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Executive Summary
The Screening Framework and Guidelines for Implementation of 30 V.S.A. § 8005a(d)(2),
approved by the Vermont Public Service Board (Board) in Docket No. 7873, requires that
utilities file reliability plans for any reliability issue that “screens in” under applicable screening
criteria used by the Vermont System Planning Committee (VSPC). By Procedural Order in
Docket No. 7873, dated March 31, 2016, the Board set the deadline for Green Mountain Power
(GMP) to file its Hinesburg area reliability plan to October 1, 2016. This document comprises
GMP’s reliability plan for the Hinesburg area.
GMP customers in the Town of Hinesburg are served by an eight-mile-long distribution line
which originates at the GMP Charlotte substation. The load concentration in Hinesburg,
together with its distance from the Charlotte substation, results in potential thermal overloads,
voltage limitations, and challenges to adequately protect the distribution line for contingencies.
While GMP has identified a solution to the existing protection issues, there remain a number of
unresolved issues including the potential for future load growth, voltage constraints, high solar
penetration, and motor start limitations.
GMP analyzed a number of possible solutions to address the long-term reliability needs of the
Hinesburg area. These solutions were considered in combination with the goal of producing a
robust, cost-effective, long term solution for the area. The potential solutions include: a new
GMP substation; a new jointly-owned substation with the Vermont Electric Cooperative (VEC);
installation of distance relaying; distributed generation; energy efficiency; and battery energy
storage.
After analysis and consideration, GMP plans to install a battery energy storage system (BESS) in
the Hinesburg area while participating with VEC in a new substation. Installation of a BESS, in
conjunction with a substation, provides GMP with a flexible solution that allows for the deferral
of certain transmission and distribution infrastructure while providing the potential to be the
lowest cost solution to area deficiencies. GMP is committed to constructing additional storage
facilities on its electric system to obtain benefit streams including reduced power and
transmission expenses, deferral of transmission and distribution projects, reduced power
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supply risk, and enhanced resiliency. The Hinesburg area provides a particular opportunity for
GMP to gain insights into the costs and effectiveness of a BESS solution in addressing an actual
reliability deficiency. The Hinesburg area reliability deficiencies include multiple facets of
interest, including high solar penetration and a relatively weak distribution system with limited
capacity for future growth. GMP believes that, given the inherent advantages of battery storage
modularity, a battery solution in this area will effectively address uncertainties surrounding
load growth and solar penetration while providing insights on the ability of storage solutions to
address reliability needs.

Regulatory Framework
The Screening Framework and Guidelines for Implementation of 30 V.S.A. § 8005a(d)(2),
approved by the Board in Docket No. 7873, requires that utilities file reliability plans for any
reliability issue that “screens in” under the applicable screening criteria used by the VSPC in
making its geographic targeting (GT) recommendations. The VSPC recommendations are filed
by January 1 of each year to ensure that, if standard-offer plants provide sufficient benefit in
addressing a constraint to warrant being treated as outside the standard-offer program limits
on annual capacity, this potential is identified in time for the annual standard offer solicitation.
The subsequent reliability plans are normally filed by April 1. However, as described further
below, GMP’s analysis in early 2016 determined that additional distributed generation would
not have the capability to address the specific challenges of its Hinesburg area system. With the
support of the VSPC and the Vermont Public Service Department (PSD), GMP filed with the
Board for an extension of the deadline for filing its Hinesburg reliability plan to October 1, 2016.
In its filing for extension, GMP stated that additional time for its Hinesburg area reliability plan
would not create a conflict with the timelines of the standard offer program and would provide
time for GMP to fully analyze the costs and benefits of various alternatives to address the
reliability deficiencies in the Hinesburg area. GMP also addressed the process for determining
the need for geotargeted energy efficiency that was established by Board Order in
Docket No. EEU-2010-06, dated February 16, 2012, and modified by Order in
Docket No. EEU-2013-11, dated January 24, 2015. Under this process, the VSPC makes its
annual energy efficiency geotargeting recommendations to the Board in October to facilitate a
Board order in November ruling on any newly geotargeted areas. This timing enables
implementation to proceed in the following calendar year. The October 1 extension date
requested by GMP would allow the VSPC to make a timely recommendation to the Board, in
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October 2016, concerning the potential need for geographically targeted energy efficiency in
the Hinesburg area.
By Procedural Order in Docket No. 7873, dated March 31, 2016, the Board granted GMP’s
request for extension of the deadline for filing the Hinesburg area reliability plan to October 1,
2016. This document comprises GMP’s reliability plan for the Hinesburg area.

The Hinesburg Area Reliability Deficiency
GMP customers in the Town of Hinesburg are presently served by an eight-mile-long, 12.47 kV
distribution line, the 28G2, which originates at the GMP Charlotte substation. (As discussed in
detail below, a portion of the GMP customers in Hinesburg are currently being served by a
feeder tie to the VEC Hinesburg distribution system.) In recent years, this feeder has exhibited
peak loads in both summer and winter. The 2014 peak of 5.6 MW occurred in the evening hours
in January. The year-to-date 2016 peak, which exceeded 6 MW, occurred in early afternoon in
August. The portion of this load in the Hinesburg area is over 3 MW. Economic activity in
Hinesburg is resulting in the possibility of new load in the area from housing developments,
growth in commercial enterprises, and the rehabilitation of the former Saputo cheese factory.
GMP notes that the rate of load growth in Hinesburg is highly uncertain. This area is a bedroom
community for Burlington and, should growth develop, there is the potential for it to develop
very quickly. Also, in recent years, GMP has obtained requests from two potential customers in
Hinesburg to consider supplying power that is presently supplied by diesel generators.1 These
include a gravel pit, with an estimated load of 900 kW, and sawmill, with an estimated load of
150 kW.
Load flow simulations of the 28G2 circuit indicate that, with the addition of a third set of line
regulation, the circuit capacity would be approximately 9 MW. To capture the worst case
scenario, this simulation assumes that a portion of the Hinesburg load was no longer supplied
via the VEC tie. GMP chose a conservative approach given that the specifics on where, type and
how much load may develop is so uncertain. At loads exceeding 9 MW on this circuit, the load
concentration in Hinesburg, together with its distance from the Charlotte substation, result in
potential thermal overloads, voltage limitations, and challenges to adequately protect the
distribution line for contingencies. Numerous line regulators result in longer times required to
1

Retiring these customers’ existing diesel generation with grid electrification could be used, in part, by GMP to
meet its Tier 3 requirements set forth in Vermont’s Renewable Energy Standards.
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adjust voltages back within acceptable ranges as system conditions change. These longer
adjustment times, in turn, can result in more challenges with PV interconnection. Regardless of
the amount of new load, the large motors associated with the gravel pit and sawmill, currently
on diesel, would not be able to start without excessive voltage flicker. The limited system
strength in the area could prevent installation of new photovoltaic distributed generation (DG).
As a low-cost interim solution, GMP collaborated with the Vermont Electric Cooperative (VEC)
in the Hinesburg area to reduce the loads on the GMP Hinesburg system. Specifically, in 2015,
GMP constructed a new 12.47 kV distribution feeder tie from its GMP Hinesburg system to the
VEC Hinesburg substation. This new feeder tie is limited to 2 MW, and presently connects about
1.8 MW of GMP’s Hinesburg load to the VEC Hinesburg substation thereby relieving some of
the loading on the long feeder that originates at the GMP Charlotte substation. This tie is close
to its limit and anticipated area load growth will require additional measures to address system
limitations.

Potential Solutions
GMP has analyzed a number of potential solutions to address the long-term reliability needs of
the Hinesburg area. GMP notes that these potential solutions are not necessarily mutually
exclusive and may be considered in combination to produce a robust, cost-effective, long term
resolution to the Hinesburg area deficiencies. The potential solutions GMP analyzed included
the following:







New GMP substation
New GMP/VEC jointly-owned substation
Installation of distance relaying
Distributed generation
Energy efficiency
Battery energy storage

Each of these potential solutions is discussed below:
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New GMP Substation
One possible solution to the Hinesburg area reliability needs would be for GMP to construct a
new, GMP-owned, 34.5 kV to 12.47 kV substation in Hinesburg. The location of this substation
would be adjacent to the VELCO corridor in the vicinity of the Charlotte Road. The primary
purpose of this substation would be to serve the GMP Hinesburg area load and to remove from
the Charlotte substation the portion of the 28G2 feeder load that is distant from that
substation. The new Hinesburg substation would include a 34.5 kV to 12.47 kV, 15/28 MVA2
transformer with oil containment, high-side circuit breaker, associated fence, ground grid,
communications and security, and two distribution circuits with circuit breakers and regulators.
A new seven-mile-long 34.5 kV subtransmission line with breakers originating at the LeClair
switch in Williston and following the VELCO corridor would be constructed to supply the
substation. A new GMP substation would increase the available capacity to the area to serve
existing and new load, reduce losses, improve voltage performance, and provide additional
system capacity for distributed generation. The increase in system strength would allow for
appropriate circuit protection, which at present is lacking; permit large motors to start without
excessive voltage flicker; and potentially allow for the removal of the diesel generation used to
power a gravel pit and sawmill in the area. The new substation would also provide feeder
backup to the Charlotte substation, provide the potential to backup circuits originating at the
GMP North Ferrisburg substation, and provide the potential to backup area VEC circuits.
The cost of a new GMP-owned substation in Hinesburg, together with the new transmission
line, is estimated to be $7.7 million.3 A geographic representation of this option together with
its cost components is provided in Appendix 1.

New GMP/VEC Jointly Owned Substation
In early 2016, GMP learned that VEC intends to replace its VEC Hinesburg substation4 with a
new substation. The replacement of the VEC Hinesburg substation is driven by advanced
substation age and deteriorating asset condition and cannot be avoided or deferred with nontransmission alternatives. As a result, GMP and VEC have engaged in discussions on the
2

GMP sized this larger transformer for system strength and future flexibility. The savings from the next-smallest
size transformer (10/14 MVA) is modest at approximately $60,000.
3
All costs included in this document are preliminary, high-level planning estimates and are provided for the sole
purpose of comparing options. Potential costs for land acquisition and permitting are not included.
4
The VEC Hinesburg substation is also known as the VEC Rhode Island Corners substation.
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possibility of constructing a jointly-owned substation5 which has the potential to significantly
reduce the cost of a traditional solution to GMP’s Hinesburg area constraints, as well as
potentially reducing the substation replacement costs for VEC.
The existing site of the VEC Hinesburg substation has challenges for the rebuild of a larger
facility due to ledge and wetlands. For this reason, several other sites have been considered for
a jointly-owned substation. These include parcels on Texas Hill Road as well as a location on
North Road. Similarly, two different 34.5 kV transmission supplies to these potential
substations have been considered. The first would be an extension of the existing Richmond to
VEC Hinesburg substation 34.5 kV transmission line. Depending on the site chosen, this
extension would be approximately one to three miles long. The second transmission supply
considered would be an extension of the 34.5 kV system from the GMP LeClair switch in
Williston, installed along the existing VELCO corridor, to Hinesburg. Depending on the specific
substation site chosen, this extension would be approximately 11 to 13 miles long.
From these considerations, three options emerged as the most viable and cost-effective for a
jointly owned substation. These include:
1) A new substation at Texas Hill Road utilizing existing transmission;
2) A new substation at North Road utilizing existing transmission; and
3) A new substation at North Road with a new transmission line originating at the LeClair
switch.
Geographic representations of these options, together with their respective cost components
and preliminary estimates of cost allocation between GMP and VEC are provided in Appendix 2,
Appendix 3, and Appendix 4.6
5

GMP notes that, in recent years, GMP and VEC have successfully collaborated on three joint substation ventures
including the Richmond, Jay, and Tafts Corner distribution substations. This collaboration is required by the
Vermont Electric Plan. The 2016 Comprehensive Energy Plan, which incorporates the Electric Plan, in Appendix B, at
page 20, states: “Decisions regarding some facilities may affect more than one utility. In such instances, utilities
should work together so that their evaluations reflect not only their individual interests, but also the interests of
ratepayers generally.”
6
The VEC Hinesburg substation is radially supplied by a 6.2 mile VEC 34.5 kV transmission line (51Y5 line) which in
turn is sourced from the GMP Richmond 34.5 kV substation. The GMP Richmond substation, which also supplies
both GMP and VEC distribution at 12.47 kV, is sourced from the GMP 34.5 kV Sand Road to Bolton Falls
transmission line (3334 line). For all options under consideration in this Reliability Plan, GMP and VEC plan to install
two circuit breakers, on either side of the Richmond tap, for the purpose of enhancing the reliability of the
transmission supply to this area. A one-line diagram of the transmission system in this area is provided in
Appendix 5. (Continued…)
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On the basis of the completed cost estimates and system analysis, it appears that the least-cost,
jointly-owned substation would be located on Texas Hill Road and be supplied by an
approximately one-mile-long extension of the existing Richmond to VEC Hinesburg substation
34.5 kV transmission line. This is the option shown in Appendix 2. A new jointly-owned
Hinesburg substation would contain a 34.5 kV to 12.47 kV, 15/28 MVA transformer with oil
containment, two feeders for GMP, and two feeders plus a spare position for VEC. The primary
purpose of this substation would be to address the asset condition of the aged VEC Hinesburg
substation, serve VEC Hinesburg area load, and serve GMP Hinesburg area load thereby
removing from the GMP Charlotte substation the portion of the 28G2 feeder load that is distant
from that substation.
The jointly-owned substation would also include a high-side circuit breaker, associated fence,
ground grid, communications and security, and distribution circuit breakers and regulators. For
GMP, this substation would increase the available capacity to the area to serve existing and
new load, reduce losses, improve voltage performance, and provide additional system capacity
for distributed generation. The increase in system strength would allow for appropriate circuit
protection, permit large motors to start without excessive voltage flicker, and potentially allow
for the removal of the diesel generation used to power the gravel pit and sawmill in the area.
The substation would also provide feeder backup to the Charlotte substation and provide the
potential to backup circuits originating at the GMP North Ferrisburg substation.
The total cost of this option is estimated to be $6.7 million. This cost includes extension of the
transmission supply, upgrades to the Richmond substation, and the cost of distribution system
upgrades required by GMP to connect its distribution system to the new substation. The GMP
share of the cost of this option would be $3.7 million.
It should be noted that the Texas Hill and North Road locations, when supplied from the
existing VEC 34.5 kV line, are very close in cost and performance. This supports the idea that if
the Texas Hill site was not available, a site in the vicinity of either location would be acceptable
and similar in cost. GMP also conducted analysis to confirm that the GMP system could be

At present, a permanent fault on the 3334 line opens the breakers at Sand Road and Bolton Falls which in turn
results in outages to customers supplied by the Bolton, Richmond, and VEC Hinesburg substations. Adding
breakers to the 3334 line on either side of the Richmond tap effectively sectionalizes the 3334 line thereby
preventing the loss of supply to the Richmond and VEC Hinesburg customers for any permanent fault on the
3334 line. These breakers would also prevent the loss of supply to the GMP Bolton customers for a fault on the
3334 line between Sand Road and Richmond.
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adequately supported in the event the existing VEC Hinesburg substation location became the
only available location.

Installation of Distance Relaying
The GMP Hinesburg area is characterized by relatively large loads that are distant from their
substation supply. Under these circumstances, providing adequate system protection may not
be feasible with conventional distribution system relay protection schemes. As a result, GMP
has considered implementing distance-element relaying to replace the conventional timeovercurrent relaying on the 28G2 feeder. Distance relaying would most likely be employed in
circumstances in which resolution of the Hinesburg area reliability needs do not include
measures that enhance system strength. For example, if a solution does not include
construction of a new substation, distance-element relaying may be required.

Distributed Generation
GMP determined, in early 2016, that additional distributed generation, as might be solicited as
part of the standard offer program, would not successfully address the specific challenges of its
Hinesburg area system. Specifically, analysis for this area indicates that additional distributed
generation can result in voltage fluctuations in the form of inadvertent raising and lowering the
voltage to customers outside of the allowable voltage range7 before line and substation voltage
regulators can react to adjust the voltage. This is due to the exceptionally weak area system
characterized by significant line impedance, high loads, and a relatively large amount of existing
DG. With respect to the amount of DG installed, to date GMP has interconnected over 4.1 MW
of photovoltaic DG onto the 28G2 circuit. The rate of interconnections to the 28G2 is illustrated
in the table below:

7

For steady state voltage, GMP adheres to the American National Standards Institute (ANSI) standard C84.1.
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Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
Queued

kW Installed
10
33.21
40.72
313.15
149.27
87.27
179.52
2465.37
747.89
128.05
64.24

Count Installed
1
11
9
26
19
14
20
19
27
18
13

kW Cumulative
10
43.21
83.93
397.08
546.35
633.62
813.14
3278.51
4026.4
4154.45
4218.69

Count Cumulative
1
12
21
47
66
80
100
119
146
164
177

To the contrary, GMP believes that strengthening the Hinesburg area distribution system with
other solutions could potentially allow GMP to interconnect increasing amounts of distributed
generation in the area. Further, GMP notes that area peak loads, at times, have been realized
post-sundown so that additional photovoltaic DG would not be an effective solution. The
absence of dairy farms in the Hinesburg area precludes any opportunity for methane digester
generation.

Energy Efficiency
GMP contracted with Vermont Energy Investment Corporation (VEIC) to determine whether
energy efficiency, either alone or in combination with other alternatives, could result in deferral
of a traditional solution for the Hinesburg area. VEIC performed a study to determine the
amount of untapped energy efficiency that could be obtained with geographic targeting (GT) of
the premises connected to the 28G2 circuit. This circuit serves approximately 2,300 customers
of which 2,000 are residential. The details of VEIC’s study are contained in Appendix 6.
VEIC determined that, over a two-year period, approximately 250 kW of peak demand savings
could be obtained on the 28G2 circuit. This amount represents approximately 4% of the
circuit’s peak load and is within the range of previous GT efforts in Vermont. VEIC found that
the full potential demand savings, or 250 kW, could be achieved for $1,000,000.
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Battery Energy Storage System
GMP collaborated with Res Americas in 2015 to evaluate the potential for reactive
compensation systems (synchronous condensers, static var compensators, and STATCOM) and
battery energy storage systems (BESS) to address the Hinesburg area reliability constraints. This
evaluation considered the devices’ fault current capability, photovoltaic (PV) smoothing, motor
starting performance, and ability to meet system voltage standards. This evaluation also
measured the devices’ ability to perform under the stressed condition of regulating distribution
system voltage during the coincident events of PV smoothing and motor starting. Res Americas
and GMP concluded that a BESS provided the best performance among the devices analyzed.
BESS also allows for peak shaving, the ability to support additional area load growth,
participation in ancillary services markets, and the potential to provide backup power to the
area distribution system during outages.
With respect to backup power, GMP notes that backup supply to the distribution system from a
BESS would likely be limited to several hours’ duration, depending on the area load at the time
of the outage. While this level of backup is sufficient for outages of short duration, it may not
be adequate for long duration outages. Area backup for longer term outages would require
feeder backup from an adjacent substation. To the extent that a BESS replaces or defers a new
area substation, the ability to provide area backup during long term outages would be
foregone.
On the basis of this information, Res Americas developed a financial cost-benefit analysis for a
BESS to address the Hinesburg area reliability deficiencies and to allow for the deferral of a new
Hinesburg area substation. This analysis included the benefits of reducing the regional network
service (RNS)8 charge and of participating as a merchant plant in the forward capacity market,
energy arbitrage9, and frequency regulation10 market. The study considered two levels of BESS:
3 MW/6 MWH and 6 MW/6 MWH. The study also considered two substation deferral periods:
five years and ten years. The results showed that in all four cases, the BESS would be costeffective with a net present value (NPV) range from $1.4 million to $7.7 million. This evaluation
8

RNS is a charge allocated to utilities for the use of pool transmission facilities based on monthly peak load. A
decrease in monthly peak load will decrease transmission expenses for the utility.
9
Energy arbitrage is a calculation meant to reflect that the battery would generally be charged during off-peak
hours. These hours would tend to have lower energy prices than the hours that the battery would be in discharge
mode.
10
Frequency regulation is a market in which participating resources respond instantaneously to changes in load
conditions to provide system stability and reliability by increasing or decreasing output or load depending on ISONE signals.
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assumed a T&D deferral value of $10 million and included a relatively high frequency regulation
forecast. The results of this analysis were presented to the VSPC in February 2016.
After engaging with VEC to determine the least-cost option for a jointly-owned substation, GMP
completed additional in-house analysis to evaluate a BESS solution in conjunction with a new
area substation. This analysis considered two options: Option 1 included a GMP BESS located in
Hinesburg with a new VEC substation located at the existing VEC Hinesburg substation location.
Option 2 included a GMP BESS located in Hinesburg with a new VEC substation located at the
Texas Hill location. Geographic representations of these options, together with their respective
cost components, are provided in Appendix 7 and Appendix 8. This analysis assumed that:
1) VEC will construct a new substation to address the asset condition of its existing Hinesburg
substation; and
2) The new substation would be constructed with space available for two future feeder
positions thereby providing GMP with the option of adding two distribution feeders to it in
the future.
The strategy of employing a BESS in Hinesburg provides GMP with a T&D deferral benefit that
results from delaying construction of the two GMP circuit positions at the substation and
delaying construction of the distribution line infrastructure needed to interconnect the
substation to the GMP Hinesburg distribution system. The overnight capital costs of these
potential deferrals, for Option 1 and Option 2, were $1.6 million and $1.1 million respectively.
The BESS evaluation includes numerous assumptions regarding load growth, hourly load
profiles, T&D deferral costs and duration, frequency regulation forecast11, hours of peak
shaving, hours required for reliability support12, BESS capital and O&M costs, equipment lives,
and replacement costs. Appendix 9 provides some insight into the variations in costs and
benefits that can result with differing assumptions.
This evaluation was based on 2014 sub-hourly loads for the 28G2 circuit. These loads were then
adjusted to reflect different potential load growth scenarios which in turn were used to
determine which services the BESS would be able to provide and their potential availability.

11

GMP’s in-house analysis assumes substantially lower Regulation Service prices and revenues than the RES
Americas analysis did to reflect the expectation that other new battery storage plants in the region will increase
the supply of Regulation Service in the coming years and lower the market price that suppliers receive.
12
As the number of hours that the BESS is needed for system reliability support increases, the number of hours
that it is available for participation in market activities (and the subsequently derived revenues) decreases.
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Based on load needs and total capital cost, these analyses assumed the 3 MW/6 MWh battery
configuration while the values of the benefits from the battery are based on GMP’s current
market outlook for each of the products and the potential volumes of those services delivered
on an annual basis. For screening purposes, GMP assumed incremental annual growth of
500 kW for either five or ten years, providing cumulative growth of between 2,500 kW and
5,000 kW over the life of the project. Another important assumption is that the battery would
be repowered after ten years, with the then-current battery solution, which would reflect a
thirty percent price decline in real terms over that period to reflect advances in technology and
manufacturing. GMP believes that this price decline assumption is both reasonable and
conservative.
In summary, the following scenarios were assessed:
1) 500 kW of growth for five years and then no additional growth assuming each hour’s
load experiences 500 kW of growth;
2) 500 kW of growth for five years with higher frequency regulation prices;
3) 500 kW of growth for five years with no T&D deferral value;
4) 500 kW of growth for five years with 10 years of T&D deferral value;
5) 500 kW of growth for five with the battery replacement cost at repowering discounted
40% instead of 30%;
6) 500 kW of growth for five years with 10% less capacity and RNS;
7) 500 kW of growth for five years with 10% less frequency regulation;
8) 500 kW of growth for ten years and then no additional growth assuming each hour’s
load experiences 500 kW of growth; and
9) 500 kW of growth for ten years with shaped load increases and then no additional
growth assuming each hour’s load growth is shaped (e.g. hours with the highest load
see the most growth while hours with lower growth grow at a slower rate).
As shown in Appendix 9, the BESS NPV ranges from a net cost of $144,000 to a net cost of
$2.6 million. In the context of the total cost for supporting load in Hinesburg, the cost of
rebuilding VEC’s existing substation as a two-circuit substation with the potential to be
expanded to a four-circuit substation, combined with the net cost of the BESS solution, results
in a total cost of between $5.0 million and $7.9 million. This compares to the lowest cost for a
GMP/VEC jointly owned substation of $6.7 million. This illustrates that, under certain
assumptions, implementation of a BESS has the potential to be the least-cost solution for
meeting anticipated load growth and deferring GMP’s investment in substation infrastructure.
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Discussion and Conclusions
GMP analyzed numerous options to address the Hinesburg area reliability deficiencies. As
discussed above, a GMP-only substation would not be the chosen alternative. Construction of
this substation would necessarily lead to two substations in the area, and higher societal costs,
given that VEC must rebuild its substation to address asset condition. Rather, the least-cost
traditional solution would be a GMP/VEC jointly-owned substation, at the Texas Hill location, at
a cost of $6.7 million.
Analysis also found that distributed generation would not address post-sundown peaks and
could actually exacerbate system voltage fluctuations. The energy efficiency study performed
by VEIC showed very limited potential for load reduction with geographic targeting. These
potential load reductions were not substantial enough to ward off additional upgrade
requirements.
As discussed above, a GMP/VEC jointly owned substation provides the lowest cost “T&D only”
option for both utilities and would effectively address all of the Hinesburg reliability and system
protection deficiencies thereby removing any requirement for distance relaying. However,
installation of a BESS, in conjunction with a two circuit substation rather than a four circuit
substation, appears to be a more flexible solution and has the potential to provide the lowest
cost solution under some outcomes (e.g., limited load growth in the Hinesburg area, robust
market revenues from battery operation). This is because a BESS has the potential to defer
certain GMP upgrades, including delaying construction of two GMP circuit positions at the
substation and delaying construction of the distribution line infrastructure needed to
interconnect the substation to the GMP Hinesburg distribution system. Whether a BESS with
the two circuit substation would result in higher or lower net costs, when compared to a fullyconstructed four circuit GMP/VEC jointly-owned substation, varies greatly depending on the
input assumptions.
As outlined in the Board-approved GMP 2014 IRP, and discussed in the Vermont
Comprehensive Electric Plan 201613, construction of battery energy storage is a goal for both
the utility and the State. GMP is committed to constructing additional storage facilities on its

13

The Vermont Comprehensive Energy Plan 2016, at page 232, states the following: The fact that energy storage
blurs line between load and supply, and offers other values to consumers, utilities, and grid operators, poses
challenges that regulators, utilities, and industry will need to address sooner rather than later. . . . As the industry
matures, and states including Vermont learn from the pilot projects we are undertaking, solutions to these growing
pains will emerge — but it’s clearly time to get started.
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electric system in order to obtain a combination of potential project-specific benefit streams
(e.g., reduced power and transmission expenses, deferral of distribution and/or transmission
projects, reduced power supply risk, and additional resiliency). The Hinesburg area provides an
opportunity for GMP to gain insight into the costs and effectiveness of a BESS solution in
addressing an actual reliability deficiency. The Hinesburg area reliability deficiencies include
multiple facets of interest, including high solar penetration and a weak radial distribution
system with limited capacity for future growth. Unlike most traditional T&D solutions, battery
solutions have the advantage of modularity, allowing for relatively easy expansion as system
needs may dictate. In the Hinesburg area, the flexibility of a battery system could be
particularly useful to help GMP respond to a substantial degree of uncertainty in the key
planning assumptions (e.g., amount, type, and timing of future load in the area). There are also
markets, such as the Forward Reserve Market (FRM)14, that have the potential to provide even
further benefits from storage. GMP’s recent offering of Tesla Powerwalls as behind-the-meter
battery energy storage may, in the future, offer even more options for the implementation of
battery storage, and subsequent T&D deferral, in the Hinesburg area. In the event the BESS fails
to address the reliability deficiencies, or system growth expands beyond the capacity of a
storage solution, GMP would then have the option of completing the capital upgrades
associated with the GMP/VEC substation. At that time, the BESS could fully participate as a
merchant project. It is for these reasons that GMP plans to pursue a BESS in Hinesburg while
participating with VEC in a new substation. The substation would be constructed with adequate
space to allow for two future GMP circuit positions.15 Given the uncertainties in this area
surrounding load growth, solar penetration, as well as BESS performance, GMP believes that it
is appropriate for GMP to pursue the BESS together with a new substation with VEC.

14

The Forward Reserve Market acquires commitments ahead of time, for winter and summer periods, from
resources to provide reserve capacity (i.e., to start or ramp-up output quickly) in real time.
15
The actual cost allocation between GMP and VEC for this project has not yet been determined.
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Appendix 1
GMP Owned Substation with New Transmission from LeClair Switch

Project Cost Summary
GMP Transmission

$

VEC Transmission

$

Substation

$

2,811,096

GMP Distribution

$

315,000

VEC Distribution

$

Contingency

$

1,277,719

Total Project Cost

$

7,666,315

17%

3,262,500
-

-

37%
42%

0%

Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

Cost Split (VEC/GMP)

Substation
Contingency

0%

VEC

$

GMP

$

7,666,315

$

7,666,315

Total Project Cost

VEC Transmission
VEC Distribution

-

100%
VEC

GMP
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Appendix 2
GMP/VEC Joint Substation, Option #1, Texas Hill Location Utilizing Existing Transmission

Project Cost Summary
GMP Transmission

$

238,470

VEC Transmission

$

1,388,470

Substation

$

3,150,550

GMP Distribution

$

797,000

VEC Distribution

$

Contingency

$

1,114,898

Total Project Cost

$

6,689,388

0%

12%

17%

3%

-

21%
47%

Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

Cost Split (VEC/GMP)
VEC

$

2,946,194

GMP

$

3,743,194

$

6,689,388

Total Project Cost

VEC Transmission
VEC Distribution

Substation
Contingency

56%

44%
VEC

GMP
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Appendix 3
GMP/VEC Joint Substation, Option #2, North Road Location Utilizing Existing Transmission

Project Cost Summary
GMP Transmission

$

523,555

VEC Transmission

$

1,673,555

Substation

$

3,150,550

GMP Distribution

$

217,000

VEC Distribution

$

166,390

Contingency

$

1,146,210

Total Project Cost

$

6,877,260

3% 2%

17%

8%

46%
24%

Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

Cost Split (VEC/GMP)
VEC

$

3,413,325

GMP

$

3,463,935

$

6,877,260

Total Project Cost

VEC Transmission
VEC Distribution

Substation
Contingency

50%

50%
VEC

GMP
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Appendix 4
GMP/VEC Joint Substation, Option #3, North Road Location with New Transmission from
LeClair Switch

Project Cost Summary
GMP Transmission

$

1,959,535

VEC Transmission

$

1,959,535

Substation

$

3,150,550

GMP Distribution

$

287,930

VEC Distribution

$

680,000

Contingency

$

1,607,510

Total Project Cost

$

9,645,060

3%

20%
17%

7%

33%

20%
Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

Cost Split (VEC/GMP)
VEC

$

5,018,565

GMP

$

4,626,495

$

9,645,060

Total Project Cost

VEC Transmission
VEC Distribution

Substation
Contingency

48%

52%
VEC

GMP
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Appendix 5
Existing Richmond and Hinesburg Area Transmission System One-Line Diagram
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Appendix 6
Energy Efficiency Potential Study for the Hinesburg Area

Assessment of
Hinesburg feeder
Efficiency Potential Summary
PREPARED FOR
GREEN MOUNTAIN POWER
PREPARED BY
VERMONT ENERGY INVESTMENT CORPORATION
MARCH 4, 2016
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The purpose of this study was to provide a high-level estimate of the amount of demand reduction
available through untapped energy efficiency at premises connected to Green Mountain Power’s
(GMPs) feeder 28G2 which serves Hinesburg center from a substation in Charlotte. The feeder serves
approximately 2,300 premises, of which nearly 2,000 are residential.
Figure 1 shows megawatts supplied by the feeder by hour for one year, from October 2013 through
September 2014 (zero is at the top, peaks are at the bottom). The peak during the 12-month period was
5.6 MW at 6pm on January 2nd. The variability on the right side of the graph is due to the installation of a
large solar system, but a 4.9 MW summer peak still occurs at 7 pm on September 2nd.

Figure 1: Hourly load on the circuit

GMP asked VEIC to determine how much peak reduction energy efficiency could provide and at what
cost.
This project was based on last year’s analysis of Rutland.16 Details of the methodology and rationale are
in that report. However, VEIC felt the 55 Efficiency Vermont projects completed at connected premises
2009-2015 were not a large enough sample to use as a basis for the savings potential of the other
premises, which was the method that was used in Rutland analysis last year. Instead, the savings
potential was based on the reported average savings achieved by participating premises in geotargeted
areas 2007-2009: which is 5.3%.17

16

Appendix B in GMP’s Rutland Area Reliability Plan,
http://www.vermontspc.com/library/document/download/4916/20150401GMP_Rutland_Area_Reliability_Plan.pdf
17
Navigant Consulting, “Process and Impact Evaluation of Efficiency Vermont’s 2007-2009 Geotargeting
Program,” 2011, Table 62, Total (Less SLOOP 16i).
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Table 1 summarizes the peak savings potential. The first two columns refer to the maximum potential
available without considering constraints such as budget, time, or customer interest. The two columns
to the right show savings that could be achieved in two years, from this feeder’s share of statewide
efforts, and from a potential geotargeting effort for these customers. The reduction from total potential
to what can be achieved in two years comes from an evaluation of geotargeting efforts that showed
12% of C&I customers can be encouraged to complete a project in a two year period.18 The same 12%
factor was also applied to residential premises because no similar result was reported for the sector.
Table 1: Demand Savings Potential (kW)
Total Potential at all Premises

Commercial w/ demand
Commercial w/o demand
Residential

Remaining
Potential by
Category (kW)
40
280
1,720

Total Demand
Reduction
Potential (kW)
2,040

Savings Achievable in Two
Years…
…from statewide
effort 2017-2018 (kW)

…from GT
(kW)

50

250

The estimated 250 kW of savings that could be achieved in two years represents 4.4% of the feeder’s
peak load in 2014. This is within the range resulting from previous geotargeting efforts: 3.8%-6.7% of
area peak.19
The estimated cost of these savings is provided in Table 2 and

http://publicservice.vermont.gov/sites/dps/files/documents/Energy_Efficiency/EVT_Performance_Eval/Navigant_V
ermont%20GeoTargeting%202010%20Process%20%20Impact%20Evaluation%20FINAL%20.pdf
18
Ibid, Page 85.
19
Ibid, Table 55.
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$1.2
$1.0
$0.8
$0.6
$0.4
$0.2
$0.0
0

50

100

150

200

250

300

kW

Figure 2 below. Numbers to the right of this table include the numbers to the left. For example, the total
cost for the 100% incentive savings scenario is $1M and that includes the $140k for savings from
statewide programs.
Table 2: Cost of Savings Achievable in 2 Years

3 year Achievable Savings
Cost (Incentive)
Cost (Total)
Incentive Cost/kW
Total Cost/kW

Baseline share of
statewide effort
50 kW
$85k
$140k
1,900
3,100

Incentive: 80%
Measure Cost
200 kW
$480k
$800k
2,300
3,900

Incentive: 100%
Measure Cost
250 kW
$720k
$1M
2,900
4,200

Total EE Program Cost

Millions
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$1.2
$1.0
$0.8
$0.6
$0.4
$0.2
$0.0
0

50

100
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kW

Figure 2: Efficiency Cost Curve
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Appendix 7
BESS Option #1 with New VEC Substation at Present Location

Project Cost Summary
GMP Transmission

$

25,500

VEC Transmission

$

1,175,500

Substation

$

2,811,096

GMP Distribution

$

VEC Distribution

$

Contingency

$

802,419

Total Project Cost

$

4,814,515

0%
0%

17%

1%

-

24%

58%

Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

VEC Transmission
VEC Distribution

Substation
Contingency
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Appendix 8
BESS Option #2 with New VEC Substation at Texas Hill

Project Cost Summary
GMP Transmission

$

25,500

VEC Transmission

$

1,551,440

Substation

$

2,811,096

GMP Distribution

$

VEC Distribution

$

Contingency

$

877,607

Total Project Cost

$

5,265,643

0%
0%

17%

1%

-

53%
29%

Note 1: Contingency has been applied at:
20.0%
GMP Transmission
GMP Distribution

VEC Transmission
VEC Distribution

Substation
Contingency
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Appendix 9
BESS Scenario Analysis Summary

Levelized Cost

$7,667,596

$7,667,596

$7,667,596

500 kW for 5 Years
Battery 10%
500 kW for 5 Years 500 kW for 5
500 kW for 10
Cheaper
10% Less Peak
Years 10% Less years (Added to
(Repowering)
Shaving
Regulation
Each Hour)
$25,786
$25,786
$25,786
$25,786
$2,374,507
$2,110,673
$2,374,507
$1,490,148
$2,596,644
$2,308,128
$2,596,644
$1,648,632
$1,145,450
$1,145,450
$1,018,178
$1,069,982
$838,550
$838,550
$838,550
$838,550
($521,904)
($1,239,009)
($813,931)
($2,594,498)

$7,667,596

$7,502,841

$7,667,596

$7,667,596

Analysis of Hinesburg Battery T&D Deferral
$9M
$8M
$7M
$6M

$Millions

Energy
Capacity
RNS
Regulation
Deferral
Net Benefit/(Cost)

500 kW for 5
Years
$25,786
$2,374,507
$2,596,644
$1,145,450
$838,550
($686,659)

500 kW for 5 Years
500 kW for 5 Years
Higher Regulation
500 kW for 5
10 years of
Prices
Years no Deferral
Deferral
$25,786
$25,786
$25,786
$2,374,507
$2,374,507
$2,374,507
$2,596,644
$2,596,644
$2,596,644
$1,688,071
$1,145,450
$1,145,450
$838,550
$0
$581,906
($144,037)
($1,525,209)
($943,303)

$5M
$4M
$3M
$2M

$1M
$0M
500 kW for 5 500 kW for 5 500 kW for 5 500 kW for 5
Years
Years Higher
Years no Years 10 years
Regulation
Deferral
of Deferral
Prices
Energy

Capacity

RNS

500 kW for 5 500 kW for 5 500 kW for 5 500 kW for 10 500 kW for 10
Years Battery Years 10%
Years 10% years (Added Years with
10% Cheaper Less Peak
Less
to Each Hour) Shaped Load
(Repowering)
Shaving
Regulation
Increases
Regulation

Deferral

Levelized Cost

$7,667,596

500 kW for 10
Years with
Shaped Load
Increases
$25,786
$1,932,327
$2,122,638
$1,120,294
$838,550
($1,628,000)
$7,667,596

