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A. Summary

Background

The Addison County Regional Pl anning Col
within the overall energy planning framework of the State, in ordgran for our future
energy usage and infrastructufdis Plan addresses tAeldisonR e gi (the 6 §i Regi on o
best interests three key areas:

1. Economic needs and opportunities;
2. Environmental protection; and
3. Energy security.

Economic Needs, Threats and Opportunities

Energy costs have historically increased in both the State and the Region. As fossil
fuels have become more difficult to obtain, the costs to extract and bring fuels to market has
also risen. Energy producers have passed these costs on to the constimeelorig term,
assuming fossil fuels become scarcer, harder to find, and more expensive to extract, this
trend could significantly impact Vermont and the Region. In April 2017, ACRPC estimated
that residentsof the Region spend approximately $4dllion a year on gasoline for
transportation (not including | ocal busi ne
retained by local distributors, much of the ragrspent on gasoline leavide Regionthe
State,and sometimes the Country. A similar scenaxests for other fossil fuetlependent
activities. Economic theory explains that money retained in a community multiplies in effect
as it passes through the community from one business or person to another. Therefore,
regions that retain even a fractiofi the money spent each year on fossil fuelhted
expenses should experience positive growth.

Electricity prices, and those of other energy sources, iat@rically risen. However,
the cost togenerateelectricity localy is currently shrinking. AlspState incentive programs,
like net metering, provide Vermonters with the ability to produce their own electricity and
Azeruot 6 their cost s, controlling the negat|
cost savings to those individuals.

Industries that support smaitale solar and otheenewablgechnologieginstallers,
distribution, sales, efchave created jobs in the statecluding many in the RegiorThe
Public Service Depart nmie20l5 dndustry Rapontcamidtal tiiat e a n
2,519 nclieraated busiressgestablishments exish the State and empleg
approximatelyl 6,000 in-state workersThatnumber grev in 2016 but has dropped since its
high due to federal and state regulatory and incentive changes.

Slowingc |l i mate change can also save |jobs.
such as the ski industry and othéhat depend orfall and winter tourism, rely on
consistently cold temperatures during the winter months.
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The Addison Region also has vestyong connections to its working landscape and its
citizens making their living from the land. Recently, both the dairy industry and the forestry
industry have suffered from economic challenges. ACRPC believes that responsible
renewable generationpejct s or f uel sources may also stem |
agricultural landssupportinghose sectors of the economy.

This plansupportslocal residentigland thoughtfully sited commercial generation
projects It also supportsthe responsible a@h sustainable commercial growing and/or
harvesting of the Regiond6s renewabl e resources
economic opportunities described above in order to promotetésng environmental and
economic sustainability of the Region

Environmental Protection

The burning of fossil fuels, driven by human energy needs over théwsasenturies,

has increased the amount of greenhouse gases
primarily CO,, produced by combustion enginasd power ad heat generation processes
directly impact the earthos Anyfossidfteethatisid many o

burned for heat or to generate power produces emissions that contain both particulate matter
and greenhouses gases. Gasoline usgmbwer vehicles and the fuel oil or wood heating
homes in the Addison Region all produce emissions. The emissions produced by combustion
include particulatescarbon dioxide, nitrogen and sulfur oxides, nitrous oxide and methane.
Carbon dioxide, nitrous osé and methane are greenhouse gases that contribute to global
warming, while nitrogen and sulfur oxides lead to acid rain and acidification of water bodies.

Hi gher temperatures threaten the future of
Sugar maples another northern hardwoods rely on cold winters to grow. Cold winters also
protect Vermont from numerous invasive species that have been using the warmer
temperatures to expand their range to the north. Burning fossil fuels significantly contributes
to poa air quality and acid rain. While the Addi
excellent, its higkaltitude habitats, includingpondsand treesdo suffer from the impacts of
acid rain. More frequent and substantial rainfall threatens water qualkityddroying private
and public infrastructure, like bridges and culverts. Climate changactsalone justif
energy conservation artde promotion o#lternative, renewable fuel sources.

However, this does not mean that the Regi@mould promote remeable energy
production without considering other regional
and deserves protection. Accordingly, ACRPC has and will continue to support siting
policies for all energy transmission and generation projects in theoiReégipreserve the
Regionds resources and promote appropriately pl

Energy Security

Vermont and the Addison Region currently rely upon other states and countries for a
large portion of our energy needs. To address this isshiafestatute {0 V.S.A8 580(a))
has set a goal that by 2025, 25% of the energy consumed witttateewill be produced in
the State by renewable generation. Transportation energy is a clear example of the threats to
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both State andRegional energy securityermont imports all of the gasoline and diesel fuels

that are required to operate passengemmercialand agricultural vehicles in the State.
Whil e there are varying opinions about ipe
finite resourceThe continuing reliance on a finite resource produced elsewhere, combined
with the volatility of the fossil fuel market, will result in higher transportation costs with
potentially farreaching implications.

Our source of electrical energy is also a cenmc Vermont currently obtains much of
its electricity from hydroelectric facilities located out &tate, primarily in Quebec.
However, even these hydro resources raise conderrsome regardingheir renewability
and sustainability.

Although these hyro sources of electricity currently provide the region with-tmst
generation, the construction of highpacity transmission lines from Quebec to southern
New England currently in developmentnay create increased competition for electricity
between ¥érmont and otherabtergrowing stateseeking electricity from renewable sources
to fulfill their own energy portfolio standarddVith increaseddemand costs typically
increase. Decreasing reliance on electricity from sources located outside Vernhomakeil
both the State and the Region more energy secure, especially in a future where electricity
demand is anticipated to ngadouble by 2050.

Since 2004 ACRPCOG6s Energy plan has inco
Region willreduce its energy usage by promoting conservation and efficiency, convert fossil
fuel usage to renewably generated electrical resources, build renewable electrical generation
and produce as much of the energy it consumes as practié&RPC has engaged a
number of planning project® support this philosophy. These projects incléweling the
local production of biduels, planning for energy production on municipally owned
properties, and engaging in local energy conservation education and outh&RRC
believes the Region has the potential to conserve more enerdgy gederate more energy.
ACRPC has supported and will continue to support thoughtful renewable generation within
the Region. However, ACRPC also recognizes that producing our owgyerear come with
negativeaesthetic andocal environmental costs. ACRPC chooses to plan for our energy
future while promoting our economic webleing, preserving our environment and mitigating
concerns about energy security.
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Outline
This Plan includes the following sections:

Executive Summary

Introduction

Thermal Use, Targets and Strategies

Electrical Use, Targets and Strategies

Transportation Use, Targets and Strategies

Land Use Generation and Transmission Use, Targets aradesfies
Conclusion

NoahkwNpE

A brief summary of the function of each section follows:

Section 1 Executive Summary this section provides an overview of the Plan and explains
the content and function of each section.

Section 2]ntroduction : this section offes background information regarding how this plan

fits into the State of Vermontds energy planni
the work.
Section 3,Thermal Use, Targets and StrategiesA CR P GiéTsh er ma | Uses, Target

Strat egi eedacatibnoandiaitreact to the people, businesses, organizations and
municipalities of the Region that control thermal spaces. It analyzes current uses, applies
targets to those uses to support the Statebds Er
Goals and Recommended Actions to achieve the
which it developed in collaboration with Vermont Energy Investment Corporation (VEIC),

the Region currently uses approximately 1.782 trillion BTUs to space heat residaittal u

each year and about .739 trillion BTUs to space heat commercial, industrial, and institutional
structures. The energy saved via conservation and improved efficiency for both residential

and commercial/industrial space heating is targeted to equabxamately 1.214 trillion

BTUs by 2050. Strategies include investing in imprbtleermal envelopes, new technology

to provide heat more efficiently and conservation techniques.

Section 4,Electric Use, Targets and Strategies A C R RE@drg Uses, Targe and
Strategieé focus on educating users about, and incentivizing them to adopt, electrically
efficient equipment and conservation measures and improving local energy storage capacity.
It analyzes current uses, applies targets to those uses and p@ivategies in the form of
Goals and Recommended Actions to achieve the targets. Regional elecsitytals
roughly 0.91 trillion BTUs per year based on 2016 data available from Efficiency Vermont

Section 5,Transportation Use, Targets and Strategis: A C R P Gibransportation Uses,

Targets and Strategi@Bcuses on facilitating the transition to electrification of the passenger

vehicle fleet, improving ridsharing capabilities, and using agricultural solutions to switch

the heavy vehicle fleet toidediesel fuel. It analyzes current uses, applies targets to those

uses to support the Statebdbs Energy Plan and pr
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Recommended Actions to achieve the targets. Regional transportation energy use exceeds
1.975 trillion BTUs per yeafor approximate passenger vehicliel usé. Total regional
transportation energy useadasrtainlygreater due to farm and commercial vehiedein the

Region.

Section 6,Land Use, Generation and Transmission Uses, Targets and Strategies

A C R P Gilcasd Use, Generation and TramssionUses, Targets and Strategidscus on
planning land uses to reduce energy usage, includamgportationand on wisely siting

energy generatiomnd transmission resources. It includes a mapping exeis@ayze
current uses, applies targets to those uUs:¢
Strategies in the form of Goals and Recommended Actions to achieve those fssgdts.
October 2017, the Addison Region annually generE38277.3 MWhof electricity through

hydro, wind, solar, and biomass technologies. It had 62.51 MW of total generation capacity
from all sources, according to renewable wind, solar and biomass data available from the
Community Energy Dashboartht{ps://www.vtenergydashboard.orgind Green Mountain

Power, and hydro data available from the Low Impact Hydropower Institute
(www.lowimpacthydro.oryy Future energy generation and potential is extrapolated from data
by the Department of Public Service (APSDO
developed by PSD. Regional energy production targets were then produced using a
spreadsheet modelcreat by Ver mont 6s Nort hwest Regi on:
to align with projected use and the goal of 90% renewable by 2050. Specific targets for new
in-Region electricity generation by 2050 include the following: 87.5 MW (107,310 MWh) of
solar genation, 19.3 MW (59,173.8 MWh) of wind generation, and 2 MW (7,008 M@fh)

hydro generation (see Tablg?6Although overall electricaconsumption is forecast to
remain approximately level, owing to a massive drop in consumption by the industrial sector,
the shift to renewables requires more renewable generation. This model represents one
generation mixo meet targets.

A substanti al part of the Regionds effort
the creation of regional ergy generatia maps in Section.H he regional energy generation
maps are meant to guide the development of new solar, wind, hydro, and biomass energy
generation facilities in the Region. The maps provide a resaate look at different factors

that impact the sitingfarenewable generation facilitiegicluding generation potential and
known and possible natural resource constraints. The maps demonstrate that on-a macro
scale, the Regiohas the resources, including the lanassto allow for sufficient renewable
electricity generatioto sustain our energy us&hile avoiding undue adverse impacts upon
known and possible constraintsh@e resources are specifically identified in the Maps). The
Mapsmay also be used regulatoryproceedings (Section 248).

'!Jonathan Dowds et al ., AVer mont Energy Transport
2 The future projections for solar and wind were calculated by PSD, and future hydro data was taken from a
study produced by PSD in collaboration with Community Hydro.
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Section 7 Conclusion The Conclusion focuses on specific Recommended Actions ACRPC
can undertake to enact changes recommended in this plan. It extracts implementation steps
from the Goals and Recommended Actions in eacheftreviousections. The Conclusion

also discussedhe feasibility of meeting regional goals aedumerateshallenges to #

Pl andés i mplementation.
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| ntroduction

Background and Vermont State Energy Goals

Vermont began to plan for its energy neafter the energy crisis of the 1970s. The first
comprehensive state energy plan was created in 1991 and the Vermont legislature
subsequently required that plan be periodically updated. In the Vermont Comprehensive
Energy Plan, last revised in 2018etSate of Vermont adopted several ambitious energy
goals. The Vermont Comprehensive Energy Plan (2015), developed by etimeont
Depart ment of Public Service (APSDO), cal l
needs through renewable energy sourcg2®0 (90 x 50 scenario). State statute also
contains several goals pertaining to greenhouse gas emissions, energy generation, and energ)
efficiency including the followindnighlights

Greenhouse gas reduction goal§eelO V.S.A. 8§ 578
1 Itisthe goal oft he State to reduce greenhouse
baseline by: 25% by 2012; 50% by 2028; and if practicable by using reasonable
efforts 75% by 2050

25 by 25 State goalSeel0 V.S.A. § 580
1 To produce 25% of energy consumed within the dtateugh renewable energy by
2025

Building efficiency goals;Seel0 V.S.A. § 581

T To substantially improve the energy fi
stock by 2017 (more than 60,000 housing
by 2020(approximately 80,000 housing units)

1 To reduce annual fuel needs and fuel bills by an average of 25% in the housing units
served

1 To reduce total fossil fuel consumption across all buildings by an additional 0.5%
each year, leading to a total reductmm6% annually by 2017 and 10% annually by
2025

1 To save Vermont families and businesses a total of $1.5 billion on their fuel bills over
the lifetimes of the improvements and measures installed between 2008 and 2017

1 To increase weatherization serviceslow-income Vermonters by expanding the
number of units weatherized, and/or the scope of services provided, as revenue
becomes available in the home weatherization assistance trust fund

Renewableenergy goals;See30 V.S.A. § 8068014
1 To support the deelopment of irState renewable energy resources;
T To include renewable energy plants in t
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Energy Units and Conversions

This plan uses multiple units of measurement to describe current and future energy use.
Definitions and coversions for those units are described below.

Power andEnergy Unit Definitions

A British thermal unit (BTU) is a measure of the heat
BTU content of fuels or energy sources.
A kilowatt (kW) is a unit for measuring power that is
equivalent to onghousand watts. It is often used to describt
kw generation capacity.
A kilowatt hour (kWh) is a measure of power usage as
function of time. For example, one kilowdtbur is one hour of
kwh using electricity at a rate of 1,000 watts.
A megawatt (MW)s a unit for measuring power that is
equivalent to one thousand kilowatts. It is often used to
MW describe generation capacity.
A megawatt hour (MWh) is a measure of power usage a
function of time. For example, one megawdtbur is one hour
MWh of usingelectricity at a rate of 1,000 kilowatts.
A gigawatt (GW) is a unit for measuring power that is
equivalent to one million kilowatts. It is often used to descril
GW generation capacity.
A gigawatthour (GWh) is a measure of power usage as
function of time. For example, one gigawdibur is one hour of

Gown using electricity at a rate of one million kilowatts.

Energy Unit Conversions
1 kWh of

electricity 3,412 BTUs
1 MWh 1,000 kWh
1 MW 1,000 kwW
1 GWh 1,000 MWh
1 trillion BTUs 10" BTUs
1 gallon of heating

oil 138,500 BTUs
1 cord of wood 20,000,000 BTUs

% Energy definitions and unit conversions were provided by the U.S Energy Informatidnigtgation.
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Purpose of the Plan

The Addison County Regional Planning and Depglent Commission developed
theRRgi ondés first energy plan in 1980. That
estimated $16 million moren energy than it produced in 1977. The policies in that plan
expressed concern about the future location of lacgdée electric generation and
transmission facilities in the dgion. It supported the development of locally getest
energy sources and pointed to thpotential contribution tothedRgi ond6s economy.
also recommended encouraging the concentration of new residential development near
existing employment centers and discouraging a scattered pattern of tekdkrelopment
in the rural countryside, thus reducing gasoline consumption. AGRRBSequentlypdated
its Energy plan in 1994, 2005 and 2011. T
Pl ano) was funded by the VenMm®i®BStDoPpPepdhtemeA
County Energy Plan constitutes one of eleven that that PSD has funded, one for each region
of the State. By funding and completingdapth energy planning within each region, PSD
intends to enable Vermont to achieve state and raberergy goas most notably, the goal
to have renewabl e energy sources meet 90%
50 goal).

Although the energy picture often appears abstract and beyond the influence of local
communities, sound regional anaunicipal planning can effectively guide certain types of
energy decisions. The Addison Region can move toward a position of sustainable energy use
that will maintain a healthy environment and build a foundation for economic vitality.
ACRPC and its membenunicipalities can promote appropriate land use patterns, participate
in energy development decisions, facilitate alternative transportation options and encourage
energy conservation strategies in the Addison Region.

ACRPC has identified regional goatésd strategies for energy conservation and
renewabl e energy generation that support t
has also identified specific implementable strategies appropriate to the Region to accomplish
these goals.

ACRPC collaborted with Vermont Energy Investment Corporation (VEIC) to create
a regional energy model to identify targets for energy conservation and renewable energy
generation. VEIC used the Lomgnge Energy Alternatives Planning (LEAP) modeling
system to create a aewide model and regional models for all regiomddnning
commi ssions (RPCs). By analyzing each regi
models provide one possilp@athway to accomplishhe st at ebés goal of r
energy demand usy renewable energy resources by 2050

The modeling work completed by VEIC provided a framework for two other tasks
completed by ACRPC within this Plan:

1 Creation of specific strategies to help the Region achieve state energy goals; and

ACRPC (Adopted June ,2018
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1 Creation of regional maps prioritizing locations for the development of future
renewable generation facilities in the Region.

While reading this document, it ismportant to keep in mind what the Regional Energy
Plan will not do. Much like the Vermont Comprehensiveefy Plan, the Addison County
Regional Energy Plan does not intend to directly address every specific-eglatgy issue
within the Region. It does not discuss or provide recommendations regarding specific
renewable energy generation projects that Haaen proposed in the Region. Although it
provides a prospective vision of the mix of renewables that may be developed in the Region
to attain state goals, the Regional Energy Plan does not specify the mix of renewable energy
generation facilities that wikctually be built or contracted by utilities serviig Region. In
addition, this Plan does not provide direct information about the costs of implementing this
Plan or the costs of failing to implement this Plan.

The energy landscape in Vermont hasngeal rapidly over the past 10 years. Climate
change, policy changes, material cost, and quickly evolving technologies have all contributed
to these changes. ACRPC anticipates that methods of generating, distributing, and conserving
energy will continue t@volve over the next 30 to 40 years. This Plan should be revisited and
revised, perhaps more frequently than other elements of the Addison County Regional Plan,
to account for changes in federal and state jgsliand regulatory framewosk and for
changesn technology or environmental conditions due to clinwdi@nge.

Ppesidet e (Adopted June _,2018)ACRPC
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B. Thermal Use, Targets and Strategies

Thermal Uses

An estimate of current residential thermal energy demand in the Region, based on
data from the America@ommunitySurvey (20112015), is shown in Table 1.
Table 1: Current Regional Residential Heating Energy Use

Regional Fuel Percentage Total

Use by of fuel use by Regional Regional

Households (AC Regional Square Foage BTUs (in

Fuel Source 2011-2015) Households Heated Billions)
Natural Gas 185 1.3% 383,320 23
Propane 3214 22.4% 6,659,408 400
Electricity 358 2.5% 741,776 45
Fuel Oill 7474 52.1% 15,486,128 929
Coal 17 0.1% 35,224 2
Wood 2878 20.1% 5,963,216 358
Solar 22 0.2% 45,584 3
Other 185 1.3% 383,320 23
No Fuel 3 0.0% 6,216 0
Total 14336 100.0% 29,704,192 1,782

The data shows that 2015the majoriy of residences in the Regitveaed with fuel oill,
(about 52%), followed by propane (22%) and wood (20%). Together these three heating
sources account for about 95% of residential thermal heating fuel usage in the Region.
Residential users are the biggest user group of energy in the AdRisgion. Next to
transportation, the largest percent of energy used by residential customers is for space heating
and coolingand domestic water heating. In 2000, #ihods of households in the Addison
Region used fuel oil to heat their homes. Nealllyh& remaining households used either gas
or wood. Since 2000 there has been a shift away from fuel oil, and to a lesser extent, wood
(Dropping from 25% in 1980 to 20% as of 2015) towards propane gas. Also, just this year,
Vermont Gas completed the iaBation of a controversial natural gas pipeline to Middlebury
in the Region. Over the next several years, the pipéirexpected texpand residential
service to the most densely populated areas of Middlebury, Vergennes, Bristol, Monkton,
New Haven angbarts of Ferrisburgh.

Firewood is the least expensive fuel currently in the Region. Firewood is potentially
renewable, carbon neutral, and for large parts of the Region, locally abundant. However,

* All values in this chart are derived from the American Community Survey from the U.S. Census Bureau.
Since a natural gas pipeline did not exist in the Region until 2016, ACRPC believe the values concerning the
number and percentages of helislds using natural gas constitute an error. ACRPC believes the natural gas
numbers should be added to the propane values in the chart above.
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firewood is also heavy to move, generates smoke antydates, to a degree dependent on
the age and efficiency of the wood stawmefurnace and some people find the effort and
process to be unacceptable or unfeasible.

Fuel oil, propane gas and noenewable natural gas constitute fossil fuels. In ordendet

State targets, their use will need to be largely eliminated by 2050. Making homes more
thermally efficient is one way to reduce fossil fuel use. Another is to improve technology to
make it work more efficiently. The third and best ldegn solutionis to replace the fuel
source with technology using an alternative, renewable fuel source, like electricity produced
through renewable generation. The cost of the change, both capital investment in new
equipment and the operating cost of the fuels beswy constitute the major barrier to
entry. While the Region has little control over the costs of energy, it can and does work to
encourage conservation, efficiency aaftbrdability for low income residents by providing
lower localrenewablegeneration osts.

Services availableurrently providing cost subsidies andfmomoting weatherization

and efficiency include:

1 The Champlain Valley Office of Economic Opportunity (CVOEO) provides fuel
assistance to inconmualified residents either on a seasorai$ (call CVOEO at
8004796151) or on a crisis basis (call CVOEO Addison Community Action at 388
2285). The CVOEO website\VOEO.orgdescribes additional fuel assistance
programs available to Vermont residents

1 Efficiency Vermonthas a number of progrartsimprove energy efficiency. It
describes most on its home pagé&fitciencyvermont.com.Current programs
include

0 energy audits

0 incentives for Home Performance with Energy Star

o information on appliancesompact fluorescent and LED bujbs

o homeheating helpand

o Efficiency Vermontdés reference | ibrary.

1 Champlain Valley Weatherization Service, part of CVOEO, provides free
weatherization services to incorgaalified Addison County households

1 Neighborworksof Western Vermont also offers audits and subsidized weatherization
services through theHEAT Squadprogramhttps://heatsquad.org/

f Lastly, many of the Regionds municipalities
other sources of heat to their residents.

Ver mont al so has residenti al energy standards
Ener gy St an dtaa Residential BBrgySCode contamsimum standarsl of
energy efficiency for all new resideaticonstruction in Vermont. The Vermont Residential
Energy Code Harabok edition 4.1 March 1, 2015 includ®g primaryrequirements:

1. A list of technical requirements that includes minimum standards for eeéigent
building components and constructipracticesand
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2. A certification requirement for reporting compliance. Upon completisiate law
requires every Vermont builder to selrtify that the home complies with tiRBES
standardsas built. The builder must complete and sign a certificatesabdit it to the
Town Clerk for filing. Thismust beon record before the Zoning Administrator issues a
Certificate of Occupancy.

The Zoning Administr at oprdvisles dnuoppprtunity foralh f o r
towns to communicate with homeowners aeding energy programs and conservation
opportunities.

The average household in the Region that heats with fuel oil uses about 700 gallons
annually. At $2.99 per gallon, they would pay over $2,030 annually. THRe gi on o s
residential users as a whole w®ut 5 million gallons or nearly $10 million worth of fuel
oil annually Not many years ago, prices were higher and they spent considerably more.

Homeowners can reduce the energy consutodteattheir homes in a variety of ways.
Shell improvements likeupgraded insulation, asealing and window efficiency are
important. New and upgraddaeating systemsend to befar more efficient than older
models with cold climate heat pumps and geothermal systems topping the list. The Vermont
Energy Dashboard prales a comprehensive list of resources available to homeowners
seeking to reduce hestlated energy consumption

(https://www.vtenergydashboard.org/resources#heat

Estimates for commrcial and industrial thermal energy use are more difficult to
calculate. An estimate of total commercial energy use (thermal and electricity) is provided in
Table 2and based on data from the Vermont Department of Labor (VT DOL) and the
Vermont Departmetrof Public Service (PSD).

Table 2: Current Regional Commercial Enerqgy Use

Estimated
Estimated Thermal Thermal Energy
Energy BTUs BTUs

Commercial per Commercial by Commercial

Establishments Establishment Establishments in
in Region (VT DO (in Billions) PSD Region (in Billions)

Regional

Commercial Energy Us 1019 0.725 739

While theseare only estimates, they do indicate the substantial thermal energy use by
commercial establishments in the Region and therefore the need for their participation in
conservation and efficiency efforts.

® Fuel oil prices are estimated as of January 15, 2018.
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B. Thermal Targets

Thermal targets for the Regionclude increasing weatherization of homasd
commercial establishmentsconverting the use of old inefficient wood heating systems to
new efficient systemsnd switching to efficient heat pump systenfSee Tables 3A 3D
below fortarget numbersorresponding to one scenario that could helmast the 90 X 50
State goal.

Table 3: Thermal Targets

Table 3A Residential Thermal Efficiency Targets

Residentialt Increased Efficiency and Conservat
(% of municipal households to be weatherized) 3% 11% 55%

Table 3B Commercial Thermal Efficiency Target 2025 2035 2050

Commercial - Increased Efficiency an
Conservation
(% of commercial establishments to be weatherize: 17% 18% 51%

Table 3C Thermal Fuel Switching Targe

(Residential and CommercialWood Systems
New Efficient Wood Heat Systems (in units) 51 98 626

Table 3D Thermal Fuel Switching Targe

(Residential and CommercialHeat Pumps
NewHeat Pumps (in units) 1472 3558 7008

To hit the goal of 90% renewable energy use in the Region, targets have been
established for each of the strategneged aboveo reducethe energy needed for space
heatingor change theéype of fuel used fospaceheating. In order to hit th2050 targets
property owners in the Region will need iake significant improvements to their homes
and businesses. Approximately half of the houses and businesses in the Region will need to
be weatherizedIn this senario, thenumber of homes currentheating with woodhat will
need to invest in newoodburning technologyis relatively modest. By far the largest
change will be achieved by convertihguses currently heating with oil or propane (and
some heating ith wood) to cleanly generated electrical heat by installing efficient electric
heat pumpsel ect ri city currently plays an insignifice:é
The 2015 Community Survegstimatedonly 2.5 percent (358 householdg@re heaed with
electricity (Table 1) This plan relies on renewably generated electricity becortiieg
domnant source of space heating to enableRkgionto hit its greenhouse gas reduction
targets.
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C. Thermal Pathways to Implementation

Goals, Policies and Recommended Actions

Given the significant changes that the Regiumst makeo meetthe stated thermal
targets, ACRPC promotes tfalowing Goals, Policies and Recommended Actions for itself
and its citizens.

Goal A.

|l ncrease the Regiefocrericg and deksuffimendy byeredecing y
both its energy useand carbon footprint to meet local and State targets of 90%
renewable energy by 2050.

Policies and Recommended Actions

ACRPC6s Recommended Act i oesm edugation andaitre&b tothé s s i
people, business organizations and municipalities of the Region that control thermal spaces. In
conjunction with service providers, ACRPC proposes to help implement changes that improve the
efficiency of heating structas andconvertheatingdeviceswithin those structures taserenewable
sources of energy.

1. Promote thermal efficiency: in the Regio
a. Hel p the Regionds member maofali ci pal i
municipal buildings to iderfly weatherization retrofits anather
strategies, and tocorporate the o st o f rdcdmenendatiahs imtd s
the municipal capital budget.

2. Encourage and promote local and sustainably harvested wood and efficient wood
heating

a. Require outdoor wood blers in the Region to comply with state
efficiency and emission standayds

b. Promote EPA Ill approved energy efficient wood staesugh
education and outreach;

c. Promote the management and use of town forests for sustainably harvested
cordwood for lowincome citizens

d. Support a regional energy fair;

e. Work with forestry organizations to promote landowner education and
sustainable forestry operations.

3. Encouragend support h e Re gi o effordsto weatherizedheit hemes
a. Coordinate with CVOEO, Neighlpaorks of Western Vermonti:fficiency
Vermontand other weatherization service provilerencourage the
Regionds residents to participate i

4. Encourage proposed development to optimize design features and energy systems that
conserve energgnduse renewable sources

;;iéaﬁ’fﬁ = N
ACRPC (Adopted June ,2018 e —). ~ /
Energy

17



o

Promote the installation of air source and geothermal heat pumps

Promotecompliance with existingesidential and commercial bdihg

energy standards by educating and working with Zoning Administrators

and encouragingthemo di stri bute i nformation about
Codes to permit applicants and explairergy efficient options to builders

and owners;

Encourage municipalitiedusinesses, organizations and homeowners to

build to higher energy standartdsincrease efficiency and usenewable

resourcess heating or cooling sourc@sg. the Energy Star Home

Program, the fAStret ch suCloadRassividas passi ve s
Work with local planning commissions to incorporate additional energy

standards into municipal plans and zoning regulations

Work with existing energy providers in the Region (Fuel dealers, GMP and

Vermont Gas) to encourage them to transition theiiness models tthat

of fienergy service providaeyspffering efficiency improvementanda

diverse range of renewable energy products

== (Adopted June ,2018)ACRPC
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C. Electrical Uses, Targets, and Strategies

Summary

El ectrical energy constitutes a susgni fi
This Plan projects that fronhmnrdRevghledossd sielsédon e r g
electricvehicles,electricheat pumps and other techogesusing electrical poweit further
projects that increasing supplies of electricity will cofrean localy distributed renewable
generation sowes. However, surprisingly, it also predi¢kee demand for electricityvill
remain relatively flat. This is because it anticipates substantial reductions in electric use
because of efficiency and reduced demand in the commercial sectdraditenal pattern
of electrical generation and suppill also changedriving changesn local energy delivery
systems. This subhapterexploresthese changesind how they will impactthe delivery
system. It alsases targets for electric useand create goals, policies and recommended
actions to help the Region transition tsmarerenevable less carboibasedelectrical energy
system

For most of the last centurthe US electrical generation and transmission basd
consisted of the following components. First, large central generation plants iskkéuel
nuclear fission, coal, oratural gas to create large amounts of energy to feed into the grid
through transformers at high voltage, which can be shipped long distances over transmission
lines.Upon reaching a consumer destination,-stations along the transmission line tap into
the transmission line and use transformers once again to step down the electric voltage to a
level at whichit canbe transferred to a local distribution system and then to customers.

While this model stilldescribesmost of the electric powesystemin the Region,
things are rapidlychangingwith the addition of moréocally distributed generation assets.
Some local generation sources have existed since the beginnings of the grid, like the
Regionds hydroel ect r i c-chdperaddiessingigeneratiodthers r i b e
like residential solar or wind powenave only recently begun to proliferate in significant
numbers. These smaltale electricity generation facilities are commonly referi@das
distributed generation.They produce esrgy that for the most partis consumed locally.
Benefits include lessenirtge need for costly new large generatiacilities andtransmission
infrastructure. Also, thélistributedand redundannatureof smallscale generation facilities
can provide sability and resilience if integrated properlfHowever, the variable and
intermittent power production of renewable generation sources, including the cumulative
output of small generatoesxd @mmercialscale projectsadds a significant burden of design
and management complexityttee grid. Changing weather patterns that include increasingly
destructive storms and flooding call for an increased focus on resilience. One approach that
addresses all of these issues involves the design and creation ofritgcragcording to the
U.S. Department of Energy (DoE) a microgrid is a group of interconnected loads and
distributed energy resources within clearly defined electrical boundaries that acts as a single
controllable entity with respect to the grid. A micriogcan connect and disconnect from the
grid to enable it to opreordetoe in both conne
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In the Addison Region, the grid consists of transmission infrastructure feeding or passing
through the Region, electric distribution infrastructpreviding service to businesses and
residents and local generation facilit@fsvarious typesmost of which are described in the
subchapter dealing with generation.

Electricity Transmission Infrastructure

1. Transmission Lines

The Vermont Electic Power Company (VELCO), a private corporation, owns most of
the bulk power transmission system in the Addison Region and the State of Vermont.
VELCO currently has a 345kV and a 1RY electric transmission line in the Addison
Region that runs on a norHouth route through the towns of Leicester, Salisbury,
Middlebury and New Haven. The 345KV line ends at the New Haven subst&anth of
the New Haven Substation, the linevales into two 115kV lines: ont&ravelling through
New Haven and Monkton on itgay to the Williston Substation and one travelling through
New Haven, Waltham, Vergennes and Ferrisburgh on its way to the South Burlington sub
station. There are additional regional level transmission lines that serve parts of the Addison
Region. Genetal vy , those | ines feed powhkants ingoeheer at ed
transmission grid or link substations with transmission lines.

Additionally, merchant power companies interested in shipping renewable power from
the north, primarilycarrying pover fromhydro or wind facilities in New York and Quebec or
other Canadian provinces, hapeomulgated plango build transmission lines within the
Addison Region. These lines are proposed to be built either wholly in Lake Champlain or
exiting the Lake inhe Addison Region and traveling overlandfeed into the grid at an
existing substation. While this Plaronditionally supports thos@rojects it demands that
they pay their fair share of local property taxes, compensate towns and citizens for the right
of way and services that they use and the impacts they create. Theylemistrate
benefits to the Region beyond local property tax and minimal construction jobs, and
compensation should be appropriate to the magnitude of the impacts they creditg. Fina
they mustbe built to the requaments contained later in thidaR in the sufchapter
addressing requirements for sstiations, generation facilities and transmission corridors.

Power lines, electrical wiring and appliances all produce electdcnaagnetic fields
(EMFs). Electric and magnetic fields have different properties. Electric fields are produced
by voltage and are easily shielded by conducting objects. Any appliance that is plugged in
produces electric fields. Magnetic fields are produzgdurrent and are not easily shielded.

An appliance must be turned on and using power to produce a magnetic field. Electric fields
reduce in strengtlogarithmicallywith increasing distance from the source.

Experts have longlebate and researchd the potential impacts of EMFs on human
health. Due to their greater strengdtie debate has largely focusedtba fields generated by
transmission linedn 2007 theWorld Health Organization (WHO) compiled research on the
potential human health effecés®ciated with EMFs. The WHG@oncluded that exposure
could not be declaredntirely safe because of a weak associafmmd between EMF
exposure and increased risk of lenka, especially in children. WHO, as well as other
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organizations such as the Natiohadtitute of Environmental Sciences (NIEHS), encourages
power industries to continue the&urrentpractice of siting power lines to reduce exposures.
This can include burying transmission and distribution lines when possible, properly
grounding and wirig lines by following current electrical codes, and even educating the
public and the regulated community on risk and reduction of exgosure

2. Substations

There are a number of substations throughout the Addison Region. These facilities
convert theelectricity transmitted along the power grid to allow it to be carried on
distribution lines to consumers. New or expanded substations proposed to be built shall also
meet the requirements contained later in this plan in theclsajpter addressingiting
requirements for substations, generation facilities and transmission corridors.

3. Electric Distribution Infrastructure and Services

Green Mountain Power Corporation (GMP) providas maintainglectric utility service
to nearly all customers in the Addisdregion. The small exception is that the Vermont
Electric Cooperative (VEC) covers the northeastern corner of the Town of Starksboro.
Generally, these lines are maintained and upgraded periodically, but have the capacity to
support new projects. Local egg generation and distributed generation, however, are
causing certain areas of the local distribution grid and itsstatibns to become constrained
in their ability to deliver power 24/7. Map 1, showing constrained circuits in the Addison
Region, demostrates this issue.

® Information from the World Health Organizaton was dered from their website

(http://www.who.int/pekemf/en)

aﬁ%ﬁ,fﬁf >
ACRPC (Adopted June _,2018 T J. ~_ /
Energy

21


http://www.who.int/peh-emf/en/

Renewable Energy Potential: Transmission and Distribution
Resources and Constraints
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soeney B This map was created as part of a Regional Energy Planning Initiative py
R ®:Fo0r with funding from the Vermont Public Service Department.

Map 1. Renewable Energy Potential: Transmission and Distribution Resources and Constraints (2017)

Map 1
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Recent growth in local solar generation facilities, largely within the northern portion of
the Region clearly show constraints on the system. This plan supports State policy requiring
new commercial/industrial scale generation facilities to pay for any improvements to the
distribution grid and suitations required to support their new facility. Samy, it also
Suppor t dutyGapravae sufficient infrastructure to allowesidential distributed
generation.

4. Storage and Microgrids

In 2017, Green Mountain Power Corporation (GMP) proposed a 1 MW battery storage
facility associated with its 5SMWHhmwtovoltaic project in the Town of Panton, a facility now in
place. It is in the process of developing and building a very similar project in Ferrisburgh. It
appears that these developments will have the ability to effectively create microgrids and
supply power locally for some limited period of time if the bulk transmission griddails
effectively islanding. Additionally, the storaga Tesla lithium ion battery barks able to
store some of the output of the associated solar array and feed it baclafaologumption
in peak power periods, saving GMP and its ratepayers the cost of peak load demand power
generation.

Electrical Use

Residential customers use just under 47 percent of the electricity sold in the Addison
Region. Commercial and Industrial customers represent about 53 percent of electricity sales
in the RegionAn estimate otlectricity uses in the Region colledtby Efficiency Vermont
in 2016is shown inTable 4 immediateljpelow.

Table 4: Current Electricity Use

Current
Electricity Use
(Efficiency
Use Sector Vermont)
Residential (kwh) 123,901,781
Commercial and Industrial (kwWh) 142,651,889
Total (kwWh) 266,553,670

1. Residential Use

The average household in the Addison Region uses about 640 kitowast of
electricity monthly. At a rate of 16¢ per kilowattouf’, the averagaouseht electric bill is
about $1,22@nnually. TheRe gi on 6 s 1 4dlds3hdréforehuseurmre than $hillion
worth of electricity every year.

Simple, inexpensive measures such as turning off lights in empty rooms or replacing light
bulbs with new, morefficient bulbs can substantially reduce energy usage. Using toners

" Efficiency Vermont 2016
8 GMP residential Rate as of January 2018 is 15.67 cents per KWh.
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sensorsto regulate lighting, heating or cooling in a home can also significantly decrease
energy consumption. Other conservation measures that can have a profound impact on
energy usag include improved insulation and weatherization of new and existing structures.
New, more efficientappliance, motors and heat pumps can also help receleetricity

usage.

2. Commercial and Industrial Use

As shown above, commercial and Industrial eleijrigses in the Addison Region used
142,651,88%ilowatt-hours(142 GWh)of electricity in 2016 the last year for which data is
currently available, a little more than half of the electric energy used in the Region. The
el ectricity us ebdsindsses rtunk ¢he frimgsiandnn@ors that power its
industrial procesesandall of the associatelights, computers and appliances of its service
and retail sectors. Albf these businessadll need to invest in improved conservation and
efficiency if the Region is to achieve the targets below.
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Energy Conservation and EfficiencyTarget

Like the thermal targets notéad Table 3 the Addison Region will need to focus on
efficiency and conservian to impact the amount of electricity that it uses. Since the
electrical consumption in the Region is split almost evenly between residents (47%) and
commercial and industrial entities (53%), the targets will require both individual home
owners and comarcial and industrial users to participate.

However, even with significant efficiency steps taken by businesses and residents, the
Regi onds e lwdltkelyrenmia dboutitbeasgaargely because many of the new
technologies needed to reduce fossil fuel consumption, like heat pumps and electric cars,
replace fossil fuel inputs witklectricity. Importantlythis strategy of switching from fossil
fuels to electric energy to poweur economy only works to reduce greenhouse gadbs if
electricity is generated renewabliyrable 5 below, shows that the Region must increase its
efficiency and conservation by nearly 60% by 2050 to meet the proposed targets.
Technologcal advancessuch asbetter fuel or motor efficiency will help drive this change.
However, this plan anticipates that the Region and its residents will also need to make
significant capital investment in new technologies and efficiency to meet the targets.

Table 5: Electricity Efficiency Targets

Electricity Efficiency Targets 2025 2035 2050
Increase Efficiency  an
Conservation 10.8% 37.2% 59.2%

Efficiency Vermont is a statewide energy efficiency utility, the first of its kind in the
nation. Efficiency Vermont helps consumers reduce energy costs by making homes and
businesses more enefgfficient. It provides technical assistance and financial incentives to
help Vermonters identify and pay for casfective approaches to energificient bulding
design, construction, renovation, equipment, lighting and appliances. Efficiency Vermont is
funded by an energy efficiency surcharge on electric bills.

Someof Efficiency Vermontdos programs inclu

Efficiency Excellence Network

Heat Saver LoaRrogram

Smart Thermostats

LED Lighting Fixtures Program
Home Performance with Energy Star
Cold Climate Heat Pumps

= =4 4 4 -8 -9
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Electrical Generation Future Demand and Targets

Electricity demand in the Region, which is currently 266,553.7 MWh, is projected to
remain fairly constant according to demand trends that were produced by VEIC in
conjunction with ACRPC (Figure 1). This is based on the assumption that current sources of
energy demand will shift over time in each sector (transportation, residential, etcg. Thes
consumption estimations are also based on the assumption that the Region is successfully on
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energy demand will decrease substantially by 2050. The largest contributors to this deduction
will be from conservation and efficiency improvements. Thermal conservation and more
efficient equipment Wi shrink the amount of energy the Region uses by about one third
(1/3%. This change is represented by the white space in Figure 1 above (See Table 3 for the
projected targets in actions to improve thermal efficiency). Additionally, with the exception
of natural gas, which is projected to rise slightly in use as it becomes available in the Region

(the

R

ed

bar ),

VEI Cb6s

mo d el

projects

t hat f os ¢

decrease by 2050 (The orange green and beige bars). Fossil fuelse wiplaced by

increases in the use of biomass, wood chips and pellets (blue and red stripped bars) for
heating commercial and industrial spaces, biodiesel (yellow stripped bar) for use in heavy
equipment and electricity (light blue bar) in residenti@cgpheating and light vehicles.
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Electric energy demand for the Region (light blue bar) is especially dynamic because
different sectors see different changes. While changes will occur across all sectors, VEIC
predicts that the commercial and industriadtses will see significant reductions in electric
usage because of their actions (See Figure 2, which illustrates the projected changes,
including reduced electric consumption by the commercial sector). At the same time, VEIC
predicts the residential andahsportation sectors will increase their electric usage as the
Region switches to heat pumps to heat residential structures (See Table 3) and electricity to
power light vehicles (See Tablg8 As a net result of these
decease in electrical usage in the commercial and industrial sectors will largely be offset by
the increased electric usage in the residential and transportation sectors. Accordingly, it
esti mates the Regionds el ect rthroughc2050.sThuspt i o
the light blue bar representing electric usage in Figure 1 remains relatively the same size.

Figure 2: Regional Commercial Energy Consumption by Fuel
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Figure 2 illustrates the projections for the Regional Commercial energy consumption, a
subset of Figure 1. It depicts an overall reduction in total energy use. Efficiency savings are
shown in white. It also depicts a projected decrease in fossil fuedxcspt for natural gas,
which increases, a decrease in electrical use and an increase in the use of biodiesel fuel for
housing equipment and in woodchips for commercial thermal heating.

ACRPC worked with the PSD to develop targets for new renewableagiemetbased on
the LEAP model, and the 2016 Vermont Comprehensive Energy ®&®)( These tasis
are listed in Table 6 below.
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Table 6: Renewable Electricity Generation Targets

Renewable Electricity Generatio

Targets 2025 2035 2050
Total Renewable Generatic

Targets (MWh) 57,252.29 114,504.59 173,491.8
New Solar (MWh) 35,412.3 71,897.7 107,310
New Hydro (MWh) 2,312.6 4,625.28 7,008
New Wind (MWh) 19,527.35 39,054.71 59,173.8

These generation targets represent onlypmssible pathway to derive 90% total energy
from renewable sources by 2050. The purpose of these targets is only to provide an idea for
planning the future electricity generation in our Region based on our estimated demand.
Other potential electricity gemation combinations do exist and could be better suited for our
Region. For instance, this model represents a generation mix which almost certainly
would require industrial scale wind. Depending on individual municipalities' planning,
this may not be pradical, and a model with more solar and less wind generation would
be more appropriate.

The PSD targets for neannualgeneratio by 2050 total 173,492 MWh broken out
between generation sources as follows: 107,310 Nfdrh 875 MW of new solar, 59,174
MWh from 19.3 MW of new wind, and 7,008Wh from 2 MW of hydro (Table 6 The new
hydro generation, based on a study from Community Hydro and the PSD, models
enhancement of production from existing dam facilities, rather than new dam construction.

As summarized previously, on page 4 of thisrRand exphined in more detail in Table 9
on page 40the Regia currently produces roughly 139, 27®I3Vh of electricity annually
with renewable generation. TRSD target of annual new generation 173,492 MWh of
electricity,added to the exiing renewable generation of 139, 277.3 MWh, equals 312,769.3
MWh (if we assume that the existing renewable sources continue to produce at their current
level for the next 30 plus years). Since the models assume the Regid'sonsumption
will be roughly the same as it is now, 266,553.7 MWh, these targets represent a 17.3%
overshoot of the Region's projected rfeéds highly likely that the data and targets will
change over the coming decades. If the reduction of induskectrical demand were to
prove overly optimistic, this additional generation might well be needed. On the other hand,
if most targets were being met, the targets for generation could be adjusted down.
Additionally, technological developments in theegyy sector are progressing rapidly and
many modeling assumptions may be adjusted along the way. ACRPC supports continuing

® ACRPC looked at VT Community Energy Dashboard numberscanducted the same analysis. Those
numbers estimated we would overshoot the Regionés needs
order to remain consistent with the rest of the state

s
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work to expand the Region's renewable generation capacity in support of the 90 by 2050
goals. The Commission will continue to evaki#ite impacts of new generation to determine
both thefeasibility of the targets, and how they relate to the Region's ongoing demand.

Electrical Pathways tol mplementation

Goals, Policies and Recommended Actions

Given the significant changes that tRegion and its residents and businesses will
need tomake in conservation and efficiency in order to make its tgrg&@&®PC promotes
the following Goals, Policies and Recommended Actions for itself and its citizens.

Goal A.
Conserve renewable and nerenewable electrical energy resources.

Policies and Recommended Actions

1. Support energy conservation efforts and the efficient use of energy by installing
efficient electric equipment

a. Help municipalities explore funding opportunities and capital budgeting
to implement energy efficiency in all municipal buildings

b. Discourage the use eblar street lightand otheindoor and outdoor
lighting in public placesEncourage the use of technology like motion
sensors to light areas when needed,;

c. Plan for and instaklectric vehicle charging infrastructure on municipal
property

d. Educate consumers regarding efficiency and energy conservation

2. Promote energy efficiency in all buildings, including retrofits and new
construction

a. Promote improved compliance with thesidential and commercial
building energy standards by distributing code information to permit
applicants and working closely wit
Administrators

b. Encourage municipalities tmnosider requiring new construction to
compl y wittchh tehree rigspt rceod e 0
(http://publicservice.vermont.gov/sites/dps/files/documents/Energy Effi
ciency/code_updat2015%20CBES%20Proposed%20Stretch_2ZB15

3.pd).

Goal B.

Shift energyusefrom non-renewable energy sources, like oil and gasoliméjich
emit greenhouse gasses and cause acid réinelectricity fromrenewabé sources
using technologies like electric hat pumps and electric vehicles.
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Policies and Recommended Actions

1. Work with municipalities, GMP and community groups to lead and support the
transition

a.

Help the Regions municipalities investigate and insbalpurchase,
costeffective municipal solar aor wind netmetered facilities to

power municipal energy use

Hel p t he Regi qthelr EnengyuComnutiegaad! i t i e s
community groupssuch as ACORNinstall community funded and

owned renewable energy projeasdallow local citizens to padipate

in the economic benefits of local energy generation

Support GMP globalizigithe cost of improving local distribution and
substaton infrastructure necessary to support residential scale
distributed generatign

. Advocate for the retention of tleeirrent State policthat requires

commercial and industrial generators to fund the cost of improvements
to the distribution system necessary to accommatateproposed
projects.
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D. Transportation Uses, Targets and Strategies

Summary

The largest portion of energy used in the Addison Region is for transporiaiitually
all of it comes from petroleum products importetbithe Region. In Vermont more than
onethird of all energy consumed is for transportatiand 75% of that energy is consumed
by passenger vehicles alofle

As referenced throughout this plan, transportation's impact on the environment is first
among all sectors in Vermont in terms of betiergy use and greenhouse gas emissions. As
such, transportation simultaneously presents a great challenge and opportunity. In pursuit of
the goal of 90% renewables by 2050, the Vermont Comprehensive Energy Plan sets forth
ambitious goals which include:

Reducing single occupancy vehicle (SOV) trips;

Increasing bicycle and pedestrian trips;

Increasing public transit and the number of garéride locations and spaces;
Increasing the use of rail for freiglmd passengerand

Promaing fuel transition from fossil fuels to cleanly generated renewable energy.

abrwnE

Achieving progress in these areas to the extent necessary to meet statewide goals requires
significant planning and action at all levels of governmenthénAddison Regionwe must
reduce the need and demand for transportatiortiesade newnfrastructure required to
reduceenergy usage and incregbhe use ofenewables in our Region. In particulae need
to continue to develomfrastructuresupportingpublic transit, carpaling, biking, walking,
andaiding the transition towanegnewable fuels such as electricity and biodiesel.

According to the Census Bureau, Addison Region residents owned 26,464 vehicles in
2015 or approximately .7 vehicles per person. That is up fraundr24,000 vehicles in
2000 and 15,000 vehicles &rvehicles per persan 1980.

®YjJonathan Dowds et al., fAVermorft2O0OATdrgy Transport
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Table 7: Current Regional Transportation Energy Use

Regional
Transportation Data Data

Total # of Vehicles (ACS 2012015) 26,464
Average Annual Miles per Vehicle (VTran

2017) 11,680
Total Miles Traveled 309,099,502
Realized MPG (2013 VTrans 2015 Energ

Profile) 18.9
Total Gallons Use per Year 16,354,472
Transportation BTUs (Billion) 1,969
Average Cost per Gallon of Gasoli(RPC) $2.63*
Gasoline Cost per Year $43,012,261

Table7 above, depicts the Regi oihdéesnofinclede usage f

heavy trucks or farm vehicleased upon the number of registered vehicles in the Region,

assumed averageshicle miles travelled, gas mileage per vehicle and assumed gas prices at

their current | evel, the tabl emidiomdolesspegrhe Regi or
year on residential vehicle trips. While some money will go to local gas stati@ns, th

majority of the cost per gallon leaves the local economy. Reducing vehicle miles by
transforming local infrastructure to provide for other choices than single family vehicles can

aid conservation and efficiency savings for individuals. Converting terdiit, locally

produced generation sources of energy for transportation could help reiovesttisat

money locally.

Breaking the numbers down further, since we know the Region has 14,336 households
(Census) , t his shows t hizns average aearly nwo gas pert he Reg
household. If we divide the $480,000 dollars spent by the number of households, it shows
the average household withdwears spends approximately $B)0per year on just gasoline.

Never mind other expenses associatét e cost of owning a vehicle. When one includes
maintenance and depreciation on the vehicle, Triple AAA estimated that in 2014 the cost per
year of owning a single vehicle was nearly $9,000. Since the average household has two
cars, that adds up tm average of $18,000 per household, per year.

™ Average price per gallon of gas (regular unleaded) as of February 2018 (AAA)

B
T (Adopted June _,2018)ACRPC
Energy

LA

32



Transportation Targets

The costs quoted above should provide some incentive to move towards the proposed
targets in Table8 A, 8 B and8 C below.

Table 8: Transporation Targets
Table 8A. Use of Renewable

- Transportation

Renewable Energy Use
Transportation 2. ™% 18.2%0 83.5%

Table 8B. Transportation Fue
Switching Target - Electric
Vehicles

Electric Vehicles 2258 15,376 29,986

Table 8C.Transportation Fuel

Switching Target - Biodiesel
Vehicles

Biodiesel Vehicles 493 841 1208

As the Tables show, to meet the proposed targets, by 2050, assuming growth, nearly all
residential vehicles in the Region will need to run remewably generated electricity.
Additionally, most commercial vehicles and farm equipment will need to switch from diesel
to bio-diesel or electricityif it is available for application in heavy commercial vehicles.

For more detailed information on transportation related energy use goals and
actions for the transportation system inthe Addison Region please see thepdated
Addison County Regional Transportation Plan by visiting our website
(http://acrpc.org/programs-services/transportation)) or our office:

1 Ridesharing/Carsharing/Ridwiling section, page’&36 t06-37; Use link
Public Transit, SOV trip reductionapk-andrides, etc. pages® t06-36
Pedestrian &Bicycle Facilities, pages-89 t06-46
Energy Efficiency and @nservation section, gas 648 t06-49

Electric Vehicles, pagé-50

= =4 4

Transportation Pathways to Implementation

Goals, Policies and Recommended Actions

Given the significant changdbat the Region will need to adopt to meet statewide
targets, ACRPC promotes the following Goals, Policies and Recommended Actions for itself
and its citizens.
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Goal A.

Reduce reliance on nonrenewable fossil fuels, and shift reliance to renewable
energy surces.

Policy and Recommended Actions

1. Create infrastructure and policies supporting electric vehicle use within the
Region

a. Plan for and install electric vehicle charging infrastructure on municipal
property

b. Incorporate EV ready standards intalting code. (This can be as simple
as requiring 220v outlets in garages)

c. Encourage major employers in the Region, to install (additional) EV
charging stations for employees

d. Identify strategic locations where EV charging stations should be added or
expandedincluding existing service stations

e. Promote the Drive Electric Vermont website

Goal B.

Maintain or reduce vehicle miles traveled per capita to 2011 levels by reducing
the amount of single occupancy vehicle (SOV) commute trips.

Policies and Recommended Actions

1. Support regional efforts to increase access tq safgy day walking and cycling
within and across municipal borders

a. Review municipal road standards to
streetso principles, applicable to

b. Provide walking and biking paths connecting population densities with
critical infrastructure, like in and between villages and elementary schools

c. Promote municipal membership on WalkBike Council of Addison
Countyto foster safe and accessible opportunities for walking and cycling
as an alternative to SQY

d. Help municipalities find and apply for funding sources for building
walk/bike infrastructure;

e. Help the WalkBicycle Council of Addison County work with munieip
road foremen and selectboards to plan for incremental development of
critical bicycle infrastructure with their municipalities as road work is
completed annually.

2. Support public transportation programs serving the Region. Bus routes, car
and vanpools, and elderly and disabled services all fall under the umbrella of
public transit
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Goal C.

Work with ACTR (TVT) to explore creative approaches to expanding service

in rural areas of the Region, including small capacity-sidare, ZipCar style
micro-lease, and even setiriving EVs for a connecting service between

small villages and major arterial corridprs

Encourage additional municipal representatives on th¥/dliey Transit

( i TVT) ' &nd the Adidison County Transit Resources Regional
Operating@ mmi tt ee (AAROCO) to bring issu:
towns to the table

Support the use of a Park and Rides
residents to consider riekharing programs;

Help municipalities without park and rides to fiactonvenient

|l ocation and apply for funding to cr
park and ride program;

Plan and advocate for enhanced access to public transit, particularly

during relevant Act 250 proceedings

Promote better utilization of existingag¢ and municipal parand

ride lots;

Work with ACTR to create better connectivity between public transit

and parkandride locationsSupport employer programs to

encourage telecommuting, carpooling,
commute trips;

Increase the use of rail for freight and passenger services

Policy and Recommended Actions

1. Support improvements to the Western Rail Corridor that improve safety
and the ability of the corridor to carry additional freight and passengers

a.

b.

Goal D.

SuppstAmt r akds expansi tnefromRuttane Et han /
to Burlington with stops in Middlebury and Vergennes

Support construction of a rail platform in Middlebury and

completion of the rail station in Vergennes/Ferrisburgh;

Encourage local businesgesxplore the opportunity to use rail for

freight

Encourage citizens and businesses to transition from oil and gasoline to cleaner
products and technologies and/or to renewable, Hossiltfuel transportation
options.

120n July 1, 2018 Addison County Transit Resources, the transit provider in the Addison Region merged
with Stagecoach, the Transit provider for Windsor and Oranget@o The new entity was H@amed Tri
Valley Transit but kept the names ACTR and Stagecoach for its regional operating divisions.
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Policy and Recommended Actions

1. Encourage options for cleaner fuel availahility
a. Work with Clean Cities Coalition to encourage large fleets to switch
to natural gas use where transition to biodiesel is impractical;
b. Encourage use of renewable natur al
forthcoming renewable natural gas green pricing program
c. Support the agricultural industry as it investigates growing, processing and
using biofuels for on farm and other commercial and heavy vehicle use
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E. Land Uses, Targets and Strategies

Summary

Land Use

The Addison Regiorcurrently constitutes a largely rural area of working farms and
forests, interspersed with small villages, rural residential siiaghely homes and three
larger growth centers where most of the commercial and industrial development in the
Region lies. Bcause of its existing settlentepatterns, manyesidentsin the Regionare
probably more dependent on their cars, and the energy they use, than many Vermont
residents. While the Region desires to retain its rural feel, it can adopt land use policies that
encourage more densely settled areas that have the capacity to alloardéotransportation
alternatives within those areas, potentially saving energy and promoting healthier options,
like walking or biking. As with other conservation goals, conserving energy by reducing the
need for cars can be more cost effective forittgems than fuebwitching to electrior other
alternatively powered vetles discussed in the previous chapter. Therefore, the Land Use
Section of this Plan promotes greater dens
Other Land Use policie@tlimit energy uséncluding the conservation of forest and farmland
for biofuels and local food systen@se listed in the Policy Section below.

Energy Infrastructure and Growth Patterns

Infrastructure such as electricity distribution lingas pipeline and sewer systentan
lead to new or intensified development. Development is easier, less expensive and therefore
more likely to occur in places served by infrastructure. So, decisions regarding infrastructure
extensions or improvements should consideg tmpacts on growth and development
patterns in the area.

In the Addison Region, there are areas, especially in the mountain towns, that do not
currently have access to electric lines. As with roads, whenever a distribution line is extended
into a placethat previously did not have service, over time additional development is likely
to occur along the length of the line.

Current Energy Consumption and Fossil Fuels

1. Fuel oil and propane

There are a number of companies in the Addison Region deliveringrmaand fuel oil
to retail commercial and industrial customers, used primarily for space heatingpaking
Most of these fuels are shipped into the region by truck. There is also a rail facility located in
Leicester Junction where fuel is delivered atdred. Retail distribution of these fuels is
available throughout thieegion.

This plan supports phasing out the use of these fuels within the Region. However, it also
recognizes that these businesses have been a very necessary part of the commauoitg fo
time. This Plan envisions supporting these businesses to transition to become energy service

)
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suppliers or some other ongoing type of business to minimize the negative impacts the
transition may have.

2. Gasoline

Gasoline distribution in the AddisoRegion is primarily through individual stations
affiliated with major oil companies. Intieke gi ono6s r ur al towns, many s
locally-owned convenience stores with franchises. Along the major highways, gasoline
stations are more likely to lm®rporateowned chain stores.

This distribution netwrk has historically served theeBion well and fuel for gasoline
engines is readily available. During the p86t years, changes to the economic climate,
consumer purchasing patterns and regulationsiraferground storage tanks have affected
the gasoline distribution system. Smaller stores with limited sales volumes are finding it
increasingly difficult to justify the expense associated with gas sales. Consequently, residents
in more rural parts of theegion have been gradually losing local access to fuel and must
drive increasing distances for a fill up.

Li ke fuel oi l and propane, this plan envisi o
gasoline and other petrolednased fuels in favor of renewablyenerated electricity.
However, it also recognizes that the distribution infrastructure for an effective transition to
electric vehicles does not exist. One logical place to explore is transitioning the fuel
distribution network to a network that can aapply electric vehicles. This Plan supports
that transition. Building electric vehicle charging infrastructure should include all reasonable
places for electric charging stations, including existing service stations.

There are health and safety risks@sated with both the storage and transport of
petroleum products in the Addison Region. Throughout the Jfastears, electronically
monitored, doublevalled tanks have replaced older singlaelled underground storage
tanks. Unfortunately, many ofthesel der tanks had already | eaked a
groundwater has been contaminated. To date, the costs associated awitliwgter
contamination in the &jion have been limited to smaltale clean up and supplying
alternative drinking water suppfieto homes affectedsiven that most commercial tanks
have been replaced, the possibility for lasgale widespread contamination has been
substantially reduced. Small residential systems will continue to pose a localized threat.

Above ground storage and transport of highly flammable petroleum products also carry
fire and explosion risks to communities. In the 1980s, transport of petroleum products to the
Region shifted modes from a combination of Lake Champlain barge, rail ackl tvu
primarily truck transport with limited rail use. A 2003 study of Reegi onds maj or hi ghw
indicated that more than thréaurths of all hazardous materials transported within the
Region fall within the petroleum cajery. Additionally, all of theRe gi ond6s | oc al roads
have some risk associated with the transport of petroleum products to customers for heating
and cooking fuels.
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3. Natural Gas

Vermont Gas has recently completed andile natural gagipeline extension into the
Addison Regiomand continues to build out secondary distributiofhe line serves or will
serve commerci al 0 r up to€ somuohumitiels in the Regipmeludgne r 6 s
the three Regional employment centers of Vergennes, Middlebury and Bristol, the village
areas in Monkton, New Haven and portions of Weybridge and Ferrisbthighpipeline has
been a contentious issue for the Region. When proposed, the cost of fuels was significantly
higher. However, many in the community objected to investment in loegterm
infrastructure for a fossil fuel. After significant debate, the Addison County Regional
Planning Commission supported the project with conditions. Those conditions were included
in an MOU it executed with Vermont Gas. Conditions included provisikasservice to the
villages that the pipeline passed through to provide infrastructure to support planned, denser
growth within those villages, training fo
incorporate renewable natural gas, made from comppstgmicultural waste, mainly cow
manure and/or food waste into its fuel mix. Vermont Gasvorking to make this
opportunity available to the. Regionds farm

Nonrenewablenatural gas will serve as shortterm fuel for the Regia. Whether
consumers and businesses choose to convert to natural gas will be their own choice. ACRPC
will continue to work with Vermont Gas to utilize the infrastructure it offers to promote
economic development for manufacturing and to incorporateatont farm economy to
offer a renewable natural gas option.

Regional Renewable Energyseneration

The Regionbdés energy supply is |l argely cor
number of alternative energy installations that tap local enesggurces.The Addison
Regionwas historically developed with hydropower. The Middlebury River, New Haven
River and Otter Creek powered the first mills in Middlebury, Bristol and Vergennes
respectively. Several of these hydropower sites still exist andlistassed in the sub
section later in this chapter dealing with Hydropower. More recently, the relatively flat and
open topography of the Champlain Valleypiortions of the Regiohas attracted a number of
large scale solar developments. Alsoyang number of homes have photovoltaic systems
that supply a portion of their electrical ener§ynally, community members, either lacking
good solar orientation or interested in a community system for other reasons, have created
community energy systems whkeehey have pooled resources with other-tikkeded citizens
to develop an offsite community energy proedt.hanks t o Vheetermglavt 6 s n
owners of these systems qaurchase grid power when needettisell excess power back to
the grid during peods of high solar production up to the point at which their annual cost
zeroes out Thus, the grid serves as a kind of storage system far-gaduced electrical
energy.In order to qualify for net metering, an electrical utility customer must olatain
Certificate of Public Good (CPG) fromthe Pubdlid i | i t i es Co mapreacass 0 n
similar to an Act 250 land use permit. Projects that receive a CPG do not have tougt thr
the local permit process.
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There are currently 980 natetering generats (less than 500kW capacityh the
Addison Regioraccording to recent estimates from Green Mountain Power.

Table 9: Existing Renewable Generation

Existing Renewable GeneratioSources
Solar

Wind

Hydro

Biomass

Other

Total Existing Generation

34.75 41,792.8
0.4 961.78
25.63 89,807.52
1.73 6,715.2
0.00 0.00
62.51 139,277.3

As of October 2017, roughly 1,259 sites generate 139,277.3 MWh of solar, wind, hydro
and biomethanepower annually within the Region(Table 9)'* The discussion below

encompasses all

of

t he of renewabl e

types

residents and how they might harness it to meet statewide generation targets for the

community.

Solar Energy

Globally, the sun squplies energy to Earth at some 10,000 times the rate at which

humankind currently uses energy.
geographically or

However, this energy is not distributed equally,
temporally; the Regionos

energy is less than tle®ntinental U.S. average, and considerably lower in the winter than in
summer. However, the average monthly solar energy available to a fixed solar array tilted
optimally for its latitude in the Region is still over 70% of that for its equivalent in
Albuquerque, New Mexiod an excellent place for solar energgccording to NASA data
available at https://eosweb.larc.nasa.gov.

The Regionbs

t ot al

el ectrical ener gy

266,553,67kWh (267 GWh) per year, according Efficiency Vermontestimates (Table 4,
page 23 If we already generatelose to ® GWh of that with renewable hydro 4B), that
leaves ¥7 GWh. This means that the Region could meet that entire remaining current
energy demand with solar photovoltajeneration, using cumulative generation and usage
averaged over the year, with abolB6IMW of PV occupying around 660 acres of the

Regionds 516, 895

acres, or about one third

conservative empirical figuresom our Region of about 1.3 GWh of annual production for a
nominal 1 MW of photovoltaics, which occupy about 12 acres/MW. This is for fixed arrays
using current technology$ince this plan predicts total electrical consumption within the

Region will reman

relatively

fcléanthat thesalar resadrce alane is moret 6 s

than adequate for our entire current and future energy néhds isif we were willing to

13 Existing renewable generation data came from @mmmunity Energy Dashboar(R017), Green
Mountain Powe(2018) and TheLow Impact Hydropower Institut€2018).
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devotea sufficient amount ofand to it; accordingo Map 2 (p.47) the region has 2,459

acres of primary solar siting area, and an additional 118,4@s afrsecondary solar siting
area However, the intermittent and seasonally variable nature of solar PV generatics®y mean
that without significant advances in the technology and ecorsoohienergy storage, it could

not be relied on as baseload generatidre diminished production of PV in winter months,
coupled with peak heating demands (transitioning to eldotiat pumpsmakes this problem
particularly acute.

Photovoltaics represermonly one of several useful ways to harvestar energy. The
simplest use of sunlight iIs passive-raome f o
schoolhouses provide historic examples of how buildings can be oriented and windows can
be used tdake advantage of passive solar energy for lighting and heating. Properly insulated
buildings oriented so that their long axis is within 30 degrees of true south with unobstructed
south facing windows can offset their space heating costs by 15 to 50tgéitaking this
one step further floors and walls can be built of materials that will capture and store warmth
from the sun. In many cases, passive solar buildings can be constructed at little or no extra
cost, providing free heat and lightand substardi energy cost savingsfor the life of the
building. Solar water heating is another eeffective solar application for buildings in the
Addison Region. Water heating is one ofethargest energy costs for thee®i on o s
households. A water heating systémat utilizes solar energy can reduce energy costs by up
to 65 percent. A solar water heater cannot generally supply all the hot water needed year
round because of the climate and weather, so algaskstem is required.

New developments in photovoitacell (PV) technology, which converts solar energy
into electricity, laveled to PVs that are smaller, less expensive and more consuenelty
T trends that should continue into the futubdthough these technologies exith convert
solar energy inttieat and electricity, at this poimt time, it is impractical to supply all of the
Region's energy with #Region solar installationgor reasons cited abovélowever, use of
solar energy for electricity and/or heat in individual homes and for chaetgogic vehicles
is technologically feasible and ranges from solidly economical to marginally so.

Solar energy facilities ranging from 150 kW to 5 MW have been constructed within the
Region with varying visual and other impacts. From that process the Region has learned how
project siting standards and mitigation can workntegratelarge solar devepmentswith
the Regionbés rur al aesthetic character. Th
Energy Generation and Transmission Project
when testifying regarding generation and/or transmissioth sub-station pojects proposed
for the Region.

A regional study to site solar facilities on municipal sites can be found at the Addison
County Regional Pl anning Commi ssionods offi
Vermont. The regional solatudy can also be accessed online here:

14 Information from thel997 Vermont Comprehensive Energy Plarepared by the Vermont Department
of Public Service.
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Biomass

1. Biomass Resources

Biomass consists of renewable organic materials, includingtfprasd agricultural
crops and residues, scrap wood and food processing wastes, and municipal solid waste. All
these productsr waste products can be used as energy sources. The benefits of these
resources are that they are local, affordable, sustaiaafileften waste materials. Some
biomass materials, such as cordwood, have been traditionally burned to provide heat.
However, these materials can also be used in other ways, such as producing gas that can then
be burned to generate heat or powdre congierable energy savings and reduced electrical
consumption from the grid modeled in this Plan clearly restoommercial/industrial use of
wood chip biomass energy.

2. Wood

Wood has historically been an important energy source in the Addison Region. When
colonial settlers arrived in the region, it was forested. Trees were felled to clear farmland and
the byproducts of that clearing, including timber and potash, were a primary component of
the regionds eaegiyor@onoenyi ddmtesndhubhea sourceo od as t
into the 28" century. As fossil fual became available, one ofthe i onés pri mary ene
sources, local wood, was largely replaced by imported oil.

During the oil embargo of the early 1970s, m
using wood as a renewable and esféective fuel. Most of this use was initially in the form
of split or chunk wood for use in traditional woodstoves. However, once oil prices declined
and residents were faced with the inconvenience of putting up woeiakeseasons in
advance, many returned to the ease of oil heat. Several new residential wood heating
alternatives have begun to be used in thegidn over the pastecade. In rural areas of the
Region, outdoor wood furnaces have seen a rise in use ajdwmmuch of the mess
associated with indoor wood stoves to be left outside. Wood pellet burning stoves and
furnaces have offered consumers another option. These stoves and furnaces use a processed
wood pellet for fuel that can be automatically fed ifite burner and delivered in bulk.

In addition to use for residential heating, wood is being used in Vermont to generate
energy on a large scale. There are two wood chip fired electrical generation facilities located
in Burlington and Ryegate. The McNeil @rating Station located in Burlington has a
nominal capacity of 50 MW and has operated since 1984.

Between residential use and industsaehle generating plants, there are a number of
applications for wood as an energy source. Sswlle commercial ettrical generation with
wood fuel is possible and is most common at forest products manufacturing plants where
waste materi al can be converted to energy. Ov e
used as an energy source
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Over 20 Vermont schools ope boilers fired by wood chips. This technology has the
potential to cegenerate electricity in addition to providing heat. The technology used in a
number of these schools was developed by a local business, Chiptec. In the Addison Region,
Middlebury Colege has displaced one million gallons of oil per §ehalf the oll
consumption of its heating plantwith local biomass in the form of wood chips.

The Addison Regiorand Middlebury College foresters agree that each acréheof
R e g i foresbmight susiaably yield about on¢hird of a cord of firewood each year. The
Region overall contains about 230,000ekied acres, equal to rougl$% percent of the

Regionds overall |l and area of 516, 895 ac!
Re gi o nsh kand Mmight supply up to 76,000 cords per y@arenough to serve as a
heating sourcefone ar | y al | o f36 householdR. é¢f gachohoudeswerke dssudned

to burn 5 cords per year, that would amount to approeinatl,6® cords of woodWhile
the complete use of this resource is unlikely, it does illustrate the potential of using
sustainably harvested wood to heat structures in the region.

In 2009 ACRPC, the Town of Bridport and the Bio Energy Resource Center (BERC)
investigated whiber the Addison Region had sufficient biomass from both its farms and
forests to support a local pellet mill facility. Thesultextensively studies sustainable yields
of both wood and agricultur al sour seauldo f f
not solely support a mill, but could if combined with other parts of the State. A link to that
study is attached here.

http://acrpc.org/files/2012/04/BERC_Pelidill Report 2009.pdf

The r egi am dasmindgresourees are a renewable energy source that could be
used sustainably for generations if properly managed. However, a number of issues
associated with burning large quantities of wood have surfaced over the years, including
increased air pollution levelnd concerns about over harvesting of available wood sources.
Biomass should be considered in the context of public health impacts in addition to whether
supplies are sustainable and effective to meet short and long term demands for renewable
heat sourceresrgy.

In general, wood products do not burn as cleanly as petroleum products and produce even
more air pollutants when fires are contained within airtight stoves. However, newer wood
stoves are required to burn more cleanly and many are now equippecatatlytic
convertersor other pollution control device® remove pollution from wood smoke. New
woodstoves for residential use are more energy efficient, produce less air pollution and are
safer than older models. Otigeoreticalbenefit of burning woods that there is little net
production of carbon dioxide (CO2), a major greenhouse gas, because the CO2 generated
during combustion of wood equals the CO2 consumed during the lifecycle of th&éhise.
logic necessarily requires that the resource is Iséedesustainably, so that the baseline of
conversion of CO2 to O2 through photosynthesis in the forest is maintained.

Concerns about over harvesting of forests have arisen in recenfryearsection with
large consumers of wood chips, such as wowoddfielectric generation plants. The
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economics of chip harvesting preclude the ability to effectively harvest in a selective manner
and some public resistance has surfaced over even fagest management techniques.
Because of this resistance, the lasgale users of wood chips have taken an active approach
to managing forests and have hired-tuthe foresters to ensure the harvesting is done in a
sustainable manner for years to come with the least aesthetic impact possible.

Wood continues to be undeli#ed in the region as an energy source with far more
biomass production grown in a single year tismarvested. The ability to market the former
waste products from sawlog production allows wood to be grown much more as, a crop
similar to grainthan ewer before.

3. Bio-diesel

Biodiesel is an emerging technology for creating energy from biomass. Biodiesel is a fuel
that can be manufactured from vegetable oils, animal fats, or recycled restaurant greases. The
fats and oils are chemically reacted with arohbl, such as methanol, to produce chemical
compounds known as fatty acid methyl esters. Biodiesel is the name given to these esters
when they are intended for use as fuel. Glycerol is produced as a byproduct. Biodiesel
contains no petroleum, but it cae blended with petroleum products to create a biodiesel
blend, which can be used to fuel unmodified diesel engines and to replace fuel oil for heating
systems. If they become economically viable at scale, Biodiesel technologies could provide
anopportunitf or t he Regionbés farmers to create new de
most farm equipment runs off diesel engines, biodiesel could also provide an alternative fuel
supply for farm vehicles.

4. Biogas Power Generation

As discussed above, cow maais anothersource of biomass in the Addison Region.
Other potential biomass resources in the region include food waste, cheesg whey
slaughterhouse wasted brewery residuals.

During the energy crisis of the late 1970s, the Foster Brothers Farm in Middlebury started
producing electricity from cow manure. This electricity was used to provide power for the
farm and the excess could be sold back into the power grid. To produeke¢héity, an
anaerobic digester uses bacteria to break down the manure into methane gas. The methane
gas is used as a source of fuel for an internal combustion engine connected to an electrical
generator. Methane produced from other sources, such @fdl$anor composting of food
waste, could also be used to produce power in the same manner. As of this Plan, a number of
the larger farms in the Region have invested in biodigesters to produce energy from methane
generated by manure and food waste. Moashtconvert the gas to electricity to power the
farm. They also use the heat generated in the digestion process and use the composted
manure as bedding, producing a number of useful byproducts. One farm has recently
invested with Middlebury College and \feont Gas in using methane for heatihg2012
ACRPC worked with Integrated Energy Systems to produce a study looking at the vehicle
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market for a biogas project proposed to serve Middlebury College and the potential of also
using a portion of the gas credtfor fuel for large commercial vehicle fleets. The-gés
project to heat the college is moving forward, but without the vehicle fleet fueling station. A
link to that study of biogas and its potential is here:
http://acrpc.org/files/2012/04/COUNTY_FINAL small.pdf

Some have expressed concern that we would be better off reducing food waste by using
food before it spoils, through gleaning or other conservation practices, ratheeclaling
it. Others have questioned the letegm sustainability of the larggcale dairy operations
necessary to support mandrasedenergysystems. However, in theearterm, this plan
supports the continued use of manure and otlygeréaducts of itsagricultural and food
industries to produce clean, renewable power.

Wind

Mapping of New England wind resources by the National Renewable Energy Laboratory
shows that most of the Region has average winds in the Class 1 category (speeds below 12
miles perhour). This is the lowest class and is unsuitédnl@ommercialscale wind power
(See map 2 below).

A small portion of he Regiod appears to have class 3 winds and above (around 12
miles/hour at 100 meters above the ground), considered marginallylesddalblargescale
wind installations. However, the entire Region is likely capable of producing significant
wind energy at tb smaller scales of individual multiplehome wind turbines. Experience
with wind installations in the Region and surroundioghmunities confirms this
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Wind Speed Map of Northern New England at 50 m
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Map 2. Wind Speed Map of Northern New England at 50
Map 2

Wind power can be harnessed for both large and soalé power generation. In recent
years, sever al studies have shown that Ver mont ¢
a significant portion of the stthetbesblecatienl ect r i c
for wind generation facilities, with elevations between 2,000 and 3,500 feet above sea level
being ideal for maximum power production. In the Addison Region, locations primarily in
the towns of Starksboro, Lincoln and Ripton, were idedtifis having a Wind Power Class
of 3 or greater, making larggcale generation feasible. However, much of the land in this
area lies in the Green Mountain National Forest, and a significant portion of that has been

5TrueWindSqutions, AWind Energy Resource Maps of New Engl
Technology Collaborative at:
http://www.mass.gov/anf/docs/itd/services/massgis/viindlreportnorthernnewengland.pdf
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designated as Wilderness area. ThisiRIpposes any camercial development within the
A lKown Constrained areas located oMap 6 including the widerness area discussed
above.

Beyond prohibiting wind in areas mapped with Known Constraints (See @yiand
supporting the current State polithat any commercial renewable developer pay for the total
cost of their projects, including the transmission infrastructure improvements required to the
grid to accommodate or serve their project, this Plan does not set any further restrictions with
regardto commercial or industrial scale wind generation. Instead, it will incorporate and
support the wind policies of its member municipalities as contained within their plans.

Small wind turbines, designed for individual residential or business use, ugeadyate

under 15 kW. They have two or three blades usually with a diameter of eight to 24 feet. They
are often mounted on a guyed monopole or a freestanding lattice tower ranging in height
from about 80 to 120 feet. Turbines need to be 40 to 60 feeeakmarby trees or other
obstructions for optimum efficiency. Small to rsced turbines operate at lower wind
speeds and can be more flexibly located. This Plan supports small residential scale wind
development, provided the applicant provides sufficgmibacks to property lines and sites

the facilities pursuant to the guidelines contained irttf@D6s handbook for r
siting, ASiting a Wind Turbine on Your Pro

Geothermal Energy

Energy trickles fr om Eamotebt@wwrage mte efraboat 850t o
watts per acre, far less than the solar input. For the Region, far from major geological
activity, that number is almost certainly significantly lower. In addition, solar energy warms
the Earth, especially in the summand some of that energy is stored as heat in the upper
layers of soil and rock.Yearround, soil temperatures just a few yards deep in Vermont
average ar ound -rourdeUnlike the cds® i@ Beismially ractive areas like
Iceland or even Yellwstone in Wyoming, This temperature is too low for direct (conductive)
heating. It can however, help with summer cooling, and there are simple designs to effect
that, with, for instance, fadriven air circulation through buried outside duct pipes, oc atti
and whole house fans pulling cooler air up from basement spaces

Latent Heat-The Special Case of Heat Pumps

Air to Air cold climate heat pumps are becoming quite popular in the Region, and for
good reason. They are actually able to make more enesgifalale for heating and cooling
than they consume; they perform this qeasigical feat in the same way that an ordinary
refrigerator does, by using an energy source called the latent heat of vaporization and the
latent heat of condensation of a chemieditigerant. In reality, they do not create or harvest
heat so much as move it from one space to another. A refrigerator removes heat from its
inside to its outside using an evaporator on the inside converting the refrigerant to a gas, and
a condenser ondtoutside turning the refrigerant from a gas back to a liquid. The evaporation
phase absorbs heat from its surroundings and the condensation phase releases heat to it
surroundings. In the case of a cold climate heat pump in heating mode, the condenser is

Qr)ﬁ% N S 2
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inside and the evaporator is outside, so heat is removed from the air outside and delivered to
the air inside. It can also perform as an extremely efficient air conditioner, evaporating
refrigerant in the interior and condensing it on the outside. Coldatdi heat pumps
generally available for residential use tend to be economic down to arouifl dégrees

below 0° F using common refrigerants, so a secondary heating system is required for very
cold periods. That may be a fossil fuel fired system, wood, loeaelectric resistance heat,
though widespread use of the latter can cause winter peak generation issues for electric
utilities. Special air to air heat pumps using CO2 as a refrigerant are useable down to around
-30°F, but are not effective in revers®de as air conditioners.

Distinct from air to air heat pumps, so called geothermal heat pumps can be more
accurately referred to as ground source heat pumps. Rather than moving heat to or from
outside air, they exchange heat with the ground or groundwdtere exist a wide variety of
design types, including direcbupled, closed loop and open loop. Open loop systems, which
generally use an Aopen | oopd of pumped groundw
loop are most popular in the Northeast daese of the relatively high availability of
groundwater. The economics of this kind of system are best with relatively shallow and high
flow drilled well s; they often can wutilize a
conditions. The initial cost dhese types of system is higher than other HVAC systems, and
they are best suited to new construction. On the other hand, they are typically more efficient
than even air to air systems because the temperature differential between the inside and the
groundor groundwater, is significantly less than the differential for air to air systems, and the
payback is generally well under a decade. To date, few property owners in the Region have
installed ground source heat pump systems, but their number can bedxpapow.

Hydropower

The Region possesses some relatively significant hydro resotiysh®power has been
used as an energy resource in the Addison Region since colonial settlers built the first mills
along the regionds st rsetanosf. tThher oruegghi oountd st hien dlu8sOt(
focused around locations with access to hydropower, such as the Marble Works in
Middlebury. Some of those same locations are still being used to generate power today.

There are sevehydropower generation fadiks operting in the Addison Region, five
of whichare located on Otter Creek. One other facility is powered by Sucker Brook from the
Sugar Hill Reservoirn Leicester and the Goshen Dam in the town of GaslmeSalisbury,
there is a facility that gendes hydropower from the Leicester RivAll of these facilities
are owned by Green Mountain Power (GMP).

There are two basic types of hydroelectric facilities: -otitheriver and ponding
facilities. Runof-theriver plants hinder the flow of water only minimally, with the volume
entering the powerhouse equaling the amount leaving the plant immediatelyng?ond
systems store water behind a dam to be released through the turbines on demand. Most of the
hydropower plants in the region are foftheriver facilities. However, the Sugar Hill
generator in Goshen can store water in a reservoir and release mandle
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The size of thesatilities ranges from the Sucker Brook facility (or Silver Lake Pragject)
which produce less than 7,000 MWannually to Huntington Falls, which generates more
than 22,000 MWh. AHydroopdprest chreemtly prore closeetg@,000n 6 s
megawatt hours of electricity annually. That figure represents approxinggegigrcent of
the electricity consumed in the Addison Region annually.

The environment al l mpacts associated wit
sourceof electricity generation, can be significant. The physical character of a power
producing stream is usually markedly changed upstream, downstream and at the dam
location. Water chemistry and biology are also altered. Everofruner plants can still
cawse impact on the riverine system. At a minimum there is often a dam limiting the
mobility of fish and blocking passage to spawning areas. The level of water in the reservoirs
used in ponding systems can fluctuate greatly, causing shoreline erosion adindeglant
communities and animal habitat. However, properly scaled and managed hydro systems can
significantly reduce impacts and present fewer negative environmental impacts relative to
other energy sourcesPartly because of the questions efivironmental impact, the
development of hydropower facilities, even smaller projects, can be impeded by an extremely
difficult and expensive permitting process, especially at the federal level.

Energy Storage

As the Region permits commercial or industisable generation in its jurisdiction, it
should also advocat® include an associatedgtorage facility to supplement the power
generated to impwe its shorterm resiliency ad replace expensive peak power purchases.
Battery storage, while expensive, idecreasing in priceboth at the industrial and the
consumer leveland can provide similar benefits at both. There is a brief description of
storage at the commercial level in the subsection on Electrical Infrastroctypage 20At
the homeowner leveliable offerings such as the Tesla Powerwall have made an appearance.
In fact GMP offers a Powerwall and software to homeowners for a reasonabtenene
purchase or a $15/month payment plan with an agreement to let GMP draw power from the
unit, aggregad with others, during peak demand periods. In the event of an outage, the
homeowner has backup power capable of several hours of typical use

Emerging Technology

As new technologies, such as hydrogen fuel cells, become viable, ACRPC will be open to
leaming about and distributing information on the wise use of those resources for sustainable
economic development.

ko>
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Renewable Generation Resource Mapping

As part of its efforts to discover energy generation potential within the Region, ACRPC
created a sergeof maps depicting generation resources and also potential constraints. These
maps show data as required by the Department of Public Service Determination Standards
and are a required element of enhanced energy planning. The maps show areas that are
potentially appropriate or inappropriate locations for future renewable generation facilities.
The maps are a planning tool only and may not precisely indicate locations where siting a
facility is acceptable. When proposing a generation facility, applicants werify the
presence or absence of the natural resources and other specific characteristics of the site as a
part of the application.

Map 1 depicts the current transmission and distribution resources and constraints within
the Region(page 1% Construton of new transmission facilities to support renewable
energy generation can be a substantial driver for the total cost of the power the facility will
generate. Knowing what infrastructure is available, and where, is an important planning
component forenewable power developmeMap 2 on page 4&lepicts the places with the
best potential wind speed for development in New England.

The map displ ayi ngMaji B mwithim this flanrors pagesbdepictss 0
natur al resource | ayers t hat preclude renewahb
Constraintso d dgausetof tipel naterad resowceselocated in the area, it
would be prohibitive to secure a permit for energy development. A fullrigéen of each
type of known constraint includechdlap 3 is located in Table 10

Map 4, entitled APossible Constraintso depict
may not prohibit development. A full description of each type of possible comisiteluded
on Map 4 is locateth Table 11 Forest blocks are an exampleaopossible constraint (page
53). A lot of forest resources exist within the Region. However, they may or may not prevent
wind or solar development.

The remaining maps showehocation of where solar resources exist, and where wind
resources and biomass resources exist in quantities that would support generation. These
maps are depicteloelowas Map 5, Solar Resources, Map 6 Biomass Resources and, Map 7
Wind Resourcegpages 5-56). These maps depict where resources exist and where no
known natural resource constrirexist. They also depict baseline resources, not necessarily
the fibestd resources in the area. For exampl e
wind blows & the minimum velocity necessary to support wind power and where no known
natural resource constraints exist. As noted in the wind discussion above, while many places
may meet the minimum criteria for wind development, the best area in the Region is
probaly the spine of the Green Mountains, which appears to have class 3 winds (around 12
miles/hour at 100 meters above the ground) and is considered to be marginally suitable for
largerscale wind installations. Accordingly, users are cautioned to read the im&his
context.
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Themaps contained n t hi s plan are also availabl e
website. The fAscalabilityo of t he dimgdchtmare ver
valuable tool for those desiring to understand resources or constraints within a small area of
the Region.

(http://54.172.27.91/public/enerqgysiting/regional maps) sm/

Mapping Constraints
Table 10: Mapping Known Constraints

Solar, Wind and Biomass Map&nown Constraints
Constraint

Confirmed and unconfirmed
vernal pools

Description
There is a 60@oot buffer around confirmed
or unconfirmed vernal pools.
Rankings S1 through S3 were used
constraints. These include all of the rare a
uncommon rankings within the file. For mor

ANR

State Significant Natural
Communities and Rare,
Threatened, and Endangered

Species

River corridors

National wilderness areas

FEMAFloodways

Class 1 and Class 2 Wetlan

Vermont Conservation

Design Highest Priority Forest

Blocks

information on the specific rankings, explore tl
methodology for the shapefile.

Only mapped River Corridors were depicte
It does not include 5@oot buffer for streams
with a drainage area less than 2 square miles.

Parcels of Forest  Service lal
congressionally designated as wilderness.

FEMA Floodways display the channel o
river or other watercourse and the adjacent lai
areas that must be reserved in order -
discharge the base flood without cumulative
increasing the water surface elevation mo
than a designated hght.

Vermont Significant Wetland Inventor
(VSWI) identified class | or Il wetlands. Th
wetlands provide significant functions and valu
that are protected by the Vermont Wetlan
Rules. Any activity within a Class | or Il wetl:
or buffer zone which is notexempt or
O2yaARSNBR Iy alffz2g¢
Wetland Rules requires a permit.

The lands and waters identified here are t|
areas of the state that are of highest priority fi
maintaining ecological integrity. Together, the
lands comprise a connected landscape of la
and intact forested habitat, healthy aquatic ar
riparian systens, and a full range of physic
features (bedrock, soils, elevation, slope, a
aspect) on which plant and animal natut
communities depend.

VCGI

VCGI

VCGI

VCGI/
ACRPC

VCGI

ANR

=
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Map 3. Renewable Energy Planning: Known Constraints (2016)
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