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The SunShot Initiative

A Price and date targets

i $1/W installed cost at installed at the o~ A
MW scale by end of decade -

I 5-6¢/kWh LCOE 7
I Unsubsidized grid parity in residential a
commercial markets by end of decade
A Transformational technologies
I PV Modules
I BOS
I Power Electronics
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SunShot Goals for PV Penetration

Total PV Generation Fractiot
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Goals of Systems Integration

A The Systems Integration (SI) subprognaorks on the following:

I Reducing the costs of power electronics and balance of system
hardware,

I Reducing the risk associated with the use of new technologies
(bankability), and

I Establishing a timely process for integrating high penetrations of solar
technologies into the grid in a safe, reliable, and-effgctive manner
while providing value to the system owner and the utility grid.

A To support these goals, the subprogram is investing primarily indoeas:
I grid integration,
I technologyvalidation,
I solarresource assessment, and
I balanceof system development.
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Distributed Grid Integration

V/ISI0N Therewill be a weHestablished and timely process for integrating

high penetrations of PV into the distribution system in a safe, reliable, and

costeffective manner while providing maximum value to the PV system
owner and the utility grid.
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Solar Energy Grid Integration Systems 0
Advanced Concepts (SEGIS -AC)

A Topic One: Smart Grid
Functionality Solar
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Southern California Edison High
Penetration Project: Year 1

A Analysis of High
Penetration Levels of PV
Into the Distribution
Grid in California

A Distribution System
Modeling and
Simulation Tools

A Data Acquisition
Requirements

A Advanced Inverter
Technology for High
Penetration Levels of PV
Generation in
Distribution Systems
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Transmission Grid Integration

VISION To achievefull utilization of the grid system, optimization of

generation (planning and operations) management, achieving maximum
value from solar generation, and efficiently handling2l®%6 energy
penetration (on an annual basis) of solar generation while maintaining grid

stability;
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Transmission Grid Integration

A Western Wind and Solar Integration Study |
A Hawaii Solar Integration Study

A Solar Data Hub: Collecting high resolution
data from largescale PV plants

A Developing PV generator models
A Solar Resource Assessment and Forecasting

A Working with a variety of stakeholders
(WECC (TEPPC, REMTF, VGS), NERC
(IVGTF), FERC, UWIG
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High Penetration Solar Portal

EERE » Solar Energy Technologies Program » High Penetration Solar Portal

About
Technical Topics

Solar System
Technologies

Solar System Modeling
and Analysis

Solar Resource

Transmission Planning
and Operations

Distribution Planning and
Operations

Codes and Standards
Demonstration Projects

DOE's High Penetration
Solar Deployment Projects

CPUC's CSI RD&D High
Penetration Solar Projects

Past Workshops

Partnerships

Integrating high penetrations of solar into the existing electric grid is a complex issue
with many challenges. Through the High Penetration Solar Portal, the utility
community, high penetration project teams, national laboratories, and other
stakeholders, will share results, information, and expertise. The site will inform
participants on the impact of high penetrations of solar on distribution and
transmission systems and help expand the utility solar market.

https:// solarhighpen.energy.gov

% Sunshot
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Kevin Lynn

Lead, Systems Integration
Kevin.Lynn@ee.doe.gov
October 11, 2011
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SEGIS-AC
Topic One: Smart Grid
Functionality
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Smart -Grid Ready PV Inverter With Utility Communication

BRIAN SEAL / ELECTRIC POWER RESEARCH INSTITUTE

The proposed project will develop, implement, and AMichael Zuercher-Martinson, Solectria Renewables
demonstrate smart-grid ready inverters with grid AHaukur Asgeirsson, Detroit Edison

support functionality and required utility AFouad Dagher, National Grid

communication links to capture the full value of AMichael Lamb, Xcel Energy

distributed photovoltaic (PV). Key objectives are to

implement advanced grid-supportive functions into Period of performance: ARPAE funds:  $4.963.125

inverters and to establish remote management and 36 months Cost-share: $ 3,200,056
. .- . .. . Total budget: $ 8,163,181

configurability of these functions from distribution

operation centerd together they will enable utility

‘ Companles e gnd = ._
EXis“ng e BN E 5 ot e g \\‘ ._
[ utility Distribution | Smart Inverter DNP3 Standard /' DER Plant ‘-

; Inverter | :
Operation Center RS232, RS485, Ethernet ; Storage ;

Plant :
\ Master H
: Controller Smait, |
! Inverter | ;

Existing
DMS
h

DMS for
DER J

Substati ;
SCADA Head.End s Technology Impact s .
P Advancement of PV system capabilities, communication syster
SCADA :

L /Sman\ and open standards, operations center visibility and
E %
‘

Utility Enterprise(CIM)

o management, and optimized coordination of smart PV inverters
with existing distribution control devices.

Smart-grid ready inverters and control systems with grid support functionality
and required utility communication links, integrated with SCADA/DMS, to Al ey | SunShot
reduce interconnection barriers and enable high penetration PV.
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Development and Demonstration of Smart Grid Inverters for High

DR. RICHARD ROCHELEAU /UNIVERSITY OF HAWAII

-Penetration PV Applications

Develop and integrate Smart Grid-capabilities into PV inverters to
monitor production and enable control of advanced grid functions
such as VAR management, and power curtailment, using
standards-based communication technology and protocols to
mitigate grid reliability impacts resulting from high penetrations of
PV systems.

Technology Goals:

Anchieve lower interconnection costs for distributed PV

MProvide autonomous grid support (monitoring and control) using
Smart inverters for legacy and new inverter systems
ACommerecialize product to support higher penetrations of PV
Arest different utility business models and advanced grid
functionality at each site

T

Silver Spring Networks i Peter Yeung; SolarCity i Eric Carlson;
Fronius T Martin Beran; Maui Electric Company i Chris
Reynolds; Oklahoma Gas and Electric i Chris Greenwell

DoE funds:
Cost-share:
Total budget:

$6,979,113.00
$5,252,165.00
$12,231,278.00

Period of performance:
36 months

PV Data into Customer Web Portal (CIQ)

UtilitylQ ———
—
——
New utili tle *

Systems DRM Primary Fronius Smart Inverter with
Meter integrated communications

External Communication Module (ECM) includes
SSN standard-based Communlcatlons Module (NIC)

Serial

7.?*@4/

Primary
Meter

Retrofit
Systems

Technology Impact

Smart Grid Inverters, utilizing standards-based
communications to provide utilities with monitoring and
control, have the potential to drastically reduce
interconnection costs for distributed PV, and allow for faster
adoption and higher penetrations of the technology.

Residential and Small-Medium Business (SMB)
applications of Smart Grid PV Inverter systems from utility
back office software to PV system

U.S. DEPARTMENT OF
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Automatic AC Voltage Stabilization Using PV Inverter Control to Mitigate the Variability of Real Power from

PV Sources and Improve Existing Power Quality on the Distribution System 04791586
COLIN SCHAUDER /SATCON TECHNOLOGY CORPORATION

The proposed project will demonstrate the ability of a PV inverter, National Renewable Energy Lab (NREL), Sacramento Municipal
at near-zero marginal cost, to virtually eliminate voltage variation Utility District (SMUD), Detroit Edison, Hawaii Electric Company
on a distribution feeder due to variation in the real power output of (HECO), Lakeland Electric, NIST

a PV plant, while mitigating the effects of load-induced voltage
variations elsewhere on the feeder. Thus the PV inverter will
mitigate the effect of its own variable real power output on the grid

voltage by correcting changes while they are happening 36 months ARPA-E funds: $3,131,076
maintaining dynamic VAR reserve in a similar way as is done in Cost-share: $5,157,773
Total budget: $8,288,849

modern transmission system VAR compensators. In parallel with
the proposed fast VAR control, a slower supervisory control

scheme will optimize the voltage profile of the entire feeder by Key Milestones & Deliverables
periodically adjusting the nominal inverter voltage reference.

Year 1 A Designed, implemented, and conducted control
board-in-the-loop testing of AVC technology

Year 2 A 1 MW and 500 kW Demonstration

[::'L i [::'L i [ Voltage I:::ll- i
oa oa oal a -
. : : Ly , Year 3 AFinal Report and Presentation
Substation I
: .'""l Monitor | [ Monitor |, "I Monitor
| imm Technology Impact
J contrOL | inv.iwi Automatic Voltage Control (AVC) technology with the following
CENTER /;ﬁ‘fct/ACDc ACLd hve capabilities:
! : A Voltage regulation with the ability to achieve steady state in one cycle
T S PV m PV ANo adverse interaction with other voltage regulators

A Cost neutrality and Standard grianart inverter capability

System diagram of the proposed supervisory voltage control system

PV inverter, at near-zero marginal cost, to virtually
eliminate voltage variation due to PV production and to ENERGY | nitiative
mitigate load-induced voltage fluctuation.
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Transforming PV Installations Toward

Dispatchable , Schedulable Energy Solutions

MICHAEL MILLS -PRICE /ADVANCED ENERGY INDUSTRIES

The technology proposed to be developed under this opportunity
directly targets improving the operational characteristics of PV
inverters using system wide awareness to impact the greater
electrical utility system. Intermittency of the PV plants, system
safety, and inter-operation with utility electromechanical voltage
regulation equipment are all addressed and improved upon.
Synchrophasors are leveraged for time synchronized system
state awareness, as well as control optimization at the point of
generation. Energy storage is used in an economical sense to
moderate the cloud induced transients and induced voltage
affects of high penetration PV. Lastly a novel island detection
technique is introduced which overcomes false nuisance trips
due to real grid events (large motor starts, etc.) while reliably
detecting true island events without causing power quality issues.

Michael Mills-Price / Eric Seymour / Mesa Scharf i Advanced Energy
Michael Ropp i Northern Plains Power Technologies

Greg Zweigle 1 Schweitzer Engineering Laboratories

Voltage Waveform during Voltage Sag Event
= — —

Phase A Phase B Phase C

Period of performance: ARPA-E funds: $335M
Cost-share: $2.15M
5 eine Total budget: $55M

£
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Technology Impact

The technology proposed herein will allow for PV systems to be
controlled and operated as if they were similar to traditional
synchronous generator devices rather then negative loads. The
proposed technology removes three main barriers to widespread
PV penetration 1) intermittency, 2) safety, and 3) inter-operation
with electromechanical voltage regulation equipment.

Transforming PV systems from intermittent power sources to reliable
sources of schedulable energy for improving distribution feeder control,
power delivery, power quality, and reliability aspects under high PV

penetration scenarios.

U.S. DEPARTMENT OF

SunShot
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Topic Two : Using Power
Electronics to Address Balance of
Systems Costs

% Sunshot
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Project Title

TECHNICAL POC NAME / LEAD INSTITUTION

Module-Integrated Power Converters Based on
Universal Dock

SolarBridge and SunPower will develop and ACPV
module designed and tested to guarantee power for a
25-year warranty. SolarBridge will develop a $0.10/W
microinverter to be no larger than a typical PV junction
box. Together, the two companies will develop the PV
Dock concept that will allow various power converters,
including the new microinverter, to easily dock with a
PV module. This will result in the lowest cost and
greatest flexibility in an PV module.

Patrick Chapman, Ph.D. (SolarBridge)

Gabriela Bunea, Ph.D. (SunPower)

Period of performance: 36
months

ARPA-E funds: $2,445,920
Cost-share: $1,438,172
Total budget: $3,884,092

Technology Impact

This project will reduce the cost of energy for residential and
light commercial PV installations. It will reduce the barriers to
adoption of power electronics in PV modules, enabling many
new products in thé®V industry.

Drastic cost reduction in ACPV design using advanced vs oeparruEntor | SunShot
semiconductor technologies and packaging techniques. ENERGY | initiative




Solar Energy Grid Integration System#&dvanced Concepts
Alencon Systems, Inc.

04791533

Alencon proposes a new type of transformational approach
to utility scale PV systems, based on novel, patent pending
ideas. A 99.1% efficient, centralized inverter with a capacity
of up to 100MW lies at the heart of the Alencon system.
Feeding this single inverter is an advances harvesting
network, utilizing string-wise maximum power point tracking
nodes that are easy to install and maintain.

The proposed approach simplifies the engineering design,
reduces costs and losses for large scale PV systems, while
increasing their efficiency and yield.

1. Lockheed Martin Corp.
2. Rowan and Drexel Universities
3. Netronix, Inc

Period of performance: 36 ARPA-E funds: $2,988,925
months Cost-share: $1,727,125
Total budget: $4,716,050

Key Milestones & Deliverables

Year 1 ATest 10MW R&D Prototype Inverter
ABuild and test R&D HV PV Harvesting Nodes

Year2  APre-production Prototype Inverter & Nodes

Year3  AField Tested and Commercialized System

Technology Impact: This approach moves the PV
industry towards achieving the goals of the SunShot
initiative on both the inverter and the total system costs.
Alencon represents the link to grid parity that allows
economies of scale to take hold and will help to make PV
part of the standard utility generation portfolio.

Reduce BOS costs of Utility Scale PV Systems by 30%

U.S. DEPARTMENT OF
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