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Presenter
Presentation Notes
This project is a look at the technical aspects of Tomorrow’s Grid.


Introduction

- R&D Engineer

- Vendor Coordinator on Keystone
Solar Futures Project

- 2012 Penn State grad — B.S.
Electrical Engineering

- 2013 Fulbright Scholarship

- 2015 Ecole des Mines (Institut
Mines-Telecom) grad — M.Sc. in
Energy and Environmental
Engineering

Nicole Lacouve, EIT



Tomorrow’s Grid

PPL and our Smart Grid
PPL’s Vision

Keystone Solar Future Project
Project Challenges

Questions

Agenda
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Project Challenges – These are items we are up against, but don’t have the answers to yet.
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“Grid of Things”

Possibility of being connected to someone else’s MicroGrid, that has its own controller.



Distributed Energy

Demand side
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Resources

management

 Integrated
solutions
Ability to design,
engineer, develop,
install and manage
all the energy needs
of a customer
(includes micro-grid)
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About PPL Electric Utilities

- Headquartered in Allentown, PA

« 400 distribution substations

- Facilities: 4kV to 500kV
- 1.4 million customers , load peaked at 7844 MW
- Serves 29 counties in eastern PA

- Deployed Centralized DMS in 2014

- Completed FISR Deployment May 2016



DMS

- Centralized “brain” of the
Distribution system

- Full system model
- Real-time system visibility,
controls & analytics
- Informed by thousands of
sensory/control devices (Smart
Grid)
- Performs automated Fault Locating

and Isolation and Service
Restoration (FLISR)

PPL Electric Utilities



FLISR

- Fault Occurs

- Protective device opens automatically, recloses, trips to lockout
- QOutage is sustained
- DMS calculates the fault location

- DMS analyzes the circuit and tie-points to determine switching
moves that will restore the most customers

- A system operator approves the plan before DMS performs the
switching moves automatically

PPL Electric Utilities



Smart Grid made up of ~4,000
smart devices:

* Circuit Breakers

* Reclosers

« Capacitor banks

* Motor-operated switches

Provide autonomous local
services

Controllable from the central
DMS

©2016 PPL Electric Utilities
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We are industry-recognized for this system. 2017 SEE Industry Excellence Award. Acknowledged as having the only full-scale production self-healing/automated distribution system.


AMI - Advanced Metering

« 2016 — 2019 conversion
timeframe for all customers

- Meter data reported via Radio
Frequency Mesh network or
cell modem

- Automated reporting on power
guality issues

- Integration in Outage
Management System

- Supervisory reporting of power
guality characteristics
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Penetration of DERs

Total DER Capacity on System: 172 MW

.
Se

SOLAR BIOGAS WIND BATTERY
66% 18% 16% <1% <1%
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Data includes net metered customers, non net metered customers, virtual net metered customers, residential customers, commercial customers, and industrial customers.
Percentages are expressed in installed capacity.
Biogas per PPL definition – producing exclusively electricity from captured methane. CHP per PPL definition – producing electricity and heat that offsets facility’s load rather than for “export only.”



Challenges Presented by DER

Increasing penetration of Distributed Energy Resource (DER) is calling for
changes in planning, design, standards, protection and operation of traditional

distribution system.

These changes reside in many areas such as technical, industry standards,
markets, customer engagement, training and regulation.

High Penetration of DER creates:

Bi-directional power flows
Hidden Loads
Affects Voltage Quality

Intermittency of some DERS,
l.e. Solar
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KSFP
Focusing on the technical challenges, not market or regulation hurdles


Challenge: Bi - Directional Power Flow

DG Site B
Maximum Output: 3.2 MW

Utility Feeder A

13.1701
13.0025
13.0025

12.9709

12.8852

13.0722

Recloser
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Protection 
Cannot use traditional methods
Need to isolate every fault
Needs to be secure in its tripping
Need relays to indicate fault direction
Operational
Sequence of Device Operations and Indications don’t always give proper locations of fault (lack of visibility)
If DER generates enough power could flow onto the Transmission System
T-Operators need some visibility as well.


QOUTAGE

Challenge: Hidden Loads

College Solar Site

Output = 0.5 MW

Actual Lost Load = 1.5 MW

PPL Electric Utilities
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FISR, AFR need to know these hidden loads to operate properly
Operators need to understand hidden load to properly operate


Challenge: Voltage Q

12,75

12.55
8/10/2016 11:00:00 AM @ = 24.00 hours < & * 8/11/2016 11:00:00 AM
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In extreme circumstances, i.e. black start, DER could pose a frequency issue.


Our Opportunity

Utilize PPL’s current Smart Grid and technologies as a
foundation to build Tomorrow’s Grid.

U.S. DOE ENERGISE program > PPL’s Keystone Solar Future Project
(KSFP)

o Utilize Customer and Utility Devices
* Leverage existing grid utility innovation as a stepping stone

 Demonstrate how to share value with customers by supporting an
Integrated grid
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SELL HOME THIS SLIDE….IT IS OUR VISION
Mention the grant expedited our technology/roadmap by several years

Enhance existing DMS
Load and PV Forecasting
Operator of the Future
Operations Planner of the Future



KSFP and ENERGISE Goals

PPL’s KSFP

Leverage Solar and other Distributed Energy Resources (DER) as
assets to enhance the reliability of our distribution grid as
penetration levels continue to rise.

U.S. DOE ENERGISE PROGRAM

Encourage the power delivery industry to develop economical
solutions that allow high penetrations of Solar resources while
maintaining a reliable grid.
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Keystone Solar Future Project

- Innovative pilot program to develop and evaluate a technology
platform to manage high levels of DER, and improve
Interconnection

- Portion of project funding will come from U.S. DOE ENERGISE
program

- Numerous accomplished industry partners will support the project,
and results will be shared industry-wide

- Technology platform will build upon PPL’s existing smart grid,
which began itself through a U.S. DOE grant

- 3-year project; started 10/1/2017
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Project Objectives

- Build on our Foundational Technologies
« Distribution Management System (DMS)
« Distributed Automation
*  AMI RF Network

- Create a Distributed Energy Resource Management System
(DERMS) Platform (expansion of DMS)

* Proof of Concept through Pilot in Lancaster Region

- Create a Automated process for DER Applications
* Reducing the time for approval
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Solution: DERMS

- Enhance DMS Applications
« Fault Isolations, System Restoration (FISR)
« Volt/ Var Optimization (VVO)
« Advanced Feeder Reconfiguration (AFR)

- Load and Forecasting Engine
* Provide Load and Generation Data at Customer Level
« Utilized meter, weather, and other data
* Forecast up to 10 days out
* Real-Time Estimation
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FISR – Know Hidden Load and Fault Current Direction (Provided by relays)

VVO – Caps, LTCs, Inverters 

AFR – Take into account current solar generation to optimize losses on system by reconfiguring the system, understand future state (short term) based on forecast to proactively reconfigure the system.  Also understand VARs on the system to operate optimally.




Keystone Solar Future
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We aim to demonstrate that we can reduce other conventional grid investments, and ultimately reduce the cost for all customers, both solar (DER) and non-solar customers.
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Timeline

Grant Concept Paper: June 2016
Submitted Grant Application: August 2016
Proposal Selected: January 2017

Project Start: October 2017

Keystone Solar Future Project

2017 2018 2019 2020

Deploy
(Pilot)

\ BudgetPeriod1l | | BudgetPeriod?2 | | BudgetPeriod3
| | |

One Year One Year One Year
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BUDGET PERIOD 1
Develop Cyber Security Strategy and Interoperability Plan
Establish Inverter Standards (Electrical and Communication)
Establish Communications between DMS and Inverters (Lab Environment)
Establish Requirements and Develop DERMS and DMS Enhancements
Evaluate Impact of High Penetration on Transmission System
Create Protection Philosophy for Circuits with High Penetration on DER
Data and Model preparation for Scalability Simulation
Web Portal (Phase 1) for Customer Solar Applications
Manufacturer and Installer Engagement
BUDGET PERIOD 2
Customer Engagement &  Enrollment 
Implement Cyber Security Strategy
Change Management for Safety, Electrical Workers, System Operators
Establish Communications between DMS and Customer Inverters
Deploy DERMS and DMS Enhancements
Deploy Protection Philosophy for Circuits with High Penetration on DER
Develop Simulation to Prove Scalability
Web Portal (Phase 2) for Customer Solar Applications
BUDGET PERIOD 3
Pilot in Lancaster Region with 500 Customers, 20MW solar
10 Feeders, 3 Substation
Evaluate and Tweak the Software
Evaluate and Learn Operating Principals
Evaluate and Learn Planning Principals
Run Simulation to Prove Scalability to 10,000 Customers
Expand to Enterprise Solution upon Success Pilot & Simulation





Vendor Partners

Build DERMS, Enhance DMS

Landis
Build Communication Pathway between Inverters and DERMS & DMS G

yr

E=(2l Provide Guidance for Inverter Standards, Industry Knowledge Share

Smart Electric
Power Alliance

Industry Knowledge Share, Facilitate Conversations in Solar Industry

]Q)ge%:l Simulation Setup and Run

Cyber Security Strategy and Implementation
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EPRI and SEPA make up the feedback loop to the industry.


Project Challenges

« Customer Enrollment

« 500 Customer totaling 20MW, in Lancaster region of service
territory

- Forecasting engine
« Accuracy at customer level

- DMS-AMI Interface
 OT v. IT - Gateway vs. Interface, IEEE 2030.5, CIM Compliant

- Ensuring Scalability for Enterprise Solution
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