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4.1

Interconnection Standards
Interconnection standards specify the technical, legal, and procedural requirements by 
which customers and utilities must abide when a customer wishes to connect a photovoltaic 
�39��V\VWHP�WR�WKH�JULG��electricity distribution system). State governments can authorize 
or require their state public utilities commissions to develop comprehensive interconnection 
VWDQGDUGV��$OWKRXJK�PRVW�XWLOLWLHV�IDOO�XQGHU�WKH�MXULVGLFWLRQ�RI�VWDWH�SXEOLF�XWLOLW\�FRPPLVVLRQV��
FLWLHV�ZLWK�PXQLFLSDO�XWLOLWLHV�FDQ�KDYH�VLJQLÀFDQW�LQÁXHQFH�RYHU�LQWHUFRQQHFWLRQ�VWDQGDUGV�LQ�
their jurisdiction. Some state interconnection standards apply to all types of utilities (investor-
owned utilities, municipal utilities, and electric cooperatives); other states have chosen to 
VSHFLI\�LQWHUFRQQHFWLRQ�SURFHGXUHV�RQO\�IRU�LQYHVWRU�RZQHG�XWLOLWLHV��,Q�VHWWLQJ�LQWHUFRQQHFWLRQ�
standards, most jurisdictions require or reference compliance with the IEEE 1547 Standard for 
,QWHUFRQQHFWLQJ�'LVWULEXWHG�5HVRXUFHV�ZLWK�(OHFWULF�3RZHU�6\VWHPV��DGRSWHG�LQ�������VHH� 
http://grouper.ieee.org/groups/scc21/1547/1547_index.html���$V�RI�$XJXVW����������VWDWHV�SOXV�
the District of Columbia and Puerto Rico had interconnection standards in place.

7KH�PRVW�HIÀFLHQW�LQWHUFRQQHFWLRQ�VWDQGDUGV�VSHFLI\�VHYHUDO�GLIIHUHQW�OHYHOV�RI�UHYLHZ�IRU�
generation systems of varying size and complexity. Multiple levels of review for interconnection 
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allow owners of small solar electric systems (typically less than 10 kilowatts) to interconnect 
systems more quickly and inexpensively without having to endure a process designed for larger 
multimegawatt systems. Some jurisdictions have also determined that larger systems that don’t 
H[SRUW�HOHFWULFLW\�WR�WKH�JULG��IRU�H[DPSOH��DW�D�ODUJH�IDFWRU\��ZKHUH�WKH�39�V\VWHP·V�HOHFWULFLW\�
output never exceeds the facility’s electricity demand) should require a less rigorous review 
SURFHVV�WKDQ�ODUJHU�V\VWHPV�WKDW�GR�H[SRUW�HOHFWULFLW\��,Q�VRPH�DUHDV�RI�WKH�8QLWHG�6WDWHV��HOHFWULF�
utilities have not yet adopted interconnection standards for any consumer systems, or have 
VWDQGDUGV�LQ�SODFH�RQO\�IRU�VPDOO�V\VWHPV��,Q�DUHDV�ZLWKRXW�FRPSUHKHQVLYH�LQWHUFRQQHFWLRQ�
VWDQGDUGV��FXVWRPHUV�RIWHQ�ÀQG�WKDW�FRQQHFWLQJ�D�VRODU�HOHFWULF�V\VWHP�WR�WKH�JULG�FDQ�EH�
FRQIXVLQJ��GLIÀFXOW��DQG�H[SHQVLYH³VRPHWLPHV�SURKLELWLYHO\�VR�

Nearly 94% of electricity distribution systems in the United States are radial electricity 
distribution systems where interconnection of distributed generation�VXFK�DV�39�LV�FRPPRQ�
DQG�UHODWLYHO\�VWUDLJKWIRUZDUG��$�OHVV�FRPPRQ�W\SH�RI�HOHFWULF�GLVWULEXWLRQ�V\VWHP��NQRZQ�DV�
a secondary network distribution system, is often seen in central business districts in large 
cities. These network systems are designed to serve large loads, such as high-rise buildings, 
ZLWK�H[FHSWLRQDOO\�UHOLDEOH�VHUYLFH��39�V\VWHPV�ORFDWHG�ZLWKLQ�VHFRQGDU\�QHWZRUN�GLVWULEXWLRQ�
V\VWHPV��FRPPRQO\�FDOOHG�´QHWZRUNVµ��PLJKW�UHTXLUH�PRUH�H[WHQVLYH�XWLOLW\�UHYLHZ�EHIRUH�
interconnection, because devices known as network protectors—which maintain reliability on 
a secondary network—are sensitive to power coming from sources other than the centralized 
utility. Understanding the capabilities and limitations of the local electric distribution system is 
important for setting installation targets and designing policies that effectively promote solar 
energy installations.

Implementation Tips and Options

7KH�IROORZLQJ�LPSOHPHQWDWLRQ�WLSV�DQG�RSWLRQV�LQFOXGH�PDQ\�RI�WKH�,QWHUVWDWH�5HQHZDEOH�
(QHUJ\�&RXQFLO·V��,5(&��EHVW�SUDFWLFHV�IRU�LQWHUFRQQHFWLRQ�VWDQGDUGV��

� Require that all utilities be subject to the interconnection standards, including investor-
owned, municipal, and cooperative utilities within a state or local jurisdiction.

� Make all utility customer sectors (residential, commercial, and industrial) eligible to 
LQWHUFRQQHFW�39�V\VWHPV�

� Set forth three or four separate levels of review based on system size and complexity.

� Don’t limit individual system capacity.

� Minimize application costs, especially for smaller systems (e.g., $50 per application plus  
$1 per kilowatt).

�� $GRSW�DQG�HQIRUFH�UHDVRQDEOH��SXQFWXDO�SURFHGXUDO�WLPHOLQHV�

BENEFITS Streamlining interconnection standards encourages the installation of 
renewable energy technologies by defining an appropriate process for grid 
connection that reduces unnecessary transaction costs while maintaining 
business and safety standards.
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�� 8VH�D�VWDQGDUG�IRUP�DJUHHPHQW�WKDW·V�HDV\�WR�XQGHUVWDQG��$OORZ�DSSOLFDWLRQV�DQG�SURFHVVLQJ�
to be done online.

� Establish transparent processes for reviewing the technical aspects of an installation.

� Eliminate any requirement for an external disconnect switch for smaller, inverter-based 
V\VWHPV�WKDW�H[SRUW�ORZ�YROWDJH�HOHFWULFLW\�RQWR�WKH�JULG��,QYHUWHUV�SURYLGH�WKH�VDIHW\�
measures of an external disconnect switch without the extra cost of installing the switch. 
The external disconnect switch is not necessary for smaller systems.

� Eliminate any requirement for liability insurance (above and beyond the coverage in a 
typical property owner’s insurance policy). Prohibit utilities from requiring customers to 
add the utility as an additional insured party.

�� $OORZ�LQWHUFRQQHFWLRQ�WR�VHFRQGDU\�GLVWULEXWLRQ�QHWZRUNV�ZLWK�UHDVRQDEOH�OLPLWDWLRQV��
where appropriate.

�� (VWDEOLVK�D�FOHDU�SDWK�IRU�FRPPXQLFDWLRQV�EHWZHHQ�WKH�ORFDO�FRGH�HQIRUFHPHQW�RIÀFHUV�
and the local utility provider to expedite the interconnection process once inspection is 
complete.

� Combine the interconnection and permitting applications into one, if possible.

Examples

New York City, New York: Interconnecting Photovoltaics on the City’s Network
New York City is home to the most expansive set of secondary network distribution systems 
LQ�WKH�FRXQWU\��7KH�1HZ�<RUN�&LW\�6RODU�$PHULFD�&LW\�WHDP�VWXGLHG�WKH�WHFKQLFDO�DVSHFWV�RI�
LQWHUFRQQHFWLQJ�39�V\VWHPV�RQ�WKH�FLW\·V�QHWZRUNHG�JULG��7KH�FLW\�ZRUNHG�ZLWK�WKH�1DWLRQDO�
5HQHZDEOH�(QHUJ\�/DERUDWRU\��15(/��DQG�ORFDO�electric utility�&RQ(GLVRQ�WR�GHÀQH�WKH�
PD[LPXP�WHFKQLFDO�SRWHQWLDO�GHSOR\PHQW�RI�39�LQ�1HZ�<RUN�&LW\�DQG�WR�DQDO\]H�WKH�HIIHFW�
RI�WKDW�DPRXQW�RI�39�RQ�WKH�FLW\·V�QHWZRUNV��7KH�WHDP�XVHG�15(/·V�,Q�0\�%DFN\DUG��,0%<��
mapping tool to estimate the electricity that could be produced if all suitable rooftop space in 
���VDPSOH�QHWZRUNV�DURXQG�WKH�FLW\�ZHUH�FRYHUHG�ZLWK�39�arrays��,0%<�XVHV�D�PDS�EDVHG�
LQWHUIDFH�WKDW�DOORZV�XVHUV�WR�VSHFLI\�WKH�H[DFW�ORFDWLRQ�RI�D�SURSRVHG�39�DUUD\�RU�ZLQG�WXUELQH��
%DVHG�RQ�WKH�ORFDWLRQ��V\VWHP�VL]H��DQG�RWKHU�YDULDEOHV��,0%<�HVWLPDWHV�WKH�HOHFWULFLW\�SURGXFWLRQ�
H[SHFWHG�IURP�WKH�V\VWHP��&RPSDULQJ�,0%<·V�HVWLPDWHV�RI�KRXUO\�39�SRZHU�JHQHUDWLRQ�WR�DFWXDO�
KRXUO\�ORDG�OHYHOV�RQ�HDFK�QHWZRUN�VKRZV�KRZ�IXOO�39�GHSOR\PHQW�DIIHFWV�HDFK�QHWZRUN�

7KH�WHDP�IRXQG�WKDW�LQ���RI�WKH����QHWZRUNV��XQGHU�IXOO�39�GHSOR\PHQW��39�JHQHUDWLRQ�FRXOG�
exceed network load and export electricity to the secondary network distribution systems. 
Exporting was greatest in the middle of the day (when production is highest), on weekends 
(when building demand is lowest), and during the spring (when building demand is low relative 
WR�39�JHQHUDWLRQ���([SRUWLQJ�LV�PRVW�OLNHO\�LQ�DUHDV�ZLWK�PRUH�URRIWRS�VSDFH�SHU�SHUVRQ��
generally, the lower density networks are in the outer boroughs, which are made up of single-
family homes and shorter commercial buildings.

7KH�VWXG\�FRQFOXGHG�WKDW�ORZ�OHYHOV�RI�39�SHQHWUDWLRQ�RQ�QHWZRUNV�JHQHUDOO\�DUH�DFFHSWDEOH��
%DVHG�RQ�WKH�UHVXOWV��&RQ(GLVRQ�QRZ�DOORZV�39�V\VWHPV�RI�OHVV�WKDQ�����NLORZDWWV�WR�FRQQHFW�
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to networks without requiring a comprehensive engineering review. The study is included in 
DQ�15(/�UHSRUW��Photovoltaic Systems Interconnected onto Secondary Network Distribution 
Systems—Success Stories, available online at www.nrel.gov/docs/fy09osti/45061.pdf.

Santa Clara, California: Establishing Collaboration between City and Municipal Utility
,Q�6DQWD�&ODUD��WKH�PXQLFLSDO�XWLOLW\��6LOLFRQ�9DOOH\�3RZHU��SURYHG�WR�EH�D�PDMRU�URDGEORFN�IRU�
39�V\VWHP�LQVWDOODWLRQV��7KH�FLW\�RI�6DQWD�&ODUD�ZDV�DEOH�WR�UHYLHZ�WKH�SHUPLW�DSSOLFDWLRQV�
within a few days, but did not have the ability to issue the permits until the engineers of the 
municipal utility completed their interconnection review. This extended process and frustration 
from applicants resulted in a strong desire for the city and municipality to work together. The 
municipal utility eliminated its role in reviewing the interconnection plans for systems less than 
���NLORZDWWV��'LDORJXH�ZLWK�WKH�FLW\�SURYHG�QRW�RQO\�WKDW�WKH�FLW\�RIÀFLDOV�ZHUH�ZHOO�VXLWHG�WR�
review the interconnections, but also that the city and municipality were essentially performing 
WKH�VDPH�UHYLHZV��$V�D�UHVXOW�RI�WKH�XWLOLW\�UHPRYLQJ�LWVHOI�IURP�WKH�SURFHVV��LW�ZDV�DEOH�WR�
VLJQLÀFDQWO\�GHFUHDVH�FRVWV�IURP�WKH�ODERU�SHUIRUPHG�E\�WKHLU�HQJLQHHUV��7KH�XWLOLW\�WKHQ�JDYH�
EDFN�D�SRUWLRQ�RI�LWV�FRVW�VDYLQJV�WR�WKH�FLW\�LQ�WKH�IRUP�RI�VHQGLQJ�EXLOGLQJ�RIÀFLDOV�WKURXJK�
WKH�1RUWK�$PHULFDQ�%RDUG�RI�&HUWLÀHG�(QHUJ\�3UDFWLWLRQHUV��1$%&(3��WUDLQLQJ��7KH�EXLOGLQJ�
department is now able to avoid consumer frustrations and release permits more quickly. 

Additional References and Resources

WEB SITES

Database of State Incentives for Renewables & E!ciency: Rules, Regulations, & Policies for Renewable Energy
www.dsireusa.org/summarytables/rrpre.cfm

This Web site contains summary maps and tables for policies that a!ect utilities, such as net-metering and 
interconnection standards. DSIREusa.org, maintained by the North Carolina State Solar Center in partnership with IREC, is 
the only comprehensive, regularly updated database of state renewable energy incentives in the United States, and also 
includes information on many local incentive programs. The U.S. Department of Energy (DOE) funds this ongoing e!ort.

Solar America Board for Codes and Standards
www.solarabcs.org

The Solar America Board for Codes and Standards (Solar ABCs) is a DOE-funded central body created to address solar 
codes and standards issues. 

The Solar Alliance
www.solaralliance.org/

The Solar Alliance is a state-based advocacy group of companies involved in the design, manufacture, construction, and 
financing of PV systems. The Web site gives the industry perspective on areas critical for building a local solar market, 
including interconnection standards.
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PUBLICATIONS

Model Interconnection Procedures: 2009 Edition

Interstate Renewable Energy Council, November 2009

IREC’s model interconnection standard incorporates the best practices of small-generator interconnection standards 
developed by various state governments, the Federal Energy Regulatory Commission (FERC), the National Association of 
Regulatory Utility Commissioners (NARUC), and the Mid-Atlantic Distributed Resources Initiative (MADRI).

Report: http://irecusa.org/wp-content/uploads/2009/12/IREC-IC-Model-Final-Nov-8-2009-2.pdf

Freeing the Grid: Best and Worst Practices in State Net-Metering Policies and Interconnection Procedures, 
2010 Edition

Network for New Energy Choices, Vote Solar Initiative, Interstate Renewable Energy Council, November 2009

This report outlines the best and worst practices in state net-metering and interconnection policies.

Report: www.newenergychoices.org/uploads/FreeingTheGrid2010.pdf

Photovoltaic Systems Interconnected onto Secondary Network Distribution Systems—Success Stories

National Renewable Energy Laboratory, April 2009

This report examines case studies of PV systems integrated into secondary network distribution systems. It includes 
findings from case studies conducted in San Francisco, California; Washington, D.C.; Denver, Colorado; and New York City.

Report: www.nrel.gov/docs/fy09osti/45061.pdf

Connecting the Grid: A Guide to Distributed Generation Interconnection Issues, 6th Edition

Interstate Renewable Energy Council, 2009

This guide is designed for state regulators and other policymakers, utilities, industry representatives, and consumers 
interested in the development of state-level interconnection standards.

Report: www.irecusa.org/wp-content/uploads/2009/10/Connecting_to_the_Grid_Guide_6th_edition-1.pdf

Comparison of the Four Leading Small Generator Interconnection Procedures

Solar America Board for Codes and Standards, Interstate Renewable Energy Council, October 2008

This report reviews four sets of interconnection procedures that regulators often consider when developing state and 
local procedures. As a framework for review, the report uses the grading criteria developed by the Network for New 
Energy Choices (NNEC) and used that organization’s review of state interconnection procedures.

Report: www.solarabcs.org/interconnection/ABCS-07_studyreport.pdf

Utility External Disconnect Switch: Practical, Legal, and Technical Reasons to Eliminate the Requirement 

Solar America Board for Codes and Standards, Interstate Renewable Energy Council, September 2008

This report documents the safe operation of PV systems without a utility external disconnect switch in several large 
jurisdictions. It includes recommendations for regulators contemplating utility external disconnect switch requirements.

Report: www.solarabcs.org/utilitydisconnect/

Utility-Interconnected Photovoltaic Systems: Evaluating the Rationale for the Utility-Accessible External 
Disconnect Switch

National Renewable Energy Laboratory, January 2008

This report examines the utility-accessible external disconnect switch debate in the context of utility-interactive PV 
systems for residential and small commercial PV installations. It focuses on safety, reliability, and cost implications of 
requiring an external disconnect switch.

Report: www.nrel.gov/docs/fy08osti/42675.pdf
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