DRAFT 2/7/2003, 5:32 PM

To: DTE

From: JDR, Raab Associates, Ltd.

On behalf of the Massachusetts Distributed Generation (“DG”) Collaborative, please find attached the Collaborative’s final report.  The report describes a comprehensive approach for DG interconnection in the Commonwealth covering all sizes of DG on both radial and secondary network systems.  It includes a detailed process narrative, timeframes, a fee structure, Alternative Dispute Resolution (ADR) process, interconnection requirements, a mechanism for tracking interconnections experience over time, and an application form.

The following stakeholder organizations have participated in the Collaborative and fully endorse this report, acknowledging that this represents a reasonable starting place for interconnection standards.  The report represents a consensus on all issues, unless otherwise noted in the text.

[image: image1.bmp]
The stakeholders request that the DTE accept their consensus recommendations (and leave it to rule on the very few issues where full consensus was not achieved, taking into account the reasons for the parties’ dissention) and issue an Interim Order specifying DG interconnection standards for the Commonwealth.  The Stakeholders have agreed to continue the Collaborative with quarterly meetings over a two-year period to jointly examine the interconnection experience as it unfolds in Massachusetts as well as across the country, with an eye toward further improving the standards proposed herein over time.  The Collaborative will report back annually to the DTE with its findings and any recommendations for further refinements and improvements.  

The stakeholders have further agreed that the interconnection process should be codified as an interim tariff consistent across all the and that there should also be a narrative guide that clearly outlines the process for customers, DG providers, Company staff, and others.  [ NOTE: INCLUDE THE FOLLOWING IF TARIFF NOT DONE BY FILING-- While virtually all of the materials that would be contained in those two documents are in this report, we were not able to finalize these last two pieces in the time allotted.  We respectfully request a month to produce those documents.  Alternatively, the stakeholders could produce those documents in a compliance filing, once the Department reviews and approves the Collaborative’s recommendations.]

On behalf of the Collaborative, we appreciate the Commission’s sanctioning of this process and trust that the Commission will find it time well spent.
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Section 1: Introduction and Collaborative Process Overview

JDR WILL DRAFT TEXT FOR GROUP TO REVIEW

Section 2: Goals

The Collaborative has agreed on the following goals to guide DG interconnection now, and in the future:

For Both Radial and Network Interconnections:

a. Maintain or exceed the current level of reliability. 

b. Maintain or exceed the current level of safety to the utility work force. 

c. Seek to expedite the timeframes for interconnection approvals, and reduce the fees where supported by experience. 

d. Develop a process that allows a Customer/Installer to determine within a cost-effective timeframe whether a given project is viable economically and procedurally (i.e., how it will fare in the interconnection process). 

e. Facilitate interconnection where DG could enhance the reliability of the system. 

Additional Goals for Spot and Area Network Interconnections:

f. Seek expeditious and cost-effective approaches for interconnecting on spot and area networks.

g. Explore approaches for facilitating DG interconnection specifically on area networks.

h. Explore collectively the opportunities and challenges of spot and area network interconnection, studying interconnections in Massachusetts and throughout the country, and studying alternative interconnection techniques.

Section 3: Narrative Process for Distributed Generation Interconnection in Massachusetts

There are three basic review paths for interconnection in Massachusetts.
 They are described below and detailed in Figures 1 and 2 with their accompanying notes.  Tables 1 and 2, respectively, describe the timelines and fees for these paths.

1. Simplified – This is for qualified inverter-based facilities with a power rating of 10 kW or less on radial systems under certain conditions. 

2. Expedited – This is for certified facilities that pass certain pre-specified screens on a radial system (or inverter based systems with a power rating of 10 kW or less on spot network systems under certain conditions.

3. Standard – This is for all facilities not qualifying for either the Simplified or Expedited interconnection review processes on radial and spot network systems, and for all facilities on area network systems.

All customers must submit a completed application and pay the appropriate application fee to the Company it wishes to interconnect with.  The application will be acknowledged by the Company and the Customer will be notified of the application’s completeness. Customers who are not likely to qualify for Simplified or Expedited review may opt to go directly into the Standard review path.  Customers proposing to interconnect on area networks will also go directly to Standard review.  All other customers must proceed through a series of screens to determine their ultimate interconnection path. (Customers not sure whether a particular location is on a radial circuit, spot network, or area network should check with the Company serving the proposed DG location prior to filing and the Company will verify the circuit type upon filing.) 

Customers using qualified inverter-based facilities with power ratings of under 10 kW requesting an interconnection on radial systems where the aggregate generating facility capacity on the circuit is less than 7.5% of circuit annual peak load qualify for Simplified interconnection.  This is the fastest and least costly interconnection path.

Other customers not qualifying for Simplified review or not in Standard review must pass a series of screens before qualifying for Expedited interconnection.  If one or more screens are not passed, the Company will offer to conduct a Supplemental Review.  If the Customer agrees to pay the Supplemental Review Fee, the Company will conduct the review.  If the Supplemental Review determines the requirements for processing the application through the Expedited process (including any system modifications), then the modification requirements, reason for needing them, and costs for these modifications will be identified and included in the executable Expedited interconnection agreement.  

It is important to note that as part of the Expedited interconnection process, the Company will assess whether any system modifications are required for interconnection, even if the project passes all of the eight screens.  If the needed modifications are minor, that is, they can be determined by the Company within the engineering time covered by the application fee, then the Company will identify the modification requirements, reason(s) for needing them, and cost to perform them, all of which it will include in the executable expedited interconnection agreement.  If the requirements cannot be determined within the time and cost alloted in the initial review, the Company may require that the project undergo additional Supplemental Review to determine those requirements within the time allocated for Supplemental Review (maximum 10 hours of engineering time). If after these reviews, the Company still cannot determine the requirements, the Company will document the reasons why and will meet with the Customer to determine a new schedule to their mutual satisfaction (this is not the Standard review process). In all cases, the Customer will pay for the cost of modifications that are attributable to its proposed project.

If the  facility fails one or more screens and system modifications requirements cannot be determined during the time allotted for Supplemental review, then the facility enters Standard Review and the Company will provide cost estimates and a schedule for the completion of interconnection study(ies).  Upon acceptance by the Customer of the costs, the Company will perform impact and facility studies as required.  The Standard interconnection process has the longest maximum time period and highest potential costs.

When the interconnection review is complete and the Company issues an executable agreement under the Expedited and Standard review paths, the Customer will need to return a signed agreement, complete the installation, and pay any system modification costs identified in the agreement.  If the Customer does not sign the agreement or complete construction within a certain time period, it loses its place in the queue and may need to reapply for interconnection. The Company may inspect the completed installation for compliance with standards and schedule a witness test.  Assuming the inspection is satisfactory, the Company notifies the Customer that interconnection is allowed.  A parallel but simpler process exists for Simplified interconnections.

Table 1 lays out the maximum timeframes allowed under the Simplified, Expedited, and Standard Review processes for each step in the review processes (application approval, review of screens, Supplemental review, facility and impact studies, and sending an executable agreement – note that some of these steps are not required for every review process) and for the processes as a whole.  The maximum time allowed for the Company to execute the entire Simplified process is 15 days; 40 days for the Expedited process on a radial system where no Supplemental review is needed and 60 days where it is; 125 days for the Standard Review process if the Customer goes directly to Standard Review and 150 days if the Customer gets bounced out of the Expedited process into Standard Review.  For Customers qualifying for the Expedited process on a spot network, the maximum time is 40 days if load data is available and 100 days if it is not.  The maximum times refer to Company working days, and the Company clock is stopped when awaiting information from Customers. 

Table 2 lays out the commercial terms (i.e., fees) required for Customers to apply for interconnection.  There are no fees for those facilities that qualify for the Simplified path (except in certain unique cases where a system modification would be needed which would be covered by the Customer).  Those qualifying for Expedited review on a radial system will pay a $3/kW application fee (minimum of $300 and maximum of $2,500) plus $125/hour up to 10 hours ($1,250) for Supplemental review when applicable plus the actual cost of any required facility upgrades.  Those on the Standard review path would pay the same application fee as in the Expedited path as well as the actual cost of any required facility upgrades, plus the actual cost of any impact and facility studies, if required.  Facilities qualifying for the Expedited process on a spot network will pay a flat application fee of $100 for 3kW or less, and $300 for facilities above 3 kW, plus any system modification costs.

(Paragraph on Dispute Resolution Still to be Added)

The DG Collaborative has agreed to meet quarterly over the next two years to examine the experience with interconnections in Massachusetts and elsewhere in the United States, in an attempt to further streamline the approval timeframes and potentially reduce the fees associated with interconnection.  In order to continuously improve the DG interconnection process, information about the time required, costs, screening steps, and dispute resolution will be tracked by the utilities and aggregated on a quarterly basis.  The information will be reported to the DTE annually, and it is expected that the DTE will make the information available to other agencies and to the public.  The DG Collaborative parties will review the information and suggest any improvements to the process that they agree are necessary or desirable after one and two years of experience with DG interconnection under the process recommended by the Collaborative.

NOTE: THE NARRATIVE WILL NEED TO BE UPDATED IF ANY FURTHER CHANGES ARE MADE TO THE PROCESSES OUTLINED BELOW


Interconnection Process
Notes to Accompany Figure 1

Note 1.  On a typical radial distribution system circuit (“feeder”) the annual peak load is measured at the substation circuit breaker, which corresponds to the supply point of the circuit. A circuit may also be supplied from a tap on a higher-voltage line, sometimes called a subtransmission line. On more complex radial systems, where bidirectional power flow is possible due to alternative circuit supply options (“loop service”) the normal supply point is the loop tap. 

Note 2.  This screen only applies to Generating Facilities that start by motoring the Generating Unit(s) or the act of connecting synchronous generators. The voltage drops should be less than the criteria below.   There are two options in determining whether Starting Voltage Drop could be a problem. The option to be used is at the Companies’ discretion:

Option 1: The Company may determine that the Generating Facility’s starting Inrush Current is equal to or less than the continuous ampere rating of the Facility’s service equipment.

Option 2: The Company may determine the impedances of the service distribution transformer (if present) and the secondary conductors to the Facility’s service equipment and perform a voltage drop calculation.  Alternatively, the Company may use tables or nomographs to determine the voltage drop.  Voltage drops caused by starting a Generating Unit as a motor must be less than 2.5% for primary interconnections and 5% for secondary interconnections.

Note 3.  The purpose of this screen is to ensure that fault (short-circuit) current contributions from all DG units will have no significant impact on the Company’s protective devices and system. All of the following criteria must be met when applicable:

a. The proposed Generating Facility, in aggregation with other generation on the distribution circuit, will not contribute more than l0% to the distribution circuit’s maximum fault current under normal operating conditions at the point on the high voltage (primary) level nearest the proposed point of common coupling.

b. The proposed Generating Facility, in aggregate with other generation on the distribution circuit, will not cause any distribution protective devices and equipment (including but not limited to substation breakers, fuse cutouts, and line reclosers), or customer equipment on the system to exceed 85% of the short circuit interrupting capability. In addition, the proposed Generating Facility will not be installed on a circuit that already exceeds 85 percent of the short circuit interrupting capability.

c. When measured at the secondary side (low side) of a shared distribution transformer, the short circuit contribution of the proposed Generating Facility must be less than or equal to 2.5% of the interrupting rating of the Companies’ Service Equipment.

Coordination of fault-current protection devices and systems will be examined as part of this screen.

Note 4. This screen includes a review of the type of electrical service provided to the customer, including line configuration and the transformer connection. 

	Primary Distribution Line Type
	Type of Interconnection to Primary Distribution Line
	Result/Criteria

	
	
	

	Three-phase, three wire
	Any
	Pass screen

	Three-phase, four wire
	Single-phase, line-to-neutral
	Pass screen

	Three-phase, four wire

(For any line that has such a section OR mixed 3 wire & 4 wire)
	All others
	To pass, aggregate DG Capacity must be less than or equal to 5% of Circuit Peak Load.


If the proposed generator is to be interconnected on a single-phase transformer shared secondary, the aggregate generation capacity on the shared secondary, including the proposed generator, will not exceed 20 kVA.  

If the proposed generator is single-phase and is to be interconnected on a center tap neutral of a 240 volt service, its addition will not create an imbalance between the two sides of the 240 volt service of more than 20% of nameplate rating of the service transformer.

Note 5.  The proposed generator, in aggregate with other generation interconnected to the distribution low voltage side of the substation transformer feeding the distribution circuit where the generator proposes to interconnect, will not exceed 10 MW in an area where there are known or posted transient stability limitations to generating units located in the general electrical vicinity (e.g., 3 or 4 transmission voltage level buses from the point of interconnection).

Note 6. This new Simplified Interconnection process has five steps:

a.  Application process:

i. Customer submits an Application filled out properly and completely.

ii. Company acknowledges to the customer receipt of the application within three business days.

iii. Company evaluates the Application for completeness and notifies the customer within 10 days.

b. Company verifies Generating Facility equipment passes screens 1, 2, and 3.

c. Company and customer execute agreement (if an agreement is required by the Collaborative). In certain rare circumstances, the Company may require the Customer to pay for minor system modifications. 

d. Upon receipt of signed agreement and completion of installation, Company may inspect Generating Facility for compliance with standards and arrange for a witness test.

e. Assuming inspection/test is satisfactory, Company notifies Customer that interconnection is allowed, and approves. 

Note 7.  The Expedited Interconnection process has eight steps:

a. Customer submits an Application filled out properly and completely.

b. Company acknowledges the application within three business days of receipt and evaluates the Application for completeness within 10 days of receipt.

c. Company then conducts an initial review which includes applying the screening methodology (screens 1 through 8). 

d. Notice: The Company reserves the right to conduct additional studies if deemed necessary and at no additional cost to the Customer, such as but not limited to: protection review, aggregate harmonics analysis review, aggregate power factor review and voltage regulation review.  Likewise, when the proposed interconnection may result in reversed load flow through the Company’s load tap changing transformer(s), line voltage regulator(s), control modifications necessary to mitigate the effects may be made to these devices by the Company at the Interconnecting Customer’s expense or the Facility may be required to limit its output so reverse load flow cannot occur or to provide reverse power relaying that trips the Facility. As part of the expedited interconnection process, the Company will assess whether any system modifications are required for interconnection, even if the project passes all of the eight screens.  If the needed modifications are minor, that is, the requirement can be determined within the time allotted through the application fee, then the modification requirements, reasoning, and costs for these minor modifications will be identified and included in the executable expedited interconnection agreement.  If the requirements cannot be determined within the time and cost alloted in the initial review, the Company may require that the project undergo additional review to determine those requirements within the time allocated for Supplemental Review (maximum 10 hours of engineering time). If after these reviews, the Company still cannot determine the requirements, the Company will document the reasons why and will meet with the customer to determine how to move the process forward to the parties’ mutual satisfaction. In all cases, the Customer will pay for the cost of modifications that are attributable to its proposed project.
e. Assuming all screens are passed, Company sends the Customer an executable agreement and a quote for any required system modifications or reasonable witness test costs. 

f. If one or more screens are not passed, the Company will offer to conduct a Supplemental Review.  If the Customer agrees to pay the Supplemental Review Fee, the Company will conduct the review.  If the Supplemental Review determines the requirements for processing the application through the expedited process including any system modifications, then the modification requirements, reasoning, and costs for these modifications will be identified and included in the executable expedited interconnection agreement.  If this is not true, the Supplemental Review will include an estimate of the cost for the studies that are part of the standard review process. Even if a proposed project initially fails a particular screen in the Expedited process, if Supplemental Review shows that it can return to the Expedited process then it will do so.
g. Customer returns signed agreement, completes installation, and pays any system modification costs identified in the agreement.

h. Company inspects completed installation for compliance with standards and attends witness test, if required.

i. Assuming inspection is satisfactory, Company notifies Customer that interconnection is allowed.

Note 8.  Standard Review Process 

Customers may choose to proceed immediately to the standard review process.  There are -- steps

a. Application process:

i. Customer submits an Application filled out properly and completely.

ii. Company acknowledges to the customer receipt of the application within three business days.

iii. Company evaluates the Application for completeness and notifies the customer within 10 days.

b. The Company will conduct a scoping meeting/discussion with the customer (if necessary) to review the application. At the scoping meeting the Company will provide pertinent information such as:
i. The available fault current at the proposed location; 

ii. The existing peak loading on the lines in the general vicinity of the facility,

iii. The configuration of the distribution lines.

c. Develop Impact and/or Facility Study Proposal, including a cost estimate. 

d. Customer agrees to pay.

e. Company performs Impact and/or Facility Studies as agreed to.

f. Company sends the Customer an executable agreement and a quote for any required system modifications or reasonable witness test costs.

j. Customer returns signed agreement, completes installation, and pays any system modification costs identified in the agreement.

k. Company inspects completed installation for compliance with standards and attends witness test, if required.

l. Assuming inspection is satisfactory, Company notifies Customer that interconnection is allowed.

Note 9: Is the Facility Certified in CA, NY or to UL1741, or in Compliance with IEEE Standard P1547?
California and New York have adopted certification rules for expediting application review and approval of Generating Facility interconnections onto utility electric systems.  Generating Facilities in these states must meet commission-approved certification tests and criteria to qualify for expedited review.  Since the certification criterion is based on testing results from recognized national testing laboratories, Massachusetts will accept Generators certified in California and New York as candidates for Expedited Review.  It is the Customer’s responsibility to determine if the proposed Facility has been certified in California or New York.  

The above states and Massachusetts have adopted UL 1741, Static Inverters and Charge Controllers for use in Photovoltaic Power Systems, for certifying photovoltaic systems up to 10kW.  IEEE Standard P1547, Standard for Interconnecting Distributed Resources with Electric Power Systems, provides technical and test specifications for Facilities rated up to 10MVA.  Applicants who can demonstrate Facility compliance with either standard will be eligible for Expedited Review.  To meet the IEEE standard, Customers must provide information or documentation that demonstrates how the Facility is in compliance with IEEE P1547.  A Generating Facility will be deemed to be in compliance with P1547 if the Company previously determined it was in compliance, or if the Customer can confirm that the Facility was previously approved by another Massachusetts Company.  The Massachusetts --- will endeavor to maintain a registry of Generating Facilities previously certified in other states or in compliance with P1547 [PLACEHOLDER TO BE REVISITED].  UL 1741 compliance is established by Underwriters Laboratories for specific PV technologies.  Customers should contact the Facility supplier to determine if it has been listed by the UL.  

Section 4: Overview of Network Interconnection

The purpose of this document is to educate a non-technical reader on the opportunities, challenges and the magnitude of these opportunities and challenges.

Opportunities 

There are generally two types of distribution systems, radial and secondary network.  Many downtown areas of cities are served by, underground low voltage secondary network systems (e.g., Boston, Springfield, Worcester).  How far those networks extend and where the network ends and radial distribution begins is a function of the density of the load, economics, and a number of other related factors.  Facilities in the center of downtown areas are more likely to be on underground networks, whereas facilities in suburban and rural areas are more likely to be on overhead or underground radial distribution systems.  Commercial and residential customers located within urban areas served by secondary networks may want to install DG facilities.  

Challenges

In a secondary network distribution system, service is provided through multiple transformers as opposed to radial systems where there is only one path for power to flow from the distribution substation to a particular load.  The redundancy implicit in this design provides multiple potential paths through which electricity can flow, so as to meet the higher reliability needs commonly found in urban areas.  When properly designed and maintained, the loss of any single low or high voltage facility usually does not cause an interruption in service. 

The secondary sides of network transformers are connected together to provide multiple potential paths for power than an equivalent radial feeder.  To keep power from inappropriately feeding from one transformer back through another transformer (feeding a fault on the primary side, for example), devices called network protectors are used to detect such a backfeed and open very quickly (within a few cycles). Network protectors have not been tested to operate as a switching device for generators.  The interconnection solution has to ensure that the network protector will not be subject to this condition.

Networks thus present three unique challenges for interconnection relative to radial grids:  

· Technical Complexity 

· Maintaining Network Reliability

· Costs

Technical Complexity 

The complexity of the integrated network systems creates raises more technical issues that must be resolved compared to radial systems.   Network studies usually take longer than radial systems because the network arrangement is more complex and require more sophisticated methods and tools to properly analyze.  

Maintaining Network Reliability

Appropriate steps need to be taken when interconnecting DG to assure that the overall reliability of the network system is not diminished. The protections to prevent backfeeding of power through network transformers create additional design challenges for interconnection on network systems, insofar as distributed generators have the potential to impact not only the power on the grid, but also the grid protection hardware itself if protective measures are not taken.

The potential impacts on network protectors are of two distinct types:

1) The inadvertent operation of network protectors under normal (non-fault) conditions.  In this condition, if the aggregate DG output connected to a networked secondary system exceeds the aggregate load, (e.g., a power-export condition) the excess power will activate the network protectors unless the protector has been modified to accommodate it.  If such a situation were allowed, the reliability of the secondary network would be degraded.  In such a circumstance, DG would compromise grid reliability or power quality.

2) The inadvertent opening of network protectors under fault conditions.  In this condition, the fault current fed from the DG could cause network protectors to open on the primary side of a network transformer, potentially isolating the entire network. Such conditions can jeopardize network reliability, and in some cases could exceed the equipment ratings of secondary equipment, leading to potential failure and interruptions. [PUT WHERE FAULT IS OCCURRING – NAVIGANT]
 Costs
The cost of networks systems is much higher than radial systems due to the redundancy, underground location, right-of-way fees in urban areas and higher cost equipment.  In some cases, the complexities identified above with respect to network interconnection may also increase the cost to interconnect small generators. This combination of high existing investment and potentially high investment for generator interconnect creates many unique financial considerations for utilities relative to radial systems.

 Mitigating DG network system impacts is likely to be more expensive than radial systems due to the higher cost of secondary equipment and the greater complexity of the solution. These higher cost mitigation options are likely to ensure that system reliability. 

Magnitude of the Challenges and Opportunities

Data may not readily be available on the portion of the network system serving  customers that are likely to seek interconnection on a network system.  

The severity of these challenges varies by the size of the DG facility, the type of technology and its location on the system.   

A spot network poses fewer but still significant challenges than an area network. A spot network usually serves a few or a single building in a relatively small area.  The number of network protectors is usually much smaller than a grid network system, which can cover many city blocks and serves many customers (up to thousands on some networks).  The electrical behavior of spot networks also is more predictable than area networks, which makes the task of evaluating DG impacts less difficult than area systems. 

Figure 2 - Simplified Interconnecting to Networks


Section 5: Time Frames and Fee Schedules

Table 1: Time Frames
,

	Criteria for Process Classification
	Based on Evaluation of Technical Screens
	Applicant Option
	

	Review Process
	Simplified
	Expedited
	Standard Review
	Expedited Spot Network

	Eligible Facilities
	Certified  Inverter 

< 10 kW
	Qualified DG 


	Any DG
	Certified  Inverter 

< 10 kW

	Acknowledge receipt of Application
	(3 days)
	(3 days)
	(3 days)
	(3 days)

	Review Application for completeness
	10 days
	10 days
	10 days
	10 days

	Complete Review of all screens
	10 days
	25 days 
	n/a 
	Site review (placeholder) 30/90 days


	Complete Supplemental Review (if needed)
	n/a
	20 days
	n/a
	N/a

	Complete Standard Interconnection Process Initial Review
	n/a
	
	20 days 
	n/a

	Send Follow-on Studies Cost/Agreement
	n/a
	
	5 days
	n/a

	Complete Impact Study (if needed)
	n/a
	
	55 days
	n/a

	Complete Facility Study (if needed)
	n/a
	
	30 days
	n/a

	Send Executable Agreement

	Done
	10 days 
	15 days
	Done (comparable to simplified radial)

	Total Maximum Days

	15 days 
	40/60
,


	125/150 days


	40/100 days

	Notice/ Witness Test 
	< 1 day with 10 day notice or by mutual agreement
	1-2 days with 10 day notice or by mutual agreement
	By mutual agreement
	1 day with 10- day notice or by mutual agreement 


Table 2: Commercial Terms

	Criteria for Process Classification
	Based on Evaluation of Technical Screens
	Applicant Option
	

	Review Process
	Simplified
	Expedited
	Standard Interconnection Process Review
	Expedited Spot Network

	Eligible Facilities
	Certified  Inverter 

< 10 kW
	Qualified DG 


	Any DG
	Certified  Inverter 

< 10 kW

	Application Fee (covers screens)
	0
	$3/kW

with minimum fee

$300, maximum fee $2,500 
	$3/kW

with minimum fee 

$300, maximum fee $2,500


	$100 for less than or equal to 3kW,  $300 if >3kW

	Supplemental Review (if applicable)
	n/a
	Up to 10 engineering hours at $125/hr ($1,250 max)
 

	n/a
	n/a

	Standard Interconnection Initial Review 
	n/a
	n/a
	Included in application fee (if applicable) 

	n/a

	Impact and Facility Study (if required)
	n/a
	n/a
	Actual cost

	n/a

	Facility Upgrades
	n/a

	Actual cost
	Actual cost
	n/a

	O and M

	n/a
	TBD
	TBD
	n/a

	Witness test 
	0
	Actual cost, up to $300 (?)
	Actual cost
	0


	ADR costs
	TBD
	TBD
	TBD
	TBD


Section 6: On-Going Collaboration and Information Tracking

(Language to be supplied by the Working Group)

Section 7: Dispute Resolution Steps
(Language to be supplied by the Working Group)
Appendix A: Application Form
Attachment __: Generating Facility Interconnection Application

Instructions

General Information (For all applications)
Simplified Process applications:  For applicants wishing to submit an application for the Simplified Process (<10kW, inverter-based, UL1741-listed) please fill out the first page only down to the space for your signature.  Once complete, please sign and attach any documentation provided by the generator manufacturer describing the UL1741 listing for the generator.

Expedited or Standard process applications:  All other applicants, please fill out all pages of the application form as it applies to your Generation Facilities.  Once complete, please sign and attach the supporting documentation requested.

Contact Information:  You must provide as a minimum the contact information of the legal applicant.  If another party is responsible for interfacing with the Company (utility), you may optionally provide their contact information as well.

Confidentiality Statement:  In an ongoing effort to improve the interconnection process for customer-owned Generating Facilities, the information you provide and the results of the application process will be aggregated with the information of other applicants and periodically reviewed by a DG Collaborative of industry participants that has been organized by the Massachusetts Department of Telecommunications and Energy (DTE).  The aggregation process mixes the data together so that specific details for one customer are not revealed.  In addition to this process, you may choose to allow the information specific to your application to be shared with the Collaborative by answering “Yes” to the Confidentiality Statement question on the first page.  Please note that even in this case your identification information (contact data) and specific Generating Facility location will not be shared.

Generating Facility Information (for all applications)
UL1741 Listed?  This standard (“Inverters, Converters, and Controllers for Use in Independent Power Systems”) addresses the electrical interconnection design of various forms of generating equipment.  Many manufacturers choose to submit their equipment to a Nationally Recognized Testing Laboratory (NRTL) that verifies compliance with UL1741.  This “listing” is then marked on the equipment and supporting documentation.

DEP Air Quality Permit Needed?  A Generating Facility may be considered a point source of emissions of concern by the Massachusetts Department of Environmental Protection DEP.  Therefore, when submitting this application please indicate whether your Generating Facility will require an Air Quality Permit.  Please contact the (DEP) (contact info here) to determine whether the generating technology planned for your facility qualifies for a DEP waiver or requires a permit.

Generating Facility Interconnection Application

Contact Information (For all applications)
Legal Name and address of Customer applicant (or, if an Individual, Individual’s Name)

Company Name: _________________________Contact Person:


Mailing Address: 


City: 
  State: 
  Zip Code: 

Telephone (Daytime): 
  (Evening): 


Facsimile Number: 
  E-Mail Address: 

Alternative Contact Information (if different from Applicant)

Name: 


Mailing Address: 


City: 
  State: 
  Zip Code: 

Telephone (Daytime): 
  (Evening): 


Facsimile Number: 
  E-Mail Address: 


Confidentiality Statement: “I agree to allow information regarding the processing of my application (without my name or address) to be reviewed by the Massachusetts DG Collaborative tasked with exploring ways to further expedite future interconnections: Yes
 No


Generating Facility Information (for all applications)
Location (if different from above): 


Electric Service Company: 
  Account Number (if available): 


Type of Generating Unit:        Synchronous
  Induction
  Inverter

Manutacturer: 
  Model: 


Nameplate Rating: 
 (kW) 
 (kVAR) 
 (Volts)
Single
 or Three
 Phase

Prime Mover Type: Fuel Cell
 Recip Engine
 Gas Turb
Steam Turb
 Microturbine
 PV
 Other


Energy Source: Solar
 Wind
 Hydro
 Diesel
 Natural Gas
 Fuel Oil
 Other


UL1741 Listed? Yes
 No 
 Does facility need an air quality permit from DEP?  Yes
 No 


Estimated Installation Date: 
 Estimated In-Service Date: 


Application Process (for all applications)
I hereby certify that, to the best of my knowledge, all of the information provided in this application is true:

Customer Signature: 
 Title: 
  Date: 


The information provided in this application is complete:

Company Signature: 
 Title: 
  Date: 


Simplified Process Only (attach manufacturer’s cutsheet showing UL1741 listing & stop here)
Interconnection is approved pursuant to Tariff blah blah blah:

Company Signature: 
 Title: 
  Date: 


Generating Facility Technical Detail (for Expedited and Standard applications)
List components of the Generating Facility that are currently certified and/or listed to national standards


Equipment Type
Manufacturer
Model
National Standard

Total Number of Generating Units in Facility? 


Generator Unit Power Factor Rating: 


Max Adjustable Leading Power Factor? 
  Max Adjustable Lagging Power Factor? 


Generator Characteristic Data (for all inverter-based machines)

Max Design Fault Contribution Current? 

Instanteous or RMS?



Harmonics Characteristics: 



Start-up power requirements: (Fuel Cells (?))

 

Generator Characteristic Data (for all rotating machines)

Rotating Frequency:

 (rpm) 

Neutral Grounding Resistor (If Applicable):


Additional Information for Synchronous Generating Units

Synchronous Reactance, X’d: 

 (PU)

Transient Reactance, X’d: 

 (PU)

Subtransient Reactance, X’d: 

 (PU)

Negative Sequence Reactance, X’s:

 (PU)

Zero Sequence Reactance, X’o:

 (PU)

KVA Base:



Field Voltage:

 (Volts)
Field Current:

 (Amps)

Additional information for Induction Generating Units that are started by motoring

Rotor Resistance, R’r:


Stator Resistance, R’s:



Rotor Reactance, X’r:


Stator Reactance, X’s:



Magnetizing Reactance:


Short Circuit Reactance:



Exciting Current:


Temperature Rise:



Frame Size:


Design Letter:



Total Rotating Inertia, H:


Per Unit on KVA Base:



Motoring Power:

 (kW)
Temperature Rise

 (Deg C)

Reactive Power Required In Vars (No Load):




Reactive Power Required In Vars (Full Load):




Generating Facility Technical Detail (for Expedited and Standard applications)
List components of the Generating Facility that are currently certified and/or listed to national standards


Equipment Type
Manufacturer
Model
National Standard

Total Number of Generating Units in Facility? 


Generator Unit Power Factor Rating: 


Max Adjustable Leading Power Factor? 
  Max Adjustable Lagging Power Factor? 


Generator Characteristic Data (for all inverter-based machines)

Max Design Fault Contribution Current? 
  
Instanteous 
or RMS? 


Harmonics Characteristics: 


Start-up power requirements: (Fuel Cells (?))

 

Generator Characteristic Data (for all rotating machines)

Rotating Frequency:

 (rpm)
Neutral Grounding Resistor (If Applicable):


Additional Information for Synchronous Generating Units

Synchronous Reactance, Xd: 

 (PU)
Transient Reactance, X’d: 

 (PU)

Subtransient Reactance, X”d: 

 (PU)
Neg Sequence Reactance, X2:

 (PU)

Zero Sequence Reactance, Xo:

 (PU)
KVA Base:



Field Voltage:

 (Volts)
Field Current:

 (Amps)

Additional information for Induction Generating Units

Rotor Resistance, Rr:


Stator Resistance, Rs:



Rotor Reactance, Xr:


Stator Reactance, Xs:



Magnetizing Reactance, Xm:


Short Circuit Reactance, Xd”:



Exciting Current:


Temperature Rise:



Frame Size:



Total Rotating Inertia, H:


Per Unit on KVA Base:



Reactive Power Required In Vars (No Load):




Reactive Power Required In Vars (Full Load):




Additional information for Induction Generating Units that are started by motoring

Motoring Power:

 (kW)
Design Letter:


Current Transformer Data (if applicable):

(Enclose copy of Manufacturer’s Excitation & Ratio Correction Curves)
Manufacturer:
 Type:
 Accuracy Class:
 Proposed Ratio Connection:

Manufacturer:
 Type:
 Accuracy Class:
 Proposed Ratio Connection:

Potential Transformer Data (if applicable):

Manufacturer:
 Type:
 Accuracy Class:
 Proposed Ratio Connection:

Manufacturer:
 Type:
 Accuracy Class:
 Proposed Ratio Connection:

General Technical Detail (for Expedited and Standard applications)
Enclose 3 copies of site electrical One-Line Diagram showing the configuration of all generating facility equipment, current and potential circuits, and protection and control schemes with a Massachusetts- registered professional engineer (PE) stamp.

Enclose 3 copies of any applicable site documentation that indicates the precise physical location of the proposed generating facility (e.g., USGS topographic map or other diagram or documentation). 

Proposed Location of Protective Interface Equipment on Property:

(Include Address if Different from Application Address)

Enclose copy of any applicable site documentation that describes and details the operation of the protection and control schemes. 

Enclose copies of applicable schematic drawings for all protection and control circuits, relay current circuits, relay potential circuits, and alarm/monitoring circuits (if applicable). 


NEED AGREEMENT FORM FOR EXPEDITED AND STANDARD Do in conjunction with tariff

Appendix B: Interconnection Requirements

Appendix C: Information Tracking Form

Appendix D: Potential Generators/Customers Interested in Interconnecting to Secondary Network Distribution Systems

The purpose of this document is to inform customers that want to interconnect to a secondary network.  It explains the issues for network interconnection relative to: 

· Generating Facility Size and Characteristics

· Technology Type

· Location

· Exporting

· Load Characteristics

It further describes a generic process a utility is likely to take to evaluate that interconnection.  Lastly it presents some interconnection alternatives if the utility’s solution is too costly. 

Generating Facility Characteristics

What are the challenges?

In a network secondary distribution system, service is redundantly provided through multiple transformers as opposed to radial systems where there is only one path for power to flow from the distribution substation to a particular load.  The secondaries of networked transformers are connected together to provide multiple potential paths for power and thus much higher reliability than an equivalent radial feeder.  To keep power from inappropriately feeding from one transformer back through another transformer (feeding a fault on the primary side, for example), devices called network protectors are used to detect such a backfeed and open very quickly (within a few cycles).

Most downtown areas of larger cities have secondary networks (e.g., Boston, Worcester, Springfield).  The decision by a utility to install network versus a radial distribution facilities typically is based on customer load density, urban versus rural location, reliability, power quality and cost.  Large buildings and highly dense loads in urban downtown centers are more likely to be served by secondary networks, whereas facilities in suburban and rural areas are more likely to be served by radial distribution systems. 

Challenges that an applicant may encounter when requesting Generator interconnection to a secondary network system include:

1. If the aggregate Generator output within a networked secondary exceeds the aggregate load, the excess power will cause one or more network protectors to open.  If such a situation were allowed,  reliability or power quality of the secondary network would be degraded.    The load characteristics of the network load also must be considered when evaluating secondary network Generator interconnection. If the network load is highly variable such that evening or weekend loads are much smaller than daily peaks, the maximum allowable size of the Generator is limited by the maximum allowable generator output at any given time.  Particular attention must be given to loads that may, even momentarily, by completely shut down for maintenance or other reasons.

2. Generator Type:  The degree of complexity of the challenges Generators may encounter also is a function of type of Generator the customer chooses to install.  For similar sized Generators, network loads and configurations, inverter-based interconnections pose fewer technical challenges than induction generators, while induction generators raise fewer technical issues than synchronous generators.  Inverter-based Generator produce relatively small fault currents compared to rotating machines, typically ranging from 100 to 200% of maximum normal output.  Fault currents and transient voltages may be much higher for rotating machines.  Inverters also shut down automatically when the secondary network is de-energized.  Induction generators also will shut down (i.e., stop producing fault current) on the order of a few cycles – a fraction of a second – when voltages on the generator terminals are sufficiently low to cause induction field voltages to collapse when faults occur on the network.  Synchronous generators will continue to operate and supply fault current until protective relays open circuit breakers to isolate the Generator from the network system.  The synchronous generator must not be allowed to operate as an isolated unintended “island” created by open protectors that form the island. Faults external to the primary feeders serving the network also could cause protectors to operate for synchronous generators.

3. Spot Versus Area Networks:  The complexity of area network compared to spot networks poses additional challenges for Generators.  Area networks typically have a greater number of transformers and protectors, primary and secondary lines and more customers than spot networks, thereby increasing the level of effort needed to analyze proposed interconnections.  Equally important is the greater variability and unpredictability of load patterns that network transformers may encounter.  The maximum allowable size of the Generator on a grid network must be determined via network simulation methods that consider the variability in loads and power flows on the secondary networks. Spot network generally will be able to accommodate larger Generators, all else being equal, than area networks.  Spot network transformers loading tend to be more balanced than area networks and loadings and Generator impacts are more predictable, and therefore more straightforward to mitigate.

4. Equipment Standards and Withstand Capability:  Network protectors and other equipment on the network may not be designed and rated to withstand the voltages and currents that may be produced by Generators under some conditions.  Network protectors are not designed to synchronize or disconnect the utility system from Generators located on the secondary side of the network transformer.  The protector relays also are not designed to reclose a constant frequency utility network to a Generator, as the reclosing criteria are a function of voltage phase angle and magnitude.  Out-of-phase reclosing could cause the protector to fail.  The rating or duty of the transformer, protector and other devices also could be exceeded due to the current contribution of the Generator as well.  IEEE P1547 also states that protectors should not be used to back up Generators.

How would a utility likely address these challenges?

As the total Generating capacity on a secondary network grows relative to total network load, so does the likelihood of reverse power flow through one or more network protectors, thereby causing them to open and potentially interrupt customers or degrade service quality. Consequently, the utility may need to conduct power flow studies to determine whether protectors would likely experience reverse power flows and unintended operations from Generator output. 

Alternative schemes for interconnection

While there are many challenges associated with network systems that Generators may not encounter on radial systems, a range of solutions also may be applicable to mitigate the impacts cited above. Each of the solutions below may solve a particular problem, but do not necessarily resolve all the problems a given Installations may present the Grid.  The range of these solutions currently range from economical to the prohibitive. 

1. If the power flow study determines that the Generator installation could cause unintended operation of the network protector, the most direct way to mitigate this problem is to install the Generating facility on a dedicated radial line, isolated from the network.  The dedicated line could be served from the same substation as the network.  The dedicated line could connect to one of the primary feeders serving the secondary network, but utilities generally discourage this practice. 

2. Select a Generator size that will be sufficiently below minimum network loads so as to mitigate some/many of the system impacts.  

3. Time coordinate the network protector relay to ensure protectors will not operate due to power flow contributions from the Generator; that is, install time delays on the protector that will cause Generator relays to operate prior to the protector for low levels faults or power flows.  The time delay option is accomplished using a microprocessor-based relay.  Many existing protector relays are electro-mechanical and may need to be replaced if this option applies.   A related option is to time-coordinate power flows on the network protector and isolate or reduce output from the Generator whenever flows across the protector drop below a specified level. The time delay has the potential to reduce power quality. A similar option is to install a load totalizer on critical load buses and isolate the Generator whenever reverse power flows occur on that bus.  In all cases, the size of the Generator may need to be limited in order to maintain power quality.
 

4. Pilot programs are currently underway to assess the performance of spot network systems where protector clearing times are delayed under non-fault conditions to coordinate with DG protection system.  Although these protection systems apply only to spot networks, they offer promise to some DG applications, provided their performance is acceptable to utilities and consistent with industry practices. Upgrade key network system components, such as protectors or relays, with modern devices designed to withstand the currents and voltages that may be produced by Generators.  For example, suppliers have or soon may offer network protectors may soon be available that are rated to include high interruption capability and separation capability (i.e., breaker capability). 

5. It may be possible to reconfigure or expand a grid network to obviate the need for dedicated facilities or to mitigate the possibility of unintended reverse power flows on network protectors.  In most circumstances, such upgrades would not be cost-effective; however, larger or an extensive number of smaller Generator on a network possibly could justify the modifications if the upgrades are reasonably minor. 

6. Other options offered by generator suppliers.

[Peter Chamberlin will provide draft language for this section.  Other working group members still doing final review of the section]
Appendix E: Interconnection Tariff

(Language including any agreement forms to be supplied by the Working Group)









Other Stakeholders 


Department of Energy Resources


Massachusetts Technology Collaborative


Cape Light Compact


Associated industries of Massachusetts


Wyeth


Union of Concerned Scientists


MA Public Interest Research Group


Conservation Law Foundation


Massachusetts Energy Consumers Alliance


ISO-NE











*The Collaborative agrees to endeavor to increase this maximum size over time as experience is gained and/or advances in technology. 








System Modifications Check – See Note 7 (d)





Is the aggregate generating facility capacity less than 1/15 of customer’s minimum load?





Utility Cluster


NStar Electric


Western Massachusetts Electric Company/Northeast Utilities


Masachusetts Electric Company/National Grid


Fitchburg Gas & Electric/Unitil








No





(Specify)





No, exceeds relative threshold





No





No





No, area network





yes





yes





yes





yes





yes





Expedited Interconnection





System Modifications Check – See Note 7 (d)





Standard


Review





Distributed Generation Cluster


Aegis Energy Services


E-Cubed Company, LLC


Solar Energy Business Association, New England


Ingersoll-Rand


National Association of Energy Service Companies


Northeast Combined Heat and Power Initiative


Turbosteam


National Electricity Contractors Association


Real Energy


United Technologies Corporation


Keyspan


Plug Power


Trigen Energy








Is the facility less than 10 kw?*








Does the Facility use a Qualified Inverter? (UL 1741)





Figure 1: Schematic of Massachusetts DG Interconnection Process





Facility Processed for�Standard Interconnection�Under DG Tariff (Note 8) 





Facility Processed for�Expedited Interconnection�Under DG Tariff (Note 7) 





Facility Processed for�Simplified Interconnection�Under DG Tariff (Note 6) 





Customer accepts





Company performs Impact and �Facility (if required) Study 





Company provides cost estimate and schedule for Interconnection Study(ies) 





No





Yes





System Modification Check�(see Note 7d) 





Yes





Does Supplemental Review determine requirements? 





Initiate�Standard


Review





(Note 8)





No





No





Yes





Perform


Supplemental


Review





(Note 7f)





No





Does the facility pass all the following screens?





4. Is the Facility certified? (see Note 9)





5. Is the Starting Voltage Drop Screen met? �    (Note 2)





6. Is the Fault Current Contribution Screen met?�    (Note 3)





7. Is the Service Configuration Screen met? �    (Note 4)





8. Is the Transient Stability Screen met? (Note 5)





Yes





Customer opts �for Standard Review Process





Yes





3. Does the facility use a Qualified Inverter with a Power �    Rating of 10 kW or less?





2. Is the Aggregate Generating Facility Capacity on the circuit less than 7.5% of circuit annual peak load? (Note 1)





No





Go to Figure 2





1. Is the Point of Common Coupling on a�    Radial Distribution System?





Customer submits complete application and application fee





Is the Point of Common Coupling on a spot Network?











� If the generation will always be isolated from the Utility’s system, (i.e., it will never operate in parallel to the Utility’s system), then these requirements do not apply. 


� Some members of the DG cluster have not agreed to the timeframes outlined in the schedule.


� All days listed apply to Utility work days under normal work conditions.  All numbers in this table assume a reasonable number of applicants under review. Any delays caused by IC Customer will interrupt the applicable clock.  Moreover, if an IC Customer fails to act expeditiously to continue the interconnection process or delays the process by failing to provide necessary information within a reasonable time (e.g. fifteen days), then the Utility may terminate the application and the IC Customer must re-apply.  However, the utility will be required to retain the work previously performed in order to reduce the initial and supplemental review costs incurred. 


� Some members of the DG cluster have not agreed to the timeframes outlined in the schedule.


� 30 days if load is known or can be reasonably determined, 90 if it has to be metered.


� Utilities deliver an executable form.  Once an executable agreement is delivered by the utility any further modification and timetable will be established by mutual agreement. 


� Actual totals laid out in columns exceed the maximum target.


� Shorter time applies to Expedited w/o supplemental review, longer time applies to Expedited with supplemental review. 


� The parties agree that the maximum days are 40/60.  The parties will endeavor to establish what a reasonable average number of days is by the final filing if possible.  The parties further agree that average days (fewer than maximum days) is a performance metric that will be tracked. 


� The parties agree that although the maximum days are 125/150.  The parties will endeavor to establish what a reasonable average number of days is by the final filing if possible.  The parties further agree that average days (fewer than maximum days) is a performance metric that will be tracked.


� The customer will pay a minimum fee of $300 for the utility to review the application. If the Facility is not then in the simplified process, the utility will let the customer know what the appropriate fee is. Some members of the DG cluster did not agree to the fees in this table.


� For Supplemental Review, applicants will pay actual costs up to $1,250, which is based on a maximum of 10 engineer hours at an estimated $125/hour (pending utilities further verification in the next phase). If more study is needed, then the Utility will provide a cost estimate for the impact and/or feasibility studies.


� This is the actual cost only attributable to the applicant. Any costs not expended from the application fee previously collected will go toward the costs of these studies.


� Not applicable except in certain rare cases where a system modification would be needed. If so, the modifications are the customer’s responsibility.


� O & M is defined as the Utility Operations and Maintenance carrying charges on the incremental costs associated specifically with serving the DG Customer. However, the Collaborative recognizes that who should pay and how the charges should be allocated should be taken up in the next phase of the docket. 


� Unless extraordinary circumstances.


� A pilot installation is currently underway to assess the performance of spot network systems where protector clearing times are delayed under non-fault conditions to coordinate with DG protection system.  Although these protection systems apply only to spot networks, they offer promise to some DG applications, provided their performance is acceptable to utilities and consistent with industry practices.
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