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California – Renewable Energy Goals

• 20% by December 2013

• 25% by December 2016

• 33% by December 2020

• 20,000 megawatts of renewable 
generating capacity by 2020

– 12,000 MW of localized 
electricity generation

– 8,000 MW of utility‐scale 
generation

• Need to develop a strategy that 
minimizes interconnection costs 
and time
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RE Interconnection – Technical  Concerns
Wind and Large Solar (Bulk System Connected 

Generation)
• Steady state and transient stability analysis
• Load/Generation Coincidence (Peak Load and Variability of 

Source)
• Regulation Requirements
• Integration with Automatic Generation Control (AGC)
• Incorporation of renewable resource forecasting
• Examine current operating practice and new concepts to 

enable high penetration;
– frequency responsive (create regulating reserves) 
– demand side coordination

Distributed Solar and Small Wind (Distributed Generation)
Issues listed above, plus
• There are a number of technical factors that effect the amount 

of distributed energy integrated into a distribution system:
• Voltage Regulation
• Fault Current (System Protection Coordination)
• Equipment V/I Ratings (Continuous and Transient Conditions) 
• Power Quality (Harmonics, Flicker, DC Injection)
• Unintentional Islanding
• Equipment Grounding
• Unbalanced System Loading 
• Integration with Local Loads and Storage

Interconnection concerns are 
real and solvable

e.g., specific to:  equipment, design, 
location, application, etc.

Most technical 
concerns at the bulk 
level have been solved 
with modern inverters 
and grid codes

Technical concerns at 
the distribution level 
have been identified, 
but solution set is not 
standard and small RE 
have not been fully 
integrated into planning 
and operations 
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Distribution Integration Issues

• The current electrical grid is designed to move electricity in one 
direction, from central‐station generators to substations to 
customers. 

• However, as more distributed generation is added to the 
system, power generated by these resources may exceed 
demand and flow backward into circuits or substations, 
requiring new protection and control strategies to avoid 
damaging the electric system. 

• There is a high variability in distribution system design, 
construction and sometime operating practice. This does not 
make a standard solution easy.

• There are an increasing number of requests for interconnection 
and the need to reduce the complexity, expense, and length of 
time associated with that process. 
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Learn from Experience – The German Example

Over 50 GW 
of installed 
variable 
generation 
capacity
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PV in Germany is mostly DG

Germany
80M people
80MW peak
1M PV systems
25GW PV

California
37M people
60MW peak
150K systems
3GW PV
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PV in Germany is mostly in the South
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German Solar Production ‐May 25, 2012

http://m.guardian.co.uk/environment/2012/may/28/solar‐power‐
world‐record‐germany?cat=environment&type=article
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Germany – Integration Issues
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Germany – Integration Issues
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Germany ‐ Summary

• High incentives and goals promoted distributed solar deployment 
in Germany

• Low PV system prices continue to drive market

• Extremely simple and standardized interconnection process helps 
deployment

• German utilities are able to rate‐base the cost of distribution 
system upgrades

• High penetrations have demanded changes in PV system design 
and operations

• Germany has updated interconnection guidelines and inverters to 
require volt/VAR capability, trip setting variations, fault ride 
through capability and ability to remotely curtail system output

• Germany has a goal of 80% RE by 2050 – will need to make 
significant system upgrades to achieve this level
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NREL – working with CA Utilities

• Working with the CA IOUs, Sandia, and EPRI on developing 
better screens for simplified interconnections

• Working with CA IOUs, Sandia, and EPRI on distribution 
modeling and screening methodology

• Southern California Edison
– Evaluating high penetration PV case studies
– Testing inverters with advanced functionality
– Modeling high penetration PV system impacts

• Sacramento Municipal Utility District
– Evaluating high penetration PV case studies
– Developing visualizations for impact studies

• San Diego Gas & Electric
– Evaluating high penetration case studies
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LABORATORIES

HPC DATA CENTER

OFFICES

NREL ‐ Energy Systems Integration Facility
• Provides a technology user facility for conducting 

research and development of clean energy 
technologies in a systems context at deployment scale

• Provides a High Performance Computing, Data Center, 
and Visualization capabilities that can be used to 
inform development and integration of clean energy 
technologies

A unique national 
asset for Energy 
Systems Integration 
R&D, testing, and 
analysis.
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ESIF ‐ Power System Visualization
NREL is working with SMUD on 
visualizing impact of DG deployments
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ESIF - Power Hardware-in-the-Loop (PHIL)
Integrated with actual field 
data take to validate models
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Integration Solutions

• Technology Solutions
– Distribution system upgrades – need clear definition on who pays for what. May not be 

the least expensive solution – need optimal cost from a systems perspective

– Inverter technologies with advanced functionality (volt/VAR control, fault ride through, 
remote communications, power curtailment)  ‐ All have been proven in the lab but need 
testing in a larger system‐wide context

– Standardized control and communications interfaces are needed to provide remote 
control for contingencies – needs to be secure

– Standard methods to identify best locations for integration are underway

– Integration of local load control and energy storage will help reach higher penetration 
levels

• Standards and Regulatory Solutions
– Update Interconnection requirements to include advanced inverter functionality

– IEEE 1547, UL 1741, SGIP, WDAT, Rule 21 – need to be updated

– Streamline interconnection process based on rigorous screens – let low impact system 
connect quicker

– Streamline and digitize permitting process
.
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Thank you
Ben Kroposki
Director – Energy Systems Integration
National Renewable Energy Laboratory

For more information on NREL Integration Projects and ESIF:
http://www.nrel.gov/eis/facilities_esif.html

For more information on Solar in Germany:
Martin Braun, Thomas Stetz, and Jan von Appen
Fraunhofer IWES Website:
www.iwes.fraunhofer.de
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Backup Slides

From “SCE Experience with PV Integration” by George Rodriguez

http://www1.eere.energy.gov/solar/pdfs/hpsp_grid_workshop_
2012_rodriguez_sce.pdf
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