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I. 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 highly reliable, 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 of this arrangement provides for a highly reliable system since 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 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).  

Networks present three major challenges for interconnection that are unique from radial interconnection:  

· 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

The reliability of network systems is much higher than radial systems.  Utilities do not want this greater reliability to be degraded due to the presence of small generators connected to the network.  

One of the areas that could degrade reliability is the inadvertent operation of network protectors.   Under normal (non-fault) conditions, if the aggregate DG output connected to a networked secondary system exceeds the aggregate load, the excess power could activate one or more network protectors.  If such a situation were allowed, the reliability of the secondary network would be degraded.  In such a circumstance, DG would unacceptably compromise grid reliability or power quality.
Under fault conditions on the primary side of a network transformer, the fault current fed from the DG could cause network protectors to open , potentially isolating the entire network, thereby possibly jeopardizing the added reliability that a network distribution system is intended to bring.  The DG fault current also could exceed the equipment ratings of secondary equipment, leading to potential failure and interruptions.

 Costs

The cost of networks systems is much higher than radial systems due to the redundancy, underground location and higher cost equipment.  The cost to interconnect small generator therefore may be higher as well.

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 is likely necessary to ensure that system reliability is not compromised.

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.   For example, a 10kW photovoltaic system installed on a spot network represents far less of a challenge for interconnection than does a 200 kW natural gas engine-driven generator installed on an area network.   A 10 kW system is small enough to make it less likely that power could flow across a network protector in the reverse direction.  A photovoltaic system also uses an inverter to interconnect to the network, and provides less fault current compared to synchronous generators, such as a gas-fired engine.  

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. 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.


A process for learning from interconnection experience

The Group developed several points of reference which it would like to see guide the development of an interconnection learning mechanism.

· Capture experience from other jurisdictions and developments in technology, perhaps using a consulting firm.

· Form a working group to meet quarterly/semi-annually to review interconnection experience and explore possible improvements to the interconnection process.

· Consider pilot projects with the goal of identifying solutions to interconnection challenges (e.g. networks), contingent upon funding and availability of sites. 

· Put together a “dress-rehearsal” project that could be used to develop a process, with an eye toward identifying “milestone” points (this was suggested by one participant but not agreed to by the Group).

II. Interconnection Schematic Diagram




Note: See Radial Section for Timelines and Fees associated with network related interconnections




III. Attachment for potential DG/customers interested in interconnecting to secondary network distribution systems

The Working Group had the following comments on this document:

· Incorporate Bill Feero’s write-up of his presentation on solutions/challenges. 

· Make it more technical

· Connect w/ overview of network connection

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: 

· DG Facility Size

· Technology Type

· Location

· Exporting

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. 

DG Facility Size

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).  

If the aggregate DG output within a networked secondary exceeds the aggregate load, the excess power will activate one or more network protectors.  If such a situation were allowed, the reliability of the secondary network would be reduced.  In such a circumstance, DG could compromise grid reliability.

Most downtown areas of larger cities have secondary networks (e.g., Boston, Worcester, Springfield).  How far those networks extend and where the network ends and radial distribution begins is a function of the density of the load and a number of other factors.  Facilities in the center of downtown areas are very to be on networks, whereas facilities in suburban and rural areas are almost certain to be on a radial distribution system.

How would a utility likely address this challenge?

As the total DG 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 if it is possible for the network protectors to experience unintended reverse power operations (even momentarily) from DG output. 

Alternative schemes for interconnection

If the power flow study determines that the DG installation could cause unintended operation of the network protector, the most direct way to mitigate this problem is to install the DG 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.

If the proposed DG location is close to a network protector, it might be straightforward and less costly  to switch the DG onto a radial feeder.  If the 25% (???) of network load requirement is not met, the utility should conduct a power flow study and investigate whether it is necessary to convert the DG service from network to radial to mitigate the unintended operation of the network protectors.

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 DG on a network possibly could justify the modifications if the upgrades are reasonably minor.

Pilot programs are currently underway to assess the  performance of spot network systems where protector clearing times are delays 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.

Technology Type

What are the challenges?

The challenges of network interconnection vary by technology type (inverter, induction generators and synchronous generator).  Generally, inverter-based DG has less impact than either induction or synchronous generators.  Synchronous generators have a greater impact on network systems than induction generators, due to their ability to produce continuous fault current into the network and the possibility of “islanding” a segment of the network.  (NARUC suggests that synchronous generators not be allowed to connect to a network system)  Further, spot network generally will be able to accommodate large DG, all else being equal than grid networks.  Sot network transformers loading tend to be more balanced than grid networks and loadings and DG impacts are more predictable, and therefore more straightforward to mitigate.

How is a utility likely to address this issue?
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System Modifications Check – See Note 7 (d)
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Figure 2: Interconnecting to Networks







































































Box 1: Goals that should guide development of interconnection standards on the network.


Developed by the Network Work Team, 1.16.2003


Maintain the same level of system reliability of network service.  


Maintain the same level of safety to the Utility work force and public as at present. 


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


Develop a process that allows a Customer/Installer to determine within a cost-effective timeframe whether a given project is viable economically and procedurally. 


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


Explore collectively the opportunities and challenges of network interconnection through pilot projects, studying interconnections throughout the country, and studying alternative interconnection techniques.


Explore approaches for expediting interconnection on area networks for inverter and induction generators.


Examine which goals can be applied to both network and radial systems (a, b, and c)
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