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BEFORE THE
PUBLIC UTILITIES COMMISSION
OF THE STATE OF CALIFORNIA

Order Instituting Rulemaking to Integrate and )
Refine Procurement Policies and Consider ) R.10-05-006
Long-Term Procurement Plans )

)

Reply Comments of the California Wind Energy Association
on the August 24-25 CPUC Workshop on CAISO and PG&E
Renewable Integration Modeling Methodologies

The California Wind Energy Association (CalWEA) respectfully provides the following
reply comments in response to the September 21, 2010 comments from parties on the CAISO’s
and PG&E’s proposed methodologies for modeling the integration of renewable generation into
the California electric system. An administrative law judge’s ruling dated September 8, 2010
(Ruling) requested these comments, and a further ruling dated October 1 asked parties to
address several additional matters.

CalWEA appreciates the substantial effort that the CAISO and PG&E have devoted to
modeling how the operational requirements of the California electric system may change once
renewable generation provides 33% of the state’s electric resources in 2020. CalWEA believes
that this effort has been most beneficial in summarizing the limits of our knowledge and
experience today with integrating renewables and in identifying the many questions that need to
be answered before the Commission can have confidence that the state has the resources
necessary to integrate 33% renewables.

CalWEA was pleasantly surprised with the extent to which it agrees with many of the
opening comments of other parties on renewable integration issues. In particular, CalWEA

strongly agrees with the perspective that, in light of the many uncertainties in the path that
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California will take to reach 33% renewables and in the market conditions that will exist in
2020, at the present time the Commission should refrain from making definitive decisions on
how many and what kind of resources will be needed to integrate 33% renewables." CalWEA
concurs with SCE that the Commission should focus on a “least regrets” set of actions that can
be undertaken now, in the face of substantial uncertainty, because they appear necessary under a
wide range of assumptions and have a relatively limited potential for creating stranded
investment.” Similarly, the CAISO’s comments call for the Commission to focus on
developing the tools to analyze integration issues and to adopt only “the minimum measures
that must be taken now to allow for the process to mature and evolve” over the next decade.’

Based on the opening comments, CalWEA has assembled the following list of the most
important steps that the Commission should take now to further its ability to analyze integration
issues.

o Better estimates are needed of the resource adequacy (RA) value of intermittent
renewable resources, i.e. their net qualifying capacity (NQC) for RA purposes.
CalWEA agrees with PG&E that the current Commission-adopted counting rules are
not appropriate for long-term planning purposes. CalWEA concurs with PG&E that a
loss-of-load probability method that is based on a well-defined reliability standard
should be used to estimate the future NQCs of existing and new RPS resources.

o Models of integration requirements need to be benchmarked to past conditions (e.g.,
to 2009) and tested on near-term scenarios, such as a 20% RPS in 2012 with a 17%
PRM, which is much easier to forecast than 2020 scenarios.® As a further reference,
an All-Gas scenario for 2020 also should be tested. The models should be adjusted as

warranted by the results of these tests.

. Integration models should be tested on a range of scenarios for 2020 loads and for the
composition of the renewables portfolio in 2020, including different amounts of in-

See, e.g., comments of: TURN, at 2; DRA, at 6-7; Calpine, at 1; CLECA, at 13; and WPTF at 1.

SCE Comments, at 3. SCE’s idea of a “least regrets” policy is that procurement choices related to renewables
integration should be made over a number of LTPP cycles, in a manner that retains flexibility and does not
compromise either reliability or RPS compliance.

3 CAISO Comments, at 4.
* PG&E Comments, at 7; TURN Comments, at 13.



state and out-of-state renewables and the degree to which the integration requirements
for out-of-state resources can be met by other balancing areas.” At least a portion of
the state’s 33% RPS needs will require little to no integration by the CAISO. At least
one scenario should assume that one-quarter of the 33% RPS energy needs will fall
into this category.

° CalWEA recommends the use of less-detailed, easier-to-run models, such as the
PG&E model, if that is what is needed to run a broad range of scenarios and
sensitivity analyses in order to screen and pare down a wide range of scenarios to a
few critical ones to be studied with a more elaborate model (or models) to support
decision-making.

o The Vote Solar Initiative helpfully highlights the conclusion of NREL’s Western
Wind and Solar Integration Study that cooperation among balancing areas can reduce
the variability of intermittent resources and load, and thus minimize integration costs.
This study also concludes that sub-hourly scheduling can decrease substantially the
need for load following resources.’ The CAISO should attempt to incorporate the
impacts of greater cooperation among balancing areas and sub-hour scheduling into its
integration model. FERC’s plans to add more flexibility to the inter-balancing-area
scheduling process may lead the CAISO to implement a new day-of commitment
process which in itself will significantly reduce the lead time and forecast errors
associated with renewable generation.

. The CAISO and the utilities should focus over the next two years on acquiring actual
data and experience with larger-scale solar thermal and solar PV projects.’

o Renewable resources should be allowed to contribute to system flexibility needs when
it makes economic sense. It would not make sense to add a large gas turbine to
regulate renewable resources only for a few hours in a year.® Under such
circumstances, it would be much more economical to curtail some of the renewables
for those few hours and cover their revenue loss (PPA plus PTC payments).

. Models should contain no artificial limits on importing flexibility into California and
exporting intermittent generation from California.’

CalWEA does, however, disagree with some of the comments:
e We disagree with Pacific Environment’s assertion that cost of transmission has not

been accounted for.'” Transmission costs may not enter the calculation in the
integration models discussed here, but they have been captured in other assessments,

PG&E comments, 4.

Vote Solar Comments, at 3.

CAISO Comments, at 4.

WPTF Comments, at 2.

SCE Comments, at 5-7.

% Pacific Environment Comments, at 23.
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including the Renewable Energy Transmission Initiative (RETI) which included all
interconnection and transmission costs. Transmission costs are also explicitly
accounted for in the utilities’ least-cost, best-fit (LCBF) RPS bid evaluation process.
What has not yet occurred is a full investigation of the cost of the distribution system
upgrades that may be needed to achieve the heavy penetration of rooftop solar
advocated by Pacific Environment.

e We take exception to SDG&E’s point that all of a sudden we should consider applying
“cost causation principles to allocate additional balancing costs to renewable
resources.”! We caution SDG&E that attempting to apply “cost causation principles”
to assign integration costs to a single set of resources (renewables), without
considering the flexibility requirements of loads or of other resources, is bound to
become mired in controversy. For example, using cost causation principles, should
nuclear generators be responsible for the costs of all pumped-storage hydro units that
specifically were added to the California grid in the 1980s to deal with the flexibility

requirements of the baseload nuclear units?

CalWEA responds below to the additional questions posed in the Administrative Law

Judge’s ruling dated October 1 which extended the due date for these comments.

1) With regard to the data used to develop wind and solar generation profiles:
a) Is the data used by CAISO and PG&E adequate and appropriate?
b) If the data inadequate or inappropriate, what alternative data is currently publicly
available?
¢) Would using any alternative data have a material impact on the model’s results?
Please explain.
d) What impact would changing the data have on the timing of the release of updated
model results with the updated assumptions that will be employed in the 2010 LTPP
cycle?

CalWEA Response: We understand that the CAISO and PG&E are using NREL wind and
solar generation data for their studies. We also understand that the data have been adjusted by
Nexant (the consultants to the CAISO) to make the overall capacity factors of the CREZs where
various projects are located more consistent with the capacity factors used in RETI. The
CAISO made further modifications to the data when generating minute-by-minute wind and
solar generation data for their Step 1 statistical and Monte-Carlo production simulation studies.

Unfortunately, it is impossible to vouch for the accuracy of the data in its original form and

""" SDG&E Comments, at 4.



especially after modifications performed by the CAISO and its consultants. The only evidence
that we have about the suitability of the data is that we have seen it used for calculating the
capacity value of various wind resources in California. As CalWEA discussed at the workshop
and in its opening comments, the results of such calculation for wind generators shows that the
RA capacity value of new wind generators using this data is about 50% lower than the RA
capacity value in 2010 of existing wind generation in California (including many older wind
QFs that use dated technology). The capacity value of the existing wind generation in
California is calculated from actual wind generation data. Given that new wind generators are
significantly more efficient than the older generators, we believe that the results of the capacity
value analysis point to a potential flaw in the underlying data (whether in its original form or
after modification by the CAISO) used by various parties to calculate the integration needs of a
33% RPS. CalWEA has provided to Nexant and the CAISO its own calculations of the RA
capacity value of new wind resources, also using NREL data and the current CPUC counting
rules for intermittent technologies. This analysis shows that the RA value of new wind
resources in California, as a percentage of nameplate capacity, should equal or exceed the RA

value of existing wind in 2010.

2) With regard to adjusting forecast errors associated with renewable generation to reflect the
geographic diversity of generation:
a) What inputs and methodologies for development of wind and solar forecast errors
should be used?
b) Would using this data have a material impact on the model’s results? Please explain.
¢) What impact would changing the data have on the timing of the release of updated
model results with the updated assumptions that will be employed in the 2010 LTPP
cycle?

CalWEA Response: There is a significant body of ongoing work that is becoming
publicly available on forecasting the output from diverse portfolios of renewable generation.
The latest published report from NERC’s Integration of Variable Generation Task Force

(attached to this filing) shows that the accuracy of wind generation improves dramatically as the

geographic diversity of renewable generation increases:
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3) With regard to the number of standard deviations used to select values from distributions of
operational flexibility requirements (i.e. regulation up, load-following up etc.):
a) Should the selected number of standard deviations be changed in the CAISO and
PG&E analysis, or is this a policy question that the Commission should address in the
LTPP once the scenarios, portfolios, and renewable integration results are available?

b) What impact would this change have for system reliability, if it differs from WECC
or other requirements?

CalWEA Response: The idea is not to use a use a different standard deviation but to
make sure that the flexibility requirement used for every time interval (say, every hour) of the
production simulation study is specific to that same time interval. However, implementing a
flexibility requirement that varies in every time interval of an annual production simulation
study can make unmanageable the two-step process for determining the flexibility needs and
associated resource requirements for integration of the renewables needed for a 33% RPS.

There are two possible solutions to overcome this problem:

1. Determine the flexibility requirement and the associated resources in a single step using
a 5 minute interval production simulation study for a few critical weeks (or days) of the
year This would be the most accurate approach for determining flexibility and the
associated needed resources for integrating the 33% RPS renewables. The selection of a



5 minute time interval is based on the fact that the load following requirement is tied to
the MRTU 5 minute system dispatch function.

2. Use a 50" percentile flexibility requirement as the capacity constraint in annual hourly
production simulation studies, which are Step 2 of the current CAISO study. There is no
more scientific basis for selecting this percentile for determining the resource needs to
integrate 33% RPS renewables than using the CAISO/PG&E’s 2.5 standard deviation
flexibility metric (i.e. 99" + percentile). However, the use of the 50" percentile is likely
to result in a more reasonable outcome than using a 99™ + percentile figure. CalWEA
observes that there is no established relationship between the selected percentile and
WECC requirements.

4) Should day-ahead commitment be included as an operational flexibility requirement?
Please explain.

CalWEA Response: If renewable generation forecast error and variability are directly
accounted for in the determination of the system flexibility needs, then any operational
flexibility requirement related to day-ahead commitment would focus mainly on load forecast
error. CalWEA does not have a position on such a requirement, assuming that it should not

have any bearing on the requirement for integration of renewables.

5) Is it appropriate to treat separate operational flexibility requirements as additive?

CalWEA Response: No. It is not appropriate and overly simplistic to add separate
operational flexibility requirements that impact the system differently and at different times as if

they impacted the system the same way and occurred simultaneously.

6) Regarding the use of hourly instead of sub-hourly time intervals for determining operational
flexibility requirements:

a) What material impact does the use of hourly instead of sub-hourly time intervals for
determining operational flexibility requirements have upon the analysis provided by CAISO and
PG&E?

b) What impact would the use of sub-hourly time intervals have on the timeliness of
producing model results?

CalWEA Response: Please see our response to question 3.
7) Are historical case runs (as opposed to ‘all-gas’ or 20% renewables case runs simulating

2020 scenarios) necessary for the validation of models? Please be specific about the number of
runs, which specific runs or combination thereof are necessary.



CalWEA Response: Yes, runs of historical cases are needed to show whether the new
approaches used by the CAISO and PG&E, which are based on computational methodologies
and tools that have not been designed for this application, are appropriate for the problem at
hand and can duplicate actual experienced system flexibility needs. The “all gas” and “20%
renewable” cases, in addition to helping further validate the models used, are intended to
“isolate” the specific costs of renewable integration. These latter cases are meaningful only
once the appropriateness of the approach(es) for determining the integration needs of

renewables are verified through historical runs.

CalWEA appreciates the Commission’s attention to these reply comments on renewable
integration issues, and looks forward to further participation on these important matters,

including the upcoming Stage 2 workshop.

Respectfully submitted,

/s / R. Thomas Beach

R. Thomas Beach

Crossborder Energy

2560 Ninth Street, Suite 213A
Berkeley, California 94710
Telephone: 510-549-6922

E-mail: tomb@crossborderenergy.com

On behalf of
CALIFORNIA WIND ENERGY ASSOCIATION

October &, 2010
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NERC’s Mission

NERC's Mission

The North American Electric Reliability Corporation (NERC) is an international regulatory authority for reliability
of the bulk power system in North America. NERC develops and enforces Reliability Standards; assesses adequacy
annually via a 1 0-year forecast and winter and summer forecasts; monitors the bulk power system; and educates,
trains, and certifies industry personnel. NERC is a self-regulatory organization, subject to oversight by the U.S.
Federal Energy Regulatory Commission (FERC) and governmental authorities in Canada.'

NERC assesses and reports on the reliability and adequacy of the North American bulk power system divided into
the eight Regional Areas as shown on the map below (See Table A).> The users, owners, and operators of the bulk
power system within these areas account for virtually all the electricity supplied in the U.S., Canada, and a p ortion
of Baja California Norte, México.

Table A: NERC Regional Entities

FRCC SERC

Florida Reliability SERC Reliability

Coordinating Council Corporation

MRO SPP

Midwest Reliability Southwest Power Pool,

Organization Incorporated

NPCC TRE

Northeast Power Texas Regional Entity

Coordinating Council, Inc

RFC gEtCC Electricit
Note: The highlighted area between SPP and SERC ReliabilityFirst Corporation cs em .ec ricity X
denotes overlapping regional area boundaries:  For Coordinating Council
example, some load serving entities participate in one

region and their associated transmission owner/operators
in another.

! As of June 18, 2007, the U.S. Federal Energy R egulatory Commission (FERC) granted NERC the legal authority to enforce
Reliability S tandards with all U.S. us ers, ow ners, and operators of the B PS, and m ade c ompliance w ith t hose s tandards
mandatory a nd e nforceable. I n C anada, N ERC pr esently ha s memorandums o f unde rstanding i n pl ace with pr ovincial
authorities in O ntario, N ew B runswick, N ova S cotia, Q uébec and Saskatchewan, an d with the Canadian N ational E nergy
Board. NERC standards are mandatory and enforceable in Ontario and New Brunswick as a matter of provincial law. NERC
has an agreement with M anitoba H ydro, making reliability standards mandatory for that entity, and M anitoba has recently
adopted 1 egislation s etting out a framework for s tandards t o be come mandatory for us ers, o wners, a nd ope rators in t he
province. I n ad dition, N ERC has b een designated as the “el ectric r eliability o rganization” under A Iberta’s T ransportation
Regulation, and certain reliability standards have been approved in that jurisdiction; others are pending. NERC and NPCC
have been recognized as standards setting bodies by the Régie de 1’énergie of Québec, and Québec has the framework in place
for reliability standards to become mandatory. Nova Scotia and British Columbia also have a framework in place for reliability
standards t o be come mandatory and enforceable. NERC is working with the other governmental a uthorities in C anada to
achieve equivalent recognition.

Note ER COT and SPP are tasked with p erforming reliability s elf-assessments as they are regional p lanning an d o perating
organizations. SPP-RE (SPP — Regional Entity) and T RE ( Texas R egional Entity) are functional entities to whom N ERC
delegates certain compliance monitoring and enforcement authorities.
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Introduction

1. Introduction

A combination of public policy, incentives and economics is driving a rapid growth of variable
generation in the electric power system. The majority of states/provinces now have renewable
portfolio standards, with many requiring that over 20 percent of electricity sales be generated by
renewable ene rgy s ources w ithin thene xtf ivet o fifteen years. The m ajority of t hese
requirements will be ad dressed by adding s ignificant a mounts of w ind e nergy and growing
amounts of solar energy to the bulk power system.

Wind and solar power plants exhibit greater variability and uncertainty because of the nature of
their “fuel” sources. Forecasting is one of the tools that can be used to address concerns and costs
around t his va riability and unc ertainty. This r eport di scusses ope rational a nd m arket s ystem
impacts, provides ba ckground on w hat c an be realistically e xpected from variable ge neration
power-output forecasting, a nd pr oposes recommendations to de ploy forecasting s ystems int o
operational use.

Variable generation also includes more than wind resources: both established types, like run-of-
river hydro and emerging varieties, such as wave energy. While the majority of attention in this
report is on wind a nd s olar generation, m ost varieties of variable ge neration share s imilar
characteristics (though to a different extent) since the variability is largely driven by weather or
other non -anthropogenic phe nomena. S imilar f orecasting and integration approaches ar e al so
likely to apply to these variable g eneration resources as well. In fact, be cause 1 oad is also
influenced b y t he w eather, demand and generation f orecasting m ay e ventually c ome t o be
viewed in a unified way.

This r eport focuses on the ope rating t imeframe — from re al-time to t he c oming 48 hour s.
Forecasting of variable generation resources is important in all timeframes, and there are many
uses for l onger-range forecasts from days and weeks (e.g., transmission out age planning a nd
minimum g eneration i ssues)t o years ( e.g., 1 ntegrated r esource pl anning, w here r esource
flexibility and ramping capabilities should be increasingly valued, and the generation mix if not
appropriately pl anned can raise bi gger cha llenges/issues during ope rating t imeframe). S uch
longer-term s chedules a re adj usted as t hey get cl oser t o real-time and the c ritical ope rating
impacts to bulk power system reliability tend to be closer to real time. Therefore, again in the
interests of focus and expediency, this report primarily discusses the forecasting requirements for
the coming 48 hours and particularly considers how forecasting information can be delivered to
the system operator in a useful and actionable way.

2010 Variable Generation Power Forecasting for Operations 1



Background and Discussion

2. Background and Discussion

2.1 Benefits of size and flexibility

Even w ithout ¢ onsidering f orecasting, a 1 arge, f lexible bulk power s ystem pr ovides m any
advantages for economically and reliably facilitating and managing variable generation. Physical
size s beneficial because the correlation between the power production from multiple wind or
solar plants diminishes as the distance between those plants increases. Flexibility is important;
particularly the flexibility to make commitment decisions closer to real-time, since as the time
frame d ecreases, wind and solar plants are less correlated, thus reducing aggregate variability.
The reduction in correlation as a function of both timeframe and geographic spread are shown in
the graphs below (Figures 1 and 2).

12-hour
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Figure 1: Wind generator variability loses correlation as the distance between machines
increases and as the time frame of interest decreases [1].
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Figure 2: Like wind, solar generator variability loses correlation as the time frame of
interest decreases and the geographical spread increases [16].

Larger geographic and electrical s ize al so tendst o reduce a ggregate f orecasting error. For
example, Table 1 showst hat w ind pow er f orecasting errori s r educed s ignificantly w hen
forecasted wind output from all four regions of Germany is compared with output from a single
region. In general, there can be a 30 percent-50 percent reduction in forecasting error that results
from a ggregation a nd ge ographic di spersion of w ind pow er, a s c ompared w ith t he e rror of
individual or g eographically ¢ oncentrated w ind pl ants [3]. Therefore, in many cases pow er
system ope rators c an more ac curately predict and plan for changes in wind generation when
systems are larger and this principle may also apply to other types of variable generation.

Wind Forecasting Accuracy

Forecasting Error

All four Germany
control zones

One Single Germany
Control Zone

(NRMSE) (~1000 km spread) (~350 km spread)
Day ahead 5.7 percent 6.8 percent
4 hours ahead 3.6 percent 4.7 percent
2 hours ahead 2.6 percent 3.5 percent

2010 Variable Generation Power Forecasting for Operations



Background and Discussion

Table 1: Wind power forecasting accuracy improves when larger geographic areas are
considered [1].

In general, forecasting accuracy also improves cl osert o real t ime. With accesst o current
information of the power plant and the weather, forecasting errors are reduced for shorter periods
ahead compared to periods further into the future. Therefore, systems and markets that op erate
closer to real time have improved forecasting a ccuracy and support more frequent ge nerator
schedule ch anges t o deal w ith variability. For example, hour-ahead scheduling or markets
accommodate variable generation better than day-ahead schedules, and sub-hourly scheduling
and di spatching are eve n better. A coor dinated s eries of r egularly cl earing m arkets, or t he
equivalent flexibility for scheduling and dispatching in a non-market system, provides the best
ability for conventional generation to adjust to changing wind and solar conditions.

For ex ample, the New Y ork Independent System Operator (NYISO) started operating a w ind
power forecasting program in June 2008 [17]. A day-ahead forecast is used for reliability and
allows NYISO to consider the anticipated levels of wind power for the next operating day when
making da y-ahead uni t c ommitment de cisions. Forecasts are also used in NYISO’s r eal-time
security constrained dispatch. These forecasts are blended with persistence schedules®, weighing
more he avily on pe rsistence s chedules 1 nt he ne arer c ommitment/dispatch i ntervals, a nd
gradually shifting weight to the forecasts as the commitment intervals look farther out in time.

NYISO r e-dispatches t he ent ire bulk pow er system every five minutes, w hich | essens t he
variability of the wind resources from one dispatch interval to the next. The variability of wind
output from one dispatch interval to the next would be far greater ifthe s ystem was only re-
dispatched once per hour. Wind forecasts for the next hours are helpful in determining if there is
sufficient flexibility in the system beyond the five-minute dispatch time horizon, as persistence
forecasting works very well for the five-minute time horizon.

For small or island s ystems w here 1 arger geographic dispersion is not a practical option, the
situation is a dmittedly more di fficult. Dispersion may also not a ddress forecasting e rrors for
systems where variable generation is concentrated within a geographic region to a degree that a
single geographic location is critical to that bulk power system’s balancing activities. For small
systems w ith limited interchange c apacity and islanded systems, imbalance in a shorter time
scale t han typically co nsidered in forecasting intervals ( i.e., seconds or m inutes) ¢ ould be
desirable due to the i mpact of imba lance from va riability o nl ine 1 oading a nd/or s ystem
frequency. In such cases, customized forecasting and possibly new forecasting techniques and/or
deployment of additional f ield telemetry d esigned s pecifically fori mproved near-term
forecasting for the particular geographic site(s) of interest may be necessary to provide s ystem
operators w ith a n a dvance w arning o f po tential bulk pow er s ystem reliability ¢ oncerns. To
successfully integrate large amounts of variable generation in these small or island systems will
require a combination of approaches to mitigate uncertainty, in addition to forecasting: dispatch
flexibility be comes critical and s pecial ope rating rules, additional w eather and f orecasting
systems, increased use of curtailment and even additions of mitigating technical solutions such as
storage may be necessary. T hese are s pecialized s ituations, how ever, and a s di scussed m ore

3 Persistence is the assumption that the current output will be the future output, so a persistence schedule simply uses
the current output value as the predicted value for the next time period.
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generally in this report, larger systems will have more cost effective options for addressing the
integration of variable generation.

2.2 __Value of forecasts to bulk power system reliability

The value of wind plant output forecasting has been explored and quantified in a number of wind
integration s tudies. F orecasts a re va luable not o nly t o a ssist t he ba lancing a rea ope rators in
performing their duties, but also to enhance the econom ic efficiency and manage bulk pow er
system reliability operational affects on the remainder of the generation fleet.

Failing to consider the wind power forecast in unit commitment can lead to an over-commitment
of fossil generation, inefficient use of that capacity, and potential reliability considerations. For
example, ina study s ponsored b ythe New Y ork State E nergy R esearch and Development
Authority (NYSERDA) for the NYISO system in 2005, General Electric (GE) examined a future
New York system with 10 percent wind by capacity (3,300 MW of wind on a 33,000 MW peak
load system). In the base scenario, unit commitment algorithms ignored wind and dealt with the
wind power as it became available in real-time. A second scenario used a simulated state-of-the-
art wind plant out put forecast in the unit c ommitment program, w hich led to a variable c ost
reduction of $95 million, ($10.70/MWh of wind energy generated) when compared to the base
scenario. At hird s cenario us ed a perfect n ext da y w ind pl ant out put f orecastint he uni t
commitment, which provided an additional savings of $25 million ($2.80/MWh of wind energy
generated) over the second scenario. As can be seen, most of the e conomic benefit of a wind
power forecast can be realized with a currently-available forecasting system.

Similar findings were obtained in another study by GE for the California Energy Commission in
2007 [10]. F or a future hi gh pe netration s cenario for C alifornia (30 percent of e nergy from
renewable generation, m ostly w ind), t he va lue of a w ind pow er f orecast was foundtobe
$4.37/MWh of wind e nergy, with an additional $0.95 a dded for a perfect forecast. When the
wind plant f orecastis included in the R eliability U nit C ommitment, s ystem reliability i s
increased through the identification of the additional reserves needed to manage the additional
uncertainty due to the wind power.

Significant benefits are available with good wind power forecasts, even if the forecasts are not
perfect. The magnitude of the benefit, and specific forecasting requirements, are dependent upon
the degree to which the forecast can facilitate a more economic dispatch relative to the present
mechanisms and ensure bulk power system reliability.

2.3 Different forecasts for different uses and time periods

There are many aspects to the forecasting of variable generation, and forecasting systems can be
designed, tuned and trained t o m inimize e rror around di fferent m etrics. There are also many
timeframes of interest, and different methods and models are best suited to certain timeframes.
No single forecast will apply optimally to all uses. Multiple forecasting methods may be needed
and the intended use of a forecast should be well defined.
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There a re at 1 east f our di fferent f orecasting p roducts us eful f or i mproved pow er s ystem
operations and reliability:

o Weather situational awareness — A system to provide actionable severe weather alerts
will improve situational awareness. These alerts can be provided in various forms, such
as a web-based real-time system to enable operators to visualize and react to high wind
events. An example is the high wind warning system based on a geographic information
system pl atform t hat w as de monstrated for X cel Energy in 2008 [3]. Included in that
system were U.S. Storm Prediction Center watches, warnings, and convective outlooks in
both g raphicala ndt extf ormat; hi ghw ind f orecasts f or w inds e xceeding 20
meters/second; and real-time c olor-coded hi gh wind obs ervations. M ost i mportantly,
operators should be able to quickly identify the amount of their variable generation that
could be impacted by an extreme event.

e Next hours forecast — This is a short-term forecast, for the next six hours or so, that
provides fine time resolution for the next few hours and is very important for real-time
operations (perhaps augmented with an additional “ramp risk™ forecast as discussed later
in this report). This is used by ope rators for n ext-hour pl anning as w ell as input for
operating strategies or mitigation plans and may be updated hourly (or more frequently as
new data becomes available), often providing 10-minute power values for the next few
hours. T he va lue of t his f orecast, a nd t he m easure of its a ccuracy, is1itsabilityto
anticipate changes in variable generation and to allow system operators to identify and
activate any additional reserves needed to maintain system reliability.

e Next day forecast — The day-ahead forecast, as described above, provides hourly power
values for the ne xt few days andis typically updated w hen m ajor f orecast p roducts
become available (every 6-12 hours). Often both a medium-term (e.g., the next 48 hours)
and a longer-term (e.g., from 48 hour s to several days) version of this forecast will be
produced, based on s lightly di fferent w eather m odels. T his forecast is used in the unit
commitment process and can be used for scheduling fuel pur chases and de liveries for
systems with significant natural gas generation. The uncertainty associated with the wind
plant out put forecast in t his time frame is impo rtant, and an area in w hich significant
developments are occurring with ensemble forecasting techniques®. These methods can
contribute toward identifying the additional reserves needed to maintain system reliability
in the most economical fashion.

e Nodal injection forecast — While some would view this as a convenient aggregation of
the prior forecast products, transmission operators may want to have a nodal injection
forecast for their transmission ¢ ongestion pl anning pr ocess. Aggregated forecasts a re
generated for each delivery node in the transmission system. By using the real-time nodal
power da ta along with w eather m odel f orecast da ta, t raining w ith a ¢ omputational
learning system may be able to further optimize the forecasts for each node.

* As further discussed below, an ensemble forecast uses multiple weather forecasts, each based on somewhat
different models or initial conditions, and the level of agreement between the multiple forecasts can be an
indicator of the forecast confidence.
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The value of forecasting is dependent on the target system state and the tools operators have at
their disposal to respond to information provided by the forecast. Because of this, metrics that
look only at the average forecast errors are difficult to evaluate in a meaningful way. When the
system is in some s tates, variable generation power forecast e rror ha s ve ry little impa ct on
system operations. W hen in other states, even a small deviation may be very significant to the
system. If there are limited options available to the operator, even with a forecast there may not
be a means in s ome timeframes t o a djust t he dispatchinresponsetoa changein forecast.
Clearly, integrating some measure of forecasting certainty with the system state is important, as
is the operator’s s ituational a wareness o f bot h t heir pow er s ystem and weather s ystems. The
value of the forecast is also dependent upon the timeframe. Typical wind power forecasting, as
available today, will not fully resolve operational challenges for a system for which the primary
integration challenge is presented in the form of infrequent, but significant, sub-hourly changes
(ramp events).

Operator experience and confidence will no doubt help this situation. Just as airline pilots came
to know that weather and turbulence forecasts need not be perfect to be useful, system operators
will grow with experience in their ability to use forecasts to advantage. It may be more useful to
view forecasting in terms of identifying periods of operational risk or uncertainty, so operators
can take mitigating action under those conditions, instead of focusing on accuracy of forecasting.
In a ddition, more int egration of f orecasts a nd f orecast ¢ ertainty w ith bulk power s ystem
reliability analysis tools is a growing n eed if operators are to receive warnings of reliability
concerns in a more holistic way.

2.4 __Forecasting methods

Modern w ind pow er f orecasts t ypically us e a c ombination of ph ysics-based m odels and
statistical mode Is, with the la tter of ten using artificial le arning s ystems. Physics-based
atmospheric models that are used for weather forecasting are referred to as Numerical W eather
Prediction (NWP) models.

NWP m odels us e e quations ba sed on t he f undamental pr inciples of physics and are c ore
resources f or mos t w eather forecasting a ctivities. NWP mode Is s imulate the at mospheric
processes, which requires a large computational effort, but can produce useful results e ven for
novel situations or without the use of historical data from a wind plant. However, as with even
the most detailed simulations, their results are limited by the spatial resolution of the modeling
grid, the fidelity of the simulation and the unavoidably incomplete knowledge of the initial state
of the atmosphere, so weather forecasts are very useful, though not perfect. These models were
originally d eveloped f or ot her general w eather forecasting pur poses ( public s afety, aviation,
agriculture, e tc.) r ather t han s pecifically for wind a nd s olar pow er forecasting, s o f urther
incremental enhancements from both the public and private sector meteorology community will
continue as renewable energy becomes a growing user of weather products.

Statistical models are based on empirical r elationships be tween a s et of predictor (input) and
forecast (output) variables. B ecause these r elationships are derived from a training s ample of
historical data that includes values of both the predictor and forecast variables, statistical models
have t he adv antage of “learning f rom ex perience” w ithout ne eding t o e xplicitly know t he
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underlying physical relationships. Some of these statistical models can get quite sophisticated,
finding complex multivariable and nonlinear relationships between many predictor variables and
the de sired f orecast va riable. More adv anced examples of s uch s ystems a re ¢ omputational
learning s ystems s uch as ar tificial ne ural n etworks, support v ector machines and related
technologies.

Today, m ost s ophisticated w ind pow er forecasting s ystems us e a combination of N WP a nd
statistical models for producing the power forecasts. The basic approach is to use values from
NWP models and measured data from the wind plant to predict the desired variables (e.g., hub
height wind s peed, w ind pow er out put, e tc.) atthe w ind pl ant I ocation. B ecause t hey can
essentially | earn from experience, the s tatistical m odels add valuet o NWP f orecasts b y
accounting for subtle e ffects of the local te rrain and other d etails that ¢ annot realistically be
represented in the N WP m odels t hemselves. But be cause t hey n eed to learn from hi storical
examples, statistical models tend to predict typical events better than rare events (unless they are
specifically formulated for extreme event prediction and are trained on a sample that has a good
representation of rare events, as we will discuss below in the ramp forecasting section).

Many forecast systems also use an ensemble of individual forecasts rather than a single forecast.
As there i s unc ertainty in any forecasting p rocedure due to imperfect input da ta a nd m odel
configuration, forecast ensembles account for this uncertainty by generating a set of forecasts by
perturbing t he i nput da ta a nd/or t he m odel pa rameters within t heir r easonable r anges. T his
requires considerable computational resources and prudent choices, but if done well, the spread
of the ensemble members can be a useful representation of the uncertainty in the wind power
forecast.

The relative value of different data sources and forecasting techniques also varies significantly
with the forecast 1 ook-ahead period. F or the very short term (next 5-10 minutes), the c urrent
production value — known as the “persistence” value — is quite accurate and difficult to improve
upon very much. For forecasting the next few hours, forecasts typically rely heavily on statistical
models that use the recent data from the wind plant m ore than N WP v alues, a Ithough s ome
advanced forecasts may start blending N WP values after the first two hours or so. For longer
term forecasts (from perhaps six hours to six days), NWP forecast provide most of the value to
the forecasting result, since current data from the wind plant has little remaining value. After 6 to
10 days, even N WP models have little skill and climatology forecasts are used (e.g., the long
term averages by season and time of day).

Wind power forecasting services are available from several professional forecasting firms. While
essentially all s tate-of-the-art f orecast s ystemsus e s imilar input da ta, the de tails va ry
substantially from one forecast provider to another in terms of the models and techniques. Recent
comparisons ha ve shown thatno s ingle approach w orks be st for a 1l t imes, ¢ onditions a nd
locations. This suggests that there may be benefit in using multiple forecast providers, essentially
getting an ensemble of forecast providers, especially if the forecast user is able to develop some
skill in identifying which forecast algorithm is likely to perform better under various conditions
or for different types of decisions. While ramp forecasting research is still in progress, the use of
multiple providers or methods for ramp detection and other near-term, sub-hourly forecasts may
also prove to be valuable.
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Solar power forecasting is rather analogous to wind power forecasting, but once the sunisup
during the day, clouds are the primary influence on t he variability of power delivery and the
uncertainty of the solar power forecast. In the short term, some clouds are relatively stable and
move with the winds at the level of the cloud. Over longer time scales, clouds can change shape
and grow or dissipate, so NWP methods are necessary to model cloud changes. The type of solar
technology also influences the nature and timescale of solar power variability for a given weather
situation.

Multiple methods will be used for forecasting solar resources at differing time scales. Short-term
solar power forecasts are aided by the fact that clouds can be observed. Sky imagers near solar
plants can be used to indicate approaching clouds and predict the impact the clouds will have on
output. F or the next few hours, successive recent s atellite i mages have been shown to yield
useful information about the direction and speed of approaching clouds and allow the position of
stable clouds to be extrapolated forward into the next few hours. For longer time scales, NWP
models can be used to predict clouds and solar insulation for multiple days. As with wind power
forecasting, s olar pow er forecasting will be nefit from further de velopment of w eather m odels
and datasets.

2.5 Forecast error and uncertainty

Measures of forecast unc ertainty are be coming increasingly important, particularly in terms of
how the forecast uncertainty integrates with conventional generation and load forecasting issues.
Probabilistic tools that evaluate the impact on b alancing resources of load variability and wind
generation uncertainty, as w ell as un expected ge neration outages, are ne eded and s hould
eventually be integrated into Energy M anagement S ystem (EMS) environments in the c ontrol
room [15].

Forecast error for wind plant output predictions can be measured in many different ways. One
common measurement is the Mean Absolute Error (MAE), which is simply the absolute value of
the error, divided by the predicted or r eference value. A nother is R oot M ean S quared E rror
(RMSE), which is similar but penalizes larger errors more than smaller errors. It is common
practice to measure the error of the power with reference to the rated (nameplate) value rather
than the predicted or actual value. There is logic to this, as an error of justa few megawatts
during a period of low output would otherwise be inappropriately magnified. While results are
highly de pendent on t he site, time of year, quality of turbine availability/outage d ata, w eather
conditions and ot her s ituations, t ypical one -hour-ahead pow er M AE values for a single wind
power plant are in the range of 4-12 percent of rated capacity. Typical one-day-ahead values may
be in the range of 12-25 percent of rated capacity, with results dependent on geography, facility
dispersion, and forecast method. For a diverse set of wind plants in a broad geographic region
(spread over hundreds of miles), the aggregate error will be significantly reduced — perhaps by
up to 50 percent [1][13].

Although these measures provide a useful indication of overall forecast accuracy, this measure
does not ne cessarily ¢ apture f orecasting pe rformance du ring ope rationally i mportant but
infrequent situations, such as high wind conditions with risk of high wind-speed cutout or sudden
increases or decreases in output (ramps). This is discussed in more detail in the next section.
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2.6 Ramp forecasting

System ope rators t ypically ha ve hi gher s ensitivity to ramps — large ¢ hanges over s hort t ime
periods. Unexpected ramp events from variable generation, such as lower probability situations
when much of the wind or solar fleet is being simultaneously affected by a large weather event,
canha vea 1 argei mpactont heira bilityt o keep pow er s ystems w ithin t heir ope rating
specifications and manage reserves.

While t here are m any periods dur ing which ramps c an oc cur, s ystem 1 mpacts tend t o be

associated with one of two scenarios. Unexpected down ramps could cause reliability concerns
if the wind energy was expected and the down ramp occurs during a period when operators have
limited access to supplemental generation. But system impacts are also associated with increases
in wind output during off-peak periods when few traditional resources are on line. At minimum
load situations, most conventional flexible generation has already been shut down or reduced to
minimum levels and little system flexibility remains to further reduce other generation. Given
appropriate c ommunications a nd c ontrol, ¢ urtailment of the v ariable generationis a pos sible
approach to such ramps. Some systems need to change their intra-day unit commitment stack
during low load periods to maintain additional downward flexibility to deal with increases in
variable generation.

There is value in forecasting both up-ramps and down-ramps of variable generation, particularly
for wind energy, but thisisnot a trivial forecasting p roblem. U nlike a ¢ onventional pow er
forecasting system that is optimized to minimize bulk error metrics such as mean-absolute error
or root-mean-squared error, a ramp forecasting system must be optimized for identifying rare
events and t here w ill be ¢ onsiderable unc ertainty i n t he r esults t hat m ust be conveyedina
probabilistic w ay. The goal is to identify high-risk pe riods w here a llocation of a dditional
flexibility or r eserves (spinning or non -spinning) i s j ustified or w here renewable out put
curtailment may be required to maintain system balance, w hile reducing the use of ex pensive
reserves when there is little risk of them being needed for reliability. Even for a given ramp event
with a given risk, the system posture will influence the level of risk posed by the ramp to reliable
system operations. Wind up-ramps during load increases are more likely to be manageable than
the s ame ramp t hat oc curs w hen 1oad is de clining. A pr obabilistic r amp forecast w ould a Iso
provide a very useful input to a stochastic scheduling or unit commitment tool for power system
operations.

Wind ramps result from many different weather events. Events that seem similar to the system
operator (a change in delivered power) may appear to be very different to a meteorologist, and
the ability to predict ramp events greatly depends on what meteorological feature is causing the
ramp. A large range of such features can affect the space of a wind plant and cause ramps in the
power delivered from the plant. Generally speaking, the larger and longer-lived the feature, the
better it ¢ an be predicted. Meteorological features that are highly localized can be di fficult to
predict with much certainty. Localized events such as thunderstorms will always be difficult to
predict with accuracy, but because these events will typically affect only a small percentage of
the wind fleet at a given time, such localized events will smooth with geographic dispersion on
larger systems.
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The general public also tends to underestimate the complexity of common atmospheric events.
For e xample, m ost pe ople vi sualize w eather events a s pr edominantly horizontal phe nomena,
with weather and winds traveling along from one location to another and causing similar effects
as they go. With this view, if we just had “upstream” measurements, we should be able to “see
the changes coming” and better estimate their timing. In reality, this is only true to a very limited
extent.

As will be further de scribed be low, s ome e vents t hat c ause s ignificant ramps in w ind pow er
output ar e m ore ve rtical in nature and can’t be detected “upstream” at all. For ex ample, the
typical diurnal pattern of wind is caused by changes in vertical turbulent mixing induced by
variations in the vertical profile of temperature. Depending on how solar heating interacts with
the surface and causes convective mixing of the lower atmosphere, the rate at which hub height
winds slow down in the afternoon (and winds at ground level speed up due to mixing of the
faster winds aloft down to the ground) can be highly variable. The timing of these wind changes
during the day can be difficult to precisely predict, and upstream me asurements provide little
help.

The nature of up-ramp and down-ramp events may also differ. For example, situations that can
cause up-ramps include the following:

o Cold frontal passage — The strongest winds tend to be behind the front and can persist for
many hour s f ollowing frontal pa ssage. Asal arge f eature, these ev ents ar e us ually
predicted quite well in a general sense, though the exact timing of the passage may vary
(weather s ystems s peed up or s low dow n 1 n ¢ omplex w ays) r esulting 1 n unc ertainty
around the timing of the ramp.

o Thunderstorm outflow — These e vents c an be very |l ocalized, a brupt a nd di fficult to
predict. The extent to which this will create a significant system-wide ramp will depend
on the size of the thunderstorm c omplex and the geographical di spersion of the wind
plants.

® Rapid intensification of an area of low pressure — These are larger-scale features, which
are usually forecast fairly a ccurately within 12-24 hours of occurrence. The longer the
forecast lead time, the more error there is in the forecast of these events.

e Onset of mountain wave events (lee of mountain ranges) — Large amplitude mountain
waves can develop when the mid-level winds are sufficiently strong and blowing nearly
perpendicular to the mountain ridgeline, and a layer of very stable air exists at or just
above mountain top level. The net result of these mountain waves is strong, e xtremely
gusty down slope winds. It is difficult to forecast the onset and intensity of mountain
wave events be cause small di fferences in topographic shape and orientation, and small
differences in atmospheric condi tions, can mean the di fference be tween an eventor a
non-event. M ountain waves ¢ an also be hi ghly l ocalized w ith one area e xperiencing
extremely strong winds, while areas just a few miles away are calm. The type of surface
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cover (snow versus no snow) can also affect whether or not these strong winds actually
reach the surface.

Flow channeling — Relatively subtle changes in wind direction in the area of a mountain
valley or gorge, becoming parallel to the direction of the valley, can quickly create a local
“wind tunnel” effect where the strongest winds can occur inside the valley.

Sea breeze — Localized winds caused by the temperature differences between the water
and land are well known near coastal areas, but it can be difficult to predict the timing,
duration and particularly the distance these winds will propagate inland from the coast
before dissipating.

Thermal stability/vertical mixing — As noted in the earlier example, this is the erosion of
stable near-surface boundary layer in the morning (often in the few hours after sunrise,
sometimes later in the day). The extent to which this occurs depends on what type of land
use or surface cover (snow, etc.) is currently on the surface, the amount of clouds, and the
strength of the winds in the lowest levels of the atmosphere.

Similarly, a wide range of different events can cause wind down-ramp events. Turbines reaching
their c utout s peed are of ten cited as a m ajor ¢ ause of dow n ramps ( most w ind t urbines a re
designed to shut themselves down at 25 meters per second, or about 55 miles per hour, to protect
the equipment), but these events are not as common as many believe. More often, the down ramp
is caused by decreasing w inds from m eteorological ¢ auses r ather t han t urbine c utouts f rom
increasing winds.

Examples of meteorological events that can cause down ramps include the following:

Near-surface boundary layer stabilization at sunset/nightfall — The complexity of this
forecast problem cannot be overstated as boundary layer heating and cooling rates that
impact the timing and intensity of ramp events depend on a number of variables such as
what type of land use or snow is covering the surface, the amount of clouds, the strength
of the winds in the lowest levels of the atmosphere, and the underlying soil moisture.

Relaxation of pressure gradient as high pressure moves in following cold front passage
— As noted above, the strongest winds tend to be behind the cold front, and the speed at
which t hese winds fall off onc e the front has moved t hrough c an be challengingto
predict.

Pressure changes following the passage of thunderstorm complexes — Givent he
localized nature of thunderstorms and the dramatic pressure changes that can result, these
events are not easily forecast with numerical weather prediction models.

A decrease in wind speed as a warm front passes — Warm fronts tend to be very slow
moving, and the winds immediately along the front tend to be weaker than the winds both
north and s outh of the front. This can create a down-ramp/up-ramp e vent as the front
passes. This occurs in the central plains and eastern U.S. where w ell-developed warms
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fronts are observed. T he complex terrain of the W est makes it difficult for consistent
warm air masses to develop.

Down ramps can be more difficult to forecast because they are usually not directly associated
with sharply d efined meteorological features - thunderstorm c omplexes be ing t he exception.
Areas of complex terrain are also especially challenging, as there can be many terrain-induced
local flows that are not captured by typical forecast models.

It is difficult to make sweeping statements of the “forecastability” of ramp events because they
can be caused by many things — some of which can be predicted fairly well, while others are
difficult (if not impossible) to predict with current forecast models. Providing useful information
in forecasting ramp events r equires kno wledge and experience of w hat is caus ing t he ramp
events, and that will depend on where wind plants are located and many detailed conditions and
weather events.

The data from forecast systems often contain information about the likelihood and characteristics
of ramp events, but such information must be used appropriately. Small errors in forecasting the
timing of a ramp produce large power errors, so approaches that focus only on minimizing power
error are not a ppropriate for ramp forecasting. The opt imization a lgorithm tends t o “ hedge”
during the ramp periods by lowering the ramp amplitude and stretching out ramp duration so that
the possibility of very large errors is reduced. This is the best approach if one wants to achieve
the lowest R oot M ean S quare Error (RMSE) for all the forecast intervals, but it is not a good
approach if one wants to provide the most useful information about ramp events.

The cha llenge, and currently an area o f'a ctive research a nd de velopment, i st o e xtract t his
imperfect ramp event information from the forecast system and present it in a way that provides
effective decision-making guidance for the system operator. There are a number of possible wind
ramp attributes that may be useful to operators, such as ramp duration, start time, and magnitude
(each of w hich mayh ave ar ange). I n addition to improved r amp pr obability f orecasts
themselves, interfaces are needed to provide forecasts and situational awareness information to
operators and to other control room tools in an actionable way. Even if events are difficult to
forecast, there is value in recognizing time periods that pose a high risk of sudden ramp events.
When periods of high risk are identified, prudent measures can be taken.

As a somewhat special case, the impact of icing events should also be noted as a cause of ramps
and forecast errors. Icing of wind turbines can cause relatively rapid down ramps as turbines lose
aerodynamic lift or shut down due to ice on bl ades, as well as up ramps as the ice melts and
turbines are restarted. The pr ecise ¢ onditions for icing are di fficult to predict, so situational
awareness of potential icing risk and communications with wind plant operators is important.

In addition, w ind t urbines ha ve 1 ow-temperature cha racteristics t hat can sometimes result in
deviations from expected pow er production. The hi gher density o fcold air masses can cause
increased load on wind turbines, and some types of turbines (stall regulated) have been observed
to produce up to 20 percent over their rated capacity due to the air density. Cases of generator
overheating have been reported in Canada and Finland from such overproduction. For these and
others reasons, turbines typically have cold weather operating limitations for temperatures below
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about - 22°C (or, if turbines are equipped with special cold weather options, a lower temperature
such as -30°C). Situational a wareness of ¢ old w eather |1 imitations on w ind t urbines a nd
communications with wind plant operators during frigid weather is therefore important.

2.7 Forecasting data requirements

Real-time wind turbine power out put, availability, and curtailment inf ormation is critical for
wind power forecast accuracy because once wind speed and direction values are obtained from
the w eather forecast, it is ne cessary to convert t he w eather m odel ou tput va lues i nto pow er
forecast. This is typically done with the assistance of a physical model, a statistical analysis
process, an a rtificial i ntelligence-based | earning s ystem, or s ome ¢ ombination of t hese
techniques. All of these techniques also rely on historical wind plant output time series data from
the site to perform the analysis, correlations, and training of the system to produce an accurate
forecast.

To improve the accuracy of the forecast, it is important that both the historical data (for training,
if available) and the real-time data (for forecasting) provide accurate information about turbine
availability, future known outages and curtailment. M ost forecasting system providers will also
want meteorological data from the site, ideally both historical and in real time. If historical data
is not available, such as for a new wind plant that is just commissioned, most forecasting systems
can provide an initial (untrained) forecast and then improve the performance of the forecasting
system as m ore hi storical unde rstanding of t he w ind pl anti s obt ained ove rt ime. T he
performance of the forecast will likely be degraded during the early months of the forecasting,
but will improve over a year or so as the system is trained to better reflect the actual behavior of
the plant.

Availability information from the wind resources can be as important as incorporating forecasts
into operations. T his information is also necessary for the balancing area operator in order to
ensure sufficient and also economic integration of the resources. For example, knowing turbine-
level a vailability atw ind plants can affectt he ope rating d ecisions |1 eading t o sufficient
contingency reserve and ramp down capability to accommodate the level of penetration in actual
operations.

To summarize, the data that should generally b e considered a standard r equirement for wind
power forecasting would be the following:

e meteorological information (wind speed, direction, temp, pressure, humidity),

e power output,

e wind turbine outage/availability information (including icing-related issues), and

e plant ¢ urtailment i nformation ( including de ploymenti nstructionsi n M W a nd/or
estimated MW output available if a current curtailment is lifted).
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2.8 __ Advantages and disadvantages of centralized forecasts

As previously discussed regarding forecast e rror and unc ertainty, forecasts are more accurate
when they are aggregated to include a | arge number of geographical areas rather than a single
plant. The accur acy i mprovement available from a f orecast over a | arger geographical region
comparedt oa s ingle plantc anbe s eeninF igure 3. F ore xample, ove ra di stance of
approximately 1,000 km, typical for a German forecast, the error is reduced to 42 percent of that
for a single point forecast.
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Figure 3: Reduction in forecast error with region size [13].

Such a ggregation c an be done e ither t hrough a c entralized f orecasting pr ogram ( the s ystem
provider m anaging the forecasting of all wind or solar projects) or by aggregating i ndividual
forecasts from all the wind plants (where each wind or solar project provides a forecast, perhaps
from different forecasting service providers). In the interests of efficiency and convenience for
the s ystem op erator, t he t rend t oday 1 s t oward c entral f orecasts f or the s ystem or m arket
operators. T his can be seen in the hi gh pe netration w ind areas in E urope ( Germany, S pain,
Portugal, Denmark, Ireland), as well as in the U.S. and Canada (California Independent System
Operator, New Y ork Independent System Operator, Electric R eliability Council of Texas, PIM
Interconnection, Midwest Independent Transmission System O perator, Alberta Electric System
Operator, Hydro Québec). The Independent E lectricity S ystem O perator (IESO) in O ntario is
also in the process of implementing a centralized wind forecasting service in 2010.
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Centralized wind power forecasts do offer some advantages. A centralized wind power forecast
will use a consistent wind pow er forecasting approach and m ethod, w hich will likely lead to
more consistent (although not necessarily more accurate) results. The system operator may have
access to wind generation data (and perhaps onsite weather data from all the wind plants) that
individual wind plant forecasts cannot obtain because of proprietary or confidentiality reasons. It
may be more convenient to customize or interface a centralized forecast with system cont rol
applications or di spatcher vi sualization s ystems. Also, a cent ralized wind power f orecasting
system m ay ha vea lower c ostof f orecasting pe ri ndividual wind pr oject ¢ omparedt o
decentralized forecasting s ystems be cause of economies of s cale and v olume pricing w ith a
single f orecasting pr ovider. In a ddition, the s ystem ope ratorm ayb e abl et o specify t he
characteristics of the forecast to maximize its usefulness for s ystem ope ration (as opposed to
market signals that may involve various hedging strategies by the relevant parties).

However, centralized forecasts also have some obvious disadvantages. Since they are often based
on a single forecasting method and provider, the “more consistent” result will often be “more
consistently wrong” or biased for certain weather conditions or events and could lead to larger
system e rror. W hen a c entralized s ystem is in pl ace, c ompetition and t he a bility t o c ompare
alternative r esults m ay be r educed, pot entially slowing i nnovation. Additionally, t he t ime
required to f ully implement ac entralized forecasts ystem can be n egatively a ffected by
challenges in obtaining all the ne cessary data. For ex ample, a s ystem o perator may not have
direct access to site-specific meteorological data and it may take time to gain access unless the
appropriate rules are in place. Further, even though centralized forecasts may be suitable for use
during the commitment stages, transmission congestion is usually driven by local area concerns
and the quality of the local forecast for a smaller number of wind plants comes into play.

Therefore, while the implementation of a centralized forecasting system is a good and natural
initial s tep for most system ope rators, ¢ are m ust be taken t o e nsure on going i nnovation a nd
improvements in the generation and integration of variable generation power forecasts. There are
at least two good ways to do so:

o Encouraging improvements and competition in wind power forecasting — A single
forecasting a pproach i s not 1 deal. A lternative forecasts ¢ an be e ncouraged t hrough
markets that financially motivate plant operators to do t heir own forecasting, operating
rules t hat pr ovide be nefits t o pl ant ope rators t hat pr ovide a dditional f orecasts t o t he
system operator, or the use of an appropriate decentralized forecasting approach rather
than a c entralized single-provider f orecasting s ystem. Financial benefits are a s trong
motivator, so incentives are often better than mandates.

e  Move toward ensembles of forecasts and forecasting providers — The be nefits of a
diversity of forecasts and opinions are significant, so some system operators such as those
in Germany [1] have already i mplemented ens emble m ethods (i.e., systems that | earn
from a larger number of methods or forecast providers) that use five or more forecasting
services. This is discussed in more detail later in this report.
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2.9 Using forecasts in market operations

When the unit c ommitment process is c entralized, w ind 1 ntegration s tudies ha ve s hown v ery
significant benefits of using a wind power forecast in the day-ahead unit commitment process
[7][11]. If the c ontributions from wind pow er are not taken into a ccount w hen producing the
optimized un it ¢ ommitment s chedule,t hen ¢ onventionally fueled generatorsar eus ed
inefficiently when wind energy is added to the system in real time. Indeed, the economic gains
reported from use of the wind power forecast are savings to other generators and to retail electric
customers (not the wind generators themselves) due to more efficient dispatch, saved fuel and
reduced O&M charges. In addition, the centralized Reliability Unit Commitment identifies the
additional reserves needed to maintain system reliability, as well as the congestion points that
need to be relieved.

The economic and reliability gains from using wind pow er forecasting can only be realized if
wind power forecasts are integrated with day-ahead schedules. Some may initially argue that this
would r epresent a significant change i n pr ocedure f or ISOs/RTOs, oreve n a pr eferential
treatment of wind relative to other types of generation in the market system. However, much as
with an ISO/RTQO’s creation and use of a load forecast today, the ISO/RTQO’s creation and use of
a combined “load net wind” forecast could be used after clearing the financial day-ahead market
in the reliability commitment process (usually considered the first stage of the next day’s real-
time market).” The ISO/RTO process to commit sufficient resources to supply anticipated load
may have to make some provision for the increased uncertainty around the wind power forecast.
The “load net wind” forecast should contribute to more efficient market operation and dispatch,
improve the overall operating reliability, and should not financially benefit wind generators over
what t hey w ould otherwise r eceive as p rice-takers in the r eal time ma rket, so this is quite
analogous to the use of an improved system load forecast that is created by the ISO/RTO.

In addition, after using the market to clear day-ahead financial markets, the system operator will
likely use the forecast as part of the security-constrained unit commitment process (SCUC). This
may di ffer somewhat f rom the ma rket, in which parties m ay be f inancially he dging the ir
positions. The objective of the SCUC process is to ensure that sufficient generation is available
to provide reliable operation.

Admittedly, there m ay be s ystem- or m arket-specific i ssues t hat r equire f urther s tudy. F or
example, t he a vailable f orecasts a nd t ools m ust be 1 nvestigatedt o ensuret hatt hey a re
sufficiently accurate for use in security constrained unit commitment. The forecast error may be
also reflected in the day-ahead commitment schedule and prices, and issues around responsibility
for deviations from the forecast must be considered (for example, is it a ppropriate to uplift this
forecast error financial impact to the entire marketplace). So while more investigation on risk
analysis and cost allocation may be needed, the value of incorporating the wind (and eventually,

This stage, called the Reliability Assessment and Commitment process in the Midwest ISO, for example, is the
first step to ensure that actual anticipated demand can be met with actual available p hysical resources. In most
Regional Transmission Organization markets, the day-ahead market is financial only and does not serve to supply
the forecasted demand for the next day.
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solar) power forecast into unit commitment planning is so substantial from both an economic and
reliability point of view that such investigations should be pursued with some urgency.

When t he uni t c ommitment pr ocess i s de centralized or bi lateral, ¢ reating t ransparency and
continuity in dispatch is challenging. P arties m arketing and scheduling generation (variable or
otherwise) c onsider their scheduling pl ans market-sensitive i nformation and t herefore there is
often no transparency to other market participants or even to system operators beyond very short
term scheduling windows. Beyond concerns about market sensitivity, the generation schedulers
often vi ew the r isk pr oposition di fferently t han s ystem ope rators. S chedulers of ten a pply
experience to forecast results, but those experiences and the risks that they are hedging against
may not be the same that would concern a system operator. This should be expected, since an
efficient economic out come f rom t he s tandpoint of a s cheduleri s of ten a chieved t hrough
maintaining maximum optionality and flexibility, while system operators seek to understand and
capture uncertainty in order to diagnose and then treat potential reliability risks by maintaining
sufficient access to generation to respond to those risks.

2.10 _ Using forecasts in the operating environment

System operators continually seek to maintain sufficient operating flexibility to balance load and
generation. Historically, this ha s involved a few ke y c omponents: regulating ¢ apability to
respond to second-to-second variations, load following capability that is most critical during load
pickup and drop off periods, and contingency reserves to address unplanned loss of generation.

The a ddition of s ignificant variable generation can alter t he d ynamics of t his r esponse. T he
periods of significant up and down ramp are not necessarily tied to the daily cycle of loads under
high penetration levels, but instead are more volatile and less well understood. In addition, the
system op erator m ay n ot yet ha ve i nformation about t he confidence level as sociated with
schedules or ot her i nfluences t hat m ay affect the qua ntities tha t a re ul timately s cheduled.
Without proper forecasts and tools, these elements will tend to require the system op erator to
maintain a dditional upw ard a nd dow nward f'lexibility on an on going b asis. W ith a ppropriate
forecasts and tools, the goal is to only commit or de-commit such additional flexibility when it is
justified and needed, thereby leading to more economic and efficient operation.

While a s ignificant a mount of e ffort h as gone i nto de veloping accurate wind pl ant out put
forecasts for re al-time, hour -ahead, and da y-ahead pl anning pur poses, m uch w ork r emains to
integrate the forecasting products into the software and systems used in the short-term planning
and ope ration of electricity s ystems. T he m ajor s oftware ve ndors a re j ust be ginning t o p ay
attention to this emerging need. Based on modeling and simulation work done to date, there are
reliability and operational benefits that can only be addressed by integrating the forecasts into the
operational t ools a nd pr ocedures. The W estern Wind and S olar Integration S tudy (WWSIS),
pending at the time of this writing, are expected to advance the research regarding flexibility
operating relationships between load and renewable resources [18].

There reaches a poi nt where a fully automated forecast will see diminishing returns. A human
forecaster can add considerable value in forecasting ramp events, especially in the one-hour to
four-hour t imeframe. T here a re pa tterns and features ( such as rapidly e volving t hunderstorm
complexes on a radar display) that well-trained humans can still detect and interpret far better
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than numerical models or computational learning systems. T he challenge becomes how to use
the human input to best deliver forecasts and information to the system operators.

The concept of a s pecialized Renewable M anagement S ystem O perator is also attractive. This
approach can focus on the unique aspects of variable generation, working more closely with the
forecast providers and human forecasters, and then pass on to the system operator an aggregated
and summarized forecast (an approach similar to this is currently us ed in S pain). This could
relieve the s ystem operator from many of the forecast issues and individual trends of variable
generation but still give them the necessary information for their normal duties.

In addition, system flexibility will tend to be even more useful and valuable as penetration levels
of variable generation increase. Operators may lack access to sufficient resource flexibility i f
resource planning processes do not account for flexibility requirements beyond peak load (e.g.,
the value of ramping and quick start), if the operator structurally lacks access to that generation
(e.g., outside the balancing authority footprint, or otherwise not available for dispatch by the
operator), or there is insufficient transmission. Resource planning processes should include such
considerations and be conducted with the expectation of growing renewable energy penetration
in mind.

A forecast can better i nform operator about c hanges on t he s ystem, but does not change the
system balance. A forecast provides value only when operators can receive the information in a
manner that is useful, and have the ne cessary r esources and mechanisms in place that enable
them to take actions in response to the forecast.

2.11 Multiple forecasts

Given the value of incrementally better forecasts, the methods used in Germany deserve further
consideration. S ystem o perators, such as A mprion G mbH, find value in obtaining mul tiple
forecasts from mul tiple (five or more) third-party forecasting s ervices, paying each service a
market rate for the ir f orecasts, then doing an internal e nsemble of th e mul tiple f orecasts to
provide a better operating forecast than would be obtained from any single forecasting provider.

While adding some cost, this approach does provide a system forecast with 1ower error while
also s upporting a m ore vi brant, ¢ ompetitive a nd i nnovative m arketplace f or w ind pow er
forecasting services. Since t he pe rformance of t he m ultiple f orecasting providers i s di rectly
available to the s ystem operator for t heir p articular s ystem, the s ystem ope rator can provide
incentives and m otivations for all forecasting providers to i mprove t heir m ethods and r esults.
This is in sharp contrast to current wind power forecasting implementations in N orth A merica
where a “single provider” approach may limit the c omparison of pe rformance, and t herefore
slow the rate of innovation or improvements. This ultimately has bearing on bulk power system
reliability as accuracy improvements may not be realized.

2.12 Curtailment

Variable generators a re us ually cu rtailed due t o ¢ onstrained t ransmission on s ome s ystems
(mostly for wind power at this time, not solar). Curtailment may also occurdueto system
constraints s uch as excess el ectricity s upply relativet o demand and m ust-run g eneration
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(“minimum g eneration” limits ), limitations in r amping c apability, overloads ons pecific
transmission facilities, availability of adequate storage r esources, or ot her r eliability r easons.
Some regions, such as California, anticipate that they may eventually need to curtail to support
required system frequency r esponse/reliability if they s ee problems at low load or high solar
hours. Curtailments may also be required during system restorations.

Wind curtailment ini tiatives are at an early stage of discussion or implementation. A detailed
description of case studies and current initiatives can be found in [19].

Most bulk pow er systems do not pr ovide c ompensation w hen va riable ge neration m ust be
curtailed for either ¢ onstrained transmission orr eliability r easons, but power pur chase
agreements be tween w ind e nergy producers a nd hos tut ilities m ay contain s uch c ontract
provisions. Ontario has provisions to provide financial incentives to encourage wind generators
to reduce productioni ft hes ystemi sa pproaching Surplus B aseload G eneration ( SBG)
conditions.

At le ast indi rectly, the implications of the Production T ax C redit ( PTC), r enewable ene rgy
credits and renewable portfolio standards for wind power plants in the U.S. can also impact both
economic and reliability decisions. Historically, the PTC is a significant portion of wind project
revenue for the first ten years of the project and resources that are no | onger eligible for the
production tax credit (or elected to use an investment tax credit rather than a production tax
credit) may have a different price tolerance for curtailment. The sale of renewable energy credits
may also be an important source of revenue for wind and solar generators, and curtailment may
also affect the ability of utilities and other entities to meet energy r equirements cal led forin
renewable por tfolio s tandards, if appl icable. Because of these factors, wind projects may b e
motivated to generate even if electricity prices are negative. These financial arrangements are not
visible to regional markets that accommodate the resource output as a “price-taker” not eligible
to set the market clearing price.

The practical 1 mplications of t his ¢ an ¢ reate both e conomic a nd r eliability concerns. F or
example, in market r egions s uch situations can create concerns if the marketis not able to
accommodate ne gative price of fers as a m eans t o prioritize t he va lue of cur tailment int he
process of maintaining system reliability. In any system, when the conditions for curtailment are
not specific to a single entity (e.g., excess energy conditions, overload of transmission facilities,
limited downward regulation capability), the guidelines and policies, under which resources are
curtailed, need to be clear and reasonable to all parties as well as efficient to administer.

2.13 Distributed variable generation considerations

The impact o f distributed generation should be considered as it can affect forecast ne eds and
requirements. This is likely to be a more significant issue for solar energy in the future, as the
economics and characteristics of s olar ene rgy could lead to ar elatively | arge am ount of
distributed s olar generation on t he di stribution s ystem. W hile there is s ome gr owing 1 evel of
distributed wind energy, most wind energy s eems like ly to be ins talled as utility-scale w ind
plants on the transmission system.
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From a control room and forecasting point of view, the concern with variable generation on the
distribution system is due to the limited amount of visibility and control of such generation. New
processes such as direct telemetry, reporting procedures and trend analyses may be required to
create vi sibility. Such information could t hen be us ed t o de velop a ccurate f orecasts, out put
information, and when necessary, dispatches for distributed generation. For example, in Ontario,
in addition to above, the IESO plans to coordinate and provide local distribution companies with
centralized wind forecasting a nd dispatch information to facilitate r eliable pe netration of
distributed variable generation.

Even for as ystem w ithout m uch vi sibility a nd ¢ ontrol, how ever, t his doe s not m ean t hat
forecasting providers cannot forecast power output for such generation. This is already done on a
production basis in Germany where a large proportion of the wind and solar generation is on the
distribution system [13]. Development of distribution-side variable generation power forecasts
(or integrated “load net variable generation” forecasts) will have growing v alue, particularly
when s olar c osts c ome down and the I evel of residential a nd c ommercial s olar i nstallations
grows. These “load net variable generation” forecasts will also need to take into account price
sensitive de mand, dynamics of t he “l oad net variable generation” w hen releasing cont rols,
impacts on bulk power system reliability and any control o f variable generation to accurately
depict historical quantities. As the use of distributed variable generation increases, and it is likely
to do so quite dramatically on some systems, there will be increasing needs to address visibility,
forecasting and potentially some level of control for such generation.
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3. Comparing Variable Generation Integration

Characteristics in North America

The matrix below (see Table 2) provides a summary of system characteristics relative to variable
generation integration. This is abbreviated and details of each particular system are complex.
Separate reports are available for each system.

Table 2: Variable Generation Integration Comparisons

System ISO-New IESO Bonneville Hawaii

Characteristics PJM Midwest ISO ERCOT England Ontario Power Electric

Peak Load 144 GW 116 GW 63 GW 28 GW 24 GW 10,900 MW 195 MW

Generation flexibility Good Good Moderate Moderate Good Good Good

Grid &

transmission flexibility Good Moderate Limited Limited Good Moderate Low
Limited - NYISO, NYISO, HQ,

Access to neighboring PJM, SPP, TVA, 1000 MW MISO, HQ MISO, MI, MN, CAISO, BC, None

markets/BAs NYISO MISO IESO, MAPP via DC ties via DC ties Manitoba NW BAs (island)

Market or dispatch No market, AGC and

fast flexibility Some Some Some Some Good hydro AGC fast start

33.5 MW

Wind - 2009 level (11.6

(& wind energy percent) 2500 MW 7200 MW 8900 MW 147 MW 1151 MW 2700 MW percent)

Moderate Moderate Limited by

Wind - potential level to high Very high Very high Moderate to High High  balancing
Wind - geographic Mostly in Relatively Mostly in

dispersion Very diverse western area concentrated Some southwest concentrated Limited

Solar - current level Low Low Low Low Low None 11 MW
Low to Moderate Moderate

Solar - potential level moderate Moderate to high Moderate to high Low High
Solar - geographic Limited

dispersion Very diverse Very diverse  Quite diverse  Quite diverse so far Unknown Limited

Some for Frequent for Frequent for Some for

Current curtailments? transmission transmission transmission transmission Nil  Yes, moderate Frequent

Current reliability Low but Moderate, |mbalance=

concerns Low Some Some growing Low growing Freq Error
Wind: hours, Wind: hourly for 7 Wind: hourly Hourly from

Current forecasting days, ramp days for 48 hours  None, studies participants  None, studies Persistence

Next day and Some- Some-

Current integration of Some- Intra-Day reliability schedules Non- influences

forecasting dispatched assessment & capacity Limited dispatchable Schedules reserves

Ramp Centralized System and Study on

Planned integration of Pl & web Under forecast, forecasting individual , targeted

forecasting displays consideration risk assess  Current study in 2010 ramping forecast
Discussing Feed-in-Tariff

dispatchable (FiT) program 15 MW

intermittent Major & major run-of-

resources/negative transmission 500 MW run- transmission High wind river

Special notes/other price offers plans  of-river hydro plans exporter hydro
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4. Implications for NERC Standards

One of the goals o fthisactivityis to e valuate potential changes, w hich may be required in
NERC’s Reliability Standards. Several NERC Reliability Standards may need to be updated. The
Standards potentially requiring enhancements include but may not be limited to the following:

e FAC-001 ( Facility C onnection R equirements) - The t ransmission ow ner’s ¢ onnection
requirements for generation facilities (Section R2) should reflect the need for appropriate
data from variable generation plants including power, availability, curtailment, etc. The
Standard may require a basic level of m eteorological data from wind, s olar and ot her
variable generation plants whose power output is influenced by local weather events.

e TOP-002 ( Normal O perations P lanning) - This Standard m ay need to be updatedto
include a section about forecasting, identifying the data submitted by variable generators
as the method of providing generation information to the T ransmission Operators, and
also recognizing forecasting as the best way to estimate generation, albeit subject to some
unavoidable uncertainty due to the variability and complexity of weather conditions.

e TOP-006 ( Monitoring S ystem C onditions) - Requirement 1.1 ¢ ould be interpreted t o
require availability in formation. Since availability information is useful for forecasting
the output of variability generation plants (like wind plants) with multiple turbines, this
requirement should be reviewed to consider if the current language is sufficient.

e BAL-002 (Disturbance Control Performance) - The standard may need to be revised to
include sudden changes in wind output as “credible c ontingencies” under the standard.
This w ould e nsure t hat t hese e vents a re a nalyzed dur ing r eserve calculations. T he
applicable section of the standard is Requirement 3.1.

e (COM-002 (Communication and Coordination) - The Standard may need to be revised to
clarify t he m eaning of “ voice and da tal inks”a sus edint hes tandard. T o avoid
problematic interpretations, the standard should specify that “voice and data links” are
those identified in Interconnection A greements or other governing a greements be tween
the Transmission Operators and the variable generator.

e JRO-005 (Reliability Coordination - Current Day Operations) - This Standard may need
to be updated to include a ctive m onitoring of forecasting ¢ onditions s uch a s w eather
fronts, i cing a nd/or hi gh w ind ¢ onditions b y t he R eliability C oordinator. T he a ctive
monitoring would ensure that the Reliability Coordinator is aware of conditions that may
arise in the immediate future. T his w ould c reate ¢ onsistency w ith t he pur pose of the
standard which is: "The Reliability Coordinator must be continuously aware of conditions
within its R eliability C oordinator A rea a nd include thi s inf ormation in its r eliability
assessments. The Reliability Coordinator must monitor Bulk Electric System parameters
that may have significant impacts upon the Reliability Coordinator Area and neighboring
Reliability Coordinator Areas."

e NERC R eliability S tandards t hat addr ess t he reasonable and effective use of regional
forecasts a nd | ocal w ind/solar f acility f orecasts s hould be e ncouraged andusedt o
schedule variable generation.
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5. Conclusions and Recommendations

The major findings of the report are abstracted and summarized in the following Conclusions and
Recommendations. A final section also discusses implications on NERC standards. Adjustments
to standards should be considered, taking both the recommendations of this report and those of
other IVGTF Phase 2 reports into consideration.

5.1__ Conclusions

1. Aggregate forecast accuracy improves with the size of the region forecast and aggregation
across broad geographical regions can significantly reduce output variability and associated
operating r eserve r equirements. In general, t he a ggregate un certainty s hould a Iso be
mitigated by such aggregation, but the uncertainty and impacts from rare events may require
more consideration.

2. Large system or market size and system flexibility improves the operator’s ability to deal
with variability.

3. Methods for cl ear and efficient p rioritization of r enewable resources d uring curtailment
conditions are important for both reliability and economics. For example, regional markets
should evaluate adding negative curtailment pricing to their dispatch algorithms to encourage
logical and efficient responses from all resources.

4. Variable generation power forecasts in multiple time frames are critical for both maintaining
system reliability and economic operation.

5. Atany given point in time, the value of the forecast will depend on the operating state of the
bulk power system.

6. The ac curate forecasting of ramp events pot entially r epresents a significant challenge for
power s ystem 1 eliability w ith respect to the int egration of va riable generation, a Ithough
because the v ariability remains e ven w hen unc ertainty is reduced, w ork t oward i mproved
forecasting must also be balanced with improvements in system operations and flexibility.

7. The relative value of ramp forecasts will depend in part on the system posture. Uncertainty
values surrounding the forecast can be adjusted to best suit the needs of the system operator.

8. [Electrical ( power, availability, curtailment) a nd meteorological data from wind and s olar

plants, delivered to the forecaster and system operator on atimely and reliable basis, are
critical for forecast accuracy.

2010 Variable Generation Power Forecasting for Operations 24



Conclusions and Recommendations

5.2

Recommendations

Industry

1.

Wind and solar plants require real-time meteorological and electrical data through SCADA
systems using standard communication protocols for use in forecasting and system operation,
including power, availability, curtailment and meteorological data.

Wind plant output forecasts, often several of them, should be adopted as standard system and
market ope ration t ools for economic ope ration a nd s ystem r eliability purposes. Multiple
types of forecasts and forecast optimizations are practical and important.

a.

Clarity around how a particular forecast will be used must be clearly defined for both the
provider and user of a forecast product.

Given the v alue of incrementally better forecasts, s ystem ope rators s hould c onsider a
multiple f orecasting p rovider m odel ( aka, t he German a pproach) r ather t han us ing a
single external or internal forecasting service.

A ramp forecast is possible and useful, but may need to be optimized for a different use
than the conventional power forecast. The “chance of ramp” indication is valuable even if
it is not perfect. In fact, the complexity of weather events guarantees that ramp forecasts
will not be perfect.

It may be beneficial to tune the wind power forecast to take into account the state of
system. Morning load pickups and evening load drop-offs may require better knowledge
of the likelihood of wind ramps, and should be investigated by the system operator.

How forecasts are used is what really matters.

a.

Initial us e of a ggregate, regional and individual w ind plant forecasts b y reliability
coordinators in the control room is a logical first step.

Use of the forecast in unit commitment planning is very important. Adjusting to clear the
day-ahead market with a combined load and wind power forecast (rather than ignoring
the wind) would improve both the economics and reliability of system operation.

Probabilistic methods are increasingly important and the uncertainty distributions around
all f orecasts ( including, but not limite d to, the va riable generation power f orecasts)
should be a ddressed m ore e xplicitly. As a m inimum, the us e of a “chance of ramp”
forecast pr obability s hould be us ed to identify whether or not a dditional r eserves are
needed.

There a re ove rwhelming be nefits from a djusting operating rules and practices, and these
adjustments may have more be nefit t o bot h r eliability and economic operations t han t he
forecasting alone.

a.

Sub-hourly m arkets with s ufficient | iquidity, ort he abilityt o ot herwise di spatch
generation closer to real time with sufficient f lexibility, can be ve ry effectivei n
addressing the variability and uncertainty of variable generation.
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b.

Incorporating the variable generation pow er forecast into unit commitment is important
for economical and reliable operation.

Negative price of fers for resources should be included in markets that do not yet of fer
this capability to help maintain reliable and economical operation.

The be nefits of 1 arger ba lancing a reas w ith f ewert ransmission ¢ onstraints a re
overwhelming. Resolving tr ansmission constraints is c ritical be cause la rger ba lancing
areas lose much of the benefits associated with size if constraints are in play. Areas with
sufficient transmission capacity are exploring how to achieve the benefits of larger areas
through direct balancing area consolidation or through efforts at “virtual consolidation”
where separate balancing areas work together on particular issues. Smaller areas, such as
island s ystems, w ill ha ve s pecial ¢ hallenges t hat r equire a dditional ¢ ontrol. Larger
operating areas, with minimal tr ansmission c onstraints and diverse variable generation
assets, should be capable of dealing with the expected levels of variable generation.

5. Ongoing i nnovation i s ne eded, w ith bot h government a nd pr ivate i ndustry i nvolvement.
Innovation 1 s ne eded t o ¢ ontinue t o i mprove forecasting p roducts. T his r equires m ultiple
cooperating players:

NERC
1.

a.

d.

Government R&D and forecasting centers for improved data systems, model
development and general operational weather deliverables,

A vibrant, competitive forecasting service community to assist in the R&D, applications
and services for business-augmented use of operating data with forecasting products,

Developers of system operating tools and methods, both in private companies and in the
system operator organizations, to deal with the true variability and forecast probability
distributions that are implicit to our real-world systems, and

System operators and stakeholders.

NERC s hould e nhance i ts R eliability S tandards b y or ganizing S tandard A uthorization
Requests or supporting existing Standard development processes including but not limited to
the following Standards requiring potential changes:

o ®

- e a0

FAC-001 (Facility Connection Requirements) - (Section R2)
TOP-002 (Normal Operations Planning)

TOP-006 (Monitoring System Conditions) - Requirement 1.1
BAL-002 (Disturbance Control Performance) - Requirement 3.1.
COM-002 (Communication and Coordination)

IRO-005 (Reliability Coordination - Current Day Operations)

Investigated d eveloping a new N ERC R eliability Standards t hat pr ovides for r egional
forecasts and local wind/solar facility wind forecasts to schedule variable generation.
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Abbreviations Used in this Report

Abbreviations

AESO Alberta Electric System Operator

AGC Automatic Generation Control

BC British Columbia

CAISO California Independent System Operator

DC District of Columbia

EMS Energy Management System

ERCOT Electric Reliability Council of Texas

FiT Feed in Tariff

FRCC Florida Reliability Coordinating Council

HQ Hydro Québec

IESO Independent Electricity System Operator
IRP Integrated Resource Planning

ISO Independent System Operator

IVGTF Integration of Variable Generation Task Force
MAE Mean Absolute Error

MAPP Mid-Continent Area Power Pool

MISO Midwest Independent Transmission System Operator
MRO Midwest Reliability Organization

NPCC Northwest Power Pool Coordinating Council
NRMSE Net Root Mean Squared Error

NWP Numerical Weather Prediction

NYISO New York Independent System Operator
NYSERDA New York State Energy and Research Development Agency
PIM PJM Interconnection

PTC Production Tax Credit

RFC ReliabilityFirst Corporation

RTO Regional Transmission Organization

SBG Surplus Baseload Generation

SCADA Supervisory Control and Data Acquisition
SERC Southern Electric Reliability Corporation
SPP Southwest Power Pool

TVA Tennessee Valley Authority

WECC Western Electricity Coordinating Council
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