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∗ Interconnection Standards History 
∗ Craig Turner – Engineering Manager 
                                                        (Dakota Electric Association) 

 
∗ A Rural Utility Experience 

∗ Kristi Robinson – Distribution System Engineer  
                                                         (Steele Waseca Elect Coop) 

 

∗ A Suburban Utility Experience 
∗ Jeff Schoenecker – Senior Engineer 
                                                         (Dakota Electric Association) 

 

Topics 



∗ No national interconnection standards 
∗ Each Utility had their own standards 
∗ Utilities were learning about issues as they went 
∗ Few systems being installed and most were 

custom. 
∗ Manufacturers needed to customize to the local 

utility's standards.  
 

History 1990-2000 



∗ Texas and California produced interconnection standards 
∗ Minnesota Omnibus Energy Bill (2001) 

∗ Reliability Standards (SRSQ) 
∗ DG Standards 

∗ Each Electric Utility shall maintain records concerning applications generation interconnections. 
∗ Must be filed once each year. 

 

∗ Regulated Utilities –  
∗ shall file distributed generation tariff for approval 
∗ Must provide “standardized interconnection of facilities” 
∗ Standard application form 
∗ Standard process 
∗ Standard interconnection agreement 

 

∗ All  Minnesota Utilities Required to use same (Similar) interconnection process and 
standards.  
 

∗ IEEE 1547 Standard (2003) 
 

History (2001-2004) 



∗ MN PUC 2001-2002  Requested Comments 
∗ Regulated Utilities worked together to resolve technical 

differences between the interconnection standards (MP, 
OTP, Xcel, Alliant, DEA)  

∗ Regulated Utilities submitted Joint comments, which 
included draft technical and procedure documents.  

∗ 2003 Dept. of Commerce organized two working groups to 
develop uniform guidelines for DG 
∗ Rates working group 
∗ Technical working group 

History 2001-2004 



∗ Technical Working Group developed the following  
∗ Interconnection Process 
∗ Technical Requirements for Interconnection 

 
∗ Group Included; 

∗ Korridor Capital Inv.  
∗ Institute for Local Self – Reliance 
∗ MN Chamber of Commerce 
∗ Hennepin County and DG group 
∗ Prairie Gen 
∗ The Minnesota Project 
∗ Izaak Walton League 
∗ Utilities - Center Point, DEA, RPU, Alliant, MP, OTP, Xcel 
∗ Staff – MEQB, DOC 

Technical Work Group 



∗ Safety / Reliability 
∗ Protect the safety of the Public 
∗ Maintain the reliability of the electrical system 

∗ Costs – look for ways to reduce interconnection costs. 
(without reducing safety) 

∗ Standard technical requirements across all utilities in 
Minnesota 

∗ Looked for ways to also match other states standards 
∗ Manufacturers only need to make one model to meet all 

standards 
∗ Time – look for ways to reduce time to complete 

interconnection process 
∗ Standard process across all utilities in Minnesota  
∗ Standard application 
 

Technical Groups “Goals” 



 

History 2003 



∗ 2003 
∗ IEEE 1547 approved 

∗ 2004 
∗ PUC approved MN process and standards 

∗ 2005 
∗ FERC small gens procedure issued (20MW is small!) 
∗ IEEE 1547.X documents started to appear 

∗ 2006 
∗ FERC small gens revised 

∗ 2005-2010? 
∗ UL 1741 – Inverter Test Standard harmonized with IEEE 

1547 
 

History 2003-2010 



∗ Created <40kW inverter based interconnection 
technical standard 
∗ Sub-set of full technical standards document 
∗ For solar systems with UL rated inverter 
∗ 5 pages vs. 29 pages! 
 

∗ Created web pages with interconnection documents 
and information 

 
∗ Assigned single point of contact at utility 
 
∗ Utilities and installers educated on procedure and 

standards 

2005-2014 Enhancements 



Minnesota Interconnection Process 

∗ Standard Documents 
∗ Process 
∗ Application  
∗ Agreements 
∗ Standard Technical 

Requirements 
 

∗ All Utilities are using the same 
documents (not true in other 
states) 
 

 



∗ Technical Standards are working well 
∗ Safe and reliable interconnections 

∗ Common Technical standards across all utilities.  
∗ Standard Lower cost equipment  

∗ Utilities and Installers have learned the process 
and requirements  

∗ Problems are typically from installing and THEN 
reading the requirements 

Status of Interconnection in 
Minnesota 



∗ IEEE 1547 is starting update 
process (April 2014) 

∗ Schedule Completion 2016-
2018? 
 

∗ Questions being discussed include: 
∗ 10MW or higher? 
∗ Dealing with high penetration 

of distributed resources 
∗ include more requirements for 

islanding (microgrids, etc.)? 
∗ expand 1547 to include 

communication interface 
requirements and protocols? 

 

IEEE 1547 



∗ Interconnection Agreement 
∗ <40kW using Uniform Statewide Agreement 
∗ From 1978 state statue 
∗ Could not update or modify during 2005 process 
∗ Does not deal with technical standards / operation 

∗ Continued Training 
∗ Utility Staff 
∗ Installers / Contractors / Members / Customers 

 
 

 

Interconnection Issues – Utility View 



∗ Insurance Requirement <40kW 
∗ $300,000 general liability  (Homeowners insurance) 

∗ Visible Disconnect (24/7 accessible) 
∗ Safety Requirement 

∗ Electrical Safety 
∗ Fire Safety 

∗ Meter Socket is not rated as disconnect 
∗ Meter Socket fires! 

∗ Location of Visible Disconnect 
∗ By the meter (requirement varies by Utility) 

Interconnection Issues - General 



Member Interaction 

∗ Initial phone call 
∗ Education on distribution system 
∗ Education on  generation 
∗ Interconnection Process 
∗ Interconnection Requirements 



Power Concepts 101 







Engineer’s One-Line Expectations 



2 turbines (79 kW) 

1 turbine (39.5 kW) 4 turbines (158 kW) 

2 turbines (78 kW) 3 turbines (105 kW) 

1 turbine (10 kW) 

Neighborhood Effect 

Substation – Rural Residential/Agricultural 
Meters: 432 
Maximum Load: 1884 kW 
Minimum Load: 304 kW 
 
Total DG Interconnected: 466 kW  

Potential Backfeeding  
on Transmission 

162 kW 



Internet Bought, Garage Built 
10 kW Asynchronous Turbine 



Lightning 

Lost Blades 



Protection Installed  
Meets IEEE 1547 

No Relay 
Protection Installed  



35 kW Install with Protection 



Actual DG Interconnections 
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Minnesota DG Interconnection Process 
 Small Solar (<40 kW) Example 

∗ Signed Application Received 
∗ Are the technical requirements met? 

∗ Does the inverter meet the applicable national 
standards (IEEE 1547 and UL 1741)? 

∗ Is there a visible, lockable, disconnect accessible 
24hrs/day at the point of common coupling?  

 
 



Minnesota DG Interconnection Process 
 Small Solar (<40 kW) Example  

∗ Utility Design Approval 
∗ Member Orders Equipment  
∗ Installation  
∗ Field Testing & Inspection  
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Minnesota DG Interconnection Process 
 Small Wind and Solar (<40 kW) Example  

∗ Field Testing and Inspection (continued) 
∗ MN State Inspector has approved 
∗ Verify one-line matches actual installation 
∗ Verify UL 1741 sticker is on the inverter 
∗ Check visible disconnect 

∗ Labeled, lockable, and accessible 24/7 

∗ Island test – Replace existing meter with a bi-directional meter  
∗ Verify liability insurance ($300,000 per occ.) 
∗ Have the applicant sign the Uniform Statewide Contract for Co-

generation 
 



DG on DEA Transformers 

∗ Transformers identified with a “G” sticker for distributed 
generation 
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Interconnection Applications 



More Applications 



One Line Diagrams… 

∗ One line diagrams vary greatly on each application from a copy of 
the requirements diagram to an engineered CAD diagram 
 
 

 



Changes required after Application 
Review 

∗ Disconnects installed in secured locations 
 
 

 



No Changes Required after 
Application Review 

∗ Disconnects installed in accessible locations 
 
 

 



∗ One-line diagram does NOT match installation 
∗ Protection not wired to trip anything! 
∗ Equipment installed different that application 

∗ Failure of the switch (solenoid) no back ups 
∗ Failure of the PLC control no back up – so require 62 

parallel limit timer relay 
∗ Generation will not trip for loss of single phase 

Other Problems Identified during 
Inspection 



Vendor/Installer Issues 

∗ How much does the DG Installer 
know? 
∗ Is a 3-phase generator being proposed 

to connect to a single phase system? 
∗ Or does the installer really know what 

they are doing? 

 
 



Utility Concerns 

∗ Responsible for 
∗ Public Safety 
∗ System Reliability 

∗ Liability Issues 
∗ Don’t understand what is being attached to the 

utility system  
∗ Lack of Standardization 
∗ Cost ($400 per install for clean install) 
∗ Dakota Electric application fee $100 
 
 

 



∗ Continued member education 
∗ Local Seminars, Info on Utility Websites, etc.  

∗ Plug in Renewable Energy  
∗ No visible disconnect, no application, no interaction with Utility Staff 

∗ Property with DG sells  
∗ New owner adds capacity or modifies the DG system 

∗ Inverter or Control cabinet fails  
∗ replaced with non-grid interactive model (Not UL listed or IEEE 1547 

compliant)  
∗ DG masks loading  

∗ High demand (no wind/sun) transformer fails causing outage 
∗ Internal utility costs  

∗ DG grows to 50+ per month vs. 5-10 per year  
∗ Additional utility staff 
∗ Cost shifting from DG member to non-DG members 
 

 
 

Future Concerns 
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