area demand curve and set the price; this resulted in
local areasrelaxing excessively to meet the overall requirement and preventing the demand curve for the
WEIM area toset the price. CAISO implemented an upper bound constraint on the surplus variables, such
that it could be relaxed only up to the amount needed to meet the local requirement,

0<S5,;, <max(0,FRUR;; —NIC;,) Vj (4)

This upper bound allowed the WEIM surplus variable to take on a value when the overall WEIM
requirement could not be met. However, it resulted also in a price formation in which the local area
observed negative prices which were offset with a positive price of the WEIM area.

6.3 Current formulation

In April 2018, CAISO improved the FRP formulation to address this price formation concern by using upper
bounds that could effectively set the surplus variables as active or not such that they could contribute to
the price formation only under specific conditions. The upper bound on the surplus variables defined by
Equation (4) wasreplaced by the following integer-based constraints

If FRUR,, — NIC;, - Z FRU;; <0 -y, =0 (4a)
IEBAA;

If FRUR,, — NIC;, — Z FRU;;>0 -y, =1 (4b)
iEBAA

When the local areais able to meet its local requirement with its internal resources, there is no need to
utilize the surplus variables and thus Equation 4a makes the surplus variable not active. Otherwise, when
the local area cannot meet its local requirements with local FRP capacity, the surplus variable is active as
defined with Equation 4b. These conditions are binary in nature and, therefore, it requires a binary
variable Vi in the mathematical formulation. Equations 4a and 4b only define when the surplus variables

MPP/MA&F/G.B. Alderete 13
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are active or not but they do not defined the upper bound. These equations need to be complemented
with an upper bound imposed on the surplus variables,

Sj+ < FRUR;, — NIC;, — Z FRU;, (5)

Equation 5 limits the value on the surplus variable up tothe amount needed to meet the local requirement
that physical FRP could not satisfy. It prevents the surplus variable to take on a value in excess to satisfy
requirements in the WEIM area, which in turn could displace capacity for meeting the WEIM area
requirements.

With the binary variables to define if the surplus variables are active or not, the original requirements
defined with Equations 1 and 2 canbe revised accordingly

Z FRUi,t‘l‘Vj,tSj,tZFRURj,t_ NICj’t (1’)
Z FRU;, + Z yf'tSjt + Sgime = FRURg (2’)
i€EIM JEEIM '

Through the subsequent market performance of CAISO’s pricing, CAISO identified other areas of concerns
about FRP performance. One of these areas resulted in an enhancement to enforce a minimum FRP
requirement for CAISO area®. Inthe current WEIM footprint the CAISO is the primary driver of the system-
wide WEIM requirements because it has the largest share of load and variable energy resources, which
leads to the largest share of net load uncertainty. With the consideration of the NIC/NEC, the CAISO FRP
requirement that needs to be procured from internal resources is effectively zero. A minimum FRP
requirement was introduced in November 2020 for CAISO area since the CAISO has such a large share of
the requirement. This ensures that a portion of the FRP requirement is procured within CAISO in order to
be available for uncertainty that materializesin the CAISO’s area.

FRU;; + S;; = DF x FRUR, where j = CAISO (6)

Where DF is the diversity factor defined based on the share of the CAISO requirements relative to the
overall WEIM requirement. The minimum requirement constraint is enforced when CAISO’s share is
greater than 60 percent of the overall WEIM area requirement. This constraint was originally activated for
the FMM market on November 2020; after further assessment this constraint was also enforced in the
real-time dispatch market starting on February 16, 20216.

> The minimum FRP requirement was part of the FRP enhancements. Documentation is available at
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Flexible-ramping-product-refinements

6 The market notice regarding the activation of the minimum requirement constraintis available at
http://www.caiso.com/Documents/Activation-Minimum-Flexible-Ramping-Requirement-Real-ti me-Dispatch-
Market-Effective-021622.html
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7 FRP Requirements and Procurement

The FRP capacity procured in the market is guided by the FRP requirements. These requirements reflect
the uncertainty associated with each FMM and RTD market. The current methodology relies on a
statistical approach to determine the level of requirement to be enforced in the markets. This statistical
methodology uses historical uncertainty to estimate a 2.5 and 97.5t percentiles for the downward and
upward requirements. The historical uncertainty is calculated as the net load errors between FMM and
RTD marketsfor the FMM requirements and as the net load error between binding and advisory intervals
for the RTD requirements. The requirement is calculated individually for each WEIM area as well as for
the system-wide WEIM area. Currently, CAISO is in the process of implementing an enhanced
methodology to estimate FRP requirements. In addition to relying on historical net load errors, this
methodology will factorin forecasted values for load, wind and solar. This will allow FRP requirements to
reflect expected net load conditions for the time being assessed’.

Figure 4 and Figure 5 show the trend of FRP procurement per month over the last two years for CAISO
area.

Figure 4: FRP procurement in FMM
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Overall, there is an expected increase on the maximum level of FRP requirement which will lead to a
higher level of FRP procurement given the ongoing addition of renewable resources into the system.
Seasonal weather conditions are also expected to impact the level of FRP requirements. The FMM
procurement will naturally tend to be higher than the RTD requirements since they are based on 15-and
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7 The FRP enhancement initiative describes this methodologyin the companion Appendix C of theinitiative
https://stakeholdercenter.caiso.com/Stakeholderlnitiatives/Flexible-ramping-product-refinements
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5-minute timeframes. As explained in the previous section, the FRP procured in the CAISO area is largely
driven by the system-wide WEIM requirements since CAISO’s effective requirements tend to be zero.

Figure5: FRP procurement in RTD
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Under typical conditions, all balancing authority areasgenerally have largerimport or export limits than
their flexible ramping up or flexible ramping down requirement. As described in previous sections, when
accounting for the net import/export capability of a given balancing area, they typically are greater than
the local FRP requirements, resulting in the balancing authority area’s flexible ramping product
requirement to be effectively 0 MW. The practical consequence of this is that the balancing authority
area’s upward flexible ramping product does not need to be procured from internal resources.

Figure 6 and Figure 7 show the distribution of gross versus effective requirements for CAISO area for the
last two years for both FMM and RTD markets. The distribution on the right hand side shows the gross
requirement are largely nonzero. Once the NIC is considered, the effectively requirements shown in the
left-hand side subplot reflects the distribution of lower, and quite frequently 0 MW, requirements. For

instance, the first quantile (25t) as denoted with the lower bound of the box is most of the time greater
than 500MW but becomes OMW for the effective requirements.
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Figure 6: Nominal and effective FRP requirement in FMIM
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Figure 7: Nominal and effective FRP requirement in RTD
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There is a marked pattern change starting in April 2021 in both FMM and RTD markets, where the effective
requirements become 0 MW more frequently. This coincides with the onboarding of additional entities in
the WEIM, which resulted in additional transfer capability available in the overall WEIM market. Since
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some of the new WEIM entities are directly connected to the CAISO area, like in the case of LADWP and
TID areas, the net import capability for the CAISO area increases. This additional import capacity will tend
to offset more frequently the nominal FRP requirements.

This condition is applicable to all WEIM areas at different degrees depending on their corresponding
transfer capability. Table 1 provides the frequency when the effective requirements are nonzero. This is
shown for all areasand for the FMM market. The red color highlights the instances with a low frequency,
while blue colors reflectsa higher frequency.

There are several trends to highlight. First, prior to November 2020, CAISO area observed a frequency
lower than 50 percent of the time with nonzero requirements. Starting on November 2020 and with the
introduction of the minimum requirement constraint, the frequency of nonzero effective requirements
increased significantly to over 90 percent of the time. Second, historically only Idaho and PAC have seen
a high frequency of nonzero effective requirements given the transfer capabilities associated with them.
Third, with the onboarding of addional WEIM areas, the transfer capabilities reference changes for other
areasandthis canrepresent a change in patternin either direction, increasing or decreasing the frequency
of nonzero requirements.

Table 1: Frequency of OMW effective requirements in the WEIM

Month  AZPS BANC CISO IPCO  LADWP NEVP NWMT PACE PACW PGE PNM  PSEI PWRX SCL SRP TIDC

Feb20 467 601  47.1 25 275 651 627 579 402
Mar20 381 613 297 [ 26 699 743
Apr20 418  BS2NN215 59 428 884 398
May20 11 850244 83 295 B0 349
Jun20 117 8294 68 209 B88 156
ul20 196  O80N49.5 58 293 BoN14.9
Aug-20 116 127 958 134
Sep-20 a8 118 816 303
0ct-20 34 81 8284
Nov-20 38 167 -622
Dec-20 45 0 BeIN79s
Jan-21 29 253 508 gsa |
Feb-21 35 334 899874
Mar-21 4 346 B8O 814
Apr21 ] 258 932 el
May-21 871

Jun-21

Jul21

Aug-21

Sep-21

oct21

Nov-21

Dec-21

Jan-22
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8 FRP Prices

Similar to other market products, the market clearing process provides FRP awards and prices. Awards
and prices are at the resource level, even though FRP prices are derived from the individual WEIM areas
the system-wide area. The price of a given area reflects the value to procure FRP. Unlike other market
products, such as energy and ancillary services, the FRP product is fully based on an opportunity cost
construct and there are no explicit bids to express the willingness and value assessed for resources with
the capability to procure FRP.

Figure 8 and Figure 9 illustrate the monthly frequency of nonzero FRP prices for FMM and RTD markets,
respectively, for the CAISO area. For FMM, the nonzero prices happened less than 2 percent of the time
prior to November 2020. Afterwards, the frequency of nonzero prices has increase fairly, reaching up to
15 percent of the time in March 2021. This change in pattern was driven by the enforcement of the
minimum requirement. By enforcing the minimum requirement, the market optimization needs to
procure FRP within CAISO area and when thereis no sufficient capacity, it will relax the requirements by
using the surplus variables of the demand curve for FRP, setting a nonzero price.

The frequency of nonzero prices for RTD is much lower and represents only a fraction of a percent for the
study period. There is no marked trend change in RTD for before and after November 2020 because the
minimum requirement was originally enforced only in FMM. As explained throughout this document,
there are three main reasons for which these FRP prices are frequently clearing at zero, such as zero
effective requirements, utilization of non-deliverable capacityand pricing based on opportunity cost.

Figure 8: Monthly frequency of nonzero FRP prices in CAISO area. FMM market
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Figure 9: Monthly frequency of nonzero FRP pricesin CAISO area. RTD market
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Figure 10 and Figure 11 show the nonzero prices for the WEIM area in both FMM and RTD markets,
respectively. These plots show a very low frequency of nonzero prices too.

Figure 10: Monthly frequency of nonzero FRP prices in system-wide WEIM area. FMIM market
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Figure 11: Monthly frequency of nonzero FRP pricesin system-wide WEIM area. RTD market
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Figure 12 and Figure 13 show the monthly distribution of nonzero prices for CAISO area in both FMM and
RTD markets, respectively. FMM exhibit a larger and broader distribution of prices after the
implementation of the minimum requirement. RTD shows no trend over time. In both trends, the
distribution shows prices are largelyin the low-price range.

Figure 12: Monthly distribution of nonzero FRP prices in CAISO area. FMM market
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Figure 13: Monthly distribution of nonzero FRP prices in CAISO area. RTD market
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Table 2 below summarizes the frequency of nonzero FRP prices in the FMM market for all WEIM areas.
FRP prices have been largelyzeroacross all areas.

Month
Feb-20
Mar-20
Apr-20
May-20
Jun-20
Jul-20
Aug-20
Sep-20
Oct-20
Nov-20
Dec-20
Jan-21
Feb-21
Mar-21
Apr-21
May-21
Jun-21
Jul-21
Aug-21
Sep-21
Oct-21
Nov-21
Dec-21
Jan-22

Table 2: Frequency in percentage of nonzero FRP prices
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On February 16, 2022 CAISO activated the minimum requirement constraint in the RTD market. As shown
in Figure 14, the enforcement of this constraints has not had a major change in pricing patterns for CAISO
area.

Figure 14: Frequency of nonzero prices in RTD after enforcement of minimum constraint
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9 FRP Pricing on July 9, 2021

Since its implementation, the FRP has exhibit weak price signals as shown in previous section. In instances
where plenty of capacity is available, FRP procurement may result in zero prices since there is no
opportunity costs to procure it. However, during tighter supply conditions a stronger price signal is
expected due to the natural condition for opportunity costs to arise when procuring FRP and its trade off
with procuring for energy. This also depends on the level of FRP requirements which depend on the net
load uncertainty. During summer 2021 conditions, in spite of CAISO experiencing limited supplies and
forecasting resource deficiency after the Malin and NOB intertie derates due to the Bootleg fire, FRP
pricing was weak with multiple intervals priced at zero. Given high temperaturesacross the western part
of the United States, supply was limited not only in CAISO but in other areas of the WEIM footprint?.

Figure 15 shows the FRP prices for all WEIM areas, including CAISO’s and the system-wide WEIM area
prices. CAISO’s prices in FMM were nonzero for several intervals in peak hours, reaching the maximum
prices of $247 in intervals of hour ending 19 and 21. Prices in SRP and NEVP were sporadically nonzero
during peak hours. Several of these prices indeed happened in intervals when WEIM areas failed either

8 CAISO provided detailed analysis on the system conditions and market performance during summer months.
July’s reportisavailableat http://www.caiso.com/Documents/SummerMarketPerformanceReportforJuly2021.pdf
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the capacity or flexible ramp test, which imposed a cap on the transfers in the real-time market. The price
for the system-wide WEIM area remained largely at $0 throughout peak hours of July 9 in spite of the
tight supply conditions in the West.

Figure 15: FRP pricesin FMM for July 9, 2021 peak hours
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Figure 16 shows an aggregated trend of FRP prices at the regional zones of the WEIM footprint and how
theytrackedrelative tothe amount of FRP requirement and procurement for the system-wide WEIM area.
As the system reach peak hours and FRP requirements reached 2,000MW, the WEIM market was unable
to meet all FRP requirement; in the most critical time of hour ending 19 and 21, only a small portion of
the requirement was procured. Across the peak hours the procurement was mainly from CAISO and Pacific
Northwest areas. Figure 17 complements the comparison by showing the trend of the FRP procurement
relative tothe FMM energy prices for the WEIM areas. This show that FRP relaxation concurs when energy
prices are relatively high. This is an expected relationship since FRP procurement is price sensitive based
on the demand curves®. The high energy prices reflect the tight supply condition in the CAISO and the
Desert Southwest. The Pacific Northwest prices tracked low reflecting a condition of sufficient supply. This
pricing outcome still raises the question about the weak price signal for FRP across the WEIM footprint.

° The flexible ramping product framework uses a procurement demand price curvethatis calculated based on the
probability of a power balance constraint occurring ifthe flexible ramping productis not met. If the upward flexible
ramping product requirement is relaxed, the demand curve value would increase the energy price above last
economicenergy bid. Thereisa demand curve for the upward and also for the downward FRP.
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Figure 16: FRP procurement and pricesin FMM for July 9, 2021

2,500
OV e DSW s VINW s PN e EIM_REQ
2,000 eareeeeentaeeaeraaens .

z KO
= i
e 1,500 EEEE
b o erescsnares
£ *tarepe S
(0] ) . - K
3 - W URRRRTEER IS R
£ 1,000
S~
o
L7
o
&
i 500

300

——CW ——DSW ——MNW ——PNW =----- EIM

250
& 200
(]
=
a
a 150
o
i
T
©
2 100
o
2

50

. A

12 13 14 15 16 17 18 19 20 21 22 23 24

This outcome can be further explained by focusing in a specific real-time interval. For reference this
explanation relies on July 9 2021, hour ending 17, interval 3. In this interval there were no test failures,
which allows us to explore a typical scenario of FRP at work.

Table 3 summarizesthe FRP solution. Itincludes the nominal (uncertainty) requirement and the effective
FRP requirement once the NICis considered. Since the NIC component is sufficiently large, the effective
requirement is 0 MW for all areas.
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Figure 17: FRP procurement and energy pricesin FMM for July 9, 2021
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Since CAISO area also has a minimum requirement, this constraint is the one that forces CAISO to have a
nonzero effective requirement. The system-wide area is also nonzero and reflects the nominal uncertainty
requirement since there is no NIC applicable to the system-wide area. With zero effective requirements
for all areas but CAISO, the system-wide WEIM are requirement set the constraint effectively driving the
overall procurement. Multiple areas in the WEIM footprint provide FRP capacity to meet the WEIM area
requirement. For allareasthat have a 0 MW effective requirement, the optimal solution canresult in zero
or nonzero procurement, but under either scenario their FRP price will be zero because they can meet a
0 MW requirement. There were six WEIM areasthat did not procure any FRP capacity to meet the WEIM
area requirement, including AZPS, IPCO, LADWP, PNM, SRP and TIDC. These WEIM areas could not procure
any FRP capacity because they had no supply available. With procuring 0 MW, these areasindeed meet
the requirement constraint and the requirement is not relaxed, therefore the demand curve does not set
a nonzero price. For the other areas that had nonzero effective requirement but procured nonzero
capacity, it reflects procurement above the requirement and thus its price will be zero reflecting that there
is sufficient capacity and no opportunity cost.

For CAISO area, there was a minimum requirement of 925 MW, which could not be procured fully from
its internal resources. Therefore, the requirement was relaxed by 344 MW; this is the value of the surplus
variable which will determine the FRP clearing price for CAISO area. Figure 18 shows the actualdemand
curve for upward FRP of CAISO area for hour ending 17. The surplus variable has a price of $78 for the
MW segment where 344 MW is contained, which is what sets the CAISO price.
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Table 3: FRP market solution forJuly 9, HE17. FMM market

Uncertainty  Effective Min Req Procurement Relaxation Flex Price Energy

BAA Req (MW) Req (MW) (MW) (MW) (MW) $ Price ($)
AZPS 169 0 0 0 0 0 762
BANC 51 51 0 196 0 0 1,000
CISO 1,810 925 925 581 344 78 855
IPCO 149 0 0 0 0 0 312
LADWP 191 0 0 0 0 0 751
NEVP 303 0 0 30 0 0 731
NWMT 78 0 0 19 0 0 192
PACE 377 0 0 250 0 0 442
PACW 117 0 0 102 0 0 335
PGE 158 0 0 148 0 0 85
PNM 183 0 0 0 0 0 714
PSEI 91 0 0 130 0 0 113
PWRX 161 0 0 161 0 0 53
SCL 19 0 0 78 0 0 116
SRP 124 0 0 0 0 0 761
TIDC 9 0 0 0 0 0 960
EIM 2,038 2,038 0 1,694 344 0

The system-wide WEIM area has a requirement of 2,038 MW, which is met partially with 1,694 MW of
FRP capacity procured in multiple WEIM areas. The rest is met with the relaxation already set for CAISO
area of 344 MW. This is based on the current formulation of the requirement for the system-wide area as
described by Equation 2’, in which any relaxation realized in an individual area is counted towards the
procurement of the system-wide area. Since all the requirement is met at the system-wide area, thereis
no relaxation needed for the WEIM requirement and, consequently, the FRP price for the system-wide
areais also SO.

Figure 18: FRP demand curve for CAISO area for July 9, 2021 HE17
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Similar market outcome and interplay occurred for the RTD market. Figure 19 shows the trend of RTD for
FRP requirement at the system-wide area, the FRP and energy prices. Along instances of FRP requirements
being relaxed, FRP prices are nonzero for CAISO and the Desert Southwest while energy prices reachthe
$1,000 level. Table 4 provides similar summary of the FRP results. The effective requirements for most of
the areasis zero and thus the FRP procurement will be largely driven by the system-wide WEIM area.
Since the requirementsare zero, the resulting FRP prices for these areaswill be zero because the demand
curve will not require the surplus variables to take on a nonzero value. Unlike FMM case, the CAISO area
has also an effective requirement of zero because there was no minimum requirement imposed for CAISO
in July 2021. The minimum requirement for CAISO started to be enforced on February 16, 2022. Likewise,
the system-wide WEIM requirement is fully met with procurement from CAISO, Powerex and Seattle City
Light areas. Consequently, the price for the overall WEIM areais also zero.

Figure 19: FRP procurement vs FRP and energy prices in RTD for July 9, 2021 HE19
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Table 4: Summary of FRP solution for July 9, HE17. RTD market

Uncertainty Effective req Procurement Relaxation FRP Price  Energy Price

BAA Req (MW) (Mw) (MW) (Mw) () ()

AZPS 45 0 0 0 0 994
BANC 14 0 0 0 0 1001
CIsO 273 0 127 0 0 994
IPCO 37 0 0 0 0 994
LADWP 69 0 0 0 0 994
NEVP 99 0 0 0 0 994
NWMT 23 0 0 0 0 994
PACE 86 0 0 0 0 960
PACW 30 0 0 0 0 151
PGE 28 0 0 0 0 151
PNM 53 0 0 0 0 994
PSEI 21 0 0 0 0 65
PWRX 47 38 143 0 0 65
SCL 5 5 78 0 0 65
SRP 36 0 0 0 0 994
TIDC 3 0 0 0 0 997
EIM 348 348 348 0 0
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10 FRP Utilization and Deliverability

The goal of having flexible ramp capacity is to ensure that such ramp-able capability is available for use
when uncertainty materializesin the market. One way to measure how effective the product performs is
by measuring how the flexible ramp is utilized and delivered. In the pricing performance analysis, CAISO
found that one of the major issues in the FRP performance was the FRP could not be fully deliverable due
to congestion and economics. For instance, FRP was awarded to high bid-price resources, such as those
resource bidding close to the bid cap. It also found that FRP was awarded to resources impacted by
congestion such that the room available on these resources was created by decremental dispatches of
energy driven by internal constraint congestion. The current formulation as described in previous sections
does not consider congestion management in the market clearing process for FRP. Procurement of the
flexible ramping product is based on opportunity costs, which arise from the tradeoffs betweenthe need
for energy and the need for ramping capability.

Figure 20 illustrates the utilization and deliverability of FRP for peak hours of July 9, 2021. There are
different groups. One group of the metrics is to differentiate between CAISO or other EIM areas. Another
group is for the type of resources, whether they are variable energy resources (VER), limited energy
resources (LES), PDR or any other. There is also a group for the three major types of drivers, namely
congestion, economics or resource constraints. Congestion is when a resource was awarded FRP based
on capacity created by decremental dispatches due to congestion. As a result, the market can procure
upward flexible ramping capacity from resources that are dispatched down for congestion management,
which in the next market run when uncertainty materializes cannot be deployed due to congestion. This
interplay between congestion and flexible ramping product procurement can be further exacerbated
because the market may find it optimal to allocate upward flexible ramping product capacity precisely to
resources dispatched decrementally for congestion management. The other driver is related to economics
of the market; this more about utilization rather than deliverability. In certain conditions, FRP awards are
not utilized in the market because the price for energy was not high enough. On July 9, there were FRP
awards to resources that had energy bids close to the bid cap; however, the energy prices were not
sufficiently high to make this resources to be in merit for energy dispatch. The last driver is resource
constraints, in which certain limitations, like energy limits, may prevent the use of the FRP awards. Overall,
a significant portion of FRP capacity for the peak hours on July 9 was of no use in the real-time market.
Figure 21 shows the total average FRP capacity that could not be utilized or delivered, and shows that this
is a persistent outcome in the FRP performance. The CAISO is currently implementing an FRP
enhancement to address this issue of deliverability with a new FRP formulation based on nodal FRP
procurement?9,

10 The nodal procurement is part of the second phase of FRP enhancementinitiative thatis currently scheduled for
implementation in fall 2022. The enhancementis describedat
http://www.caiso.com/InitiativeDocuments/FinalProposal-FlexibleRampingProductRefinements.pdf
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Figure 20: Classification of non-deliverable FRP capacity
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Figure 21: Monthly trend of undeliverable FRP
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