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Smart Inverters

v’ Capabilities and Benefits
v How to access features
v Approach for enabling

v Guidance from other States
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Context

1.

IEEE-1547 2018 inverters based on this new equipment standard will
be available soon. States and utilities are making decisions now.

Capabilities vs. Requirements. 1547-2018 is an equipment capabilities
specification, not a prescriptive standard. States and utilities have to
make decisions about what features to implement.

Grid Features: 1547-2018 includes new grid support functionality.

Harmonize. If we can agree on default settings for systems, we
reduce complexity for installers, utilities, manufacturers.

Early, Early, Early. Don’t wait until we have high DER penetrations to
Implement these features, the grid needs them now, and it will be
hard to implement retroactively.
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Grid Features: Ride Through

= |EEE 1547 compliant
inverters have the
capability to ride through
voltage and frequency
disturbances

= Supports bulk system
reliability

= Maintains anti-islanding

Frequency

Time
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Grid Features: Voltage Regulation

= Earlier versions of IEEE-1547 did not SUBSTATION Feeder END OF FEEDER
allow inverters operate at non-unity —io ,n,ectedpowe#@u\ﬁe's PV
power factors. X N (z=
Voltage Profile After PV L
= |ncreased deployment of DER o
. ANSI Range A Upper Limit
raises concern for voltage w | T
. . . <
management on distribution 5 \ ________________________________________
circuits g " ANSI Range A )\— Voltage Profile
Lower Limit Before PV
= Voltage management features >
SUBSTATION DISTANCE END OF FEEDER

allows compliant inverters to
mitigate their own voltage impact
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I[EEE 154/7-2018 Voltage
Management Modes

One of these modes:

1. Constant Power Factor (default, unity)
2. Voltage-Reactive Power (volt-var)

3. Active Power-Reactive Power (watt-var)
4. Constant Reactive Power

With the potential addition of:
= Voltage-Active Power (volt-watt)
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Voltage Management: volt-var

DEFAULT CATEGORY B VOLT-VAR SETTINGS IN IEEE 1547 - Pro. Con Oddress bo_l_h high
' ' and low voltage impacts,

b ovimsson < isvlaserangen | :
. e TR o does not create reactive
I power
§§ v 2193372% : VOLTAGE (V 1
1 Boo% | v = Con: Canresult in
<2 : ~ [ ! .
¥3 e ton Vomer curtailment w/o headroom,
o e AN may challenge coordination
with traditional voltage

management
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Voltage Management Modes

Voltage-Active Power (volt-watt) Constant Power Factor

= Pro: Mitigates impacts from = Pro: Simple, Can mitigate
reconfiguring circuits, can voltage

increase hosting capacity = Con: Absorbs reactive power at

= Con: May result in curtailment all fimes, even when not
needed, can curtail active
power if no “headroom”
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Grid Features: Visibility and
Control

Communications capabilities are required in
1547-2018 compliant inverters, but that does not
require distribution utilities to communicate or
control these devices. many systems will likely
have communications enabled with
aggregators/owners.

Grid features are designed to be autonomous,
e.g. the inverter responds to grid conditions based
on a predefined set of instructions. This allows for
real-time response by the device.
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RELIABILITY
ASSUMPTIONS

Do we need
communications
and control?

 Control required

Many utilities assume communications and
control of DER will be needed to maintain
reliability.

Focus has been on effects of distribution
reconfiguration, anti-islanding concerns

« Autonomous Approach

California, Hawaii continue to progress
with autonomous controls (e.g. volt-var,
volt-watt in some cases.

Illinois, Minnesota following
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RELIABILITY
(Conftrol)

We do need
communications
and control!

« Why Control?

Utilities want to tune volt-var curves as
circuit configuration changes over time.

« When circuits are temporarily

reconfigured, may need to change voltage
regulation settings (e.g. to fixed PF)
Concerned about unintentional
islanding, want redundant control.

T&D Interface: uncomfortable with DER
dispatched by an external entity (e.g.
aggregator) that does not have visibility
into distribution circuit congestion.
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RELIABILITY
(Autonomous)

We don’t need
communications
and control!

 Why Autonomous?

Reliability moves at the speed of physics,
DER need to respond in real time (Voltage
and frequency ride through, voltage
regulation).

Cost vs. Benefits — expensive to create a
communications and control architecture,
benefits uncertain.

Leverage aggregators — DER often has
communications with aggregators or
owners for performance monitoring,
market dispatch.



U.S. States adopting IEEE Std 1547™-2018

No activity
Inquiry or MN — “Commission Notice”
open docket Ml NH
Completed order, not
- yet enforced MT ND VT
(general reference) OR m
Completed order, not yet
enforced
(detailed reference) m sD Wi
WY Mi
In force date
) IL IN
CA o = WV
KS Mo Ky VA
NC
AZ OK ™ .
— NM AR SC
MS AL GA
NM — Dec 31, 2022
>
AK LA hyperlinks to state dockets are
, Qe o FL printed in bold underline font

-~

1 Reference to “latest” IEEE 1547

B
HI 2 Likely adoption dates
- i 2
HI - April 1, 2022 © EPRI, November 2021
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Recommendations: For "Most DER”

Few DER Projects
{Potentially Large IA-URP utility-Required Profile for Site

Total MW) (site specific) Included In site-specificInterconnection agreement (1A)
« May result from site-specific Interconnection scraanings

Utility -Required Profile for Distribution Service Area
Many DERs DU-URP - Included In Interconnection agreement template

{distribution utl ity specific) « Specific to Distribution Utility's practices, e.g.,
automatic re-closing

Preferred Utility-Required Profile

1 « Conslderation of distribution and
Most DERs Preferred URP bulk system impact
{state-wide or similar) = May Include settings other than the

SRD's default values

Adopted SRD" with Default Values Source Requirements Document

N « Preferably IEEE 5td1547-2012
(state-wide or similar) « Otherwise: CAR21, HR14H, etc.

Source: EPRI
'Based on decision by Authority Governing Interconnection Requirements (AGIR)
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Recommendations

Implement early, don’t over-analyze

Deploy standard settings for most systems

= Volt-var for voltage regulation

= Default Category Il or lll for ride-through settings

Resources:
NREL IEEE 1547 Education

hitps://www.nrel.gov/arid/ieee-standard-1547/
GridLab Voltage Regulation

https://gridlab.org/works/requlating-voltage-report/



https://www.nrel.gov/grid/ieee-standard-1547/
https://gridlab.org/works/regulating-voltage-report/
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THANK YOU

Ric O'Connell
ric@gridlab.org

www.gridlab.org
@GridLab_Energy

Smart Meter
A communication
gateway between
the Smart Grid
and the home.

Geothermal
Heat Pumps
Reduces HVAC and
water heating energy
requirements by 30%.

Home Energy Manager
The central nervous system
for the net zero energy home
helps homeowners optimize
energy consumption.

GE Heat Pump
Water Heater

Uses less than half the
energy of a conventional
electric water heater.

Solar Photovotaic

3 kW to &4 kW solor array.
on the roof to meet energy
requirements of the home.

Small Wind
Supplementary renewable
generation.

Energy Efficient Lighting
High efficiency CFL, LED and
OLED lighting.

Demand Response Appliances
High efficiency Energy Star Appliances shed
load from the grid and help consumers save
money during peak demand.

Energy Storage
Battery storage for backup
power and peck loads,

GE Water Filtration
Filters, conditions and monitors
home water usage.

imagination at work
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