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1. INTRODUCTION

This report describes the current state of the art with variable generation
integration, mostly focused on the United States but providing a few
international examples where particularly relevant. The reportis predominant ly
based on an extensive literature review with input from General Electric (GE)
and PJM.

The report is divided into sections on energy market scheduling, the visibility of

distributed generation to grid operators , energy imbalances, reserves

contingency reserves, wind and solar forecasting, consideration of variable

generation as a capacity resource and active power management of variable

x OpPl Uwl 1l 01 UEUPOOS ww3l | wUl xOUUWEOOUI UwbkpbHUT wWEL
the best practices for integrating variable generation
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2. ENERGY MARKET SCHEDULING

There is a great diversity of scheduling practices, both within the Uni ted States
and internationally . All Regional Transmission Organizations (RTOs) in the
United States, other than the Southwest Power Pool (SPP) operate day-ahead
markets with a security constrained unit commitment that includes a day -ahead
auction for energy and various ancillary services, with a subsequent reliability
unit commitment . A real-time market clears energy and ancillary services basel
on bids or self-scheduled supply and demand.* The New York I ndependent
System Operator (NYISO) integrates the reliability unit commitment with the
day-ahead market, but for the other RTOs, the reliability unit commitment
follows the day -ahead market and is not used to set day-ahead energy prices.

Once the day-ahead market schedules are determined, hourly schedules are
revised to incorporate changes in grid conditions and market participant
positions (including self -schedules) until a scheduling deadlin e before real-time.
RTOs also continue to do intra -hour unit commitment assessments for a number
of intervals ahead, then conduct the real-time dispatch market within the
operating hour on intervals as low as five minutes.? PJM, for instance, receives
day-ahead bids for energy and offers for regulation until 12:00 p.m. day -ahead,
then posts day-ahead locational marginal prices (LMPs) and hourly schedules at
4:00p.m. Between 4:00p.m. and 6:00 p.m., PJM operates a réidding period to
ensureUT EOw/ ), wi EVWUETT EUOI Ewl OOUT T wi i1 Ol UEUDOOL
the next day and for the following six days.?

1 SPPfiled a petition with the FERCin February 2012to convert to day-ahead locational marginal

pricing energy and ancillary services market s by 2014. Presently, SPP has a bilateral market with

an open access transmission tariff and an energy imbalance market.

2|SO/RTO Council, Comments othe ISO RTO Council in Response to the Federal Energy Regulatory
"O000PUUPOOZUw- OUPET wOi w( 6gUPUaw21 1 ODOT w/ UEOPEwW" 6OOI1 O
Docket RM10-11-000 (FERC, April 13, 2010),

http://www.isorto.org/site/c.hKQIZPBImE/b.4344503/k.83C1/FERC Filings.htm .

3PJM, PIJM Manual 11 Energy& Ancillary Services Market Operations, Revision: (Bébrristown,

PA: PJM, October 1, 2012)https://www.pjm.com/~/media/documents/manuals/m11.ashx .
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Outside of RTOs, bilateral markets in the United States operating in the Western
and Southeastern regions have separate scheduling requrements for both
generation and transmission, as compared to RTOs thatcoordinate transmission

scheduling with generation dispatch instead of arranging them separately.

Under Order 890, UT 1 w %Il ETl UEOQw$OI Ul awill app@Uaw" 600

formaopen access transmission tariff requires transmission customers to schedule
firm point -to-point service on an hourly basis by 10:00 a.m. and non-firm

transmission service by 200 p.m. the day before service is required, or in a
reasonable time generally acceptedby the region and consistently adhered to by
the transmission provider. Schedules submitted after these times must be
accommodated if practical. Transmission providers have the discretion, but are

not required, to accept schedule changes no later than ® minutes before real

time (the actual hour of operations). 4

Transmission in bilateral markets in the United States typically follows a set
schedule for each hour, established an hour or more ahead of service. Because
changes areonly allowed for unanticipated events, changes in electricity demand
within the hour cannot be met with changes in schedule . Therefore, transmission
providers must carry enough reserves to cover the largest potential contingency
during that hour, even if it is only for a short period of time . Some transmission
providers in the West are experimenting with intra -hour transmission
scheduling, such as the Joint Initiative® and the Bonneville Power Administration
(BPA).

Outside the United States, the United Kingdom allows sch edules to be changed

up to one hour before real-time power operations begin, and the Australian

4 FERC, Preventing Undue Discrimination and Preference in Transmission Serldoeket Nos. RM05
17-000and RM05-25-000, Order No. 890 (FERCFebruary 16, 2007, http://www.ferc.gov/whats -
new/comm -meet/2007/021507/EL.pdf.

5 The Joint Initiative was formed in mid -2008 by represenatives of ColumbiaGrid, the Northern
Tier Transmission Group and WestConnect. The Joint Initiative is a development forum where
participants discuss matters such as standard business practices and procedures for intrahour
scheduling.
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power exchange allows rebidding up to five minutes before actual resource
dispatch.® Elbas is a short-term market operating in the Nordic Region, and
market closing times range between five minutes and two hours, depending on
the participating country .7 Germany operates as a single price areaenergy
market, which includes day-ahead, intra-day, and reserves markets The intra-
day market allows bids to be placed up to 45 minutes before scheduled delivery
(seeTable 1).8

6 Australian Energy Ma rket Operator, Ow( OUUOGEUEUPOOwWUOwWw UUUUEOPEzZUw- EUDPOO

(Australia: AEMO, July 2010), 10, http://www.aemo.com.au/Electricity/Resour ces/Reportsand-
Documents/Introduction -to-the-NEM ;

National Grid, National Electricity Transmission System Seven Year State(igmgland: National Grid,
May 2011), http://www.nationalgrid.com/NR/rdonlyres/4AB92B80 -499A-4D3A-84E4
BBE884CBBA55/49900/NETSSYS2011.pdf

7 Nord Pool Spot, Elbas 3.1 User Guid@ orway : Nord Pool Spot, October 2012) 5,
http://www.nordpoolspot.com/Global/Download%20Center/Elbas/Elbas -3.1_usermanual.pdf .

8 B. Ernst, U. Schreier, FBerster, J.H. Pease, C. Scholz, H.P. Erbring, S. Schlunke and

Y.V. Makarov, LargeScale Wind and Solar Integration in GermaBichland, WA: Pacific Northwest
National Laboratory, February 2010), 25,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL  -19225.pdf.
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Tablel Market Closing Times in Various Electricity Markets

MARKET CLOSING IME

PIM([Day-Ahead Marke} 12:00 p.m. before the day in question; no changes
possible after 12:00 p.m.

California ISO 10:00 a.m. the day before for the daghead market.
Hour-ahead closes one hour and5 minutes before
reaktime.

Western Utilities, U.S. (ndRTOs) One hour before real time; schedule changes on th

hour. No subhourly scheduling other than
individual pilot initiatives. Transmission scheduled

separately.

Australia Power Exchange Rebidding possible until the resources atesed for
dispatch (i.e., up to fivminutes before the time in
guestion)

National Grid (England and Wales) Onehour before the halfhour in question

9 CAISO, Business Practice Manual for Market Operatipvsrsion 26, May 7, 2012,
https://bpm.caiso.com/bpm/bpm/version/000000000000169

PJM, Energy and Ancillary Services Market Operatip@ctober 1, 2012,
http://www.pjm.com/~/media/documents/manuals/mll.ashx ;

Australian Energy Market Operator, Ow( OUUOGEUVUEUPOOwWUOw UUUUAaS@BiEz Uw- EUDOOE

AEMO, July 2010), 10, http://www.aemo.com.au/Electricity/Resources/Reports -and-
Documents/Introduction -to-the-NEM ;

National Grid, National Electricity Transmission System Seven Year State(iggland: National Grid,
May 2011), ,http://www.nationalgrid.com/NR/rdonlyres/4AB92B80 -499A-4D3A-84E4
BBE884CBBA55/49900/NETSSYS2011.pdf

Nord Pool Spot, The Nordic Electricity Exciinge and The Nordic Model for a Liberalized Electricity Market
(Norway: Nord Pool Spot, June 2012) 9,
http://www.nordpoolspot.com/Global/Download%20Center/Rules -and-regulations/The -Nordic -
Electricity -Exchange-and-the-Nordic -model-for -a-liberalized -electricity -market.pdf ;

Nord Pool Spot, Elbas 3.1 User Guid@orway : Nord Pool Spot, October 2012)5,
http://www.nordpoolspot.com/Global/Download%20Center/Elbas/Elbas -3.1_usermanual.pdf ;

B. Ernst, U. Schreier, F. Berster, J.H. &ase, C. Scholz, H.P. Erbring, S. Schlunke and

Y.V. Makarov, LargeScale Wind and Solar Integration in GermafBichland, WA: Pacific Northwest
National Laboratory, February 2010), 25,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL  -19225.pdf,

Gitte Agersbaek, Integration of Wind Power in the Danish Energy Syst@ortland, Oregon: Wind
Integration Forum, July 2010), 1611,

Kevin Porter, Christina Mudd, Sari Fink, Jennifer Rogers, Lori Bird, Lisa Schwartz, Mike Hogan,
Dave Lamont and Brendan Kirby, Meeting Renewable Energy Targets in the West at Least Cost: The
Integration Challenge Western Governors Association, June 2012http://www.rapon -
line.org/featured -work/meeting -renewable-energy-targets-in-the-west-at-least-cost-the-

integration .
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Tablel Market Closing Times in Various ElddaikegysContinued)

MARKET CLOSING TIME

Nord Pool ElspotDayAhead Market) 12:00 p.m. before the day in question; no changes
possible after 12:00 p.m.

Nord RPool Elbag(Intraday Market) Market closing time varies by pricing area:

I The Netherlands and Belgiuré Fiveminutes

1 Germanyd 30 minutes

9 Denmark, Sweden, Finland and Estorda
60 minutes

1 Norwayd 120 minutes

Germany (TSOs) 15-minute schedules between TSOs are fixed valug
and can be updated 45 minutes in advance within
the country. For external schedules, bordespecific
rules apply(i.e., this is separate from Nord Pool).

Denmark 3:00 p.m. before the day in question is theddline
for marketp | a yneminatidns toEnerginet.dk
(Energinet.dk is part of a common Nordic regulating
power market which operates along the same
fundamental principlesas the spot marke}.

2.1. SCHEDULING BETWEEN RTOs OR BALANCING
AUTHORITIES

Transactions between RTOs, or between an RTO and a generator outside the
RTO footprint, are generally scheduled on an hourly basis (see Table 2).
However, some regions have implemented intra-hour scheduling across
balancing authority areas For example, PJM and the Midwest Independent
Transmission System Operator (MISO) have implemented intra-hour scheduling
across their interties.’® California Indepen dent System Operator (CAISO) has a
pilot program to test intra -hour scheduling over interties with BPA . Launched in
October 2011, the pilot program allows energy from wind resources in the BPA
balancing authority area to be scheduled into CAISO on the haf-hour.
Participants can update the second half of their hourly schedules either up or

down, and BPA adjusts their schedules into CAISO accordingly. The pilot

10 Transmission lines that link balancing authority areas.
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program will initially run for one year and is limited to 400 MW.1* Other RTOs
are considering moving to intra-hour scheduling between RTOs or other
balancing authorities.’? NYISO and PJM began intrahour scheduling in
June2012 at the Keystone proxy generator bus. NYISO implemented intra -hour
scheduling with Hydro -Québec in July 2011, and is working with the
Independent System Operator of New England (ISO-NE) on intra-hour
scheduling.®

Table2 ISO and RTO Scheduling on Interties (Excluding Dynamié“Schedules)
INTERTIE SCHEDULING  TIMING ORNTERCHANGE SCHEDUL

ISO/RTO INTERVAL RAMPS
CAISO Onehour The standard is 20 minutes across the top
of the hour for changes in seléchedules
ISGNE NENY hourly
NENBGJ hourly
NEHQ®S hourly
MISO Quarter hour
NYISO Onehour, except subhourly at  Fiveminutes before andfive minutes after
one generatorproxy bus with the top of the hour
PJM
PJIM Onehour; energy schedules Interchange schedule changesccur on the
can change on the quarter guarter hour. The changesamp in over a
hour 10-minute period, starting affive minutes
before the schedule changeo five minutes
after the schedule change.
SPP Onehour

11 BPA Transmission ServicesBusiness Practices, CAISO Intra-Hour SchedulingPilot Program,
Version 3(Portland, OR: BPA, effective October 17, 2011)
http://transmission.bpa.gov/ts_business_practices/Content/7_Scheduling/CAISO_IntraHour_Sch.
htm.

12]RC (ISO/RTO Council) Briefing Paper, Variable lergy Resources, System Operations and
Wholesale Market@.p.: IRC, August 2011), http://www.isorto.org/atf/cf/%7b5B4E85C6 -7EAC-
40A0-8DC3-003829518EBD%7d/IRC_VERBRIEFING_PAPER-AUGUST 2011.PDE

3) UOPEOQEwW! UPOUOW? - 8 (20 ®ww 3 E Twilvidgaddt O e 6 901E
141SO/RTO Council, Comments of the ISO RTO Counail Response to the Federal Energy Regulatory
"O000PUUDPOOZUwW- OUPET woOi w( 6gUPUaw21 1 OPOT w/ UEOPEwW" 0001 O
Docket RM10-11-000 (FERC, April 13, 2010),
http://www.isorto.org/site/c.hKQIZPBImE/b.4344503/k.83C1/FERC Filings.htm ;

) UOPEOEW! UPOUOW? - 8 (+20 D3 E iwididjedatdEdue 6 001 E
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2.2. MISO LOOK AHEAD COMMITMENT TOOL

(OQwl YYNOw, (2. wEI T EOwUUUVUEaADPOT whpT E0wPUOwWUI UOI E
involve developing systems that allow for advance preparations for resource

commitments and dispatch in real-time. This led to the creation of the Look

Ahead Unit Dispatch System (LAUDS), a multi -phase look-ahead framework

that is intended to improve the commitment of fast-start resources and the

dispatch management of slow-ramping units. The first phase, which is

comprised of the Look Ahead Commitment (LAC) tool, was approved by FERC

for implementation in March 2012. *> The second phase will involve development

and imp lementation of the Look Ahead Dispatch (LAD) system.

Currently, real -time unit commitment is done through the Intra -day Reliability
Assessment Commitment (IRAC), which has hourly granularity . According to
, (2. zUw+ " wUEUDI I wi pOMitatiodsu0T 1 w( 1 " wi EVUWET UUE
A It is a manual off-line process and not all the inputs and initial conditions are
automatically generated. As it is an off-line model, the state estimator is not
used for system topology.
A The hourly granularity does not result in an adequate a nalysis of near-term
conditions and, therefore, does not show intra-hour ramp shortages due to
changes in interchange schedules or wind and load forecasts.
A The IRAC process takes too long and is not suitable or accurate enough for

determining resource commitments in the near term.1¢

The new LAC tool will be used to complement the IRAC process. It is an
automated on-line near-term look at system conditions that runs every
15minutes, or can be run on demand. The inputs are automatically generated

using the state estimate for system topology. The intra-hour granularity allows

15 FERC, Order Conditionally Accepting Tariff FilingDocket No. ER12923 (FERC, March 29, 2012),
http://www.ferc.gov/EventCalendar/Files/20120329141959-ER12923-000.pdf.

16 MISO, Midwest Independent Transmission System Operatorzidd.w2 1 EUDOQwhyY k w%ub OB OT wl du
Access Transmission, Energy and Operating Reserve Markets Tariff to Provide for Look Ahead

Commitment Docket No. ER12923 (FERC, January 27, 2012).
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the LAC to account for changes in interchange schedules and wind and load
forecasts The LAC creates up to three different near-term scenarios that
operators can consider. Operators can also alter the input conditions to the
scenarios, if needed, to account for unexpected recent events, suchas
transmission and/or generation outages. MISO notes that the IRAC system
aimed to reduce resource commitment costs, whereas the LAC model usesan
algorithm that minimizes total production costs, which will lead to lower costs

overall on the MISO system.’

PJM has two nearterm commitment tools: the Real-Time Security Constrained
Economic Dispatch (RT SCED) and the Intermediate Security Constrained
Economic Dispatch (IT SCED). RT SCED covers 120 minutes ahead and is used
for on-line unit dispatch, while IT SCED looks ahead from 15 minutes to two
hours, and the grid operator can adjust startup and minimum run times of
combustion turbine units. T he grid operator can also optimize the time frame of
the look-ahead interval for IT SCED.®

2.3. FERC FINAL RULE ON VARIABLE GENERATION

In June 2012 FERC issued afinal rule regarding the integration of variable

energy resources(VERS). The final rule includes two specific reforms to the pro
formaOpen Access Transmission Tariff (OATT): (1) transmission provide rs are
required to offer the option of scheduling transmission service in 15-minute
interval s or less. Transmission providers are free to offer scheduling at shorter
intervals; and (2) generator provision of meteorological and operational data to

transmission providers to improve power production forecasting . FERC decided
not to require a new OATT generic ancillary service rate schedule under which

the transmission provider will provide regulat or service to transmission

17 1hid. ;

Juliana Brint,? - 8 ( 2. Ow/ ) , w@ Ol U di DI (NdyadHEE Ohily) unes, 2012.
18 PJMO Wi PIM Dispatches and Controls,» PJM Member and Stae Training,
September19, 2012, http://www.pjm.com/training/~/media/training/core _ -curriculum/ip -gen-
101/how-pjm-oper-and-dispatch.ashx.
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customers delivering energy from generation located within a transmission
UauUil OwO xTSQ—E Halénding Guthgrity area. FERC did offer guidance on
how it will review propose d charges® RTOs such as PIJM with dayahead sub-
hourly scheduling and real-time energy markets will comply with the
transmission scheduling provision s of %$ 1 "fipaUrule.

19 FERC, Integration of Variable Energy Resourc&39FERCY 61.244,Docket No. RM10-11-000,
Order No. 764 (FERC, June 22, 2012)tp://ferc.gov/whats -new/comm -meet/2012/062112/E3.pdf.

GEEnergy Consulting 10


http://ferc.gov/whats-new/comm-meet/2012/062112/E-3.pdf

3. ENERGY IMBALANCES

3.1. ENERGY IMBALANCE PROVISIONS IN FERC
ORDERS 888 AND 890

Simply defined, energy imbalances are the difference between advance
generation schedules, such as dayahead, and what is actually delivered in real -
time. Because the difference between advance schedules and actual deliveries
may be significant for variable generation, energy imbalance provisions are of
special interest and can substantially impact how variable generation bids and

schedules in local or regional power markets.

One example, although no longer applicable, of the impact of energy imbalance
provisions was when FERC issued Order 888 in 1996. FERC required
transmission providers to offer energy imbalance service as one of six ancillary
services, and also allowed transmission providers to impose a penalty if energy
deliveries varied by 1.5% or more (either higher or lower) from advance energy
schedules Typical energy imbalance provisions for an Order 888-style, open-

access transmission tariff generally include the following:

A For hourly energy delivered b y a generation resource less tha the energy
scheduled, a chargeis imposed as the greater of: (1) the transmission
plus a percentage adder; or (3) a preset price, such as 100 millgkilowatt
hours (kwh).

A For hourly energy delivered by the generation resource that is greater than

the scheduled amount, a credit equal to some amount less than 1096 of the

A N N o~ oA

The energy imbalance provisions effectively eliminated the abili ty of variable
generation to compete in wholesale power markets, absent special provisions to
minimize or eliminate the impact. As a result, several transmission providers
and RTOs received FERC approval for special provisions for variable generation,

some of which are still in effect and are summarized later in this section. In 2007,
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FERC issued Order 890 that, among other things, revamped the energy
imbalance provisions in Order 888. Under Order 890, FERC requires that
imbalances of less than or equalto 1.5% of scheduled energy, or up to 2 MW, be

decremental cost. Imbalances of between 1.86 and 7.5% of scheduled energy, or
between 2 MW and 10 MW (whichever is larger), are settled at 90% of
decremental costs and 1106 of incremental costs. Imbalances greater than 7.56
(or 10 MW, whichever is larger) would be settled at 75% of the system
decremental cost for overscheduling imbalances or 12%% of the incremental cost
for underscheduli ng imbalances. Intermittent resources, however, would be
settled at 90% of decremental costs and 1106 of incremental costs for imbalances
greater than 7.%% or 10 MW .20

3.2. TREATMENT OF ENERGY IMBALANCES FROM
VARIABLE GENERATION AT RTOs AND OTHER
BALANCING AUTHORITIES

FERC has historically accorded a degree of deference to RTOs in setting market
rules, as FERC views RTOs as independent entities that do not own generation
and transmission assets, and thereforeare not subject to the potential conflict of
favoring generation assets through ownership and operation of transmission
facilities. In addition, the pro formatariffs in both Order 888 and Order 890 allow
FERGjurisdictional utilities to submit revisions to t he pro formatariff that are
comparable or superior to the FERC pro formatariff. After the issuance of the
energy imbalance provisions in Order 888, many RTOs received FERC approval
of various provisions specific to energy imbalances from variable energy

generation.

For PJM, kalancing operating reserve charges are alloated to variable generation

and other resources for deviations in real-time from day-ahead schedules.

20 FERC, Preventing Undue Discrimination and Preference in Transmission Seridoeket Nos. RM05
17-000 and RM0525-000, Order No. 890 (FERC, February 16, 2007)ttp://www.ferc.gov/whats -
new/comm -meet/2007/021507/EL.pdf.

GEEnergy Consulting 12


http://www.ferc.gov/whats-new/comm-meet/2007/021507/E-1.pdf
http://www.ferc.gov/whats-new/comm-meet/2007/021507/E-1.pdf

Generators can selfschedule at a fixed output or within an operating range and

will not be assessed balancing operating reserve charges ithey follow PJM
dispatch directions, and will also be eligible for operating reserve credits.
A generator can decide not to follow PJM dispatch and will not be assessed
balancing operating reserve charges if reakltime output matches day-ahead
schedules but it will not be eligible for operating reserve cred its. Differentials

less than 8% or 5 MW incur no deviation charges.

For the ISO-NE market, energy deviations between real-time and day-ahead
markets are also settled at the real-time LMP. Wind resources are exempt from a

share of certain uplift costs that are allocated based on deviations.

In 2004, CAISO implemented its Participating Intermittent Resources Program

(PIRP), covering variable generdion forecasting. If a generator is participating in

PIRP, then hourly deviations are settled at a monthly weighted market -clearing
price and accumulated for the monthly average of energy imbalances. CAISO
has proposed that monthly imbalance charges from PIRP facilities be allocated to
the scheduling coordinators of load serving entities (LSE9 buying the energy
from PIRP facilities, instead of being uplifted across the entire CAISO. If a
variable generation resource does rot participate in PIRP, then it is subject to

10-minute imbalance energy charges.

Under NYISOz iarket rules, if a variable generation resource isscheduling day -
ahead, the resource must buy or sell deviations at real-time LMPs. Up to
3,300MW of installed wind and solar capacity is exempt from under -generation
penalties when output differs from the real-time schedule during unconstrained

operations.

In the Electric Reliability Council of Texas (ERCOT), al generation resources are

settled in real-time based on their RealTime Settlement Point Price (RTSPP) and

UT 1 PUwOIl UwbONI EUPOOWEUwWUT T wil O1 UEUDPOOwWUI UOU
intervals are 15 minutes and the RTSPPs are calculated using the Nodal LMPs.

Generation resources may be chargeda penalty for deviating from their real -time

base point instructions. For wind generation, penalties are determined by
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examining periods when they have been given an economic dispatch below their
high dispatch limit (or capability). During these periods , if a wind resource is
generating more than 10% above its expected base point, it will be charged for
the deviation based on real-time prices.

BPA assesses prsistent deviation penalties for positive and negative schedule
deviations that exceed both 13% of the advance hourly schedule and 20 MW in
an hour for three consecutive hours. Variable energy generators that meet or
beat a 30minute persistence schedule are exempt from such penalties.

As discussed in greater detail below, Dispatchable Intermittent Resources(DIRS)
in MISO can be assessed Excessive dbeficient Energy Deployment Char ges if

an 8% tolerance band is exceeded for four or more consecutive 5minute intervals

within an hour. Both Intermittent Resources and DIRs in MISO are subject to
Revenue Sufficiency Guarantee Charges for positive scheduling deviations for

DIRs for day-ahead schedules, and for positive and negative deviations for
Intermittent Resources. DIRs (but not Intermittent Resources) can receive real
time make-whole credits. Deviations less than between 6 MWh and 30 MWh are
exempt. Generators are also exempt during events beyond their control, such as
wind speed cut-out during high wind events.

3.3. SCHEDULING OF VARIABLE GENERATION

Historically, variable energy generation has been scheduled at or close to real
time in order to avoid potentially large energy imbalance charges in the day -

ahead market. For PJM, wind and other variable generation that is considered a
capacity resource must bid into the day-ahead market; otherwise, wind and

other variable generation resources that are not considered capacity resources
can, but are not required to, bid into day-ahead markets. A wind resource

participating only in / ) , zeBl-time market receives the real-time LMP for

energy provided. Similarly, in MISO, if an Intermittent R esource is designated as
a capacity resource, then it must offer into the day-ahead market. Otherwise, the
Intermittent R esource cant but has no obligation to ¢ offer into the day -ahead

market. In MISO, Intermittent R esources and Dispatchable Intermittent
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Resourceshave an incentive to participate in the day-ahead market becausethese
resources can receive Revenue Sufficiency Guarantee charges In NYISO, wind
that is designated as a @pacity resource is not required to bid into the day -ahead
market in NYISO. In ISO-NE, wind resources can submit a bid curve or self-
schedule into the day-ahead market, but are not required to do so. Capacity
resources with a Capacity Supply Obligation m ust offer or self-schedule into the

real-time market.

As variable generation penetration increases, some RTOs are imposing
additional scheduling requirements. In NYISO, wind resourcesbid a price curve
that can include negative price bids. This is required for the real-time market
and is optional for the day-ahead market. If the wind resource needs to limit its
output, the price and quantity offers submitted by each wind plant will
determine the reduced base point for each wind plant for economic di spatch.
During constrained operations in NYISO, variable generators must follow
dispatch signals within five minutes, and are subject to non-compliance penalties
equal to the MW above basepoint multiplied by the regulation cleari ng price.
A 3% error is allowed .

PJM dispatches wind based on the economic offers of wind generators. Like
other generators, wind plants are subject to deviation charges if they do not
i O00OPwW/ ), ZUWEPUXxEUET wUDPT OEOG w

34. MI SO6S DI SPANTERWBEN
RESOURCES

One significant change came in MISO, which introduced and implemented a
Dispatchable Intermittent Resource category. MISO submitted its DIR filing to
FERC in November 20102 FERC issued an order conditionally accepting the

21 MISO, Electric Tariff Filing Designating Dispatchablatermittent Resourceocket No. ER111991
(FERC, November 1, 2010)http://www.ferc.gov/EventCalendar/Files/20110228175927-ER11-1991

000.pdf.
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tariff revisions in February 2011.22 Instead of creating an entirely new category,
MISO made DIRs a subset of its existing Generation Resource (GR) ategory;
therefore, all tariff language relating to GRs also applies to DIRs. MISO modified
the relevant portions of the tariff to include ne w rules that would integrate DIRs
into GR operations. DIRs are defined as resources that are constrained by
21 OUIEEXUWET OUwi Ul 2 ABIR eadnétEdnpolieheabability of
its fuel but it can control the amount currently available fuel that it uses. This
makes DIRs dispatchable downward, and these resources can therefore
participate in market -based solutions to congestion and minimum generation

events.

Prior to these changes, all intermittent resources in MISO were classified as
Interm ittent Resources (IRs), which operate the same as GRs in the dayahead
market but not in the real -time market. IRs are not considered dispatchable and
therefore do not set LMPs and are ineligible for any real-time make-whole
provisions. , ( 2 . z Utimé& keEubity constrained economic dispatch system
evaluates IRs as dispatchable resources but cannot use them to manage
congestion. If IRs need to be curtailed, this is accomplished manually by the
MISO operators. Manual curtailment of resources is not reflected in LMPs.
MISO noted in the FERC filing that in 2009, operators recorded 1,100 instances of
manual curtailments and in 2010, there had already been a similar amount of

curtailment calls just through July of that year. 2

DIRs are treated similarly to GRs in the real-time market, except they cannot
provide operating reserves. The other difference between GRs and DIRs is that

GR offers must include an Hourly Economic Maximum Limit (HEML), which

2 FERC,Order Conditiorally Accepting in Part and Rejecting in Part Tariff Filing and Requiring
Compliance Filings134 FERC 1 61,141Docket No. ER1%:1991-000 (FERC, February 28, 2011),

htt p://www.ferc.gov/EventCalendar/Files/20110228175927#ER11-1991-000.pdf.

2 MISO, Electric Tariff Filing Designating Dispatchable Intermittent Resourd@scket No. ER11:1991
(FERC, November 1, 2010)http://www.ferc.gov/EventCalendar/Files/20110228175927-ER11-1991

000.pdf.
24 bid.
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indicates the maximum dispatch point at which that the GR canoperate. Since
DIRs are only dispatchable down (not up), DIR offers are bound by the Forecast
Maximum Limit (FML) . The FML is the expected reattime capability for each
hour based on a rolling forecast of twelve 5-minute periods. The FML is
independent of any downward dispatch currently in effect and can be updated

in real-time. It can be provided by the DIR owner up to t he time immediately
prior to MISO executing security constrained economic dispatch. In addition,

MISO will continually calculate and maintain a default FML, which MISO will

use if the DIR owner has not submitted an updated FML within the last

30 minutes, or if the FML submitted is beyond the feasible limit for the DIR. 25

MISO still has an IR designation but has limited the resources that can qualify as

IRs. Beginning March 1, 2013, all wind-powered resources must register as DIRs

if they began operation after April 1, 200526 Non-wind renewable energy

resources have the option of registering as IRs or DIRs if they choose to install fr

already have) the equipment needed to be EOOXx EUDPEOI wbbUT w, (2. z UL
constrained economic dispatch. A wind resource that began operation after

April 1, 2005 can only register as an IR if it can demonstrate, on a quarterly basis,

that it has a combination of the following in an amount that equals its installed

capacity: Network Integration Transmission Service (NITS); Network Resource

Interconnection Service (NRIS); or Long-Term Firm Point-to-Point Transmission

Service. MISO stated that resources neeting this requirement must have

installed equipment that enables them to serve any load as a Network Resource,

which by definition is a resource whose output is under contract to a Network

"JUUOOI UWEOCEWEEOQwWOI | Ow U7 E U-ntérupiit) & Gdsislz Uw OOE E
except for purposes of fulfiling OEOPT EUDPOOUWUOET UwEwUT Ul UYIT wU

25 For example, greater than the capacity of the resource, and therefore, clearly in error.

26 MISO has indicated that wind facilities installed since April 1, 2005 have the technical
capability to install the necessary equipment at reasonable cost. Older wind facilities have the
option of upgrading their equipment and registering as DIRs but are not required to do so.

21 MISO, Electric Tariff Fling Designating Dispatchable Intermittent ResourcBecket No. ER111991
(FERC, November 1, 2010), 7.
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Once a resource (of any kind) chooses to register as a DIR, it cannot revert back

to IR status.z®

Settlements for DIRs are the same as for GRs, with DIRs now eligibleto receive
real-time make-whole payments. This includes the Day-Ahead Margin
Assurance Payment (DAMAP), which is a make-whole payment provided when
real-time dispatch is below day-ahead dispatch, causing the resource to lose
against its day-ahead result; and the RealTime Offer Revenue Sufficiency
Guarantee Payment (RTORSGP), which compensates a resource when its real
time dispatch is above its day-ahead dispatch, but the real-time LMP is below the
offer cost.*® Consequently, DIRs are now also subject to he same intolerance
bands and potential Excessive Deficient Energy Charges (EDEDC)as GRs DIRs
are subject to EDEDC penalties when their average operation over a dispatch
interval is outside the MISO tolerance band for four or more consecutive
5-minute d ispatch intervals within an hour . MI2 . z UwUOOI UEOQCEIWEEOQOEwWHU
therefore, average operation outside the tolerance band s above 1086 or below
92% of average dispatch. MISO does not assess penkiies to deviations less than
6 MW but will assess the penalty for deviations greater than 30 MW . Within the
6-30 MW bounds, the 8% rule applies. MISO amended the EDEDC rules to allow
a DIR to request an ExcessivéDeficient Energy Exemption (EEE) under certain
conditions ¢ extremely high winds or other extre me weather-related conditions. 3

MISO filed areport to FERC in February 2012 documenting the first year of DIRS,
noting that performance results indicate the 8% tolerance band is reasonably
attainable. MISO indicated that some DIRs had high levels of compliance with
dispatch instructions while others struggled at first but were improving over

time. One DIR with almost 2,000 MW of generation was meeting the 8%

28 The above does not apply to Qualifying Facilities under PURPA.

2 MISO, Dispatchable Intermittent Resource Workshop I, October 17, 2011,
https://www.midwestiso.org/Library/Repository/Meeting%20Material/Stakeholder/Wo  rkshop%2
OMaterials/DIR%20Workshops/20111017%20DIR%20Workshop%202%20Presentation.pdf

30 | bid.
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tolerance band for more than 98% of the time.3* MISO also noted that analysis of
the first six months of DIR operation indicates that DIRs get dispatched at their

FML for about 95.2% of the time, and for a portion of the remaining time, the
DIRs were not dispatched at FML due to ramp constraints. 3

MISO is beginning to see more wind scheduled in day-ahead markets, perhaps
because of DIR. D[ay-ahead scheduling of wind in MISO amounted to
2.8gigawatts (GW) in fall 2011, up 2%6 from earlier in 2011 Figure 1 compares
the difference between day-ahead and reattime wind output in MISO between
2009 through November 2011, with wind being slightly under -scheduled.
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31 MISO, Complance Filing of the Midwest ISOdgarding Dispatchable Intermittent ResourcBscket
No. ER11-1991 (FERC, February 28, 2012),
https://www.midwestiso.org/Library/Repository/Tarifff FERC%?20Filings/2012 -02-
28%20Docket%20N0.%20ER1:1991-000.pdf.

32 |pid.

33David B. Patton, IMM Quarterly Report: Fall 2011 Septemkb¢ovembe(Fairfax, VA: Potomac
Economics, December 2011),

http://www.potomaceconomics.com/uploads/midwest presentations/IMM_Quarterly Report Fa
[I_2011_ Final.pdf.

34 1bid.
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3.5. INTERNATIONAL EXAMPLES OF ENERGY
IMBALANCES AND VARIABLE GENERATION
(OQw2xEDPOzUwIl Ol EUUDE b Uiacludidg windl dnd aolér,Oddew 1 1 O1 UEU
responsible for paying for the costs of any schedule deviations and the costs of
the balancing energy necessary. A penalty is applied if the individual plant
schedule deviations are opposite to grid needs. Therefore, if a generator
produces less than is scheduled it pays the market price for balancing generation
if the deviation supports the grid , OUw UT 1 wOERPOUOQwW?2UxwUI Ul UYI 2
deviation is not in support of the grid. If a generator produces more than is
scheduled, it pays the balancing cost for a genegator not to produce and is paid
by the grid operator the market price if the extra generation is in support of the
grid, and the minimum price if not. 3%
#1 OOEUOwWUUI UwEwWwUPOI x UPEIT wrbatké padtieigaktiwii Ua UUT OO0u
pay imbalance charges if their hourly imbalance is in the same direction as the
system imbalance for that hour. Denmark has a peak load of 6,400 MW and a
minimum load of 1,800 MW, both as of 20103¢ The installed wind capacity was
3,871 MW and solar capacity was 16 MW3” Conversely, a market participant is
paid the spot market price for that T OUUw P61 d OwUT I wi OUUQawxUD

3) OUT 1 w' PEEOT Ow+Gx1 aOw?6DOEw#1 YI OOxO1l ODWEOEwW( OU1 1T UEUE
before the Northwest Wind Integration Forum, Portland, OR, July 29 -30, 2010,
http://www.nwcouncil.org/energy/wind/meetings/2010/07/WIF%20TWG%20072910%20Hidalgo
%20072610.pdf

36 H. Holttinen , A.G. Orths, P.B. Eriksen J. Hidalgo, A. Estanqueiro, F. Groome, Y. Coughlan,

H. Neumann, B. Lange, F.van Hulle and I. Dudurych ,? " UU U1 O U U w(EEEPoiveE &bl | O 2
Energy9, no. 6, November/December 2011, 4#49.

37Wind capacity in Spain from European Wind Energy Association, Wind in Power: 2011 European
Statistics February 2012,
http://www.ewea.org/fileadmin/files/library/publications/statistics/Wind_in_power 2011 Europe
an_statistics.pdf; Solar capacity from European Photovoltaic Industry Association, Global Market
Outlook for Photovoltaics until 201&/ay 2012, Figure § http://files.epia.org/files/Global -Market -
Outlook-2016.pdf.
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regulation market) if the imbalances are in the opposite direction of the system

imbalance.38

In Germany, all renewable energy is pooled amongst the TSOs, and energy and
costs are equalized based on the reatime redistribution of the renewable energy
and associated imbalances in proportion to the load shares in each control area
The TSOs are responsible for balancing the difference between their 1&minute
shares of renewable energy and their share of actual renewable energy
production. % During the day, the TSOs change their market positions by buying
and selling in the intraday market based on updated short-term variable

generation forecasts#°

3.6. VIRTUAL BIDDING

Virtual bidding occurs when market participants make an offer to buy or sell
without taking a physical position, as every s ale (or purchase) placed in day-
ahead is closed by a purchase (or sale) inreal-time. Virtual bidding allows
financial companies a means of participating in power markets without physical
assets. These companies may try to capture price divergences between markets
of different time intervals (such as day-ahead versus reattime) and can add
market liquidity, reduce market inefficiencies and mitigate the market power of

other buyers and sellers.

38 Kevin Porter, Christina Mudd and Michelle Weisberger, Review of International Experience
Integrating Variable Renewable Energy Generatepared for PIER Renewable Energy
Technologies Program, California Energy Commission (Columbia, MD : Exeter Associates,
January 2007) http://www.energy.ca.gov/pier/project reports/CEC -500-2007029.html.

39 B. Ernst, B. Oakleaf, M. L. Ahlstrom, M . Lange, C. Moehrlen, B. Lange, U. Focken and

K.101T UPT OQw?/ Ul E b EBHROWendnd EnendyBga#nes; no. 6 November/
December 2007, 78-89,
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4383126&url=http%3A%2F%2Fieeexplore.
ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4383126

4B, Bnst, U. Schreier, F. Berster, J.H. Pease, C. Scholz, H.P. Eibg, S. Schlunke and

Y.V. Makarov, LargeScale Wind and Solar Integration ine@Bnany, prepared for the DOE (Richland,
WA: Pacific Northwest N ational Laboratory, February 2010,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL  -19225.pdf.
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Virtual bidding takes place in all of the organized markets in RTOs in the United
States. Virtual bidding takes place at different levels of granularity in different
Independent System Operators (1SOs) and RTOs, whether nodal (ISO-NE, MISO,
PJM) or zonal (NYISO). Virtual positions are included in RTO simultaneous

feasibility tests and price determination processes as real positions.

With regard to variable energy generation, virtual bidders may employ
commercial variable generation forecasts to compare against the dayahead
variable generation forecast if made available by the RTO. It is possible that in
the future, as it is presently with load for ecasting in some systems,RTOs and
market participants will rely upon multiple commercial and other sources of
variable generation forecasts to produce a consensus forecast or weighted

average forecast for market and reliability operations.

Virtual bidders may also place virtual bids to arbitrage against the differential

between day-ahead and reakttime variable generation forecasts or on other
expectations of variable generation output in real -time that is not reflected in
day-ahead schedules and prices. \ftual bids may also be placed to account for
any positive or negative bias in variable generation forecasts, to reflect the
difference in forecast errors between day-ahead and closeto-real-time forecasts,
to predict locational congestion in real -time that may not be anticipated in day -
ahead, or to take day-ahead positions if variable generators are under-scheduling
day-ahead. For the latter, some RTOs,ncluding NYISO and M ISO, state that
virtual bidders are providing that function. 4

A question exists as to whether virtual bidding can minimize some common
variable generation integration issues, such as dayahead underscheduling by
variable generators or to make up for variable generation forecasting errors.

There has been little research on thisquestion and little in the way of empirical

41 |SO/RTO Council, Comments of the ISO RTO Council in Response to the Federal Energy Regulatory
"O00PUUPOOZUw- OUPET wlOi w( 620D Ua wafivariaok: Ghewgy Regolrgeg w" 0001 Ol
Docket RM10-11-000 (FERC, April 13, 2010),
http://www.isorto.org/site/c.jhKQIZPBIME/b.4344503/k.83C1/FERC_Filings.htm .
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results to assess One question to consider is whether virtual bidding will

capture private market economic gains that could be realized for load should
variable generation forecasting be more accurate, or if gid operators are more
confident in relying on the variable generation forecasts in making unit

commitment schedules and decisions.
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4. VISIBILITY OF DISTRIBUTED GENERATION

4.1. DISTRIBUTED GENERATION

What constitutes a distributed generation resource is not perfectly defined in the
industry; however , it is generally understood to consist of electric power sources
not directly connected to the bulk power transmission system. Distributed

generation (DG) consists of non-renewable and renewable energy resources,
however, a growing portion of DG consists of variable generation resources such
as solar photovoltaics (PV) and small wind turbines . The distribution system
changes more dynamically than its transmission system counterpart, with little

visibility of these changes to the bulk power system operator.#? Distributed

generation itself is commonly ?invisible ? to system operators in the United
States These resourcesgo unseen by system operators and cannot usually
receive dispatch commands. This is particularly true for behind -the-meter
resources connected at customer sites, whichare netted out with the customer
load.

Although this has generally posed little problem in the past, as distributed
generation has been only a small contributor to total generation, DG is projected
to grow rapidly in the coming years in the United States.** Over the next ten
years, Plug-in Electric Vehicles (PEVS are expected to increase to as much as
3,800 MW, while distributed energy storage projections show an increase to
roughly 1,000 MW. Solar PV is also expected to have significant growth to over

10 GW by 2016%* In California, for examp le, where solar photovoltaic power

422NERC, Spedal Report: Potential Bulk System Reliability Impacts of Distributed Reso(iRregeton,
NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtf/IVGTE TE -1-8 Reliability -Impact-
Distributed -Resources_FinalDraft 2011.pdf.

43KEMA, Inc., European Renew#bDistributed Generation Infrastructure StudyLessons Learned from
Electricity Markets in Germany and Spai€@EC-400-2011011 (Oakland, CA: KEMA, Inc.,
December2011),http://www.energy.ca.qov/2011publications/CEC -400-2011-011/CEG4002011
011.pdf.

4 NERC, Special Report: Potential Bulk System Reliability Impacts of Distributed Reso(fPdesgeton,
NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtfl/l VGTE _TF1-8 Reliability -Impact-
Distributed -Resources_FinalDraft 2011.pdf.
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represented approximately 78% of total installed DG capacity at the end of 2011,

solar DG is projected to increase to over 3,000 MW in the next decadethanks in

OEUT T wxEUUwWwUOw" EODPI OUOPE z Uuwhie Qrisbvidddu 2 OOE U w 1
representless than 8 of CA( 2. z Uwxl EQOWOOEEOwWDbUuBE I OE WE OO x

generation dispatched during spring or fall shoulder month load periods. 4

Should 3,000 MW of distributed solar in California trip for grid events , it would

more than double allof UT T w61 UUI UOw$ Ol EVUUPEPBHW"ROUEDOEU
frequency response obligation. In addition, 1,700 MW of wind qualifying

facilities under the Public Utility Regulatory Policies Act ( PURPA) and

distributed solar capacity for Pacific Gas & Electric (634 MW), Southern

California Edison (395 MW), and San Diego Gas & Electric (114 MW) § not

visible to CA1SO 26

With the rapid projected growth of distributed generation, the lack of visibility
for system operators is becoming cause for concern Their concerns can be
divided into the impact of DG on load forecasting and the potential for large

amounts of DG to drop off the grid in response to system disturbances.

First, we discuss the effect of DG on load forecasting. In offsetting local load, DG

can dgnificantly change the electricity demand patterns, complicating

scheduling and planning. |f enough energy is invisible to the system operator,

the risk of over-scheduling generation to meet load demand is increased.

Alternatively, the system operator could underestimate the amount of load that

needs to be served should the distributed generation become unavailable. In this

case, thesystem operator may not have sufficient available generation, resulting

in unserved energy. That, in turn, could prompt grid operators to increase the

Ol YI OwOi wUIT Ul UYI UwUI gUPUT EWUOWEEEOUOUwWI GuwbC

4 KEMA, Inc., European Renewable Distributed Generation Infrastructure Stutlgssons Learned from

Electricity Markets in Germany and Spai€@EC-400-2011011 (Oakland, CA: KEMA, Inc.,
December2011),http://www.energy.ca.qov/2011publications/CEC -400-2011-011/CEG400-2011-

011.pdf.

46 Jim Blatchford, ? 2 OOEUw%OUI EEUUDOT will Ul EUET O2 w/ Ul Ul OUEUDPOOWEI
Group Workshop on Variable Generation Forecasting, Tucson, AZ, February 8-9, 2012.
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CAISO reports that load forecasts are being affected by distributed generation,
particularly distributed solar. Figure 2 illustrates the effects of non-metered solar
generation. CAISO is now incorporating forecasts of non-metered solar into its
load forecast, based on the difference of a full sun forecast and a weatherbased

forecast?”

Typical Solar Generation Day
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——Full fun Generstion
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15
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Full Surm Germ minus
Forecasted Gen

20

15

N

10

1 5 9 15317 2123539333741 4543535761 6569 75377 R1B5R0C3

Figure2  Example of Ndetered Solar Generation in the Califothia ISO

It is also possible that in transmission-constrained areas, local DG could meet
area load, to the point that transmission is now underused. If locally -generated
distributed generation went off-line because of a grid event, then transmission

lines could overload if the loads are unexpectedly transferred onto the higher-

47 Jim BlatchfordOw? " ( 2. w2 O O E Bres¢ntatibh Heforé& theBJ@i€) @/induntegration
Group Solar Integration Workshop, Maui, HI, October 11, 2011.
48 |bid.

GEEnergy Consulting 26



voltage networkd ww EEDUDOOEOOaAaOQwW# &WEEOQOWEOUI UwUT T wx C
voltage response by displacing other generation that would usually be on-line .*°

Second, we consider the effect of DG on grid operations if there are system
disturbances. With the expected future growth of distributed generation, the
interaction between North American Electric Reliability Corporation (NERC)
reliability standards and IEEE Standard 1547 becomes more prominent. IEEE
Standard 1547 was developed between 1999 and 2003 and was reaffned by
IEEE in 2008. |IEEE Standard 1547defines functional requirements for
interconnecting DG up to 10 MVA that is technology neutral and is not a design
handbook, application guide, or an interconnection agreement. * The standard is
focused on power quality, interconnection safety, and safety during and after
distribution system events. Therefore, quick tripping of DG was required to
avoid islanding of generation while feeder faults are cleared, to limit the
contribution of DG to grid faults, and to m inimize concerns for distribution
system protection. The standard does not allow DG to provide voltage control,
or to ride through grid disturbances involving abnormal voltage or frequency
conditions .5t |[EEE Standard 1547 conflicts with NERC requirements for bulk
power system reliability , whereby the main concern is maintaining frequency

and local voltage during and after transmission system events, and generators

49 KEMA, Inc., European Renewable Distributed Generation Infrastructure Stutlgssons Learned from
Electricity Markets in Germany and Spai€@EC-400-2011011 (Oakland, CA: KEMA, Inc.,
December2011),http://www.energy.ca.qov/2011publications/CEC -400-2011-011/CEG4002011-
011.pdf.;

NERC, Special Report: Potential Bulk System Reliability Impaxd Distributed Resources
(Princeton, NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtf/IVGTE TE -1-
8_Reliability -Impact-Distributed -Resources _FinaiDraft 2011.pdf.

50 |EEE Standards Association,IEEE 1547 Standard for Interconnecting Distributed Resources
with Electric Power Systems http://grouper.ieee.org/groups/scc21/1547/1547 _index.html.

51 NERC, Special Report: Accommodating High Levels of Variable Gene(Btimeceton, NJ: NERC,
April 2009, http://www.uwig.org/IVGTE_Report_041609.pdf .
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are required to not trip within specified voltage vs. time and frequency vs. time

requirements.®

If significant growth of distributed generation continues, there could potentially
be a large, unexpected drop-off in generation as DG responds to a voltage or
frequency excursion, resulting in some of the reliability issues mentioned earlier .
At the extreme, if DG is at sufficiently high levels, the drop -off DG in response to
a frequency or voltage disturbance could lead to cascading blackouts if the
system is unprepared. Additionally, there is an aggravating effect to dropping
DG in response to a low-frequency or low -voltage event. If significant DG goes
off-line during a low -voltage event, it will appear to system operators that
system load has increased and lead to further voltage reductions 53

Few anticipated the growth, actual and planned, of di stributed generation at the
time IEEE Standard 1547 was proposed and implemented. Absent reconciliation
between NERC reliability standards and IEEE Standard 1547, transmission
system events could result in widespread tripping of DG facilities, both during

system faults and grid voltage swings that may occur after the fault .

Figure 3 and Figure 4 compare the IEEE Standard 1547 and NERC requirements

for voltage and frequency.

52Nick Miller ,? ( $ $ $ w2 U E & BEMadvEAneRNe KGding: A Report from the DG User Group, ?
Presentation before the Utility Wind Integration Group Technical Workshop, San Diego, C A,
April 2 4-26, 2012.

53NERC, Special Report: Potential Bulk System Reliabilibpacts of Distributed Resources
(Princeton, NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtf/IVGTE TE -1-

8 Reliability -Imp act-Distributed -Resources FinaiDraft 2011.pdf.;

KEMA, Inc., European Renewable Distributed Generation Infrastructure Stutdgssons Learned from
Electricity Markets in Germany and Spai€@EC-400-2011011 (Oakland, CA: KEMA, Inc., December
2011),http://www.energy.ca.gov/2011publications/CEC -400-2011-011/CEG400-2011-011.pdf;
Robert Zavadil, Nicholas Miller, Glenn Van Knowe, John Zack, Richard Piwko and Gary J ordan,
Technical Requirements for Wind Generatioterconnection and Integratigrprepared for ISO-NE
(np: GE Energy, November 3, 2009),

http://www.uwig.org/ISONEFina [16Nov09Interconnectionregnewis_report.pdf .
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s4Nick Miller ,? ( $ $ $ w2 U E & BMadseEArer We KGaing: A Report from the DG User Group, 2

Presentation before the Utility Wind Integration Group Technical Workshop, San Diego, C A,

April 2 4-26, 2012.
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The Hawaii Electric Light Company (HELCO) has been grappling with issues
related to IEEE Standard 1547 Solar PV in HELCO provided as much as 5.%% of
typical peak load in 2009. HELCO has experienced the voltage and frequency
excursions that exceed levels detailed in IEEE Standard 1547 criteria during
faults. Of particular concern is the potential loss of DG during an under -
frequency event. Frequency is a systemwide parameter, which means all DG
could trip off in such a case. Such a large loss of generation wouldexacerbate the
low -frequency situation. A system assessment found thateven at low DG levels,
the system impact could be significant with load -shedding and intensified

under-frequency.5®

Of the 12 states in PIJM with renewable portfolio standards or goals, eight have
technology set-asides that include solar as one of the eligible technologies PJM
conducted its own analyses with solar scenarios of 146, 20% and 30% for both
distributed and central station applications. As depicted in Figure 5 and Figure
6, PJM found that faults on the PJM Bulk Electric System (BES would cause
voltage drops severe enough to initiate disconnection of solar in compliance with
IEEE Standard 1547. The analysis concluded that distributed generation

(including solar) needs to ride through voltage and fr equency disturbances5’

55 |bid.

56 NERC, Special Report: Potential Bulk System Reliability Impacts of Distributed Resources

(Princeton, NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtf/IVGTE TE -1-

8_Reliability -Impact-Distributed -Resources_FinaiDraft 2011.pdf.

s’Mahendra/ EUT OOw? w- $1" w5PI pPO?> w( $$$wW2UECEEVEWEOEW( OEVUUUU
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CA, April 24, 2012.
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The IEEE is considering an immediate revision to IEEE Standard 1547 that would
allow DG facilities to actively regulate voltage , consider alternatives to tripping
of DG facilities for voltage and frequency events, and increase the size limit
covered by IEEE Standard 1547 from 10 MVAto 20 MVA. IEEE may also
undertake a longer and more deliberative process to address other requested
revisions to IEEE Standard 15475°

The NERC Planning Committee could also incorporate DG into the NERC

Registry Criteria. The NERC Statement of Compliance Registry Criteria outlines

which entities must register with, and be subjectto,- $1" z UwUl OPEEDPOPUa wU L
By and large, DG is not included among those required to register, however the

criteria states that it will include all entities that NERC determines could

potentially have a material impact on bulk power system reliability . Should DG

penetration continue to grow, NERC may view DG as having a material impact

on reliability and thus recommend registration. &

In absence of reconciliation of IEEE1547 and low-voltage ride-through
standards, or perhaps in combination with reconciliation, grid operators can take

other steps to make DG systems more visible to grid operators:

A DG plants could be required to be metered.

A Allow grid operators to have telecommunications and remote control
would ease resynchronization in the event of a breakup of the transmission
grid.

60 Nick Miller ,? ( $ $ $ w2 U E & BEMAhdvEAneRNe Gding: A Report from the DG User Group, ?
Presentation before the Utility Wind Integration Group Technical Workshop, San Diego, C A,
April 2 4-26, 2012.

61 NERC, Special ReportAccommodating High Levels of Variable Generaffeninceton, NJ: NERC,
April 2009),http://www.uwig.org/IVGTFE_Report 041609.pdf ;

NERC, Special ReportPotential Bulk System Reliability Impacts of Distributed Resou(Besceton,
NJ: NERC, August 2011), 39 http://www.ner c.com/docs/pc/ivatf/IVGTE_TE-1-8_Reliability -
Impact-Distributed -Resources FinatDraft 2011.pdf.
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A Further collaboration and communication between RTOs and/or large
balancing authorities and distribution utilities regarding DG data collection
systemsand transmittal of information between distribution utilities and
RTOs and/or large balancing areas on area net load, aggregate DG energy and
local weather information. ©2

A Communicate with FERC and state utility commissions about the need to
modify interconnection requirements to require solar DG facilities to regulate
voltage and to stay on-line during grid disturbances for voltage and

frequency events.

4.2. INTERNATIONAL EXAMPLES OF DG VISIBILITY TO
GRID OPERATORS

The European Network of Transmission System Operators for Electricity
(ENTSO-E) estimates that 8@6 of installed photovoltaic capacity in Europe is
connected to low voltage grids. Existing standards in Europe allow DG capacity
to disconnect if frequency falls below 49.5 hertz (Hz) or exceeds 50.2 Hz.
ENTSO-E estimates that 35 GW of PV capacity could disconnect in
overfrequency events. Italy has over 11.5 GW of PV capacity that could
disconnect below 49.7 Hz and over 50.3 Hz. This has prompted lItaly to require
PV installations to meet transmission-level standards for system frequency after
April 1, 2012

The ENTSO-E report made three recommendations:

A To harmonize existing national laws, national and international standards,
national rules and the practices of Distribution System Operators with system

requirements.

62 KEMA, Inc., European Renewable Distributed Generation Infrastructure Stutlgssons Learned from
Electricity Markets in Germany and Spai€@EC-400-2011011 Oakland, CA: KEMA, Inc.,
December2011),http://www.energy.ca.qov/2011publications/CEC -400-2011-011/CEG4002011
011.pdf;

NERC, Special Report: Potential Bulkystem Reliability Impacts of Distributed Resources

(Princeton, NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivatf/IVGTE _TF -1-

8_Reliability -Impact-Distributed -Resources_FinaiDraft 2011.pdf.
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A To define system compatible requirements for new installations including a
transitional period. ENTSO-E noted that this is underway in several
countries with high levels of distributed solar capacity.

A To design and implement a retrofit program for ¢ ountries with high levels of

distributed solar capacity. &

ENTSO-E is now conducting dynamic studies to evaluate grid impacts from
decreasing system inertia because ofincreasing amounts of renewable energy

installations. The studies are expected to be pubished by the end of 201254

Turning to individual countries, Germany is the world leader in installed solar
capacity, with 24 GW as of 2011, andis among the world leaders in wind
capacity, with 29 GW as of 2011% Solarprovides about 3% Oi w &1 UOEOaz Uw
generation, while wind provides 8 %. Ofthe solar capacity in Germany, 80% is

interconnected to the low voltage grid. ¢

In Germany, <?distributed generation? is a general term that by and large
encompasses generation connected at low and medium voltage distribution

grids, and generation for self-supply.

Germany has formulated technical rules related to DG and variable generation.
This includes requiring DG to ride-through low -voltage events and requiring
both active and reactive power management capability. Germany also requires
distributed system operators to apply forecasting methods, although it stops
short of specifying a specific forecasting model to use and to coordinate such

forecasts with transmission system operators. About 25% of solar capacity in

BENTSO-E,? UUI UUOI 00U wilybtenr(secUrityvithuRés$péctu@Disconnection Rules for

Photovoltaic PanelsPublishedO? w! UUUUIT OUOw! 1 01T pUOOwW) UOT wt Owl Yhl Ouw
https://www _.entsoe.eu/news/announcements/newssingleview/article/assessmentreport -of-the-
system-security -with -respectto-disconnection-rules-for-photovoltaic -
panels/?tx_ttnews[backPid]=28&cHash=d5b706e76f57154d4d9a49ab21deeaad

64 | bid.

65 Nick Miller ,? ( $ $ $ wal U537 BMEere Are We Going: A Report from the DG User Group, ?

Presentation before the Utility Wind Integration Group Technical Workshop, San Diego, C A,

April 2 4-26, 2012.

66 | bid.
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Germany provides forecasting data roughly every 15 minutes to the distribution

system operator. This requirement stemmed from when transmission system
operators in Germany had to activate all of their contracted negative operating
reserves (about 4,800 MW) for several hours as a result of large errors in day

ahead solar forecasts on September 6, 2010 (séagure 7).57
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Figure7  Negative Balancing Power Requii@tusriind Contracted Rese(®edjn Germany
on September 6, 2810

Note: Blue line: total negative power balancing reserve actually required; Red line: sum of
negative secondary and tertiary power reserve contracted (over and above primary regulating
reserve of approximately 600 MW) .

Additionally, Germany requires that all DG units equal to or greater than
100kilowatts ( kW), with the exception of solar PV, be remotely observable and
dispatchable for the transmission system operator. Solar PV systems less than
100 kW are exempt from requirements to measure power output. However,
solar PV units between 30 kW and 100 kW are required to be able to reduce

output remotely in case of grid congestion. Further, solar less than 30 kW must

67 KEMA, Inc., European Renewable Distributed Generation Infrastructurel$¢ Lessons Learned from
Electricity Markets in Germany and Spai€@EC-400-2011011 (Oakland, CA: KEMA, Inc.,
December 2011),http://www.energy.ca.qov/2011pu blications/CEC-400-2011-011/CEG400-2011

011.pdf.
68 | bid.
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be able to reduce output remotely in case of grid congestion or to reduce
maximum power to 70 % of installed capacity.®® Germany just launched an
initiative to retrofit old PV installations ¢ 315,000 in allt over three years to

comply with these technical requirements. 7

Germany is also proposing measures to incorporate DG into the dynamic
support network, including requirements that , in the wake of a fault clearance,
DG be required to consume reactive power equal to or less than it consumed
prior to the fault, and that DG provide reactive power to the system. 7

Spain has over 4GW of solar photovoltaics and is the fourth leading country in
the world in photovoltaics installed capacity behind Germany , Italy, and Japan
Spain is the world leader in Concentrating Solar Power (CSP capacity, with
1,150MW installed as of the end of 2011 400 MW of which was installed in 2010.

Another 1.1 GW of CSP capacity is under construction.”

Nearly all of the PV in Spain is connected to the distribution grid, while 70 % of
the CSP in Spain is connected to the transmission grid. Lack of grid operator
awareness of solar PV is considered a problem, aghe PV plants are not required
to send Red Eléctrica de Espdia (REE) real-time production and operation

information . Spain currently only has real-time measurement data of about

' | OEUPOw-1 UOEOOOW?5EUDEEOI w&l Ol UEUDOOwW#1 YI OOx Ol OUUWE
Utility Wind Integration Group Fall Technical Workshop, Lahaina, HI, October 12 -14, 2011.

0ENTSO-$ OAssessnent Report of the system security with respect to disconnection rules for

photovoltaic panels published 02> w! UUUUI OUOw! 1 01 pUOOwW) UOT wt OQwl Yhl Ouw
https://www.entsoe.eu/news/announcements/newssingleview/article/assessment -report -of-the-
system-security-with -respectto-disconnection-rules-for-photovoltaic -
panels/?tx_ttnews[backPid]=28&cHash=d5b706e76f57154d4d9a49ab21deeaad

1 KEMA, Inc., European Renewable Distributed Generation Infrastructure Stutlgssons Learned from

Electricity Markets in Germany and Spai€@EC-400-2011-011 (Oakland, CA: KEMA, Inc.,

December 2011),http://www.energy.ca.qgov/2011publications/CEC -400-2011-011/CEG400-2011-

011.pdf;

NERC, Special Report: Potéal Bulk System Reliability Impacts of Distributed Resources

(Princeton, NJ: NERC, August 2011),http://www.nerc.com/docs/pc/ivgtf/IVGTE TE -1-

8 Reliability -Impact-Distributed -Resources FinaiDraft 2011.pdf.

72REN 21,Renewables 2012 Global Status Rep®eris: REN 21 Secretariat, June 2012),
http://www.map.ren21.net/ GSR/GSR2012_low.pdf.
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150MW of PV. For now, Spain uses meteorological predictions to estimate how
much solar PV exists each hour Spain has realtime information for all CSP
plants.

While solar PV does not have the ability to ride through voltage drops, because
solar PV is mostly connected to the distribution grid, they are not as vulnerable

to faults on the transmission system. Nonetheless, Spain is considering
amending its grid code to apply to solar systems.”? Spain also has an
overfrequency plan where renewable energy projects larger than 10 MW are
disconnected at different frequency levels. Renewable energy projects under
10 MW only disconnect if the frequency is over 51 Hz, which is more stringent

than existing European standards.™

3NERC, Flexibility Requirements and Potential Metrics for Variable Generatlomplications for System

Planning Studies(Princeton, NJ: NERC, August 2010),

http://www.uwig.org/IVGTF_Task 1 4 Final.pdf .

ENTSO-$ OAssessment Report of theSystem Security with Respect toDisconnection Rules for

Photovoltaic Panels PublishedO>? w! UUUUI OUOQuw! 1 0T PUOOwW) UOT wt OQwl Yhl Ow
https://www.entsoe.eu/news/announcements/newssingleview/article/assessment -report -of-the-
system-security-with -respectto-disconnection-rules-for-photovoltaic -
panels/?tx_ttnews[backPid]=28&cHash=d5b706&6f57154d4d9a49ab21deeaad
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5. RESERVES

5.1. INTRODUCTION

Reserves can be defined as additional capacity and responsive load, either on
line or off-line, above that needed to meet electricity demand in order to
maintain reliability if actual load or generation differs from what is expected, or
to account for unexpected changes such as a sudden loss of generation or

transmission.

The types and characteristics of reserves vary in response speed (seconds to
minutes), whether they are on-line or off-line, and duration time (minutes to
hours). Different entities define the amount of reserves, who can provide them,
when they should be utilized, and how they are utilized based on reliability and
allowable risk criteria. How reserves are defined and used can vary significantly
from region to region. Furthermore, there are a multitude of terms used to

define comparable or similar reserves.

Table 3 includes comparable definitions from NERC , with the exception of load
following. 31T 1 wEI I DOPUDPOOUW UOOI T EUw OYI UOExw EOE
i 600OPPOT 2 wWPUwWwOOUwWOPUUI EwEawW-$1"wEUOwHDUwW E
generation and responsive load over several minutes or hours to account for
changes in net load (load minus wind minus solar). For generation, this
encompasses economiedispatch commands from short-term demand forecasts,

unit commitment and dispatch .
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Table3 NERCReserve Definitions

SERVICE DESCRIPTION
PRICE RANGE

RESPONSE MARKET (AVERAGE/MAX
SERVICE SPEED DURATION CYCLHEME CYCLE $/MW-HR

Normal Conditions

Ontline resources, on automatic generation control (AGC) that can respond rapidly to AG

Regulating requests for up and down movements; used to track the miroteninute fluctuations in
Reserve system load and to correct for unintended fluctuations in generator output to compty wi
b 9 w/ Qteol PErryhance Standards (QARliability Standard.
. . . 33-60* Avg
1 min Minutes Minutes Hourly 300600 Max.

Load Following

Similar to regulation but slower. Bridges between the regulation service and the hourly
or Fast Energy

energy markets.

Markets
~510 minutes 5 min to hours 5 min to hours Hourly
Contingency Conditions
- Online generation, synchronized to the grid, that can begin to increase output immediate
Spinning . . o
Reserve response to a major generator or transmission outage and can reach full output wéthin
YAydziSa G2 O2 pistlfrbdncesCortrkl Standland (F).a
Seconds to : 6-27 Avg.
<10 min 10to 120 min  Hours to Days Hourly 70-2,000Max.
10-Minute _— . . .
L Same as spinning reserve, but need not respond immediately; resources coéfdline but
Non-Spinning : . o - . .
Reserve still must be capable of reachirgspecifiecoutput within the requiredten minutes.
. . 1-3 Avg.
<10 min 10to 120 min  Hours to Days Hourly 60-400Max.

Replacement or
Supplemental
Reserve

Supplemental reserve is used to restore spinning andspnning reserves to their pre
contingency status; it must have a-80 minute response time.

1-4 Avg.

<30 min 2 hours Hours to Days Hourly 2.36 Max

NERC, IVGTF Task 2.4 RepartOperating Practices, Procedures and T¢Bhnceton, NJ: NERC, March
2011),http://www.nerc.com/files/IVGTF2 -4.pdf.
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Table3 NERCReserve Definitig@ontinued)

SERVICE DESCRIPTION
PRICE RANGE]

RESPONSE MARKET (AVERAGE/MAX
SERVICE SPEED DURATION  CYCLE TIME CYCLE $/MW-HR

Other Services

The injection or absorption of reactive power to maintain transmissigstem voltages

Voltage Control within required ranges.

Seconds Seconds Continuous Year(s) $0-$4/kVar-yr

Generation, in the correct location, that is able to start itself without support from the gric
Black Start and which has sufficient real and reactive capability and control to be useful in energizin
pieces of the transmission system and starting additional genesator

Minutes Hours Months to Years Year(s)

*Up and down regulation prices for California and ERCOT are combined to facilitate comparison
with the full -range prices of New York.

The characteristics of variable generation are such that changes to thedefinition,
timing, duration and amount of reserves may be necessary at higher levels of
variable generation. Variable generation can have maximum and minimum
generation at different time periods, with some element of variability and
uncertainty as to the amount and timing of variable generation during those time
periods. Multiple variable generation integration studies are finding that at
higher penetrations of variable generation, additional reserves may be necessary
to maintain reliability, or new meth ods of utilizing reserves and amended rules
and policies, or both, may be needed to reflect the increased variability and
uncertainty of higher level s of variable generation. Different integration studies
have used different methods in an attempt to quantify how much reserves will

be needed with higher levels of variable generation.

As more variable generation is added to the grid, different grid operators have
adjusted existing practices, or implemented new practices. This section is a high

level overview of actions related to reserves that various grid operators in the
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United States have taken, plus afew international examples.” The discussion is
drawn from past integration studies and current experience, to the extent
information is available. We w ill begin with a description of regulation and load
following, and then turn to the individual actions taken by grid operators with
regard to reserves and variable generation. Tables summarizing regional
practices for defining reservesand determining the needed quantity of reserves
are provided in Appendix A.

5.2. REGULATION

Regulation addresses the fast and frequent variations in load and generation that
contribute to energy imbalance. Regulation is used to address imbalances caused
by load or generation changing within the shortest applicable market or
economic dispatch interval that may be as short asfive minutes or as long asup
to an hour. Variable generation increases very short-term imbalances between
generation and load, and regulation is used to correct the imbalance’”” A rough
rule of thumb is the additional regulation needed is equal to about 1 % of the
nameplate capacity of a 100 MW wind plant. @

Table 4 depicts examples of how some RTOs determine regulation requirements.
/'), ZUwUI TUOEUDPOOwWUI gUPUI O OUwBUw E-petki UODOI Eu
(between 5:00 a.m. and 11:59 p.m.) and ofx | EQOwpOPEODPT | UwUOwKoOo k NwE
on-peak regulation requirement is equal to 1% of the daily forecasted peak load,
and the off-peak regulation requirement is equal to 1% of the daily forecasted
valley load. PJM sends two regulation signals. The first is the assigned hourly

regulation quantity, in MW, that is cleared from the regulation market and is

% wWwOUET wOOUI wEl UEPOI EWEDUEUUUD OO WD WpéaitgRseed] wbOw- 1 $ +
and Wind Power IntegrationAn International Compariso (Golden, CO: NREL, October 2010),
http://www.n_rel.gov/docs/fy110sti/49019.pdf, and in the NERC IVGTF Task 2.3 RepartAncillary

Service and Balancing Authority Area Solutions to Integrate Variable Gener@iimceton, NJ: NERC,

March 2011), htt p://www.nerc.com/files/IVGTE2 -3.pdf.

77Erik Ela, Michael Milligan and Brendan Kirby, Operating Reserves and Variable Generation,

(Golden, CO: NREL, August 2011),http://www.nrel.gov/docs/fyllosti /51978.pdf.

8NERC, IVGTF Task 2.4 RepartOperating Practices, Procedures and T¢Bhnceton, NJ: NERC,

March 2011), http://www.nerc.com/files/IVGTE2 -4.pdf.
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sent on al0-second scan rate. Thesecond signal is Reg A, which is thereal-time

instantaneous resource owner fleet regulation signal that moves regulating

Ul UOUUET UwbOwUT T wUI T UOE ithih héfleérrapacityzadusU 1 UOUUE I
sent on a 2second scan rate.

Tabled Regulation Requirement Definition from Reagiousl
Transmission Organizations

REGION REQUIREMENT DEFINDN

PIM Based on 2% of the peak load during peak hours anc
1% of the valley peak during ofpeak hours.

Set requirement based on weekday/weekend, hour

e of day, and season.

Based on 98.§ercentile of regulation reserve utilizec
ERCOT in previous 30 days and same montbf previous
year and adjusted by installed wind penetrations

Use a requirement floor of 350 MW up and down
regulating reserves which can be adjusted based or

CAISO load forecast, mustrun instructions, previous CPS
performance, and interchange andgjeneration
schedule changes.

Reguirement made once a day based on conditions
and before the dayahead market closes.

ISONE Based on month, hour of day, weekdagat/ Sun.

MISO

Some of the RTOsuse combined up and down regulation while ERCOT and
CAISO have separate regulation up and regulation down requirements (see
Table 5). The combined regulation requirements suggest that the upward and
downward requirements must be equal, and any resource providing regulation
must be able to provide the same amount of up and down regulation. Regions
with separate services can have different regulation requirements and different
resources providing varying amounts of up and down regulation. It also allows
grid operators to more finely tune their regulation needs, particularly if there are

hours where one type of service (either regulation up or regulation down) is

" Erik Ela, Michael Milligan and Brendan Kirby, Operating Reserves and Variable Generation,
(Golden, CO: NREL, August 2011),http://www.nrel.gov/docs/fy110sti/51978.pdf .
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needed and the need can switch back and forth between the two regulation

services.

Tables Combined Versus Separate
RegulatioRequirements in RTOs

REGION REQUIREMENT DEFINDN

PIM Combined
NYISO Combined
ERCOT Separate
CAISO Separate
MISO Combined
ISONE Combined

5.3. LOAD FOLLOWING

Load following can be considered as capacity available during normal system
conditions to assist in meeting expected schedule imbalances or to follow system
ramping requirements, such as the morning pick -up in load or the evening drop -
off in load. Load following is a s lower response than regulation (several minutes
to a few hours) and does not require automatic centralized response. Load
following is not a defined FERC ancillary service, nor is there a NERC standard
or direction. Load following is secured from intra -hour and hourly energy
markets. Because load follows a predictable daily path, the ramping and energy

required to follow can be provided from energy markets.

The addition of variable generation can make following net load less predictable,
as variable generation may not be well correlated with time -of-day load patterns.
For some hours, units with higher ramp rates or greater flexibility may need to
be available. Figure 8 illustrates seven hours of a typical load ramp, with the

blue line reflecting the actual load and the red line reflecting the hourly average.

80 |pid.
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The red line could be the schedule that is used in making unit commitment

decisions. The trend is monotonically increasing and units can be scheduled at
some point during the hour. As an example, the first half of hour 17 is below the
hourly average and the second half of the hour is above the hourly average. In
real-time, generating resources can be instructed to start toward the middle of
the hour rather than at the top of the hour based on actual conditions.

#ﬂﬁ%

MW /
%_.174 —Load

—Hourly Average Loa

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00

Figure8  Typical Load Ramp and Hourly Average Schedule to Fbllow Load

Figure 9is the same ramp with variable generation netted from the load to depict
the net load. The trend is not monotonically increasing or decreasing as was
depicted in Figure 8. As an example, the unit commitment (if done on an hourly
basis) in hour 18 would schedule to the hourly average, and in hour 19
generation units may be turned off. Under an hourly unit commitment schedule,
the sharp increase in hour 18 may be difficult for the on-line units to
accommodate. This suggests that some load following reserve capacity with
identified ramping capab ilities may be needed to manage subhourly variability,
if making unit commitment decisions on an hourly basis. Alternatively, a

separate load following reserve may not be necessary if unit commitment is done

81 |bid.
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on a sub-hourly rather than hourly basis. Sub-hourly markets, scheduling and/or
dispatch may be able to follow the increased variability with net load by
adjusting the dispatch of conventional generators and responsive loads in
response to changes in net load. However, the increased uncertainty of variable
generation shows up in errors with prediction of the net load and of variable
generation, and there may dtill be a need for additional following reserves
because of increased uncertainty, regardless of the length of the commitment or

dispatch interval. &

N

|

I
. .
w DS

15.00 16:00 17.00 18:00 19:00 20:00 21:00 22:00

Figure9  Net Load vs. Hourly Average Load foiHbevdPeriéd

Wind and solar ramps on a multi-hour basis can add to uncertainty. The tail
events of such ramps can be extremetheir occurrence is not easily or precisely
forecasted in the planning time frame, and they are not well correlated with time

plus years for 5-minute, 30-minute and 60-minute trends in wind generation.

82 |pid.
83 |bid.
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Figurell BPAbGs Largest Win%®l Generation Down Ramps
$1".3zU0uwl BxI UPIiDFgure: F2@nd EigureR1§ With  wminute data.
The data includes periods of wind curtailment, and some of the ramps may have
been because ofollowing instructions from ERCOT. Also, the figures should be
interpreted carefully; i.e., 3% of the time where wind output increased over a

three-hour period by 2,000 MW or more.

84 NERC, IVGTF Task 2.3 RepartAncillary Service and Balancing Authority Area Solutions to Integrate
Variable GeneratiofPrinceton, NJ: NERC, March 2011) http://www.nerc.com/files/IVGTF2 -3.pdf.
85 |bid.
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Some grid operators are developing variable generation ramp forecasts in an
attempt to better forecast the predictability and timing of such ramps, as covered

in the forecasting section. Another option if variable generation ramps are rare

86 |bid.
87 |bid.

GEEnergy Consulting 47



enough, or if unpredicted ramp events are rare enough, is to call upon
contingency reserves, but then those reserves may not be available if another
contingency emerges, such as the sudden loss of a generating uni¢® The
flexibility of available generation or responsive demand resources will determine

whether a balancing area can accommodate the increased variability and
uncertainty with variable generation and variable generation ramps, or whether

actions such as increasing resources in dayahead commitment or creating a new
or revised ancillary service, such as a ramping reserve, will be necessary?® Such
a ramping reserve would cover the probability of an event (e.g., 5%) not being
covered by spinning or non-spinning reserves, or if applicable, contingency
reserves? CAISO and MISO are experimenting with different approaches as

discussed below.

5.4. CAISO FLEXIBLE RAMPING CONSTRAINT

CAISO received FERC conditional approval for creating a new ancillary service
known as the Flexible Ramping Constraint. = CAISO began experiencing
shortages in ramping capability that it attributes to multiple factors such as

resources shutting down without sufficient notice, errors in variable generation

forecasts, sudden changes in expected deliveries, contingenciesand high hydro
runoff . CAISO said the ramping shortage is most noticeable during the morning

and evening ramps as load increases.

CAISO identifies a Flexible Ramping Constraint and compensates generators and
loads when it schedules them to alleviate the constraint. A stakeholder initiative,
Renewable Integration Market and Product Review Phase 2, is developing a
more complete market-based solution with a new flexible ramping ancillary

service and bid-based pricing.

88 NERC, IVGTF Task 2.4 RepartOperating Practices, Procedures and T¢Bhlnceton, NJ: NERC,
March 2011, http://www.nerc.com/files/IVGTE2 -4.pdf.

89 NERC, IVGTF Task 2.3 RepartAncillary Service and Balancinguthority Area Solutions to Integrate
Variable GeneratiofPrinceton, NJ: NERC, March 2011) http://www.nerc.com/files/IVGTF2 -3.pdf.

9 Erik Ela, Michael Milligan and Brendan Kirby, Operating Reserves drVariable Generation,
(Golden, CO: NREL, August 2011),http://www.nrel.gov/docs/fy110sti/51978.pdf .
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The Flexible Ramping Constraint allows CAISO to procure upward ramp ing
EEXxEEPOPUawi UOOW?EOOODPUUI EQuwIi Ol RPEOI
response resources that are not designated to provide regulation or contingent
operating reserves, and whose upward ramping capability is not committed for

OOEEw i OUI PE WAIs0Oéstimatesd how much flexibility is required

between 15minute real-time unit commitment and five -minute real-time
dispatch. The flexibility need is then applied to hour -ahead scheduling,
short-term unit commitment and real -time dispatch. If CAISO decides that
additional up -ramp capability is required, it removes designated generation and
responsive load from energy markets, ancillary service markets, or both so that
these resources are available for ramping.

Compensation under the initial program is determined from the opportunity cost
of the marginal Flexible Ramping provider . If, for example, the spinning reserve
price is $5/MWh and the marginal resource bid is $3/MWh to supply spinning
reserve, the payment to all Flexible Ramping providers for that interval would be
the $2/MWh lost opportunity cost . If the marginal resource bid for spinning
reserve is $7/MWh, there would be no compensation for supplying Flexible
Ramping because the resources would not have been selected to supply spinning
reserve. Compensation is among the issues FERC is reviewing If the amount of
reserves decreases between the Iinute unit commitment and the five -minute
real-time dispatch, CAISO may release reserves to participate in reattime
dispatch.

The cosss for Flexible Ramping are currently allocated to load. CAISO found that
80% of the load-following requirements are attributable to loads and 20 % are
attributable to wind and solar variations . Cost allocation is the other issue FERC
has set for rehearing.®? In August 2012,CAISO filed a settlement with FERC over

91 CAISO, Order Accepting and Suspending Proposed Tariff Changes and Establishing Hearing and
Settlement Judge Procedur287 FERC { 61,191Docket No. ER12-50-000 (FERC,

December 12,2011),http://www.ferc.gov/EventCalendar/Files/20111212180110-ER1250-000.pdf.

92 Kevin Porter, Christina Mudd, Sari Fink, Jennifer Rogers, Lori Bird, Lisa Schwartz, Mike

Hogan, Dave Lamont and Brendan Kirby, Meeting Renewlale Energy Targets in the Wedtlaeast
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the issue of cost allocation. CAISO plans to allocate 736 of the costs to
scheduling coordinators based on their share of total hourly measured demand.
The other 25% will be assigned to scheduling coordinators based on gross supply
deviations by individual resource (i.e., scheduling coordinators cannot net
deviations within a resource portfolio). Charges to deviations will initially be
incurred daily but will soon ch ange to monthly.

Ultimately, CAISO hopes to convert the flexible ramping constraint into an
ancillary service that will address both upward and downward ramping.  CAISO

is in discussions with stakeholders about such a service.

5.5. MISO RAMP MANAGEMENT

As a part of its Wind Integration initiative, MISO has been examining how to

include ramping capability in real -time operations. MISO predicts that the

increasing levels of variable generation will likely increase the need for better

ways to manage variation in net load. , (2. ZUw1EOxw, EQET 1 Ol O0w
intended to develop methods for real -time dispatch to provide controlled

resources with a determined quantity of ramp capability, allowing the controlled

resources to respond more efficiently to the varying net | oad served by these

resources. The aim is to:

A Aid reliable operations by keeping sufficient ramp capability available for use
in real-time dispatch to address variations in ramp requirements;

A Reduce price volatility by reducing instances of transitory sho rtages arising
from ramp shortages; and

A Acquire ramp capability through a market mechanism so a price signal can be

sent to the market.®3

Cost The Integration Challeng&Vestern Governors Association, June 2Q2, http://www.rap on-
line .org/featured -work/meeting -renewable-energy-targets-in-the-west-at-least-cost-the-
integration .

BMISOOwW? 1 EOx w" E x EE D OP U dPreseration(bforeuthe BtakéHolded D Fechnical
Workshop, December 13, 2011, 4,
https://www.misoenergy.org/Events/Pages/Ramp20111213.aspx
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MISO dispatches generation units in 5-minute intervals to provide the most
economic solution to the expected level of variation in net load . Generation units
have varying ramping rates and, therefore, varying abilities to respond to
unanticipated deviations, which sometimes require generation to ramp up
quickly . This can lead to short-term scarcity situations and price spikes. The
Ramp Management project is examining how grid operators can estimate the
guantity of ramp capability that will be needed in the next dispatch interval in
order to respond to the expected variability and unexpected variati ons of net
load. MISO will then a pply these determinations in both the day-ahead and
real-time markets. To this end, MISO is developing the Ramp Capability Model.
The Ramp Capability Model will forecast ramping requirements (system-wide
and zonal, if required) that will address the desired level of expected variability
and uncertainty in the net load within a defined response time . The model will
UEOI wbDOUOWEEEOUOUwWI EET wUI UOUUET ZUWUEOX wEE x
create a ramp capability demand curve to model the costs of not meeting a set
level of variability . The requirements are set based on the forecast net load
variability and an administratively set uncertainty level . The model output will
be simultaneou sly co-optimis ed wit h energy and ancillary services to ensure that
the required level of ramping capability is available to meet expected variations
in net load. Up and down ramp constraints will be enforced in real -time
dispatch as enough rampable resource capacity is withheld for futur e ramping
needs, which then changes the dispatch and prices of energy and ancillary

services.

Compensation for the ramping services will be based on the opportunity costs
for the capacity withheld from other services, the ramp resource offers, and the
derived demand curve prices if the full amount of ramp capability is not cleared .
The awarded ramp resource will be paid the clearing price and will be eligible

for make-whole payments. They will be subject to real-time performance
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monitoring and deviation penalties. MISO is aiming to implement the new ramp

management system in late 20124

5.6. REPORTS ON RESERVES FROM INDIVIDUAL
GRID OPERATORS

5.6.1. BONNEVILLE POWER ADMINISTRATION

1/ zUwxl EOWOOEEWPEUWNOKYt Ww, 6 wEUwWOI w) EOQUEUVUau
3,797 MW asof September 2011 Installed wind capacity in BPA was 4,711 MW

as of May 2012 and there was 14 MW of solar capacity as of September 2012.

'/ zUwUI Ul UYIl wUul gUPUI O1 OUUWEUI wEDPYPEI EwbOUC
perfect schedules (LFPS)and load following with either submitted or estimated

schedules and/or load forecasts (LFES). The difference between.FPS andLFES

is considered imbalance. Regulation is defined as the difference between actual

regulation and the 10-minute average; LFPS s the difference between the

10-minute average and perfect schedule; and LFES is the difference betweenthe

10-minute average and submitted or estimated schedules and/or the load

forecast. An increment and decrement component for each reserve is calculated,

with 0.25% of the extremes in each case removed, leaing 99.5% of all values; i.e.,

the reserve amounts necessary to ensure that there are enough reserves to meet

system requirements 99.%% of the time. The results are then used to determine

I/ z UwUI U ltywequirenterisx(gse&Table 6). BPA noted that reducing the

99.9% probability will lower reserve requirements but increase the time BPA

would need to limit or curtail wind. BPA is assuming 5,380 MW of wind

94 MI SO, Ramp Management,
https://www.misoenergy.org/WhatWeDo/Strategiclnitiatives/Pages/RampManagement.aspx

95 BPA, Data for BPA Balancing Authority Total Loadlyind Gen, Wind Forecast, Hydro, Thermal, and

Net Interchangehttp://transmission.bpa.gov/business/operations/wind/ .

9% Wind data from B/  Q\in@ Generation Capacity in the BPA Balancing Authority Area O2 w, E a w
2012, http://transmission.bpa.gov/business/operations/wind/WIND _InstalledCapacity Plot.pdf

Solar data from BPA,? 6 D O1 U a wx Withditspl¥apshe Way for solar on BPA's grid ,» w
September 2012 http://www.bpa.gov/news/newsroom/Pages/Winery -pairs-vines-with -volts -
leads-the-way -for-solar-on-BPA%27sqrid -.aspx.
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capacity for 2012 and 6,530 MW for 2013, using a 30ninute persistence wind

schedule.®”

Table6 BPAOs Reserve Requ®rements for 2012

Ffercentage of 2012 2013
time covered
(percentile
used for calc) Dec Reserve Inc Reserve Dec Reserve Inc Reserve
995 -1410 1114 -1622 1433
% 217 974 -1389 1242
% -135 663 -850 855
5.6.2. CAISO

CAISO has an all-time peak load of 50,270 MW that occurred on July 24, 2006,
and a minimum load of around 20,000 MW. CAISO also has 4,697 MW of
installed wind capacity and about 900 MW of solar interconnected with CAISO.
This does not include any distributed solar ge neration.®

In a series ofvariable generation integration studies, CAISO has been evaluating
the necessary grid operational requirements to accommodate higher levels of
variable generation. A study of the CAISO system on a California-only basis
under a 20% Renewable Portfolio Standard (RPS with approximately 6,700 MW
of wind and 2,250 MW of solar generation, found that total procurement of
regulation and load-following would increase by 11-37%, depending on the

season'® However, both hourly and 5 -minute dispatch simulations suggested

and

201

7l EUQw, E, EOUUOW?11 Ul UYI w"EOEUOEUDPOOwW, 1 UT OEOGOOT a0~ w/ Ul

Integration Group Spring Technical Conference, San Diego, CA, April 24, 2012.

98 |bid.

9 Jim Blatchford, CAISO, Personal Communication, October 15, 2012.

100 CAISO, Integration of Renewable Resourt&3perational Requirements and Generation Fleet
Capability at 20% RP$Folsom, CA: CAISO, August 31, 2010,
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that for almost all hours of the year, the existing gas fleet in the CAISO footprint
could provide the additional reserves and necessary operational flexibility.
CAISO did find some examples of overgeneration in spring months under high
hydro conditions, which could be alleviated by curtailing inflexible imports
(allowing for additional commitment of dispatchable gas plants to provide

downwards ramping).

Subsequently, CAISO has evaluated several alternative renewable resource
scenarios for 336 RPS in 2020, modeled on a WECGwide basis. In these studies,
the sum of wind and solar resources is around 17-18,000 MW, distributed within
California and in other states. The preliminary simulation s have generally found
that integration of wind and solar is operationally feasible, although at least one
sensitivity case suggested that additional flexible generation could be needed.
Follow-up analysis is examining further sensitivities on forecast errors, the
application of stochastic planning methods, further consideration of reserve

sharing with other balancing area authorities, and other factors. 11

Presently, CAISO defines regulation as the difference between actual generation
requirements and the short-term 5-minute forecast. CAISO procures regulation
up and regulation down separately and in different amounts hourly to reflect

that the need for regulation varies throughout the day. Hourly regulation up

and regulation down, each determined separately, is based on the maximum
expected coincidental 10-minute changes in the demand forecast, changes in
generation self-schedules and hourly intertie fluctuations. The regulation
calculations also identify the worst coincidental peak ramp rate in five min utes

and assume the ramp continues for ten minutes. Estimations of regulation needs

http://www.caiso.com/Documents/Integration -RenewableResources
OperationalRequirementsandGenerationFleetCapabilityAt20PercRPS.pdf.

101 CAISO, Track IDirect Testimony of Mark Rothleder on Behalf of the California Independent System
Operator CorporationQrder Instituting Rulemaking to Integrate and Refine Procurement Policies

and Consider Long-Term Procurement Plans, Rulemaking 10-05-006 (Public Utiliti es Commission

of the State of California, Submitted July 11, 2011),

http://www.cpuc.ca.qov/NR/rdonlyres/1DE789A2 -29EB4E959284
9E680M113E6/0/CAISOTestimony70111 FINAL.pdf.
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are performed in the middle of the hour to ensure ramp changes between hours

are reflected 102

CAISO is assessing three alternative methods for projecting day-ahead
regulation requirements. The first method is one in which CAISO would
conduct a statistical analysis of all sources of uncertainty, defined as load, wind,
solar, schedule deviations, and frequency deviations, with the aim of keeping
Area Control Error (ACE) clo se to zero. The second method is also a statistical
analysis of past regulation up, regulation down, positive ACE , and negative ACE
values, with the goal of identifying enough regulation up and down to keep ACE

at zero. The third method is based on the Balancing Authority ACE Limit, or
BAAL, and is a statistical analysis of ACE and frequency. CAISO will select one
or a combination of methods once they have enough data to make an

evaluation. 103

CAISO also projects flexible capacity needs up to 24 hours ahead of time through
load, wind , and solar forecasts; realtime operating data; committed resources;
known generator forced outages; and interchange schedules. CAISO updates it
flexible capacity analysis every five minutes at 90% and 95% confidence levels.
Ultimately, CAISO plans to incorporate its Flexible Capacity Requirement in its
day-ahead market by estimating its hourly up and down flexibility capacity

requirement with a 60 % confidence interval , and in real-time pre-dispatch with a

95% confidence interval. 104

12NERC, IVGTF Task 2.4 RepartOperating Practices, Procedures and T¢Bhlnceton, NJ: NERC,

March 2011), http://www.nerc.com/files/IVGTE2 -4.pdf.

103Clyde LoutEOOw? 11 Ul UYIT w" EOEUOEUDPOOwW, | UI OEOOOT awi OUw2auUlI ¢
Panel Discussion before the Utility Wind Integration Group Spring Technical Conference, San

Diego, CA, April 25, 2012.
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5.6.3. ERCOT

ERCOT has a maximum peak load of 68,379 MW that was recorded in August
201115 The average monthly peak load is about 54 GW1 Installed wind
capacity is just over 10 GW, while installed solar capacity is about 70 MW,

excluding distributed solar generation. °7

Regulation is used every four seconds in ERCOT to balance supply and demand.
Inputs for determining regulation needs ar e historical 5-minute net load changes,
historic deployment of regulation, recent CPS1 performance, and installed wind

capacity.

ERCOT determines its regulation needs based on past or expected wind capacity.
ERCOT examines the up and down regulation service (for every hour) that has
been used in the past 30 days and for the same month last year, and applie a
98.8%6 deployment value. After that, ERCOT estimates the amount of wind
capacity for the past 30 days and the same month of thelast year. If the estimate
of wind capacity in the last 30 days is higher than for the same month of the last
year, ERCOT will use the look-up factors in Table 7 to determine how much
additional regulation may be needed. For example, if 2,000 MW of additional
wind was added in January 2011 as compared to January 2010, then 8.4 MW of
additional regulation will be needed for the hour ending at 9:00 a.m. in the
month of January (4.2 MW *2)108

051", 30w?$1" . 3w/l EOw# ewlEN® Rao@d Y wE UOT WA OQwl Y hl Ow
http://www.ercot.com/news/press_releases/show/26237.

106 David Maggio, ERCOT, Personal Communication, September 26, 2012.

107Wind capacity is from ERCOT, System Planning Mathly Status ReporSeptember 2012
http://www.ercot.com/content/news/presentations/2012/SystemPlanningReport -Sept2012.pdf

Solar capacity is from Texas Office of the Governor, Economic Development and Tourism, Texas
Renewable Energy Industry Reppiuly 2012,

http://governor.state.tx.us/files/ecodev/Renewable Energy.pdf .

108 Erik Ela, Michael Milligan and Brendan Kirby, Operating Reserves and Variable Generation,
(Golden, CO: NREL, August 2011),http://www.nrel.gov/docs/fy110sti/51978.pdf .
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Table7 Additional LRegulation pe00 MW dhcremental Wind Generation Capacity in
ERCOT?

INCREMENTAL MW ADJWEENT TO PRIGREAR LHREGULATION
98.8 PERCENTILE DEPMENT VALUE PEBOD MW

OF INCREMENTAL WINENEERATION CAPACITY,
TO ACCOUNT FOR WISIBPACITY GROWTH

Hour Ending

Month| 1 |2 |3 (4|56 |7|8|9|10|11|12|13|14|15|16|17|18(19(20(21|22|23| 24

Jan. |2.8|4.2|3.1|3.7|25(|0.4|23|22|4.2|59|7.6|57|4.7(3.3|28(23|4.0/86(4.2|2.7(1.6(2.7|14|16

Feb. |3.6/4.0/2.9|29|15|1.8|5.2|35(4.9|6.0/5.1|5.2|5.3|4.2|4.3|35|3.8|8.6/55/1.9|1.4|3.1|1.9|22

Mar. |5.5/5.3|4.6|/4.2|2.6(3.3|7.1{7.9|6.8/5.7/4.2/3.4/2.8(2.6|2.7|2.3|29|7.7|6.8/2.1{1.1/3.0/1.5| 2.8

Apr. |3.1/3.6/5.0/4.0/2.4/25|85|11.610.0 5.6|4.2{3.4|3.2(2.5/2.1|2.1{3.5/9.2(8.2{4.1/1.0{0.8/0.0| 1.4

May |3.6/3.3|/4.3|/4.3|4.2|3.3|8.7|8.8|8.1{5.7{6.0/4.4/3.6(/3.8/3.9|4.2|4.7|11.6§ 59(0.6(0.0{1.0/1.4| 2.5

Jun. (2.3(2.6/3.3/3.7|/3.9|24|85|8.2|6.6/45|4.2|3.1/25(25|0.7|0.2|1.3|7.5/3.3[/1.7({0.7({0.3/ 0.6/ 1.3

Jul. |1.0/2.8|4.4/3.7|3.0|3.2|11.210.2 6.5|5.3|3.3| 2.2| 1.4/ 0.4(-0.9|-1.3/ 0.3{ 3.4/ 0.9(1.1| 0.1{ 0.0| 1.0| 1.2

Aug. [1.4/3.8/45(45|2.2|0.9|6.3|6.8/6.6/6.6/3.2/26(2.1{1.2(1.4(/1.3(/1.3|4.6/1.2{0.9/0.7|0.8(1.1|1.3

Sep. (3.2|/4.0/3.7|35|1.8/1.9|6.9|7.7|8.3/6.9/3.5/4.8/3.8/2.3|/1.6/1.2|/3.0{9.2|3.1{09(0.1{0.4/0.8| 1.9

Oct. |3.4|28|24|22|1.7|18|5.0(58(6.1{59(4.0/5.4|3.2|2.2|1.2|1.7|3.1{6.8/0.8/2.1/0.0/0.2|1.8| 2.5

Nov. | 2.7|3.2|3.6|3.0/2.2{2.3/4.6/53/6.9(6.8/5.1|/5.6|4.1|3.7|1.8{1.7|5.8(12.8 4.8/3.8/1.0|1.6|2.2| 1.4

Dec. (2.8(2.4|1.4|2.1|1.2|0.4|2.8|2.7|3.8/4.6/6.8/7.0/6.0/4.4/3.3|3.0/5.0/{9.9/4.3/2.6(2.1{4.3(/2.0/15

In the past, the only input was historic deployment of regulation . Between 2007
and 2010, regulation requirements were increasing somewhat; the
implementation of nodal markets in December 2010 sharply reduced regulation
needs in ERCOT (sed-igure 14).

109 |pid.
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Figurel4 Average Monthly Regulation Reserve Requirementsih ERCOT

ERCOT examined thefirst 11 months of nodal operation with and without wind,
and found that the impact of wind on regulation needs was less than 10%, with

more effect on regulation up than on regulation down (se e Table 8).

10pDavid Maggio, ? , 1 UT OEOOOT awi OUw" EOEUOCEUDPOT w1l Ul UYTI UwbOwUlOT 1
before the Utility Wind Integration Group Spring Technical Conference, San Diego, CA,
April 24,2012
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Table8 Impact of Wind on Up and Down Regulation Requirements in
ERCOT!

AVG. ESTIMATEI
AVG. ACTUAL REG. UP DIFFERENCE IN

REG. UP REQUIREMENT AVERAGE
MONTH REQUIREMEN WITHNO WIND REQUIREMENT

Dec. '10 436.2 433.3 3.0
Jan. '11 499.2 477.9 21.3
Feb.'11 491.3 471.3 19.9
Mar. 11 569.0 513.6 55.4
Apr. '11 570.5 526.6 43.9
May 11 589.7 539.0 50.7
Jun. 11 587.2 516.8 70.4
Jul. '11 585.4 505.0 80.4
Aug. '11 618.5 536.7 81.8
Sep. '11 559.9 535.4 24.5
Oct. 11 543.1 531.5 11.6

For spinning reserves, ERCOT maintains a 10Gminute reserve of at least
2,300MW and may be increased to 2,800 MW. ERCOT uses spinning reserves to
maintain system frequency following a system event. Spinning reserves can be
supplied from unloaded generation resources that are on-line, resources
controlled by under -frequency relays, or a direct current tie -line response that
can be fully provided within 15 se conds of a system event. Demandside

resources can supply up to half of the capacity.

ERCOT uses nonspin reserves as a 3@minute service from off-line generators,
unloaded generation capacity and demand resources that can be interrupted
within 30 min utes and can run or be interrupted at a certain output level for at

least one hour. The nonspin reserves replenish 13minute reserves, account for

111 |pid.
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forecast uncertainty, and address system disturbances. ERCOT estimates the

need for non-spinning reserves for each hour of the day for each month.1?

The main input for non -spin reservesis net load forecast error; historically, it was
EEQUPUI EWEUUDOT wxl EOWOOEEwWT OUUUwWI gUEOwUOwW $
Non-spin requirements have fluctuated more, in part because of changing
methodologies and differences in forecast error from one study period to the

next (seeFigure 15).

2100 =
1900 . ™
1700 ha [ s\ A\
1300 /™ / :
§1100 ,/ \Va\
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300 L L L L L L L L L L L L L
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— Avp, Non-Spin Requirement

Figurel5 Requirements for Mgpinning Reserves in ERCOT November 2008

through December 211
ERCOT also analyzed the first 11 months of nodal operation with and without
wind , and the impact of wind on non -spinning reserves was more noticeable as
the hours-ahead forecast error is more affected by wind (seeTable 9). Non-spin
requirements are based on taking a snapshot of forecast errors at midnight every
night. ERCOT said it and ERCOT market participants can make commitment

decisions closer to realtime and it is reviewing whether it can review forecast

12NERC, IVGTF Task 2.3 RepartAncillary Service and Balancing Authority Area Solutions to

Integrate Variable GeneratiqRrinceton, NJ: NERC, March 2011),

http://www.ne rc.com/files/IVGTF2-3.pdf.

WHEYDEwW, ETTDOOwW?, 1 U OEOCOOT awi OUw" EOEUOEUDOT wil Ul UYI U
before the Utility Wind Integration Group Spring Technical Conference, San Diego, CA,

April 24,2012
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error closer to commitment time, such as six hours ahead instead of midnight,

and still have time to commit units to account for forecast error. 114

Tabled Average NaBpin Req@ment in ERC@iTth and ihout Wind
Forecast Erg@ecember 2010 through Octobéi2011

AVERAGE
ESTIMATED NON

AVERAGEACTUAI SPIN REQUIREMEN DIFFERENCE IN

NON-SPIN WITH NO WIND AVERAGE
MONTH REQUIREMENT FORECAST ERRO REQUIREMENT
Dec. '10 1875.8 1548.2 327.7
Jan. '11 1982.8 1801.8 181.0
Feb.'11 2000.0 1908.2 91.8
Mar. '11 1946.0 1624.2 321.8
Apr. 11 1757.3 1004.2 753.2
May '11 1760.2 1284.3 475.8
Jun. '11 1903.5 1680.0 223.5
Jul. '11 1815.7 1410.5 405.2
Aug.'11 1539.8 1320.0 219.8
Sep. 11 1649.2 1356.0 293.2
Oct. '11 1595.7 1276.0 319.7

5.6.4. HAWAII ELECTRIC LIGHT COMPANY (HELCO)

4UPOPUPI UwOx1 UEUDPOT woOOw' EPEPPZUWPDUOGEOEUWOU
support from other utilities. In other words, each utility operates as an island

utility in Hawaii with relatively small loads and generation capacity, making

wind and solar integration more challenging. HELCO, serving the big island of

Hawaii, has a load of 190 MW, an installed wind capacity of 33.5 MW, and

distributed generation capacity (including solar) of 12.9 MW. Minimum load is

114 bid.
115 |bid.
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about 90 MW.%¢ For the entire state of Hawaii, about 78 MW of solar, mostly

behind-the-meter, was in place as of the end of 2012

Since HELCO does not have interties with supporting systems, all system
imbalances are represented as frequency errors, and regulation is used to restore
frequency. At least three generating units are on-line at all times to ensure
enough system response if one of e units providing regulation goes off -line.
Regulation requirements are determined daily by hour, accounting for system
frequency, wind generation in the past hour, and measured wind speeds.
Regulating reserves are increased if wind production is expected to be at the
mid -point of production, but they are not increased if wind production is at
minimum or maximum production. In addition, about 6 % of HELCOz UWEEa UDPOI w
load is now coming from distributed solar. HELCO has added regulating up -
reserves and reported the availability of down regulation reserves has
decreased®®

5.6.5. ISO-NEW ENGLAND
ISO-NE has a peak load of 25,853 MW as of July 2012, with an altime peak of
28,130 MW that occurred in July 2006'° The minimum load is about

usMarc Matsuura,? ' EPEDPEOwW$ Ol EVUPEwW" OOxEOQaw2aUuUl OUw. YT UYPI buw
Issues? w/ Ul Ul OUEUDOOWET I OUTl wOT 1T waUPOPUaweDOEwW( OUI T UEUDOC
October 13,2010, Maui, HI.

117 Hawaiian Electric Company, Maui Electric Company and Hawaii Electric Light Company,

2011 Corporate Sustainability Repprt

http://www.heco.co m/vemcontent/StaticFiles/pdf/2011HECOSustainRpt.pdf .

18NERC, IVGTF Task 2.4 RepartOperating Practices, Procedures and T¢Bhnceton, NJ: NERC,

March 2011), http://www.nerc.com/files/IVGTF2 -4.pdf.

119|SO-NE, Net Energy &Peak Load Repo@ctober 2012 http://www.iso -
ne.com/markets/hstdata/rpts/net_energy/index.html .
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10,000MW. 120 The installed wind capacity is 524 MW, with solar capacity at
125MW, both as of April 2012. %21

The New England Wind Integration Study, commissioned by ISO -NE and
conducted by GE and Enernex, found that additional regulation will be needed

at wind energy penetration levels as low as ®6. Average regulation for load was
only 82 MW, increasing to 161 MW at 9 and 313 MW in the 20% wind energy
scenario. The main reason for this increase in regulation is shortterm errors in
wind forecasting, and the economic dispatch is not able to adjust fast enough to

accommodate short-term wind forecast errors.

The study also determined that additional 10 -minute spinning reserve would be
needed at higher levels of wind penetration to maintain current levels of
contingency response, and recommended that ISO-NE increase 10minute
spinning reserves by the same amount as regulation; i.e.,, about 80 MW for 9%,
125 MW for 14% and 310 MW for 20% wind. 1SO-NE obtains 10-minute spinning
reserves with regulation, and either regulation will have to be allocated
separately from 10-minute spinning reserves or additional 10 -minute spinning

reserves would have to be secured.

The study also found that additional 10-minute non-spinning reserves, or a
separate market product for wind to cover extreme increases or drops in wind
generation, will be needed at 20% wind penetration . The study estimated that

another 300 MW of non-spinning reserves would be needed for the 20% best

120 NERC Integration of Variable Generation Task Force, Operating Survey for ISeNew England
November 2009,

http://www.nerc.com/docs/pc /ivatf/NERC%20IVGTF%200perator%20Survey%20Rev%201%20%
28BH_ISONewENgland%29.pdf.

121\\ind capacity data is from ISO-NEOw? 6 DOE w$ Ol UT aw4 xEEUI OQw/ OEOOPOT w EVE
, 11 UDOT 2 OwhtE: A, gdul
ne.com/committees/comm_wkarps/prtcpnts_comm/pac/mtrls/2012/may162012/wind_enerqgy.pdf ;
Solar capacity data is from ISO-NEO w ? 2P@diokoltaics in New England, Planning Advisory
"O000PUUI T w, 11 UP@Dh:AVOWISCE-a wl Y hul
ne.com/committees/comm_wkarps/prtcpn ts_comm/pac/mtrls/2012/may162012/solar_photovoltai
cs.pdf.
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onshore wind sites case and 150 MW for the @ case. Generation capacity
displaced by wind could be a source of non-spinning reserves if the resources are
still available and do not retire or shut down. Having a separate mechanism to

ensure displaced capacity that can provide 10-minute non -spinning reserves may

be necessary, according to the study??

5.6.6. MIDWEST ISO

, (2. z0wUl EOUEwWx]T EOWOOEEwWPEUWUTl OwbOOw) Ubawl t O
load is about 39,000 MW. The installed wind capacity is 12,444 MW as of

Sepember 2012. There is minimal solar capacity interconnected to MISO,

although there may be distributed solar generation that is unreported. 123

Regulation requirements for MISO are 300 to 500 MW in each direction,
depending on load level and time of day. MISO has found little impact of wind
on regulation. Specifically, one-minute wind generation variability has had little
impact on net load one-minute variability . The standard deviation of short -term
wind generation forecast error ranges from between 0.5% to 1% of wind
generation capacity. The impact of the short-term wind forecast on net load

variability is therefore low.

, ( 2. z Uw E O Gdded® s IcdrEndlyuset at 2,000 MW based on the largest
generation unit and transmission corridor. About half of it is spinning, with the
remainder from supplemental reserves that is a mix of on-line and off-line
resources, including demand response. MISO has zonal requirementsin seven
zones for contingency reserves due to transmission deliverability issues. So far,
wind has no impact on contingency reserves in MISO, as wind events have a
longer latency period than a contingency event. Wind drops, the majority of

them forecasted, of 6 to 7 GW have occurred over eight hours. More rarely, wind

122 Gene Hinkle, Richard Piwko, Gary Jordan, Amanvir Chahal, Nick Miller, Shakeer Meeran,
Robert Zavadil, Jack King, Tom Mousseau and John Manobianco,New England Wind Integration
Study (Schenectady,NY: GE Energy, December 2010)http://www.uwig.org/newis_es.pdf .

123 Matt Schuerger, Energy Systems Consulting Service Personal Communication,

October 16,2012.
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ramps of plus or minus 2,000 MW have occurred in 20 minutes. So far, MISO has

not used contingency reserves for non-contingency events such as wind ramps.t?

5.6.7. NEW YORK ISO

-8(2.72U0Uwxl EOwOOEEWDPUwttowW kw, 6w EUwWOI w) UOa
33,939MW that occurred in Aug ust 2006*> The minimum load is about

12,000MW. The installed wind capacity is about 1,600 MW. There is 32 MW of

solar interconnected with NYISO, and another 110 MW of solar that is behind the

meter.126

In its 2010 integration study, NYISO found that at 3,500 MW of wind and then-
projected 2011 load of 34,768 MW peak demand, regulation requirements
increased by 5 MW based on a weighted average. The largest increase for that
scenario was 100 MW, from 175 MW to 275 MW from Junethrough August. At
8,000 MW o wind and 2018 projected peak load of 37,130 MW, the overall
weighted average regulation requirement increased by 116 MW, from 175 MW to
291 MW. The maximum increase is 225 MW (from 175 MW to 400 MW) from
June through August, with the highest regulation requirement at 425 MW, also
from June through August. 27 NYISO said no immediate changesare planned for
adding regulation, as only 1,400 MW of wind is presently in operation in NYISO
as of May 2012128

NYISO also found that for 8 GW of wind, the hourly net -load up and down
ramps exceeded by about 2@% the ramps that resulted from load alone. NYISO

determined that it had sufficient resources to withstand the net-load ramps.

2. DYEEw- EYPEOwW? 11 Ul UYERODPOOBRD OI Q0WI &1 OUBI 6ET wOi w5 E U
Presentation before the Utility Wind Integration Group Spring Technical Conference, San Diego,
CA, April 26, 2012.
125. 8 (2. OQw? - 8 ( 2 2hu/vavured Edhlbublic/media_room/key facts/index.jsp
126 David Edelson, NYISO, Personal Communication, September 26, 2012.
127NYISO, Growing Wind: Final Report of the NYISO 2010 Wind Generation St{@gnsselaer, NY:
NYISO, September 2010)http://www.uwig.ora/GROWING _WIND
Final Report of the NYISO 2010 Wind Generation Study.pdf
128 David Edelson, NYISO, Personal Communication, May 28, 2012.
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NYISO also found that no change was needed in the amount of operating
reserves neededto cover the largest instantaneous loss of source or contingency
event. The NYISO system is designed to withstand the loss of 1,200 MW
instantaneously with replacement within ten minutes. By comparison, a
significant loss of wind generation occurs over several minutes to hours.
Analysis of the simulated data found that for 8 GW of installed wind , a
maximum drop in wind output of 629 MW occurred in ten minutes, 962 MW in
30minutes, and 1,395 MW in one hour.?°

5.6.8. XCEL ENERGY
Xcel Energy is a holding company with utility subsidiaries operating in eight

states some operating in MISO and SPP and others as vertically integrated
utilities. Xcel has 4,865MW of wind, including 1,375MW on AGC. Xcel reports
that no additional reserves have been needed in MISO for its Northern States
Power Co. affiliates or for its Southwestern Public Service Co. affiliate in SPP.
Indeed, Xcel Energy reports that in its balancing authority area in MISO, wind
POEUI EUI Ewil UOOwWwKYYw, 6w UOw Ol YYw, 6w pPbDUl OUUO
flexibility reserves or regulation requirements because of , ( 2 . fivé}lminute
dispatch.°
i W7EI OZUwUOUEOQwWDOUUEOOI E Goim@adyEotuGlerade EDUa Ow /
(PSCo) has 2,168 MW; Northern States Power has 1,945 MW and Southwestern
Public Service has 752 MW*1 Systemrwide, Xcel has 256 MW of solar!3? Table
10depicts peak and minimum load by Xcel affiliate, all as of 2011.%33

129NYISO, Growing Wind: Final Report of the NYISO 2010 Wind Generation St{@gnsselaer, NY:
NYISO, September 2010)htt p://www.uwig.org/GROWING WIND

Final Report of the NYISO 2010 Wind Generation Study.pdf
130 Kevin Porter, Christina Mudd, Sari Fink, Jennifer Rogers, Lori Bird, Lisa Schwartz, Mike
Hogan, Dave Lamont and Brendan Kirby, Meeting Renewlale Energy Targets irhie West BiLeast
Cost The Integration Challeng&Vestern Governors Association, June 2012http://www.rap on-
line.org/featured-work/meeting -renewable-enerqy-targets-in-the-west-at-least-cost-the-

integration .
131 Stephen Beuning, Xcel Energy, PersonalCommunication, May 14, 2012.
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Tablel0 Peak and Minimum Load by Xcel Energy Affilidte, 2011

AFFILIATRAME PEAK LOAD (MW) MINIMUM LOAD (MW)
PSCo 7,371 2,818
Northern States Power 9,900 3,500
Southwestern Public Servici 6,331 2,707

PSCo has an internal guideline to hold additional flexible reserves. Flexible

reserves are defined as being available within 30 minutes, and how much is held

is dependent on current levels of wind generation. The flex reserves cover two

types of wind events: wind cut -off at high wind speeds and downwind ramps.

PSCq UwUauUl OwOx1 UEUOUUwPDOOWUEOTI wOOUDPET wki 1 O
second and may increase flexible reserves. PSCo can also use regional

contingency reserves for over speed wind trips, but has not done so. In addition,

SPE UwUI Ul UYT wUT EUDPOT wi UOUx WEEOQWEOUOWEOOODPUWE
wind during high wind speeds. 13

Xcel Energy is requiring future wind generators to be able to provide set-point

capability. Xcel Energy is also retrofitting 19 existing wind plants by adding

automatic generation control, primarily in the MISO . Wind curtailment has been

reduced as system operators have more confidence in maintaining system

balance with operation of wind plants that have autom atic generation control.13¢

27 E] Ows$ Ol UT a0w?200EVUW/ OpT UwOOw. UUw2aUu0l Oow7EI Ows$ Ol UT
forSolar” ExEEDUa? Ouw

http://www.xcelenergy.com/Environment/Renewable Energy/Solar/Solar Power_on_Our_Syste

m.

133 Energy Information Administration, Form EIA -861 Data Files, Released: September 20, 2012,
http://www.eia.gov/electricity/data/eia861/index.html ; and FERC Form 714 for Year Ending

December 31, 2011 for PSCo, SPS and Midwest I1SO.

134 |bid.

135+ PEOw- OEDOOTI UOw?' Ob w6l w#OwPUWEUW7ETI Ows O1 UT 402 w/ EOQI O
Integration Group Spring Technical Workshop, San Diego, CA, April 25, 2012,
http://www.uwig.org/San_Diego2012/Noailles -calculating_reserve.pdf.

136 Kevin Porter, Christina Mudd, Sari Fink, Jennifer Rogers, Lori Bird, Lisa Schwartz, Mike

Hogan, Dave Lamont and Brendan Kirby, Meeting Renewlle Energy Targets in the Wesdtleeast

Cost The Integration Challeng&Vestern Governors Association, June 2012http://www.r apon-
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5.7. EXPERIENCE OF GERMANY AND SPAIN WITH
RESERVES AND VARIABLE GENERATION

Germany: As of 2010, Germany had a peak load of 80 GW and a minimum load
of 34.6 GW¥ As of the end of 2011, Germany had over 29 GW of wind capacity,
and over 30 GW of solar capacity was operating as of August 2012'% Overall,
installed wind capacity in Germany is expected to be 31 GW by the end of 2012
and total installed solar capacity in Germany will be 32 GW, meaning that solar

capacity will exceed wind cap acity for the first time in Germany. 3

The German Transmission System Operators (TSOs) utilize three types of
balancing reserves The primary regulation reserves, equivalent to frequency
response, are automatically controlled generation that responds to frequency
variations. All TSOs in Europe are required to provide 3,000 MW of primary
reserve capacity that can begin operating within 30 seconds. The 3,000 MW is
equal to the outage of two major nuclear plants, each with a capacity of
1,500MW. The German share is 630 MW. The secondary reserves, equivalent to
regulation, are up and down regulation reserves that can be deployed within five
minutes. The German TSOs acquire about 4,900 MW {2,200 MW for regulation
down and 2,700 MW for regulation up). This is provided mainly by hydro
power and pumped storage hydro plants . The tertiary reserves, equivalent to

line .org/featured -work/meeting -renewable-energy-targets-in-the-west-at-least-cost-the-

integration .

137H. Holttinen , A.G. Orths, P.B. Eriksen J. Hidalgo, A. Estanqueiro, F. Groome, Y. Coughlan,

H. Neumann, B. Lange, F.van Hulle and I. Dudurych ,? " UU U1 O U U w(EEEPoiveE &bl | O 2
Energy9, no. 6, November/December 2011, 4-49.

138 Wind capacity is from European Wind Energy Association, Wind in Power: 2011 European

Statistics, February 2012,

http://www.ewea.org/fileadmin/files/library/publications/statistics/Wind_in_power_ 2011 Europe
an_statistics.pdf; ? 2 OOEUWEEXxEEDUa wi UOOw&1 UOEOGaROIOE UM BEwu UVWEE x EE
(More Solar than Rest of Europe)? hiip://cleantechnica.com/2012/09/24/germansolar-power -
capacity-hits-all-time-high -again/.

139 Brian Parkin, ? & | Bn(Solar Capacity to Exceed Wind for First Time, FAZ Says? w! OOOOEIT Ul w
News, July 21, 2012 http://www.bloomberg.com/news/2012 -07-21/german-solar-capacity-to-

exceedwind -for-first -time -faz-says.html.
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load following, must be available within 15 minutes. 4 German TSOs acquire

-2400 MW of downward tertiary reserve capacity and 2,300 MW of upward

tertiary reserve capacity. In addition, 50Hertz, one of the German TSOs,also

Ul gUPUI Uw UT EQw ?2Ul Ol PEEOIT w il Ol UT aw UUEUUDUOUUI
fluctuations in energy supply, in particular from wind power . These are pre-

qualified energy resources that are able to provide positive and/or negative

x UPOEUaOwUl EOOEEUAOWEOEwW?O0DOUUI »wUI UT UYI U
Since 2009, three of the fourGerman TSOs have shared in an optimized shared
secondary reserve system that economically dispatches plants to balance energy

in the entire three-TSO area. Table 11 shows the estimated reductions in reserves

through the shared secondary reserves market The fourth German TSO is now

also participating in the shared secondary reserve system. Because wind and

solar have significant geographic diversity, ramping is not as large a concern in

Germany. The need for reserves is mostly for forecast erros, however, the

forecast errors are more in the hourly (or longer) time scale, and therefore, faster

reserves are less needed to balance wind and solar variability. Balancing of

forecast errors is achieved mainly via the intraday trading platform operated by

the power exchange, with bids and offers allowed up to 45 minutes before real-

time. The remaining imbalances will be covered by reserves#

0B, Bnst, U. Schreier, F. Berster, J.H. Pease, C. Scholz, H.P. Eibg, S. Schlunke and

Y.V. Makarov, LargeScale Wind and Solar Integration ine@nmany(Richland, WA: Pacific Northwest
National Laboratory, February 2010,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL  -19225.pdf.

141B. Bnst, U. Schreier, F. Berster, J.HPease, C. Scholz, H.P. Enbing, S. Schlunke and

Y.V. Makarov, LargeScale Wind and Solar Integration ine@Bnany(Richland, WA: Pacific Northwest
National Laboratory, February 2010,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL  -19225.pdf.
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