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Hierarchical Structure of DER Interactions
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Possible Use Cases for SIWG DER Functions Generation, Storage,
and/or Controllable Load (IDSR) — Probably Entails Compensation

* Real-time operations (now and expected within 5-10 years from now)

Manage, limit, and/or curtail real power to avoid or mitigate distribution congestion,
equipment overloads, or power quality issues

Manage, limit, and/or curtail real power to avoid or mitigate transmission congestion,
equipment overloads, or power quality issues

Schedule real power (ESS or other DER)

Provide “available” reactive power for power quality voltage support on a feeder (no
impact on real power)

Provide maximum reactive power for reliability voltage support on a feeder (does
impact real power)

Provide reactive power for transmission voltage support near a substation

Provide operational (spinning and non-spinning) real power reserves (normal
operations and microgrids)

Provide AGC frequency support through direct utility control (ESS with CAISO)
Provide autonomous frequency support (Frequency-Watt) (CAISO)
Compensate for renewable energy fluctuations (ESS with PV/wind)
Compensate for (rapid) load fluctuations (DER/ESS with loads)

Reduce peak loads (demand response)

Create (planned) islanded microgrid

Provide black start capabilities
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DRP-Related Use Cases for SIWG DER Functions
Generation, Storage, and/or Controllable Load

« Planning (Not in current DRPs, but may be in DRPs down the road)

— Generation capacity for resource adequacy and flexibility

« Efficiency purposes (e.g. Duck curve)
 Emergency purposes (e.g. Operational reserves)

— Locational real power management

— Voltage management requests for distribution locations
— Voltage management requests by CAISO

— Frequency management requests by CAISO

 What is feasible and available today? What might have longer term benefits?
— Need to prioritize the Use Cases
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DER Market Issues: Policies and Technologies

« Should generation, energy storage, and (controllable) load be considered
separately or as part of “DER systems”?

— Behind-the-meter energy storage?
— Different market programs for load (e.g. demand response)?
— Should electric vehicles be included as DER?

 What are the market structure “primitives™?
— Tariffs/contracts for requesting certain functions for x hours per year
— Open requests (demand response) for functions at specific times for $
— Transactive energy bid/offer processes
* Should there be separation in what “wires utilities” vs. “generators” vs.
“aggregators” can own, manage, and/or bid into the market? Or does that
cause unfair market situations?
 How can gaming of the market be avoided?

— For example, an entity managing energy storage systems deliberately
Increases their load (charging) in one location and then is paid to
decrease their load (discharging) — particularly if locational pricing
benefits one location over another?
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Texas: Example of Possible DER Market Strategies

Distributed Resource Energy & Ancillaries Market (DREAM) Task Force

Features DER Minimal DER Light DER Heavy
Logical Resource
: Price at Local Node (price at
Energy Settled at: Load Zone SPP electrical bus(es) s e
bus(es))
Energy Market Participation | Self-responding | Self-responding SCED-dispatched
Ancillary Service Market . -
Participation Not eligible Not eligible Eligible
Aggregation Allowed? N/A Yes Yes
Single meter OK | Separate (dual) Separate (dual)
. ) (15-minute metering for metering for
o e revenue quality) | Generation and native | Generation and
at POI Load native Load
Real-time or near Real-time or near
IE:;TSEE dﬂll’-r:E:E“Fng';' Not required real-time with real-time with
b multiple attributes multiple attributes
COP, Outage Schedule, Possible “light”
Offers/Bids, etc. N/A version required Required
CRR/PTP Implications None None Yes
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Functions in Phase 3 Document — May Entail Compensation

 Monitor DER Status and Output: Provide status and measurements on current energy and ancillary services
(Section 3 — more complete details in Phase 2)

« Command DER to Connect or Disconnect: Support direct command to disconnect or reconnect (Section 4)

e Limit Maximum Real Power: Limit maximum real power output at an ECP or the PCC upon a direct command from
the utility (Section 5)

 Set Real Power: Set actual real power output at the ECP or export/import level at the PCC or at some virtual point
(Section 6)

— Set Energy Storage charge and discharge rates (could be Automatic Generation Control): a variation of
the set real power function (Section 7)

— Load and generation following: a variation of the set real power function (Section 8)
— Real power smoothing: a variation on load and generation following (Section 9)
— Set Storage Ramp Rate: Apply ramp rates to the charging and discharging of energy storage systems (similar
to Phase 1 Set Ramp Rates)
* Frequency-Watt: Counteract frequency excursions beyond normal limits by decreasing or increasing real power
(Section 10)
— Storage Frequency-Watt: Vary active power to counter frequency changes (Section 10)

* Voltage-Watt: Modify real power output autonomously in response to local voltage variations (Section 11)
— Dynamic Volt-Watt provides a voltage stabilizing function (Section 12)

 Dynamic Reactive Current Support: Counteract voltage excursions beyond normal limits by providing dynamic
current support (Section 13)

e Scheduling settings and modes (Section 14)

 DER Functions “Also Important” to DER Integrators and Other Third Parties (Section 15)
— Other?
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Phase 3 DER Mandatory/Optional Functions (Draft!!

SIWG Phase 3 DER Functions

May entail compensation

Capability is
mandated and
enabled by default

Capability is
mandated but not
enabled by default

Capability is optional, but IF
implemented, THEN it should be

compliant with the Phase 3 document

Monitor DER Status and Output:
(Section 3)

Yes

Command DER to Connect or
Disconnect: (Section 4)

Yes

Limit Maximum Real Power: (Section
5)

Yes

Set Real Power: (Section 6)

Yes

Set Energy Storage charge and
discharge rates: (Section 7)

Yes (for ESS)

Load and generation following:
(Section 8)

Yes

Real power smoothing: (Section 9)

Yes

Set Storage Ramp Rates: (Phasel)

Yes (for ESS)

Frequency-Watt: (Section 10)

Yes

Storage Frequency-Watt: (Section 10)

Yes (for ESS)

Voltage-Watt: (Section 11) Yes

Dynamic Volt-Watt (Section 12) Yes
Dynamic Reactive Current Support:

(Section 13) Yes

Scheduling settings and modes Ves

(Section 14)
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SIWG Economic and Technical Use Cases vs. DRP’s
Mutually Exclusive and Collectively Exhaustive List

ility Actions DER or PCC Autonomous Modes

Static Monitoring Controlling Real Power PF Freq. Support Voltage Support Resilience

SIWG Economic and Technical Use
Cases for Smart DER Functions,
Categorized by the DRP's More-Than-
Smart "Mutually Exclusive and
Collectively Exhaustive (MECE)" List

Monitor: Short term forecast of

DER/PCC energy

Control: Enable/disable modes
of DER/PCC
Control: Set mode parameters

and curves for DER/PCC
Control: Issue AGC Reg Up and

Down
Mode: Dynamic reactive current

Mode: Smoothing of real power
support

spikes and sags
Mode: High/low frequency ride-

Mode: Set real power output of
through or trip

DER or at PCC

Mode: Power factor correction
Mode: Frequency smoothing
(rapid frequency deviations)
Mode: Convert into microgrid

Mode: Frequency-watt

(Emergency)
Mode: High/low voltage ride-

Mode: AGC (utility sends Reg
through or trip

Mode: Limit maximum DER real
Mode: Soft-Start Reconnection
up and down commands)

power output
(dis)charging rate of ESS or at

Monitor: DER and/or PCC
Mode: Load / generation

operational characteristics
Monitor: Permitted/available

DER/PCC modes

Monitor: DER and/or PCC
Control: Schedule real power
and modes of DER/PCC

status & measurements
Mode: Limit maximum ESS

Access: DER and/or PCC
charging rate

Mode: Fixed power factor
Mode: Provide black start

nameplate data
Control: Start/stop DER

and supported modes
Mode: Set real power
following by DER or ESS
Mode: Volt-var control
Mode: Volt-watt control
(autonomous)

Mode: Fast var support
Mode: Backup power

ISO/RTO Balancing Authority & Market
Fixed
Resource Adequacy (Capacity, Generation, Bl. Start) X X X X X X
Resource Ad (Flexibility, R: i Market) X X X X X X X X X X X X X X X X X X X
Variable
Energy (shifting in time)
Frequency regulation
Frequency smoothing
Spinning reserve X X X X
Non-spinning reserve X X X X X
Fixed
Upgrade deferral due to congestion mitigation X X X
Variable
Transmission voltage support X
Transmission congestion relief X
Efficiency (loss reduction) X
Reliability (redundancy, inertia X

X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
x

X X X x

Distribution Operations

Fixed
Upgrade deferral due to load levels & patterns X X X X X X X X X X X X
Variable
Provide distribution voltage support X X X X X X X X X X X X X X X X X
Maintain CVR X X X X X X X X X X X X X
Reduce number/duration of outages X X X X X X X X X X X X X X X X
Improve power quality (spikes, harmonics) X X X X X X X X X X X X X X X
Improve efficiency X X X X X X X X X X X X X X X X X X X X X X
Avoid equipment overload, loss of life X X X X X X X X X X X X X X X
Improve equipment life X X X X X X X X X X X X X X X
Support safety X X X X X X X X X X X X
Customer/End User
Fixed
Procurement risk mitigation
Variable
Support customer choice X X X X X X X X X X X X X X X X X X X X X X X X
Reduce energy costs X X X X X X X X X X X X X
Improve power quality (spikes, harmonics) X X X X X X X X
Avoid equipment damage X X X X X X
Support safety X X X X X X X
Improve reliability (microgrids, backup power) X X X X X X X
Price & performance risk mitigation X X X X X
Variable
Reduce CO2 emissions b3
Reduce pollutants X

Improve energy security
Improve water usage
Improve land usage
Improve economy
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Complete Set of Functions Identified by SIWG

Phase Function # Function . .
L1 Mode:Aniislanding _  |EEE 2030.5 Communications
1 2 Mode: High/low voltage ride-through or trip . . . .
1 3 Mode: High/low frequency ride-through or trip
L2 I Implementation Guidelines to include
1 5 Mode: Fixed power factor
1 6,21b  Settings: Ramp rates (including for ESS) P hase 1 ] P hase 21 and P hase 3
1 7 Mode: Soft-Start Reconnection H
2 3 Settings: Enable/disable modes of DER at ECP or up to PCC fu n Ctl O nS
2 8 Settings: Set mode DER parameters and curves at ECP or up to PCC
2 3 Monitor: DER status & measurements at ECP or up to PCC _ “ ” 1
2 3 Monitor: DER operational characteristics at ECP or up to PCC MOde IS aUtonomous aCtlonS
2 3 Monitor: Permitted/available DER modes at ECP or up to PCC 113 : ”
2 3 Access: DER/PCC capabilities and supported modes - Settl ngS SetS parameters
2 30,31 Access: DER and/or PCC nameplate data “ . . . .
3 4 Mode: Limit maximum DER real power output - |\/|OI’1I'[OI‘ reads InfOI‘ma'[IOn
8 4a Mode: Limit maximum ESS charging rate “ -
3 5 Mode: Set real power output of DER or up to PCC - CO”trOl ISSUES a Command
3 6 Control: Connect/disconnect DER at ECP or up to PCC i i .
3 7 Mode: Frequency-watt (Emergency) — “Schedule” involves scheduling actions
8 8 Mode: Volt-watt control (autonomous)
3 9 Mode: Dynamic reactive current support _ ke " 1
3 21 Mode: Set real power (dis)charging rate of ESS ACCGSS may be Ofﬂlne
3 22 Mode: Frequency-watt (ESS) 113 ” H H
3 23,25 Schedule: real power of DER at ECP or up to PCC - Use Case IS a more Complex appllcatlon
8 26 Schedule: modes of DER at ECP or up to PCC @ y - . .
3 27 Monitor: Schedules of DER at ECP or up to PCC - Market IS a market Intel’aCtIOn
3 36 Mode: Load / generation following by DER or ESS
4 10 Mode: Watt-Power factor H . -
4 10a Mode: Power factor-Power factor (IEEE 15477?) ® Phase 3 funCtlonS tO be InCIUded In
4 10b Mode: Power factor correction (modify ECP PF to correct PCC PF)
4 11 Mode: Frequency-watt smoothing for mitigating rapid frequency deviations P h ase 3 d OCU m e nt
4 12 Mode: Volt-var response to weather, etc.
4 14 Use Case: Provide black start after outage
4 15  Control: Issue AGC Reg Up and/or Down L ” 1 1 1
s x esmssenslRans * “Phase 4” are lower priority functions
4 17 Control: Provide reactive power support during non-generation times H
4 19 Mode: Fast var support for mitigating rapid voltage deviations Wh ICh are nOt eXpeCted tO be
4 20 Mode: Backup power for facility . .
4 2 NodeFlowresewaion €SS9 £9 covered at this time, but may be
4 28 Monitor: Short term forecast of DER/PCC energy . | d f . I
4 29 Monitor: Micro-locational weather forecasts:
4 34 Use Case: DER performs configuration assessment I m p e m e nte Or S peCIa
4 35 Control: Convertinto microgrid and operate as microgrid I
4 36a Mode: Smoothing of real power spikes and sags CI rCU m Stan CeS
4 39 Market: Respond to real power pricing signals
4 40 ‘Market: Respond to ancillary services pricing signals
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DER Configurations, SEP2, DNP3, and Other Protocols

Example Configurations for Smart Energy Profile (SEP 2) and DNP3 as Communications Protocols between Utilities and other Parties

Utility Aggregator/ Retail Energy
Provider / Fleet Operator

Utility DER-Related Applications

Utilities can also use smart meters

. . Aggregator DER-Related Applications
to monitor hourly net metering data

Internal Utility Protocol (11

Protocol Translator

ONP3if |SEP2 Based an IEC 61850 Internal Protocol

SCADA | Abstract Information Model

—
| 4 mz ) |

Protocol Translator Aggregator
Selected

Protocal

Communication media:

SEPZ2 Based on IEC 61850 Abstract
+«  Utility private WAN

—
3 )ﬂ Information Model

-
DER Syétem under direct utility 'f\j_/ . ﬁ'fgfrl:: system
) management +  AMI network f
DNP3 if SCADA SEP? Ih; + Telecom provider mixed
NS media (4
Protocol Translator « Power line carrier S

ModBus, GOOSE P
112 | N (2 )
DER Inverter/Controller ~— — (2 ™ —
e h f
- Residential or Small
Facility DER Management Commercial DER System ;
SEP2 Based on IEC 61850 Abstract System (FDEMS)
Information Maodel s Commercial
. SEP2 Based on IEC 61850 Abstract | “88reeator
» |ndustrial Information Model Selected
Facility DER-Related Applications e Power Plant Protocol
Facility Protocol (e.9. SEP2 or * M?clrogrid Protocol Translator
BACnet) «  Military
P

(10 ) ModBus, GOOSE -

(12 }

DER Inverter/Controller A A

SEP 2 BACnet
Pratacol Translator Protocol Translator
ModBus, GOOSE . I .
oo, (12 ModBus — ) |EC 61850 data objects over SEP2
| (12 :L .
DER Inverter/Controller DER Inverter/Controllsr— -] = =P DNP3 for direct SCADA management
- — Aggregator selected protocol
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DER Hierarchical Levels 1-4 (without market)

N
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Level 4; DS0: Distribution Utility
Operational Analysis and Conirol Distribution Level 3: Third Party:
for Grid Management Management Retail Energy
System (DMS) Provider (REF) or
DER Aggregator
Geographic Outa Contractual \
/ Information Manam?“enm Agreements with DER :ﬂ:w atﬂid REP&
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Transmission DER
Bus Load DER Management Communications [ |
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Facilities DER and Ll:lad
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Ei'ﬂltem Facilities Site WAN/LAN
1 ¥ 10 1 |
Facilities DER En Facilities DER Energy Facilities Load
Management Sy Management Systems e nt
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[ Fi
Distribution { Level 1: Autonomous f ‘JI’ \
Substation cyber-physical DER Battery Storage
gystems Controlle
Inte-gmtsd .1 2
Protection ‘Z. oy T, Facilities
Scheme Laocal EPS L G vamce Site Loads
T Protection Equipment Equipment Equipment

/_Level 2: Facilities DER Energy
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Meter at ECP

PCC

ECP

ECP ECP
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