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The Eleciric Power Research Institute, Inc. (EPRI, www.epri.com)

* Founded in 1972 as an independent, nonprofit center for public interest energy and
environmental research

e 450+ participants in nearly 40 countries
* EPRI members represent 90% of the electricity generated in the United States
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University Partners Industry Partners
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Objectives

Beneficial Integration of solar photovoltaic generation, energy storage, load

management, and advanced forecasting technique, with electric power
delivery network through optimal control strategies at a minimized cost.
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Role of Local Control Optimization

Non-Wires Alternatives and Flexible Inferconnection

System
Controller

DERMS “

3rd Party
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DR Events
(P control)

Grld Support
(P & Q control)

Peak Shaving/F-reg
(P control)

Energy Storage

Often NWAs are offered for certain DER
types and brands of product — narrower
participation opportunity
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Grid services can be provided by a combination
of variety of DERs managed together — broader
participation opportunity
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Integrating DER at Different Scale - Modular Approach
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Local Controller to Maximize the Value of Integrated DER

Solar
"\ Forecasting

System Controller

System control commands
(P,Q)

System Control
Strategy

Local Control
Strategy
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> Local Controller ¢
DERMS/BEMS/HEMS
. '
> Smart
loads

= Local controller utilizes solar forecasting, real-time pricing information, and load models to maximize

benefits for DER owner while responding to operational limits from system controller.

= System controller sends setpoints to local controllers and distribution system controllable equipment
based on service and reliability needs identified.
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Local Control Objective

Penalty Factors
A

— —~
MIN [ price*(pwr imports) + A*(ES use) + B*(sys rgmts) + C*(comfort) ]

/ \

Electricity bills are minimized. Violations of interconnection

DER contributing: PV, flexible constraints are minimized.

loads DER contributing: PV, storage,
flexible loads

Storage cycling is minimized. Violations of customer comfort

L _ preferences are minimized.
DER contributing: storage, flexible loads

DER contributing: PV, storage, flexible loads

= Can change penalty factors of the control objective function to encourage or discourage
certain behavior at the cost of others

- E.g., decrease battery use by increasing value of ‘A’. This may cause system constraint violation.
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Model Predictive Control (MPC) Operational Strategy

Power Limit Requests

& ToU Rate Profiles Actual solar irradiance, actual
Solar forecast _\L load, other uncertainty
e . l

MPC Optimizer DER systems

= Local controller utilizes

] |

I I

—  Objective ! > PV inverters, ener > .

: Co{’lstraints : storage, pool pumps,ggtc. Model Predictive Control
! . | (MPC) for look-ahead

: , control of available DERs
l DER Models : — 24hr planning horizon

Local controller and 15min execution span

. DO PLAN
At each sample time:
1. Measure or estimate current state of load and other relevant variables DO PLAN
2. Find the optimal input sequence for the entire planning window DO PLAN

3. Implement the planned control action for the first time period only

v
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Field Deployment and Demonstration
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Export & Import Consiraints - Field Data
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Load Shifting in Response to ToU Rates
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Real-time Interaction between Local and System Controllers

A system controller emulator is
developed and an existing SCADA e EO

interface at EPRI Knoxville, TN lab is OpenDSS Controller i S I:ti’:fgﬁe ConLt‘;gﬂLrl
being used to establish real-time
information and constraint/setpoint ‘
profile exchange interface with local 0
controller in Pensacola, FL. Simulation

B .. S &

M————ly

Controller

Profile status bit q

Energv, demand price profiles LC uses SC setpoints
SC uses updated planto SC sends O setpoints and constraints to LC coordinates local
Constraint & setpoint profiles determine ste.tpotlnls and and P constraints to LC optimize future opelratlonI ItaaéecJI[ on
(€8 Pom Poe Q) constraints performance planned targets
System Local System Controller Local Controller

Controller Controller(s)
(e.g. distribution (e.g. service
feeder level) transformer level)
Availability & MPC solution status bits
Planned power profiles (P & Q} SC uses planned LC sends planned

performance from LC to
» Real-time telemetry values update system model

performance to SC
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Cost & Benefit Streams

Cost stack Benefit stack (potentials)

= Customer domain N
= Energy Storage system — TOU bill management Customer
= Local controller — Demand charge management ™ benefits
_ Controller HW & SW — Enhanced back-up power management )

~ Communication with head-end systems Distribution domain
Loads ~ Distribution capacity

— Reliability (back-tie) services

— Voltage support

Wholesale market

— Ancillary services (FR, reserves, etc.)

Resource adequacy

Potentially... other non-energy-related services)
enabled by local controller (broadband backup,
automation, monitoring, security)

— Communication & control link

PV-related costs; Not included
— Assumed existing

— Diverse factors motivate consumers to
adopt solar PV

Customer
T benefits
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EEEEEEEEEEEEEEEEE

WwWw.epri.com © 2021 Electric Power Research Institute, Inc. All rights reserved. l— PE'


http://www.epri.com/

Distribution Hosting Capacity

Question: How to calculate cost benefit of SHINES solution over traditional system

upgrade options to increase distribution circuit hosting capacity?

Approach

@ Start from a feeder with no DER and assume
no upgrades are made prior to hosting capacity
analysis.

@ Analyze these cases:
(a) Hosting Capacity for uncontrolled DER,

(b) Hosting Capacity for uncontrolled DER with
various Smart Inverter (SI) settings,

(c) Hosting Capacity for controlled DER (SHINES
solution).

@ What would be the system upgrades required
to integrate uncontrolled DER to the same
capacity as controlled DER?

WwWw.epri.com
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Which network upgrades are
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(a) Uncontrolled
DER

(b) Uncontrolled
DER w/ Sl functions

(c) Controlled
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Economic Feasibility of Deploying SHINES Solution

DER Owner Perspective

= Energy/demand bill savings

= Reduced battery size and cycling by leveraging
load control - lower capital and replacement cost

= Self consumption of local generation and/or
“zero export” compliance with reduced cost

= Enabling Flexible Interconnection with minimal
generation curtailment

= Ability to provide Non-Wires Alternatives (NWA)
grid services - increased value proposition

www.epri.com © 2021 Electric Power Researc

= Engaging DER customersinto grid modernization
process

= Increasing feeder hosting capacity with reduced
system upgrade cost by leveraging customer
investments

= Lowering fast ramping generation reserve capacity
need to address evening ramp (neck of
“duck curve”)
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ENGAGE Project Overview

Enable BTM DER-provided Grid Services that Maximize Customer and Grid Benefits

A new project started in 2020 to apply the research outcome of SHINES
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ENGAGE aims to enable

transmission and distribution

grid services provision by

BTM DERs while maintaining

economic efficiency and

reliability through:

(1) local and hierarchical
controls,

(2) optimization of end-user
and system benefits, and

(3) application of
standardized interaction
and coordination
between TSOs, DSOs and
Aggregators.

This material is based upon work supported by the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE) under the Solar Energy Technologies Office
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Together...Shaping the Future of Electricity
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