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SEGIS – The Initial SETP “Integrated PV 
System for Intelligent Interconnect” Icebreaker

Standards 
and Codes

Communications 
Protocol

Value-Added 
Functionality

Energy 
Management

Total System 
Integration

Total 
System 
Costs

Optimized 
Performance

Energy Storage 
Integration

Advance Concepts
Micro-inverters, 

Micro grids

Communications 
Concepts

New 
Functionalities

Advanced 
Components New PV 

Applications

Utility 
Acceptance

Remote 
Control

New 
Markets Smart Grid

USS-SEGIS

Reliability

Liability



SEGIS is the First SETP Step
Toward Intelligent PV Grid Integration



The SEGIS White Paper
Goals for PV and DG  

• Prepare for high-penetration PV and DG in the 
context of the future “Smart” utility

 Develop integrated and advanced 
inverter/controller/BOS

 Integrate energy management, storage 
control, building energy management systems.

 Introduce advanced communications, sensors, 
total system control for PV

 Modeling for System Designs
• Improve BOS power electronics reliability and 

lifetimes 
• Develop “Integrated Advanced Concepts” for

• Micro-inverters, micro-grids, electrical 
grid/infrastructure support

• Grid stability & reliability
• Team with utilities, communications, 

industry experts for bottom-up designs.

www.sandia.gov/SAI/files/SEGIS%20Concept%20Paper-071025.pdf 



The SEGIS Timetable

20% Cost Share

Stage 2
Prototype Development

Prototype Design and Testing
Ø Control Strategy Development
Ø Electrical and Mechanical 
Ø Energy Balance Calculations
Ø Reliability Calculations
Ø Operational Characterizations
Ø Performance Measurements
Ø External Interaction Validations
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END OF STAGE 
REPORTS

ü Stage 2 Technical & 
Market/Cost Report

ü Critical Program 
Review

20% Cost Share

Stage 1 
Concept and Feasibility

Proof of Concept/Feasibility
Ø Research and Development
Ø Advantages and Disadvantages
Ø Barriers and Needs
Ø Likelihood of Success
Ø Market and Cost Analysis
Ø Value-Added Analysis
Ø Market and Tech Impacts 

Pro
po

sal
 to

 SN
L

Qu
art

erly
 Re

por
ts

Re
por

ts a
nd 

Sta
ge 

3 
Pro

pos
al t

o S
NL

SEGIS INITIAL
PROPOSAL

ü Stage 1 Complete 
Technical & Cost

ü Stage 2 Complete 
Technical & Cost

ü Stage 3 T&C (Brief 
Overview) 

END OF STAGE 
REPORTS and

 STAGE 3 PROPOSAL
ü Stage 1 Technical 

Report
ü Stage 1 Market 

Analysis Report
ü Critical Program 

Review
ü STAGE 3 DETAILED 

TECHNICAL & 
COST PROPOSAL) 

50% Cost Share

Stage 3
Pilot Production 

(Toward Commercialization)

Pilot Production Design
Ø Hardware Delivery
Ø Test & Evaluations 
Ø Validations and verifications
Ø Production Analysis 
Ø Bill of Materials
Ø Final Cost Analysis
Ø Hardware Commercialization
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ü Stage 3 Final 
Technical & Market/
Cost Report

ü Peer Reviewed 
Conference Paper 

ü Final Program 
Review 

We are Here

Not Prime Time Yet



SEGIS Solicitation Status

 Stage 1
• 12 Contractors completed 

conceptual designs market 
analysis

 Stage 2
• 5 Contractors are completing 

prototype designs with delivered 
functional hardware 

• Witness testing completed 5/21
• “Stage Gate Review” in early 

June, 2010 for Stage 3
 Stage 3 

• “X” contractors will move SEGIS 
designs into commercialization  

 Apollo Solar
 Petra Solar
 Princeton Power 
 PV Powered
 University of Central 

Florida/Satcon

Stage 2 Contractors



Today’s Typical PV - Utility Interconnection
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One of the Future Conceptual
Intelligent  Utility Interconnects
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Background for SEGIS Solicitation

 “Revolutionary” not just “Evolutionary” advances were goals
 Not all contractors had the same starting situations
 Contractors selected SEGIS features that had the highest likelihood 

of success for their proposed work
• Profitable commercialization was a main goal
• Resources were varied - cost share, staffing, expertise, partners
• All Stage 1 contractors provided market analysis and concept designs
• Modeling was important for component/system analysis

 All Stage 1 and Stage 2 contract start dates were synchronized
 Stage 3 selections will be based on witness testing results, Stage 2 

final report, Stage 3 updated proposal and critical design review
 Likelihood of success and positive impacts for the US DOE SETP 

program remain critical criteria with a “Best Value” result.



Selected Topics of SEGIS Stage-2 Advances

 Intermittency
 Value Added

• Utility support
• Metering
• Optimization

 Maximum Power Point Tracking
 Low Voltage Ride-thru
 Performance Predictions
 Communications
 Performance Optimizations



Inverter-tied storage systems to use dc bus, allow intentional islanding 
(microgrids) and system optimization (demand control).
Energy system controllers to monitor solar resource, utility pricing, 
building loads, occupant data and then provide safe switching.
Embed voltage regulation in inverters, controllers, voltage conditioners.
Integrate communications and control concepts with SEGIS. 
Communications protocols to prevent unauthorized tampering. 

SEGIS  Scope

SEGIS Includes:  A Broad Spectrum of Applications 
for PV System Technology Development



SEGIS Developments Include Several Methodologies
to Mitigate Intermittent Power Production

Potential Issues for Intermittency, String Combiners, MPPT, System Stability
25-MW DeSoto PV Plant, Arcadia, FL



SEGIS Developments Include Several Methodologies
to Mitigate Intermittent Power Production

Ramping the output of the 
PV inverter

• Ramps for PV Reconnect 
relieves transients on the grid

• Ramps for loss of PV may 
required energy storage

• Ramps may be controlled by the 
utility



SEGIS Developments Include Maximum-Power-Point-
Tracking to Optimize Power Production

Maximum Power Point Characteristics Vary with PV 
Module Technology, Tracking, Concentrators

MPPT Path Varies 
with temperature, 
mismatch, age, 
soiling, technology



SEGIS Developments Include Utility Low-Voltage
Ride-Through to Assist a Failing Grid

 Zero Volt Ride Through Test on a SEGIS System



This one didn’t help the stressed utility!
• Inverter stopped producing power with voltage sag
• Inverter didn’t return until after 5 minutes (IEEE1547)

SEGIS Developments Include Utility Low-Voltage
Ride-Through to Assist a Failing Grid



SEGIS Includes Resource and
Performance Predictions

Resource forecasting over 
various time steps,  
(minutes, 1-3 hour, day 
ahead, seasonal, annual)
Reliable, sub-hourly data 
sets
Improved spatial resolution 
of data sets 
User-interactive data portals 
Utility grade hardware for 
automated and utility-
controlled functionality



SEGIS Includes: Most Communications Methods and 
Combinations of Communications

Internet 
Ethernet, 8

Wireless, 8

AMI, 7

Power Line 
Carrier, 5

SCADA, 3

GPS/Satellite, 3

Communications Types Studied in Stage 1
(Number of Contractors)

Communications method studied does NOT mean it was selected as a “Preferred Method”
Numerous Communications Pitfalls and Incompatibilities were Uncovered -

Communication from internal controls to utility interactive controls,
speed of response and communication reliability are main issues



SEGIS Includes: 
Advanced Methodology Applications

Energy Management and 
Communications Methods
•Integration with energy 
storage & other generation 

•Power shifting and optimization
•Protocol, Wireless PLC  Ethernet

•Safe switching, isolation 

•Integrated sensors & 
detection

•Improve system reliability
•Initiate utility acceptance

•Advanced  communications 
devices, sensors & methods
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Summary: Many Critical Aspects of  
Next-Generation Logistics Needs

Device & System Self-protection/Reliability
• Hardware and software advances to protect the inverter 

and components for higher reliability/longer lifetimes
• Advanced systems to “Predict System” Status, health 

and remaining lifetime
Improved Inverter AND System Modeling to 

Facilitate Advanced Power Electronic 
Hardware and Adaptive Controls
Customer Friendly Products 



Thank You
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