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Overview

Learn mechanisms to enable wind and solar generation
to contribute to grid reliability

Outline
» Technical background
* Power purchase agreements

e Regulations
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echnical Background




PV- and Wind-based Ancillary Services

SCED following
Automatic Generation Control (AGC)
Primary Frequency Response (PFR)
Fast Frequency Response (FFR)

Active
Power

Controls Spinning Reserves
Ramp-Rate Limiting

Voltage control

Reactive Reactive power control
Power Power factor control
Controls STATCOM functionalit
Night-time VAR support

Low voltage ride-through (LVRT)

Fault Zero voltage ride-through (ZVRT)
Recover High voltage ride-through (HVRT)
y Short-circuit current control
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| Demonstration of Essential Reliability Services by a

| 300 MW Solar PV Power Plant
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| Demonstration of Essential Reliability Services by a
300 MW Solar PV Power Plant
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First Solar.

= USAID

& FROM THE AMERICAN PEOPLE

9/15/2017

Cc:hfornlo 1ISO TN | | o

/L
Shaping a Renewed Future =3 = !
A =
“— 3 osseic | DASPLC
I _ I . |
‘ — - - = ———t- ?_.
| | “
Legend DAS Data Acquisition System HMI Human-Machine Interface
PCS Power Conversion Station PLC Programmable Logic Controller
POI Point of Interconnection RTU Remote Terminal Unit

SCADA Supervisory Control and Data Acquisition System

- https://www.nrel.gov/esif/webinar-demo-reliability-services-pv-study.html
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Demonstration of Essential Reliability Services by a
300 MW Solar PV Power Plant

Reactive power
Active power control control

- https://www.nrel.gov/esif/webinar-demo-reliability-services-pv-study.html
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Demonstration of Essential Reliability Services by a
300 MW Solar PV Power Plant

Automatic
generation
control

- https://www.nrel.gov/esif/webinar-demo-reliability-services-pv-study.html
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Active Power Controls from Wind Power: Bridging
the Gaps (2014)
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Primary frequency
control in response
to a simulated
under-frequency
event
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https://www.nrel.gov/docs/fy140sti/60574.pdf




— Power Purchase Agreements




Power Purchase Agreements

e Mechanism for utility procurement of variable RE from
IPPs

— Legally binding, long-term (20-25 year) contract
— Sets fixed price for electricity delivery

— Helps RE develop secure project financing

* Risks divided between buyer and seller

Market price volatility
System reliability

Buyer Regulatory Seller
ili changes
(utility) RE forecast errors (IPP)
Transmission Unfavorable weather
congestion
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PPA considerations — frequency range requirements

Example provision

— Lower and upper bound
for operational frequency
of a variable RE generator

Importance

— Ensures RE generators
stay connected during
deadband and can change
power output when
outside of it

— Allows RE generators to
support recovery and
avoid worsening the
proble
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AP = change in power
Af = change in frequency

Deadband: range of frequency in
which no change in power output

must occur




PPA considerations — voltage limit requirements

Example provision

— Acceptable operational voltage fluctuation of the RE
generator, often expressed as percentage, e.g., +/-2%, of
nominal voltage level

Importance

— Minimizes impacts of voltage fluctuations, which can
damage the utility’s electromeéchanical equipment if outside
certain limits

Source: B. Palmintier, R. Broderick, B. Mather, M.
Coddington, K. Baker, F. Ding, M. Reno, M. Lave,
and A. Bharatkumar, “On the Path to SunShot:
Emerging Issues and Challenges in Integrating Solar
with the Distribution System,” National Renewable
Energy Laboratory, Golden, CO, NREL Technical
Report NREL/TP-5D00-65331, May 2016.
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PPA considerations — require voltage ride-through
(VRT)

Example provision

— Require RE to
stay online during
system voltage
disturbances

— Duration-
dependent ZVRT
(zero), LVRT (low)
and HVRT (high)
requirements

Importance

Can prevent cascading failure of electricity supply during severe
under- or over-voltage periods
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PPA considerations — facilitate RE forecasting

Example provisions

— Centralized forecasts:
require RE generators to
provide data to facilitate
forecasting by the operator

— Decentralized forecasts:
require RE generators to
provide generation forecasts
(e.g., day-ahead)

Importance

— Improved RE forecasting
reduces operating reserve
requirements and
characterizes availability of
RE to provide ancillary

services .. ,
(ZJUSAID IiINREL

Example data requirements for centralized
forecasting:

Basic: Generator location, installed
capacity, historic hourly generation,
detailed meteorological data (e.g., wind
speed, air density, humidity, irradiance,
temperature)

Advanced: Real-time generation, wind

urpoine or 50135r array avalla

Source: NCAR20 Forecasting




Example PPA — Xcel

Curtailment — compensable
and non-compensable

AGC - required, to allow Xcel
to adjust wind output and
maintain system balance

Ancillary services -“Seller shall
make available to Company all
Generation Benefits and
Ancillary Services associated
with the Facility at no
additional charge under this
PPA.”

http://www.xcelenerqy.com/staticfiles/xe/Corporate/Corp
orate%20PDFs/Model Power Purchase Agreement.p
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— Regqulation




FERC Order 827

“Non-synchronous generators
... will be required to provide
dynamic reactive power within
the range of 0.95 leading to
0.95 lagging at the high-side
of the generator substation”

“These reactive power
requirements will apply to any
new non-synchronous
generator seeking to
Interconnect to the
transmission system”

https://www.ferc.gov/whats-new/comm-meet/2016/061616/E-
1.pdf
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FERC Order 828

“Requirwammmlacmaeaulgmlalgeneiaﬂng facilities
(< 20 MW) to ride through abnormal frequency and voltage

events and not disconnect during such events”

https://www.ferc.gov/whats-new/comm-meet/2016/072116/E-11.pdf
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Non-synchronous reactive power example — Kelly Creek

Facility

Reactive power and voltage support
are not currently served by markets

- Reactive power dissipation in network
- Location-dependent injection

- Generator-specific flat-rate
compensation through ‘revenue
requirement’
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184 MW (ninety-eight 2 MW
turbines)

100 km southwest of Chicago

Power factor capability of
0.95 leading, 0.95 lagging

Docket Nos. EL17-28-000
ER17-400-001




Non-synchronous reactive power example — Kelly Creek

Facility

November 2016 — FERC rate schedule
submission

December 2016 — Commercial operation

March 2017 — Settlement proceedings

June 2017 — Final rate settlement

Result
$800,000 annual compensation for
asynchronous reactive power (“reactive
power revenue requirement”)

184 MW (ninety-eight 2 MW
turbines)

100 km southwest of Chicago

Power factor capability of
0.95 leading, 0.95 lagging
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Docket Nos. EL17-28-000
ER17-400-001
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Thank you!
Jaquelin Cochran

Jaquelin.cochran@nrel.gov
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