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PART 1

Context / Introduction

WINDHAM REGIONAL ENERGY PLANNING

The Windham Region, which is composed of the 23 towns of Windham County, Readsboro,
Searsburg and Winhall in Bennington County, and Weston in Windsor County, has a long history of
engagement in energy generation and the promotion of energy efficiency through land use policy and
other means. The Windham Regional Commission (WRC) was instrumental in the creation of Act 250 in
response to unhindered development associated with resort development in the 1960s and early 1970s, and
was an eatly advocate for what we would today call “smart growth” planning.! An early energy policy issue
for the Commission was the construction of the Vermont Yankee Nuclear Power Station. The state’s first
major utility-scale wind-power development was constructed in Searsburg, All of our major river systems
are or once were dammed for the purpose of hydropower generation (the Deerfield and Connecticut have
major operating hydropower facilities; the West River once had a hydropower dam in the vicinity of West
Dummerston but is now only generating power through two hydropower retrofits at Ball Mountain and
Townshend flood control dams). Since the 1990s the Windham Regional Plan has had a major greenhouse
gas emission reduction and renewable energy transition focus. To support this focus energy has been
incorporated as a thread throughout all sections and topics of the plan. We emphasize compact settlement
patterns, speak to opportunities to reduce energy consumed through transportation, recognize the critical
role of weatherization and thermal efficiency, and encourage the transition from carbon-based fuels to
renewable energy sources.

The Vermont Comprehensive Energy Plan (CEP) aims to have 90% of all energy consumed to be
sourced from renewable resources by 2050. With high goals set for conservation, energy efficiency, and
renewable energy generation, the state looks to become more energy independent, secure, and green. In
2016, Act 174 was passed which tasked Regional Planning Commissions to generate Regional Energy Plans,
which would facilitate the implementation of the CEP’s 90% by 2050 goal (or, the “90x50 Goal”). Three
pilot regions completed their draft plans in 2016: Bennington County Regional Commission, Two Rivers-
Ottauquechee Regional Commission, and Northwest Regional Planning Commission. Concurrently, the
Department of Public Service created standards by which to review the Regional Plans for Compliance
with Act 174. With technical support from the Department of Public Service, Vermont Energy Investment
Corporation, the Energy Action Network, and these three pilot RPCs, the remaining eight RPC’s developed
their Regional Energy Plans.

1 The WRC celebrated its 50th anniversary in 2015. The archive of our yearlong commemoration is
available here, and includes discussion of our role in Vermont land use planning and Vermont Yankee: http://
windhamregional.org/anniversary. The 50th anniversary booklet can be downloaded here:
http://windhamregional.org/images/docs/publications/WRC Celebrating 50 Years.pdf.
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WINDHAM REGIONAL ENERGY PLAN

The Plans explore the respective regions’ energy needs by analyzing current energy use, projected
use from 2014 to 2050, identifying target consumption and conservation goals for the years leading up to
2050, and identifying where energy generation has potential within the Region. The data (which will be
explored in depth in part II) were gathered from the U.S. Census Bureau, the US. Energy Information
Administration, Vermont Agency of Transportation, Department of Labor, and Efficiency Vermont. The
model used to generate target consumption data was produced by the Long-range Energy Alternative
Planning System model. The plans explore energy broken out into three sectors: electrical, transportation,
and thermal (hereafter referred to as “heat”).

The Windham Regional Energy Plan melds land use and energy planning into comprehensive energy
planning by first discussing the Region’s energy needs and identifying targets for the future which align with
the State’s 90x50 Goal. It next identifies pathways, policies, and implementation steps to reach these targets.
Finally, it presents policies to guide renewable energy generation and maps which illustrate energy generation
potential and constraints. The WRC solicited input from the public, municipalities, commissioners, and
professionals in a series of workshops, presentations, and public meetings to ensure the plan was reflective
of the Region.

KEY ISSUES AND GOALS

For the purposes of this plan, energy is defined as usable power that is derived from fuel sources
such as transportation fuel, heating fuel, and electricity generation. Vermonters use a variety of fuel sources
to meet their energy needs, all of which present societal and environmental trade-offs, some of which are
realized locally and others which have global implications and even present existential threats. Most of that
energy is imported, and much of it is carbon-based. All of the petroleum that is used for transportation
and space heating, for example, is imported from outside the state, and much of that from outside the
United States. Most of Vermont’s hydroelectric power is imported from Canada. The only fuels that are not
imported to Vermont are locally grown wood used for heating, and locally produced wind, hydroelectric,
and solar power.

Energy Security

The energy mix in Vermont currently depends heavily on imported fuels. Fossil fuels account
for over 75% of the energy mix as transportation and heating both currently rely on this fuel. Imported
electricity generated from Hydro Quebec accounts for roughly 25% of the State’s electricity load. With the
state’s dependence on these non-local resources, dollars are funneled directly out of the local economy.
From an environmental perspective, petroleum and other hydrocarbon-dependent energy is a significant
cause of localized environmental damage where those fuels are produced and refined, and the emissions
from their use is responsible for human-induced climate change, related climate-change disasters,
and ecological degradation. Any efforts to reduce the use of non-renewable energy and shift to more
environmentally sound energy sources will benefit the State and Region’s environment.

Figure 1 on the following page is excerpted from the 2016 Vermont Comprehensive Energy Plan,
and illustrates the transition needed to be taken across the state in fuel source to end use. Though Vermont’s
energy transformation may take years to implement, it has the potential to enhance the vitality of the state
and local economy by reducing money spent on fuels pumped, mined, or generated elsewhere, improve our
health through reduced emissions and increased bicycle and pedestrian mobility options, and improve the
quality of our local and global environment through reduced greenhouse gas emissions. This robust energy
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WINDHAM REGIONAL ENERGY PLAN

Vermont energy flows in 2015,
with an illustrative path forward to 2025, 2035, and 2050.
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Figure 1: State energy use fuel source to end use from 2015-2050, extracted from the Vermont 2016
Comprehensive Energy Plan.

plan is a tool to advance the economic and environmental well-being of the Region, thereby improving the
quality of life for its residents. Pursuing the energy goals will reduce the Region’s vulnerability to energy-
related economic pressures and, in the long term, climate change-related natural disasters, and promote
long-term community resiliency in a variety of contexts.

There is a trend toward factoring the “societal costs” into the price of energy; society pays for

health costs associated with pollution, environmental clean-up, military protection of energy sources, and
the continued failure of the Federal government to address the disposal of radioactive wastes. And in the
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WINDHAM REGIONAL ENERGY PLAN

long term, communities who depend on fossil fuels are vulnerable to risks associated with their price and
production volatility.

These challenges may significantly increase the cost of conventional energy sources within the
next 10 to 20 years. As a result, both the Windham Region and the State of Vermont seek to promote and
develop reliable energy resources, as well as energy conservation practices, to hedge against the increasing
volatility of hydrocarbon prices, and to reduce the environmental impact of our energy use. The role of
clean, alternative energy sources will be expanded and supported.

CURRENT WINDHAM REGION ENERGY GOALS OVERVIEW

A reliable and affordable supply of energy is critical to our society and to our way of life. While
energy issues are often national or global in reach, local land use decisions have a direct, lasting impact
on the energy requirements needed to sustain the function of development. The Windham Region can
lead by example by increasing the efficiency of its energy-dependent systems, identifying critical areas of
improvement, and supporting local energy options that benefit its communities. The Windham Region
actively supports partnerships, strategies, and state and federal legislation that will ensure the affordable and
reliable production and delivery of energy to the area, in conformance with regional goals and objectives.
It is our intent to work with the State, utility providers, our member towns, and neighboring regions to plan
for energy demand and future shifts in primary energy sources.

The following set of regional goals has withstood the test of time for relevance and importance to
the Windham Region. These goals evolved from prior plans and they continue to be the subject of ongoing
dialogue between the WRC and its member towns. They correspond generally to the State’s planning goals,
and they guide the development of our regional energy plan policies.

¢ To plan development in order to maintain the Region ’s land use and historic settlement pattern of
compact villages and urban centers separated by rural countryside;

* To encourage the availability of a reliable, sufficient, and economical energy supply, to support
energy conservation and efficiency, to encourage the development of appropriately scaled and sited
energy generation resources, and to facilitate conversations between towns where different interests
exist;

¢ To provide for safe, convenient, economical, and energy efficient transportation systems including
options such as public transit and paths for pedestrians and bicyclists, where appropriate;

* To provide a vital and diverse economy with rewarding job opportunities and high environmental
standards for the Region ’s citizens;

* To encourage and strengthen agricultural and forest enterprises;
* To maintain and improve the quality of air, water, wildlife, and land resources in the Region ;

* To identify, protect, and preserve regionally important natural and historic features of the Vermont
landscape;

* To provide for thoughtful and efficient use of the Region ’s natural resources, including the
prevention of surface water and groundwater pollution, the protection of fragile natural habitats
and endangered or threatened species, the avoidance of agricultural and other land-use practices
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WINDHAM REGIONAL ENERGY PLAN

that lead to soil erosion, the management of woodlands on a sustainable basis, and the sensitive
treatment of scenic resources. Mineral extraction should have minimal adverse effects on aesthetics,
water quality, air quality, and special community resources (such as historic sites, recreation, or
scenic areas), and effective site rehabilitation plans should be provided and implemented;

* To plan for, and to educate the public about, natural and other hazards in the Region, the
prevention and mitigation of these hazards, and for preparedness, response, recovery, and
resilience;

* To educate the public about the inherent risk to life and property associated with development
within river and stream corridors, including fluvial erosion hazard areas, and to continue to develop
actions and policies that prevent and mitigate these risks wherever possible;

* To promote the development of housing suitable to the needs of the Region and to ensure the
availability of safe and affordable housing for all citizens;

¢ To broaden access to education and training for all citizens;

* To maintain and enhance recreational opportunities for both residents and visitors in keeping with
the carrying capacity of natural resources and public facilities;

* To plan for, finance, and provide an efficient system of public facilities and services (such as
schools, water and wastewater facilities, highways and bridges) to meet future local, regional, and
state needs; and

* To support affordable access to high-quality health care services for all citizens.

The following action steps are adopted steps specific to energy within the Windham Regional Plan:

* Energy conditions are rapidly changing in Vermont, in part due to volatile energy prices, new
technologies, and the 2014 closure of Vermont Yankee Nuclear Power Station. The State has
adopted aggressive goals to create a renewable energy future including the CEP’s 90x50 Goal.
During the 2011-2012 legislative session, the State of Vermont amended the Sustainably Priced
Energy Economic Development (SPEED) goal (adopted in 2005) with the Total Renewable Energy
Goal, which states that starting in 2017, 55 percent of each retail electric utility’s annual sales
must be met by renewable sources, increasing by 4 percent every third year until 2032, when 75
percent of sales must be met by renewables (see Act 170). The WRC will support state energy
goals provided they comport with the provisions contained within this plan, including the
protection of significant natural and cultural resources and human health and welfare.

* Energy conservation and energy efficiency are among the best energy investments, providing
opportunities for significant reductions in energy use and costs.>> While there are social and
ecological impacts associated with all energy production, energy conservation and energy efficiency
help reduce these impacts by reducing demand. Lowering demand makes energy more affordable

2 “Energy efficiency” - Using less energy to perform the same functions and tasks. This applies to measures
such as the use of new technologies (e.g., LED lights, more energy-efficient appliances) that use energy more
efficiently and reduce waste.

3 “Energy conservation” - Reducing energy use. This applies to measures such as building weatherization
and changes in personal habits (e.g., turning off lights, driving less) that reduce the amount of energy consumed.
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WINDHAM REGIONAL ENERGY PLAN

for all by reducing infrastructure requirements. Reducing energy demand reduces the impacts
associated with all forms of energy, both renewable and non-renewable. In October 2011, the State
of Vermont adopted Residential Building Energy Standards (RBES) and Commercial Building
Energy Standards (CBES), which establish a minimum standard of energy efficiency for nearly

all new residential construction, including building additions, renovations, and repairs statewide.
Meanwhile, utility companies are actively installing Smart Grid technology, which allows consumers
to monitor and to make more informed choices about their daily energy use. The WRC supports
improved energy conservation and efficiency strategies as a preferred alternative to the
construction of new energy generation and transmission capacity.

* Energy conservation and efficiency should be a primary consideration in all development projects,
with a primary land use goal of locating significant projects adjacent to or within existing developed
areas. Scattered development increases the need for vehicular traffic, requires further extension
of public infrastructure and utilities, and consumes a higher percentage of open space, all of
which increases the overall energy demand of the project. There is also a direct relationship
between development patterns and the subsequent transportation energy needed to sustain that
development, which is especially significant in this State where the greatest end-use consumption
of energy occurs in the transportation sector. The WRC will encourage development in the
Region that meets the highest State and regional standards and exhibits best practices in
terms of energy conservation and energy efficiency.

* The cost of energy in Vermont, across all sectors, is the third highest in the nation, averaging
$27.77 per million BTU.* Only Hawaii and Connecticut have higher average costs.” The high cost
of energy in the state and in the Region means that residents and businesses are paying more for
the energy they use relative to the surrounding States and the country on a per-unit basis. This
is partly due to the fact that natural gas prices nationwide have fallen to historic lows, allowing
many residents and businesses across the country to take advantage of this economically priced
fuel source. However, there is no natural gas pipeline currently serving the Windham Region,
and delivery of compressed natural gas is only available to industrial users. In order to remain
economically competitive, the Region will need to look for diverse options to reduce energy
costs. The WRC will continue to provide educational materials and workshops to inform
towns, businesses, and residents how to reduce their overall energy costs, and will support
development of energy facilities and sources that will provide competitively priced energy
to the Region.

*  Dependence on both external sources of energy and large-scale infrastructure places the Region in
a vulnerable position with regard to energy security. While it is acknowledged that these sources are
integral parts of a much larger and complex energy system, it is prudent for the Region to consider
options to increase energy security and stability during times of shortages and outages. The WRC
will support diversification of energy sources in the Region, redundancy of systems to
support critical functions in times of supply interruptions as well as net-metering, off-grid,
and community-scaled, distributed generation projects to enhance self-sufficiency and

4 A BTU is the amount of heat required to raise the temperature of 1 pound (0.454 kg) of liquid water by
1.0 °F (0.56 °C) at a constant pressure of one atmosphere. It is the common unit used to compare energy use
across the various types of energy sectors (heat, electricity, etc).

5 U.S. Energy Information Administration, 2011 Estimates, http://www.eia.gov/state/seds/data.
cfm?incfile=/state/seds/sep_fuel/html/fuel te.html|&sid=VT.
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WINDHAM REGIONAL ENERGY PLAN

resiliency.
NOTE ON ENERGY
* The combustion of carbon-based fuels releases greenhouse TERMINOLOGY
gas (GHG) emissions into the atmosphere contributing to
alteration of the climate. The region’s current energy demand A significant technical note
relies heavily upon fuel combustion. Energy consumed for should be made here, and
transportation, space heating, and electricity generation that is the distinction between

energy measured at the point
of consumption, called “end-
use,” and energy measured as
generated, called “primary-use.”
End energy use is measured at
the point of use, as it enters—or
is delivered to—the consumer’s

accounts for more than 80 percent of Vermont’s annual
statewide GHG emissions. Increases in energy conservation
and efficiency in the region, coupled with a greater reliance
on low GHG-emitting energy sources and renewable energy,
will help reduce overall GHG emissions. The WRC will
encourage a shift away from GHG-intensive energy

sources and towards socially and ecologically sensitive home, building, or vehicle. Primary
energy sources that have zero or low GHG emissions. energy use includes the delivered
energy plus the energy that is lost
*  Methane is both a valuable renewable energy source as well in generation, transmission, and
as a potent GHG that is 21 times stronger than carbon distribution.

This is especially important in

the case of electric generation
because thermal power plants

can shed up to two units of heat
energy for every one unit of electric
energy that is produced. End-use

dioxide when released directly into the atmosphere. In this
region, methane is primarily a by-product of the livestock
industry, particularly from dairies. Methane digesters have
been developed to burn methane to create useful electricity.
The WRC will encourage the deployment of methane

digesters. consumption is the measure most
often used in reports of energy
* Renewable energy is generally defined as any energy resource use because it provides a better
that is naturally regenerated over a human timescale, including ~ baseline for comparison. It will be
sources derived directly from the sun (such as thermal, referenced here when that data is
photochemical, and photoelectric), indirectly from the sun available.

(such as wind, hydropower, and photosynthetic energy stored
in biomass), or from other natural movements and mechanisms of the environment (such as
geothermal and tidal energy). The “renewable” characteristic of these energy resources means that
they are not as vulnerable to supply disruptions and the increasing costs and volatility associated
with a finite fuel source like fossil fuels. Although all energy sources create negative environmental
impacts, renewable energy technologies are comparatively clean sources of energy that can have a
much lower environmental impact than conventional energy technologies. The WRC will support
the development and use of renewable energy resources that enhance energy system
capacity and security, promote cleaner, more affordable energy technologies, increase the
energy options available locally, and avoid undue adverse impacts of energy development
on the local community and environment.

e Every energy facility, including renewable energy systems, has varying social, economic, and
environmental implications, some of which may impact the greater community. As with any
development project, there are a variety of public perspectives and values leading to differences
in opinion regarding how the Region is best served. In some cases, concerns have been raised
regarding location suitability and installation practices of energy generation. The WRC will
encourage developers to use sound siting practices when installing energy facilities,
support opportunities for public participation, and will facilitate inter-town conversations
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WINDHAM REGIONAL ENERGY PLAN

where differences exist. The WRC expects projects to comport with the vision and intent
articulated in this plan and those of municipalities.

The Windham Regional Plan also incorporates the Windham Regional Transportation Plan
that was adopted in 2013. The Transportation Plan also speaks to energy consumption, protection and
improvement of air quality, and reduction of greenhouse gas emissions. The following is excerpted from the
Transportation Plan (page 13):

The transportation sector’s contribution to GHG emissions must also be considered when
evaluating air quality because of climate change concerns. In 2015, the transportation sector accounted
for 54.6% of Vermont’s GHG emissions. Suggested measures for reducing mobile source emissions have
been recommended by the Federal Highway Administration (FHWA) and are included in the Regional
Transportation Plan, Chapter 2: Energy and Air Qnality. Among the suggested improvements, the most
relevant to this Region are the following:

* Improved public transit;

* Park and ride/fringe parking;

* Ride-sharing programs;

¢ Pedestrian and bicycle facilities;

* Programs to promote non-automobile travel to major activity centers such as shopping centers,
special events, and other centers of vehicle activity; and,

* Programs for new construction and major reconstruction of paths or areas solely for use of
pedestrian or other non-motorized means of transportation.

The Regional Transportation Plan included the following energy-related policies:

*  Support emissions standards that reduce regionally generated air pollutants from transportation-
related activities.

¢ Promote alternative fuel vehicles and the infrastructure necessary to fuel those vehicles.

*  Require all development projects to incorporate elements that reduce reliance on single occupant
vehicles, such as providing access to public transit, installing pedestrian and bicycle network links,
or providing access to ride-sharing programs.

* Support efforts to minimize energy consumption, especially non-renewable energy resources, and
explore expanded use of alternative fuels.

* Integrate traffic designs in designated downtowns and village centers that limit idling and calm
traffic.

The Windham Region has a strong history of generating energy and supporting renewable energy,
conservation and efficiency, and reducing greenhouse gas emissions through adopting policies and goals
encouraging these on a regional level. This comprehensive energy plan applies these goals to the data
of current use and projected use and explores the implementable steps to achieve the state goal of 90%
renewable energy by 2050. In this plan, energy is divided into three sectors: electricity, transportation, and
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heating. Each chapter discusses the three sectors in the contexts of Current Energy Use (Part II), Future
Energy Use & Targets (Part I1I), and Adaptation & Strategies to achieve those targets (Part IV).
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PART 11

Current Energy Use

BACKGROUND

Too often we as a society take for granted how energy is used and to what ends until an event occurs
that impacts supply, availability, access, and price. Sometimes these events are highly visible and reported,
such as armed conflict, an energy cartel agreement, an oil spill, gas explosion, mine collapse, or radioactive
leak. Other events such as changes in exploration technology, market structure and competition, global
demand and supply, or regional supply chains, are less apparent.

The local, regional, and global environmental effects associated with energy exploration,
development, refining and production, transportation, transmission and distribution, and end-user
consumption are similarly at times obvious and at other times subtle. Climate change is perhaps the
most insidious of these effects, even though its existence and human cause are increasingly affirmed.®
Understanding what energy is used in the Region, how that energy is used, where it comes from, and what it
costs establishes a baseline understanding of our energy present and what changes will be necessary for the
Windham Region to achieve its desired energy future.

ENERGY CONSUMPTION AND DEMAND
HISTORIC ENERGY USE IN VERMONT
This chapter explores BYSECTOR
current energy usages along
with the amounts used in total
units. The numbers presented

are the most accurate estimates

180

available based on cutrrent
information sourced from

the American Community
Survey, the U.S. Department
of Labor, the Vermont Agency
of Transportation, Efficiency
Vermont, and the US. Energy
Information Administration.
The discussion of this data
provides the context for this
energy plan; it is the starting
point from which the Region
will plan to achieve the

goal set out in the Vermont Figure 2: Historic energy use in Vermont, by sector.

VT ANNUAL ENERGY USE
IN MILLION MILLION BTU’S

6 U.S. Global Change Research Program Fourth National Climate Assessment, 2017 Volume 1. https://
science2017.globalchange.gov/.
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Comprehensive Energy Plan (CEP) of 90% renewable by 2050 (90x50 Goal).

GROWTH AND ENERGY USE

Over the last 80 or so years, both the State of Vermont and Windham Region have drawn energy
from multiple sources, primarily gasoline, liquid petroleum gas, and wood. Overall consumption throughout
the 20th century increased dramatically, with some decline around the advent of the “Great Recession” of
2008 (see Figure 2). Energy consumption has generally tracked with population.

While still a rural state, Vermont’s population and economy are not as agrarian as they were at the

turn of the last century. The period of 1790 to 1830 saw significant growth within the Windham Region,
which then leveled off for more than a hundred years until around the 1950s when resort development
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Figure 3: Windham County population, both measured and projected.
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Figure 4: Total end-use energy consumption estimates in Vermont, 1960-2010.
Source: U.S. Energy Information Administration, http://www.eia.gov/states/seds/data.cfm.
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led to a boom in population growth through the 2000 Census. Figure 3 below shows Windham County’s
population, along with a projection of what the population is expected to be in the coming decades.

Economic activity in the Region has mirrored the population trends, and is another indicator
of energy consumption within the Region. Additional employment, industrial output, and higher wages
typically increase the demand for energy resources; however, the Vermont economy has been able to
accommodate additional (real) economic growth with relatively steady energy input. Figure 4 below
illustrates the trending relationship between Vermont real GDP growth and the total consumption of
energy (in Btu or British Thermal Units). This figure also demonstrates how energy consumption responded
to the Great Recession, noted by the clear dip in energy consumption in 2008. Overall energy demand in
Vermont has grown from 135.4 trillion Btu in 1990 to its peak of 158.1 trillion Btu in 2009, a 17 percent
increase. Since 2009, the demand has decreased to 132.0 Btu in 2015 bringing it back to near 1990 levels.

REGIONAL ENERGY USE & EXPENDITURES

In total, the Region consumes annually 7,369,088
million Btu across the electricity, heating, and transportation
energy sectors (Figure 5). This computes to an annual energy
cost for the Region of $194,000,000 (Figure 6). With each of
the three sectors depending heavily of fossil fuels for the main
source of fuel, a majority of these dollars leave the state and
local economy. Each sector is discussed in greater detail below.
For an overview of energy use by town, see Appendix D on
page 72.

ELECTRICITY SECTOR

Electricity usage has increased slightly since 2014,
as is portrayed in Figure 7 on the following page. Efficiency
Vermont compiled usage from distributors. In 2016, the
total amount of electricity used in the Windham Region was
503,562,372 kilo-watt hours (kWh); 296,945,653 kWh for
commercial and industrial use (C&I), and 206,616,719 kWh for
residential use (RES).

In 2014, 73% of the Region’s electricity needs was
sourced by renewable energy, including renewable energy
imported from beyond the State’s boundaries. Note that this
refers to electricity only, and does not does not include heat or
transportation energy demand, which have much lower rates
of renewable energy use due to reliance upon petroleum-based
products.®

Regional Energy Consumption
(in Million Btu)

W ElEgtrnicity
W Heat

B Transportation

Regional Energy Expenditures

B Electricity
B Heat

B Trangportation

Figures 5 and 6: Total estimated energy consumption
and expenditures in the Windham Region, per sector.

7 The estimated electricity consumption data shown in Figures 5 and 6 was calculated based on
reasonable regional averages for electricity consumption per Windham Region municipality. Figure 7 shows
a relatively slight difference in electricity consumption, since it is measured from meter data, compiled and

delivered to RPCs from Efficiency Vermont.

8 Source: Vermont Community Energy Dashboard data for the Windham Region,
http://www.vtenergydashboard.org/my-community/windham-regional-commission/progress
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Annual KWH Electri r all Towns within
Windham Regional Commission
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Figure 7: Measured electricity consumption in the Windham Region, 2014-2016. Data from Efficiency Vermont.

SYSTEM ENERGY LOSS
TRANSPORTATION SECTOR

It is important to acknowledge

As Vermont is a rural state, dependency upon single-occupancy, the losses incurred from energy
petroleum-powered vehicles is not only a social norm, but a necessity generation to distribution. As
in many cases. The dispersed settlement patterns of the Windham described by the EIA, these

losses are “incurred in the
generation, transmission, and
distribution of electricity plus
plant use and unaccounted

for electrical system energy
losses.” According to the EIA,
used, and has steadily increased since the 1960s, though the trend is now the estimated transmission and
leveling off. distribution losses in Vermont
were 4.92 percent in 2010.

Region and the State encourage car usage by the long distances between
destinations. In Windham County, the average travel time to work from
2011 to 2015 was 21.5 minutes.” Most of these trips are by single occupant
vehicles. Figure 8 shows the State’s overall petroleum consumption since
1960. Transportation consumes a large portion of the total petroleum

In the Windham Region, transportation accounts for 35% of the
total energy use. The leading fuel for transportation is gasoline followed
by distillate fuel. Because transportation-related energy use is mainly determined by the individual vehicle
miles traveled by residents and visitors to Vermont, addressing fuel consumption via the personal vehicle is
a priority. Recently, fuel efficiency improvements have gained traction as a public policy issue. These gains in
fleet efficiency, however, may be offset when total vehicle miles traveled increases faster than the population

grows, since total petroleum consumption is still increasing;

To estimate the total amount spent on transportation-related energy consumption in the Region, we
began with an estimation of the number of vehicles per household. Based on number of households in the
region, it is estimated that the Windham Region has a total number of 34,800 vehicles. Based on VTrans

9 Regional Transportation Plan, 2013: http://windhamregional.org/images/docs/trans-plan/2013_WR%20
Transportation%20Plan_complete.pdf.
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PETROLEUM USAGE IN VERMONT
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Figure 8: Petroleum consumption in Vermont, total and by transportation sector.

average miles traveled per vehicle in the State,
these cars drive 395,327,000 miles total in a year, Electric Vehicles Registered in Vermont
consuming 17,999,000 gallons of fossil fuel (both As of July 2017

gasoline and diesel). This yields an estimated total
of $42,169,000 spent on transportation-related fuels.
Electric vehicles make up a fraction of the fleet in

E EV Registrations in ZIP Code

the Region with an approximate number of between E:E:E
one 100 and 200 vehicles (see Figure 9). —
Make & Model =
P G

Factors Contributing to Transportation Energy —— o
Consumption g"?_;"" ?

Fuel efficiency has increased over time. The i :
federal fuel efficiency standards of 2011 require gﬁ"f‘“ ;
a 35.5 mpg average for the US. auto industry by T
2016. The majority of the vehicle fleet in Vermont E:“:‘;. E
fell within the 21-30 mpg efficiency range based on et .
the vehicles registered in 2010. Less than 10% of E-E'-:r-h ':.
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newer, more efficient vehicles should improve the =
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less-efficient vehicles with newer, more-efficient Figure 9: Number of electric vehicles registered by zip code in

vehicles. For a full discussion of fuel efficiencies Vermont.
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across the State and within the Region, see the Windham Regional Transportation Plan.
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Figure 10: Commuting methods of the Windham Region.

Settlement patterns and vehicle
choice play major roles in high per-capita
fuel consumption, and the rural landscape
of the Windham Region has led to homes
being built far from downtown and village
centers, where services are accessed. The
result of separated residential areas is that
trips to market, schools, and work tend w—tE
to be only possible with the use of an
automobile (see Figure 10).

In the Windham Region, rural
residential sprawl has occurred where
homes located along rural roads have ‘ .
been separated from all other aspects of <
daily life. Figure 11 exemplifies this by
illustrating the commuting links between
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Figure 11: Commuting links between the major employment centers in and
around the Windham Region, 2013.
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HEAT/THERMAL SECTOR

Energy consumed for heating is estimated based upon the average square footage of residential
and commercial spaces by fuel type. This was calculated using data from American Community Survey and
the 2011 American Housing Survey. The Region spends approximately $25,256,000 on commercial and
$49,770,500 on residential heating (these figures were found by using an average rate of $22.32 spent per
million Btu each year, based on the 2016 Vermont Fuel Price Report).

To account for the different building types and their respective uses, the following estimates divide
thermal energy consumption into residential and commercial uses (industrial building thermal demand is not
included, as the data is not available and highly variable). Figure 12 illustrates this energy consumption by
fuel type. The Region depends heavily on fuel oil and kerosene with this fuel source supplying over 50% of
residential heating needs. As the majority of the fuel types are not locally produced (fossil fuel sourced), the
funds going to this supply are funneled directly out of both the State and Region.

Wood products fuel over a quarter REGIONAL RESIDENTIAL HEATING CONSUMPTION (MMBtu)
of the residential heating needs for the SOLAR: 332
Region. The Windham Region has an COALICOKE: 12,690

LITILITY GAS: 12,937
OTHER: 23,042
ELECTRICITY: 23042

abundance of forest resources. A study
completed by Innovative Natural Resources
Solutions (INRS) revealed Windham
County has the largest volume of standing
trees of any Vermont county at 1.6 billion
cubic feet and grows over 20 million 227,583 @ conLon coke

) UTILITY (MATURAL) GAS

B s0LaR (HESLGIBLE)

cubic feet per year (approximately 250,000
cords). The forests in Windham County
are more productive than other Vermont
counties because they are found at lower
clevations characterized by richer soils."
With this abundant resource, the Region
has the ability to support a significantly
higher percentage of the heating needs
with advanced wood heating options while
supporting an important local economy

if wood fuel processing and distribution can Figure 12: Residential fuel sources for the Windham Region.
be developed at an economical scale (discussed

further in Part I'V: Adaptation & Strategies of

this Plan, on page 40).

OTHER
@ eEcTRICITY
@ BOTTLED, TANE, 0R LP GAS
® vooo

FUEL QIL, KERDSEME, ETC

Residential Buildings

For residential buildings, it was assumed that the average annual heating load of area residences is
110 million Btu, for both space and water heating (the Vermont state average). With 20,275 primary housing
units in the Region (see Table 1 on the following page), this calculates to an estimated 2,230,250 MMBtu
annual total heat consumption.

10 INRS, An Initial Wood Supply Analysis for the Windham Wood Heat Initiative, 2015.
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Total housing units 32,638 100.0%
Occupied housing units 20,275 62.1%
Vacant housing units 12,363 37.9%
For rent 615 1.9%
Rented, not occupied 43 0.1%
For sale only 309 0.9%
Sold, not occupied 23 0.1%
For seasonal, recreational, or occasional use 10,916 33.4%
All other vacancies 457 1.4%

Table 1: Windham Region housing tenure status, 2010.

In the Windham Region, there is a high percentage of seasonal homes at 33.4% of the total housing
stock (Table 1). Consistent with the assumptions informing the energy model projections from the state
(created by the LEAP, or Long-Range Energy Alternatives Planning model assumptions discussed in
Appendix A), it can be assumed that seasonal homes only use about 15% of the energy of a primary home,
due to more occasional use and presumed higher energy efficiency as they are assumed to be of more recent
construction or renovation. As such, seasonal homes in the Region are estimated to consume about 180,114
MMBtu annually, and therefore spend about $4,019,500 on heating.

Commercial Establishments

For commercial establishments, it can be estimated that the total heating load is about 725 MMBtu
each year per establishment (the estimated commercial heating demand per municipality will vary depending
on the types of commercial establishments in the area, but this State average can be used as a regional
approximation). With 1,509 commercial establishments in the Region, there is an estimated thermal energy
demand of 1,094,025 MMBtu annually. Together these businesses pay an estimated $24,414,000 each year
total in heating expenses."!

11 Based on Windham County averages for fuel types consumed overall, and costs per fuel type from the
2016 Vermont Fuel Price Report. http://publicservice.vermont.gov/sites/dps/files/documents/Pubs_Plans
Reports/Fuel Price_Report/2016/June%202016%20Fuel%20Price%20Report.pdf.
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PART III

Future Energy Use & Targets

LEAP MODEL OUTPUT DISCUSSION

The State and its regions are faced with the challenge of how to contribute to the achievement of
that goal outlined in the Comprehensive Energy Plan of 90% renewable energy by 2050 (referred to as
“90x507). In order to effectively plan for the renewable future, modeling the Region’s use and future use
provides a baseline from which to plan. This chapter studies the current energy consumption patterns of
the Windham Region, which will provide the context for the large gains necessary in energy conservation
and efficiency, as well as renewable energy generation, to meet the stated goal.

The Long-Range Energy Alternative Planning-System (LEAP) is a model the Vermont Energy
Investment Corporation (VEIC) used to identify pathways to achieve the 90x50 goal. VEIC was retained
by the Vermont Department of Public Service to model scenarios for those pathways for use by the state,
the regional planning commissions, and municipalities. The model is driven by assumptions discussed in
the Total Energy Study (TES)'* using their TREES scenatio (Total Renewable Energy Efficiency Standard).
The TREES Scenario accounted for policies requiring energy distributors to source an escalating percentage
of their supply from renewable resources over time. The LEAP model was run with two scenarios to
illustrate the pathways to 2050. The first is the “Reference Scenario,” which assumes business as usual
not accounting for current state policy and goals, on reducing greenhouse gas emissions and renewable
energy consumption. The second is the “90x2050 VEIC Scenario,” which illustrates the changes needed
in consumption from 2015 to 2050 in order to achieve the 90x50 goal. For more discussion on the LEAP
model assumptions, see Appendix F: VEIC’s entire LEAP model discussion, on page 108.

At the state and regional levels, energy demand is depicted as decreasing substantially by the
year 2050. Figure 13 on the following page illustrates total state consumption by the sectors: residential,
commercial, industrial, and transportation (note these are different sectors than the three sectors this plan
studies: electric, transportation, and heating). The Reference Scenario is the upper curve of the gray barred
area. This space illustrates the difference between the energy consumption of the Reference Scenario versus
90x2050 VEIC Scenario. Much of this difference is accounted for by assumed conservation and efficiency
measures across all energy sectors (transportation, heating, electricity) due to gains in technological
efficiency and decreased demand due to conservation measures.

The Windham Region’s energy consumption by fuel type over time, as per the LEAP model,
is depicted in Figure 14. Throughout the benchmark years, the model assumes fossil fuel consumption
is phased out and replaced by more renewable resources. The total volume of fuel decreases due to
assumptions about advancements in energy efficiency technology across all sectors.

12 The Total Energy Study can be found in full here: http://publicservice.vermont.gov/publications-
resources/publications/total _energy study.

WREP DRAFT | FUTURE ENERGY USE & TARGETS | PAGE 21



WINDHAM REGIONAL ENERGY PLAN

STATEWIDE CONSUMPTION BY SECTOR
90% X 2050 VEIC SCENARIO
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Figure 13: Statewide energy consumption by sector, 90% x 2050 VEIC scenario compared to the reference scenario.
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Figure 14: Regional energy consumption by fuel, LEAP scenario.
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LEAP Model: Electricity

The electricity sector is where much of the change will occur over time. Despite the near flat rate
of electric energy consumption over time depicted in Figure 14, the model assumes electrification of the
light duty vehicle fleet (passenger vehicles) will call for a dramatic increase in electricity, along with an
assumed electrification of heating and cooling systems. The model also assumes increased efficiency of
these technologies over time. In the year 2050, electricity is assumed to be the primary source of fuel for the
Region, accounting for almost half of the total fuel consumed.

LEAP Model: Transportation

Transportation currently accounts for approximately a third of the Windham Region’s energy
consumption. To achieve the goal of 90 x 50, the transportation sector will need to radically transform its
fleet efficiency and fuel sources. The model assumes consumption of fuels by the light duty vehicle fleet
will drop by 80% from today’s estimates and the makeup of the energy mix will change from predominantly
gasoline to electricity. Figure 15 below illustrates the change over time in the transportation sector. The
LEAP model separated light duty vehicles and heavy duty vehicles and applied separate fuel switching
assumptions in the data. The notable increase in biodiesel is driven by the assumption that the heavy duty
fleet will convert from diesel to biodiesel, though biodiesel consumption in light duty vehicles is expected to
rise as well.

TRANSPORTATION ENERGY DEMAND
90% X 2050 VEIC SCENARIO, WINDHAM
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Figure 15: Regional transportation energy consumption by fuel, LEAP scenario.
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LLEAP Model: Heating

Today, the heating sector consumes approximately one third of the energy in the region. Over 41
million dollars are spent on meeting home heating needs within the Windham Region. The LEAP model
shows a dramatic decrease in home heating consumption between 2015 and 2050. In Figure 16 below,
the Reference Scenario is accounted for on the upper limit of the lined bar. Comparing the Reference
Scenario to the 90 x 2050 VEIC Scenario, both assume decreased consumption over time. The decrease in
consumption reflects the Total Energy Study’s assumptions that underlie the Reference Scenario accounting
for more houses heating with heat pump technology and wood pellet systems. They also account for
assumed technological advances in the efficiency of the heat pumps and increased weatherization and
building envelope efficiency work. Collectively these assumptions account for the negative trend in the
Reference Scenario graph in Figure 16.

Underlying the negative trend in the data for the 90 x 2050 VEIC Scenario are many of the same
assumptions. In Figure 16, a notable trend in the graph is that almost none of the fuels seem to increase in
volume by 2050. Some, such as wood pellets and cord wood, decrease. This is where efficiency plays into
the equation. Although the volume of these sources is decreasing, that decrease assumes weatherization and
building envelope conservation measures. Therefore, a decreasing volume of fuel is assumed to be capable
of heating more space (houses) overall.

Second Homes Heating Demand
Approximately one third of the housing stock in the Windham Region is second homes"’ (see Table

1 on page 20 of this Plan). The model accounts for second home energy consumption by assuming that
these homes use 15% of the heating fuel used by a single family home.

RESIDENTIAL ENERGY DEMAND
90% X 2050 VEIC SCENARIO, WINDHAM
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Figure 16: Regional residential heat energy consumption by fuel. LEAP scenario.

13 Windham Regional Plan, 2014.
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L.EAP Model: Commercial and Industrial

The model assumes that the least amount of change in energy consumption and fuel mix is within
the commercial and industrial sectors. This is due to assumed growth in these sectors over time. Figure
17 illustrates industrial consumption in the Region. In total energy units, there is very little difference
between the Reference Scenario and with the 90 x 2050 Scenario. There are, howevert, two noticeable trend
assumptions underlying the fuel mix ratio: that electricity consumption decreases substantially over time, and
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Figure 17: Regional industrial consumption by fuel, LEAP scenario.
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Figure 18: Regional commercial consumption by fuel, LEAP scenario.
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that wood is increasingly used as a fuel source. Residual fuel oil and liquid petroleum gas (LPG) both remain
more or less constant over time as they are denser fuels with no efficient substitute as of yet. These results
are derived directly from the Total Energy Study."

Commercial Energy Demand portrayed in Figure 18 also varies little between the Reference and
90x2050 Scenarios. However, the 90 x 2050 scenario does assume that residual fuel oil and oil are replaced
by an increase in wood chips and biodiesel, and that overall energy consumption decreases by 20%.

The sector itself is assumed to grow over time, accounting for only a moderate decline in total energy
consumption.

REGIONAL TARGETS

The previously discussed LEAP projections and following targets illustrate one possible pathway
to meet the 90x50 state goal. Though the actual pathway is likely to divert from what is depicted in the
above graphs, the model allows for the Region to plan for the upcoming years with targets in conservation
and efficiency and energy generation. Because the model and underlying assumptions are being used
statewide by all regional planning commissions, each regional energy plan is being built upon a common
understanding intended to both meet the goals of the current CEP and inform future iterations of the CEP.

CONSERVATION AND EFFICIENCY TARGETS ACROSS THE SECTORS

The following discussion references specific data for energy efficiency and fuel conversion targets,
developed for the Windham Region by the aforementioned LEAP model. Specific charts outlining the
weatherization goals, fuel switching for the portion of biofuels in biofuel-blend fuels, the percentage of
residences using biofuels, the percentage of residences using wood, the percentage of residences using heat
pumps, and the percentage of residences using fossil fuels per benchmark year can be found in Appendix E:
Regional Efficiency and Fuel Switching Targets, on page 104.

Thermal/ Heating Targets

As discussed in the Current Energy Use section, the heating sector accounts for a large portion of
the Region’s energy consumption budget. For the 90x50 goal to be attainable, efficiency must be actively
pursued. Based on the outputs of the LEAP model and calculation guidance from the Department of
Public Service, the Windham Region has ambitious goals in weatherization and switching to renewable
heating fuels. Using the LEAP model projected population growth of 0.34%, very little increase to the
housing stock is assumed.

The weatherization process upgrades building envelopes to become more energy efficient so as
to retain interior temperatures rather than leak heated or cooled/conditioned air through leaking roofs,
doors, windows, as well as walls. Much of the housing stock in the Region does not meet a high standard
of efficiency because of its age. Out of the residential buildings that are primary residences, the targets for
weatherization span from 24% by 2025 to 94% by 2050 (see Table 1, page 104). This equates to 19,254 of
primary residences weatherized by 2050. As approximately a third of the housing stock is “vacant housing
units” this number will be just under 67% of the total housing in the Region. We will note here that the
funding and necessary organizational partnerships to make this target possible do not yet exist, though

14 We note that when heating oil prices were rising, the Region saw a significant switch towards
compressed natural gas by some of the major industrial facilities in the area. It is possible that if natural gas
remains competitive, the Region will see an increase in use of natural gas.
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programs such as the NeighborWorks Heat Squad do provide a model.

The targets for the weatherization of commercial buildings are comparatively low in percentage of
total buildings weatherized. In 2025, 4% of buildings are targeted to be weatherized and that percentage
climbs to 12% in 2050 (Table 2). These targets represent a higher number of actual buildings, as the number
of commercial buildings is anticipated to grow by 17% by 2050.

Though weatherization has a significant impact on building and fuel use efficiency, the fuel types
used in these buildings will need to switch to more renewable sources in order to meet our goals. The LEAP
scenarios discussed in the beginning of this chapter illustrate the extent to which the fuel sources in these
buildings are anticipated to shift. The targets for residential buildings and commercial buildings are analyzed
separately because of the significant difference in both building use and architectural style.

For residential fuel switching targets (to a higher percentage of renewable fuels), there is a decrease
in the total percentage of homes heated with biofuel blend over time (from 40% in 2025 to 6% in 2050)
despite the portion of biofuels in biofuel blend increasing from 4% to 100% in those years (Tables 3 and 4
respectively, page 104). With the same assumptions, the percentage of residences heated by wood remains
relatively level, increasing by only 2 percentage points (from 55% to 57%, Table 5).

Homes targeted to heat exclusively with heat pumps reaches 64% by 2050 (Table 6). In order for
heat pumps to work efficiently, the building envelope must be entirely upgraded. With this high percentage
of residences heating with heat pumps, the ambitious targets for weatherization are necessary, even if the
means and funding by which to achieve these targets are not readily apparent. With these fuel switching
targets, the percentage of residences using fossil fuels for heating and cooling falls to 4% by year 2050

(Table 7).

Similar to weatherization, the commercial fuel switching targets are less ambitious than those for
residences. With commercial heating and cooling, biofuel blend is used as a transition fuel starting with high
use percentages, then tapering off by 2050 (Table 8). The percentage of buildings converting to heat pumps
exclusively mirrors the weatherization targets with the 2050 target amounting to only 12% (Table 11). More
commercial buildings will be converting to wood to meet their thermal needs (Table 10), and the overall
percentage of commercial buildings using fossil fuels for heat is targeted to drop from 17% in 2025 to 8%
in 2050 (Table 12).

Transportation Largets

LEAP assumes the light duty vehicle fleet (passenger vehicles) will transform substantially by 2050.
By 2050 the Region’s fleet is targeted to be 76% electric, and 8% fueled by biofuel-blend. With light duty
vehicles (LDV) as was with commercial heating, the transition fuel is biofuel blend. By 2025, 90% of LDV
are targeted to be fueled by this blend (Table 15). As the benchmark years progress, that percentage tapers
off to only 8% by 2050, despite the concentration of biofuels within that blend rising from 11% to 52% by
the same year (Table 14).

The WRC does not consider ethanol to be a truly renewable source of energy because of the
amount of non-renewable materials currently consumed by its production, though it is considered as such
within the LEAP assumptions. In the LEAP Model assumptions, the heavy duty vehicle fleet is assumed to
switch almost entirely from diesel to biodiesel by 2050.

15 For more information about the NeighborWorks Heat Squad see https://heatsquad.org/.
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Electricity Targets

In these targets, electricity cannot be neatly separated out as its own category. For instance,
transportation and heating rely heavily on an increase in electricity as a fuel source. The targets within these
sectors focus on the savings from energy efficiency in appliances and equipment. Based on an average
savings per residence, the Region has ambitious targets to meet with 96% of residences upgrading their
electric appliances and equipment by 2050 (Table 16). This equates to a total regional savings of 98,000
MWh of electricity. This mirrors the weatherization targets previously discussed. We note that these goals in
efficiencies are incredibly ambitious. The funding and programs to support this level of efficiency upgrades
are not robust enough at this time. Organizations like Efficiency Vermont work towards these targets;
however, more support will be necessary to reach these targets.

ENERGY GENERATION TARGETS

The Windham Region has long been home to energy projects. European settlement of the state was
largely organized around the ability to harness water power for industry. Hydropower was developed in the
early 1900s on the Connecticut and Deerfield Rivers. The 620-megawatt Vermont Yankee Nuclear Power
Station located in Vernon began operation in 1972 and ceased operation in 2014. This plant was a significant
source of earned income and employment for the Region and is now the focus of decommissioning, site
restoration, and spent fuel and high-level nuclear waste storage discussions.

The Region is now a leader in diverse renewable energy generation, with:

e 531 solar sites generating 11,071,442 kWh,

* 13 installed and active wind sites generating 128,773 kWh (several more sites are permitted and currently
under construction— discussed below),

* 2 anaerobic digesters generating 2,706,840 kWh,

e 1 landfill site generating 3,679,200 kWh, and

* major hydropower facilities on the Connecticut and Deerfield Rivers (and smaller facilities elsewhere),
produce 549,405,000 kWh.

The Windham Region currently has 36.06 mega-watt (MW) capacity of permitted wind projects,
and 15.70 MW of installed solar capacity. This includes a number of large-scale projects permitted and
being developed in the area, notably the Deerfield Wind Project (at 30 MW capacity). The Region currently
generates 560,991,255 kWh of electricity. To see energy generation data by municipality, see Appendix D:
Energy Data for Windham Region Municipalities, page 72. In order to achieve the 90x50 goal, a targeted
total for the Region is 58,493MWh, or 45 MW capacity needed in new renewable energy generation. This
generation target can be met with a variety of different technologies, though solar and wind generation
have the highest capacity in both the Region and State. Although local energy generation siting concerns
are real and are addressed below, the environmental impacts of obtaining electricity from wind turbines on
a Vermont ridgeline or from solar panels along a Vermont roadway should be considered in the context of
the impacts of strip mining, wholesale removal of mountains, hydraulic fracturing, nuclear waste, oil spills,
and devastating climate impacts.

However, as will be discussed below, the Windham Regional Commission is adopting a policy that
restricts additional utility-scale wind energy generation in Resource Lands (see land use policy definition
on page 34), and that the new capacity be developed through primarily solar generation and appropriately
scaled biomass generation (digesters and combined heat-power generators as well as wood fuel production),
small hydro (run-of-river facilities on existing safe and stable dams), and residential- or community-serving
(owned by municipality with generated credits allocated to community buildings) wind.
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Generation Capacity and Regional Resources

Table 2 below shows the calculated statewide capacity of new renewable energy technologies
aside from wind and solar. The table represents the capacity of new units (not yet installed or permitted)
across the state and highlights the megawatt hours the technologies are capable of producing, given the
average installation size. As our Region has a goal of 45 MW of new renewable energy to generate, these
technologies will likely be only a limited portion of the renewable energy portfolio by 2050.

Farm Digesters: | 20 to 25 MW capable of producing: 125,000 to 150,000 MWh per year
Food Digesters: |2 to 5 MW capable of producing: 5,000 to 25,000 MWh per year

Small Hydro: 100 to 200 MW/ capable of producing: 400,000 to 900,000 MWh per year
Biomass: 100 to 200 MW capable of producing: 600,000 to 125,000 MWh per year

Table 2: Average capacity of renewable
energy technologies, statewide.

BIOMASS ENERGY

Biomass along with farm and
food digesters are different from the
other renewable energy generation
technologies as the generation capacity
is not inextricably linked to the site.
Biomass resource is harvested from
a location, and then transported to a
generation facility.

Approximately 516,000 acres
(86%) of the Windham Region is
forested (see Figure 19). The area’s
forestry industry is one of the state’s
leading producers, especially of high-
quality northern hardwoods and white
pine. Windham County also has the
most standing timber, 3.46 billion
board feet, in the State. This yields
well over 100,000 green tons of low-
grade wood material. With the forests
producing significantly more than
what is being harvested, this number
is projected to increase in the future.
Seventy-two percent of the Region’s
forests are in private, non-industrial
ownership, with industrial forestry
operations and Federal, State, and local governments sharing the rest.

Figure 19: Windham County land cover and
forest resources, produced by INRS.

The Region is already working on becoming a hub for biomass by tapping
into this abundant resource and applying it to the heating sector. The Windham
Wood Heat project, funded through the Clean Energy Development Fund, is
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working with schools, municipalities, and public-serving institutions to convert to advanced wood heating
while supporting the local market. The Region will be funneling much of the resource into heat rather than
electricity generation though co-generation facilities have begun to contribute to the generation targets. We
will continue to work with the forest industry in the area to develop pellet and chip production to reduce
dependence upon wood-based fuel brought in from beyond the Region.

Biomass energy generation does produce particulate matter and carbon dioxide emissions. With
the advancement of the modern wood heating technologies, both have been substantially addressed as the
fuels are burned with high efficiency and smokestacks are designed to address air quality concerns. As it is
a combustion fuel, however, the particulate matter is still being addressed and studied. In a study recently
conducted for the Northern Forest Center, greenhouse gas emissions were found to be reduced by more

16

than half compared to fossil fuels.'” This study analyzed the emissions with a life cycle analysis, taking into

account new tree growth.
LANDFILL GAS, METHANE DIGESTERS, AND FOOD WASTE DIGESTERS

One of the nation’s first commercial landfill gas to electricity projects was constructed in
Brattleboro in 1982. Vermont Energy Recovery Systems uses the methane produced at the Windham Solid
Waste Management District’s Brattleboro landfill to generate and sell electricity to Green Mountain Power
(GMP). The project generates approximately four million kilowatt hours annually.

Methane is also emitted from volatile solids andanimal waste. Anaerobic digesters produce electricity
from the methane recovered from cow manure and/or other organic matter. In addition to producing
energy and reducing the amount of methane emitted into the atmosphere, this process also reduces water
pollution and produces a high-quality fertilizer as a by-product. As of 2017, there are two methane digester
facilities in the Windham Region at Westminster Farms, Inc., and the Brattleboro Wastewater Treatment
Plant. Pursuant of Act 148, diverting organics from the waste stream, food waste digesters will become
more prominent in the energy mix. A feasibility study is being completed for a food waste digester to be
sited at the Windham Solid Waste District, which would address the challenge of diverting that waste food
on a regional scale.

Green Mountain Power’s (GMP) Cow Power™ program has been a deciding factor in a number of
farm methane installations in the state. For every kilowatt hour requested by customers and provided by a
Vermont farm, GMP will pay the farmer the market price for energy plus the GMP Cow Power™ charge
of 4 cents for the environmental benefits of the energy.

HYDROPOWER

It is estimated that following Vermont Yankee’s 2014 closure, hydroelectric power accounted
for approximately 10.8% of the total energy consumed in Vermont in 2016, equivalent to an estimated
27% share of all renewable energy consumed that same year. As of 2017, the Windham Region had
approximately 126 MW of installed hydroelectric capacity, ranking second in the State for installed
capacity.”’

16 Northern Forest Center, Greenhouse Gas Emissions of Wood Pellet Heat in the Northern Forest.
https://northernforest.org/programs/modern-wood-heat/wood-pellet-greenhouse-gas-emissions-study.
17 Community Energy Dashboard, Statistics for the Windham Region.
http://www.vtenergydashboard.org/my-community/windham-regional-commission/statistics.
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The major supplier of hydropower for Vermont is Hydro Québec (HQ), a Canadian company. The
Public Service Board approved the previous HQ contract in 1990; a 30-year agreement between a group
of eight Vermont utilities, known as the Vermont Joint Owners (V]JO) to purchase long-term base-load
power from HQ and to make it available at wholesale to the rest of Vermonts utilities. In 2010, 20 Vermont
utilities signed a 26-year power contract with HQ) to purchase up to 225 MW of electricity from January
2012 through 2038. In addition, HQ and the Vermont utilities agreed to share any future revenues related to
environmental attributes of HQ power generation flowing into Vermont."®

Vermont has 46 utility-owned hydro sites and approximately 35 independently owned hydro sites.
In the Windham Region, Great River Hydro (formerly TransCanada) operates hydroelectric stations and
associated storage reservoirs and dams on the Connecticut and Deerfield Rivers."” The Bellows Falls Dam
and Vernon Dam are located on the Connecticut River. The Bellows Falls Dam has a generating capacity
of 49 MW. The Vernon Dam is the oldest dam, in service since 1909, and has a generating capacity of
32.4 MW. The Searsburg Dam and Station, located on the Deerfield River, is rated at 5 MW. The Harriman
Dam and Station, located in Wilmington and Whitingham, includes three generating units capable of
producing 41 MW of electric power. Sherman Reservoir lies mostly in Vermont but its electric generation
occurs in Massachusetts, with a capacity of 6 MW. Smaller, privately owned facilities also exist around the
Region. Two small generators have been installed at the Ball Mountain and Townshend U.S. Army Corps of
Engineers flood control dams.

All hydro facilities of significant size are licensed by the Federal Energy Regulatory Commission
(FERC). New projects may also require a permit from the U.S. Army Corps of Engineers. These federal
permits trigger State review delegated under the federal Clean Water Act. The FERC permitting process can
take two to seven years to complete. Periodically these plants have to renew their licenses. Generally, the re-
licensing process results in permit conditions that require plant owners to sacrifice some operating flexibility
in order to mitigate the environmental impacts of their facilities. For some hydro facilities, this has resulted
in a 10-20% loss of energy production.”’

The current licenses for each of the Wilder, Bellows Falls, and the Vernon Hydroelectric Projects

(Great River Hydro) and the Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage
Project (Firstlight) are set to expire in April 2018. All projects utilize water from the Connecticut River to

generate hydroelectric power. The licenses were issued by the FERC for terms of 30-50 years, and Great
River Hydro and FirstLight are seeking re-licensing for these dams using FERC’s Integrated Licensing

Process (ILP).

According to assessments completed by the State, it is clear that the best hydro-power sites have
already been developed. There are very few undeveloped sites that could support capacity greater than 1
MW and relatively few in the 500 kW to 1 MW range. There are many potential smaller community and
residential-scale sites sized below 200 kW. Incentives such as net metering, group net metering, and the
Standard Offer Program are necessary to facilitate the development of smaller sites. The Agency of Natural
Resources (ANR) has recently approved sites with generation capability as low as 15 kW*!

19 Transcanada, Connecticut River and Deerfield River Hydro Facilities.
http://www.transcanada-relicensing.com/wp-content/uploads/2012/10/HydroFacilities1.pdf.

20 Vermont Department of Public Service, Biennial Report July 1, 2006 - June 30, 2010, July 2011.
http://publicservice.vermont.gov/sites/dps/files/documents/Pubs Plans_Reports/Biennial Reports/2010%20
Biennial%20-%20Publication%20Draft.pdf.

21 Vermont Department of Public Service, Comprehensive Energy Plan 2011.
http://publicservice.vermont.gov/publications/energy plan.
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According to ANR, the hydro resource is already heavily developed in Vermont. Further development
would likely result in intermittent manipulation of stream flows and water levels, a possible increase in flood
hazards resulting from the disruption of natural river processes, some loss of riverine aquatic habitat, and
barriers to movement of fish and other aquatic life. ANR’s 2008 Report The Development of Small Hydroelectric
Projects in Vermont identified the following criteria as necessary for any new hydroelectric generator to have
acceptable environmental impacts:
* No new dam or other barrier to aquatic organism movement and sediment transport.
* Run-of-river operation.
* Bypass flows necessary to protect aquatic habitat, provide for aquatic organism passage, and support
aesthetics.
* Fish passage where appropriate.
* No change in the elevation of an existing impoundment or in water level management.
* No degradation of water quality, particularly with respect to dissolved oxygen, temperature, and
turbidity.

* No change in the upstream or downstream flood profile or fluvial erosion hazard.

Because there are few undeveloped sites that are candidates for new hydroelectric plants, three
effective ways to increase capacity by improving efficiency and output at existing hydroelectric facilities
include: installing more efficient turbines, installing small turbines at the dams that utilize bypass flows, and
installing new turbines that can operate efficiently over a wider range of flows. These upgrades are often
possible without changing current operating requirements, i.e., power production can be increased without
additional environmental impacts. In addition, existing municipal water supply and wastewater treatment
pipelines could capture the energy in these systems by installing hydro turbines to the pipelines without
otherwise altering the regular operation of the system. Such in-pipe hydroelectric systems have minimal
environmental impact.

SOLAR ENERGY

Solar has become prominent throughout the Windham Region, with at least 709 installed sites
totaling to 9,491.7 kW capacity (the Windham Region ranks fifth in the state for this installed capacity). As
discussed above and illustrated in Table 2 (page 29), the capacity for energy generation through sources
other than wind and solar are limited. Therefore, the bulk of the generation targets will need to be met
by wind or solar as their generation capacity is much greater. As discussed in greater detail below in the
Renewable Energy Generation Policy section (page 35), and due to the political climate and local concerns
with the impacts of wind turbines, solar energy generation will be the leading energy source to meet the
generation targets. This will equal a total of 362,943 MWh, with only 58,493 MWh of that being new
installations. Using the methodology outlined by the Bennington County Regional Commission detailed
in the 2016 Bennington County Regional Energy Plan, 45% of this capacity can be met with rooftop solar
alone, thus preventing any adverse impacts on land-based natural resources (this is based on conservative
estimates of commercial and residential rooftop availability).

To meet the Region’s generation targets, adequate acreage for solar energy arrays must be planned
for. It is estimated that per megawatt of capacity, an eight-acre footprint is needed. This equals 360 acres of
new installation acreage, if none of the generation is met by rooftop solar. As no site is perfect (irregular
lot shapes, landowner preferences, slopes and azimuth, and adjacent shading), a footprint rate of 60 acres
per megawatt is used as the contingency estimate for planning purposes (this figure was created by the
VT Department of Public Service, and is based on statewide averages for installation sizes and generation
capacity). Therefore, order to prudently reach the generation target, 2,700 acres should be identified as
having potential for solar development.
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Vermont Center for Geographic Information (VCGI) developed the raw data for Vermont’s
regional planning commissions to analyze in GIS the land in the respective regions where renewable energy
generation would be possible. Two layers of constraints, “known” and “possible,” were layered onto the
raw solar data (where the sun shines) to portray where energy generation may be possible (see Appendix C:
Regional Energy Planning Maps, page 606).

It is crucial to note that these maps developed by the Windham Regional Commission are not
energy generation siting maps. They are planning tools for analyzing the generation possibilities in
the Region. The WRC did not add any Region-specific constraints beyond those specified in Act 174.
Municipalities can add their own local constraints to municipal maps associated with their enhanced energy
elements. In a GIS analysis of the Region, given slope and sun exposure, there are 37,043 acres of prime
solar land where there is solar generation potential.

While there is relatively little controversy about solar energy as a source of power, potential conflicts
arise with the siting of solar installations. Ground-mounted systems tend to be larger in scale that roof-
mounted systems, and generally are sited on undeveloped or agricultural land. More recently, there have
been concerns about large utility-scale installations being built on land zoned as industrial or commercial
use. This is a legitimate concern in the Windham Region, as geography significantly limits the availability of
land that is appropriate for such intensive use. This plan defers to the towns to identify preferred sites for
solar generation on a local level.

Solar systems are generally benign once installed; however, the Region has relatively little prime
agricultural soil. Installations covering large acreage should provide mitigation in the form of retained
agricultural soils on site, or conserved agricultural land of equal value elsewhere in the Region. Rooftop
array systems have the advantage of requiring zero additional development of open land, though conflicts
can arise if these systems are installed in areas with historic district overlays, or where neighboring trees may
shade out the system for a substantial period of the day. Towns should consider these issues and address
them in their plans and zoning codes.

WIND ENERGY

The Windham Region has 36.06 megawatts (MW) of permitted and/or installed capacity in wind
development with the Deertield Wind Development in Readsboro and Searsburg attributing 30 MW to
that total. The GIS analysis of the Windham Region for wind shows there are 40,726 acres of prime
land in the Region. This equates to 10,181.5 MW of capacity using the assumption of 4 acres per MW
capacity. The generation target equates to 19 MW of installed capacity. Wind energy generation has several
advantages over solar. Wind turbines have a more significant amount of “up-time” in terms of generated
energy because they have the potential to operate 24 hours a day. Additionally, they are able to produce
energy during the winter, when sunlight is less available for solar production. But, because of the need for
constant wind speed, commercial-scale wind energy generation facilities generally require areas with elevated
topography (where wind speeds are generally higher). Given the topography of the Region, however, much
of the wind energy generation potential falls within designated Resource Lands (see Box 1 on the following
page for Resource Lands policy definition).

Energy generated from wind power is clean and renewable, but turbine placement can be difficult
and controversial because of natural resource impacts, aesthetics, noise, and the need for turbine placement
elevations between 2,500 and 3,300 feet, locations in Vermont that tend to have sensitive, thin soils and
steep slopes. The windiest areas in the Region are most often on the higher-elevation ridgelines that are
sensitive habitats for plants and wildlife, and are the source of the area’s most pristine headwaters. In
areas where road access does not exist, new permanent roads must be built to service the wind facility.
Other potentially negative environmental impacts include bird and bat mortality, habitat disruption and
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BOX 1: WRC DEFINITION OF
“RESOURCE LANDS”

e  Strongly discourage all development in Resource Lands for purposes other than forestry and agriculture. Any
development proposed within critical resource areas shall provide evidence as to why the development cannot be
avoided, and shall provide mitigation for natural resources impacted by the development.

e Resource Lands are dominated by lands requiring special protection or consideration due to their uniqueness,
irreplaceable or fragile nature, or important ecological function. As a subcategory of Resource Lands, this plan
recognizes critical resource areas as key sites that are particularly sensitive and should be given maximum
protection.

e Use open space plans and resource protection techniques to protect agriculture, forest, mineral, and Resource
Lands from development and fragmentation. Encourage town open space planning and help coordinate those
planning efforts through the development of a regional Open Space Plan.

e Resource lands require special protection or consideration due to their uniqueness, irreplaceable or fragile
nature, or important ecological function. Resource lands include lands over 2,500 feet in elevation, identified bear
travel corridors, areas hosting significant plants, animals, and ecological communities as designated by Vermont’s
Nongame and Natural Heritage Program, or by federally identified endangered and threatened species, unigue and
fragile natural areas, riparian areas and their buffers, wetlands, floodplains, shore lands, steep slopes over 25%,
and finally, scenic corridors or vistas as identified in town plans. Resource Lands should be preserved and protected
to the greatest extent possible. Any development or land use in these areas should be designed to have a minimal
impact on natural resources and should include effective mitigation measures that will protect natural resource
values. The most appropriate uses for Resource Lands are conservation and management of natural resources and
limited, low impact, very low-density rural uses.

fragmentation, erosion, pollution from facility maintenance, turbine noise, and visual flicker.

Wind power is considered a complement to solar in a renewable energy portfolio. When solar power
is low or unavailable during cloudy days or at night, the wind may have generation capacity. For example,
during Vermont’s winter, when sunlight is diminished, average wind speeds measure at their annual high.
Wind power is intermittent in nature, like many other renewable sources of power; thus, resource planning
for effective renewable energy generation from all sources—solar, wind, hydropower, biomass—is essential.
The evolution of storage options may make coordination and integration of renewable energy generation
and transmission easier.

For the development of an Act 174-compliant regional energy plan, the most challenging policy
considerations for the Commission are the appropriate mix of renewable energy generation sources to
meet the state’s 90% renewable energy target by 2050, and the siting of those renewable energy generation
facilities. The renewable energy generation target established for the Windham Region is approximately
58,500 megawatt hours.

To meet this energy generation target, this plan supports the development of well-sited renewable
energy generation, referring to municipalities to identify specific preferred locations. “Well-sited”
encourages the development of energy generation that is compatible with our regional plan land use
policies. This would not preclude the development of all wind projects. Community-serving developments
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Preferred Siting Policy

_(discussed below). For solar generation, the WRC encourages its member

towns to pro-actively identify locally preferred sites within their municipalities.

The state defines preferred sites as a new or existing structure whose primary use is not the
generation of electricity or providing support for the placement of equipment that generates electricity;
a parking lot canopy over a paved parking lot, provided that the location remains in use as a parking lot;
a tract previously developed for a use other than siting a plant, land certified by the Secretary of Natural
Resources to be a brownfield site as defined under 10 V.S.A. § 6642; a sanitary landfill as defined in 10 V.S.A.
§ 6602, provided that the Secretary of Natural Resources certifies that the land constitutes such a landfill
and is suitable for the development of the plant; the disturbed portion of a gravel pit, quarry, or similar site
for the extraction of a mineral resource.

ENERGY GENERATION POTENTIAL AND WRC LAND USE POLICY

Below are maps that identify where wind and energy generation potential are strongest within the
Region. These same maps are provided as attachments, as is a description of what these maps represent and
what they do not, in Appendix D on page 72. When these maps are compared to the Proposed Land Use
Map of the Windham Regional Plan, the majority of the prime and secondary wind and solar resources fall
within areas identified as Resource Lands or Productive Rural Lands.

Discussion of the Excperience with Utility-Scale Wind and Solar to Date

Within the Windham Region there has been some site- and project-specific concern with large
solar projects. But as a category, utility-scale ridgetop wind energy has been the focus of the most vigorous
debate and division. Support for or opposition to utility-scale wind is not uniform within the Region. There
seems to be general official town support for, or limited opposition to, utility-scale wind in Readsboro and
Searsburg. The recently proposed utility-scale wind development in the towns of Grafton and Windham
has been divisive. Windham has taken a clear stance against wind in its town plan. The Grafton plan takes
no strong stance one way or the other. Both Grafton and Windham held special votes on the proposed
Iberdrola project that would generate approximately 70 MW of electricity. In Grafton the wind project was
rejected by a vote of 235 to 158. In Windham, voters rejected the project 181 to 101. Both towns reported
voter turnout of greater than 75%. The recent Townshend Planning Commission hearing of their draft
Town Plan includes language similar to that in the Windham Town Plan in opposition to wind. These are
the more recent developments and debates about which we have knowledge. Overall, we are not aware
of towns in the Region that have expressed significant support for utility-scale wind power generation
within their respective borders, either as a matter of plan policy or as a formal town position, that has been
communicated to the WRC.

As a matter of public opinion and town policy, utility-scale solar power generation has been less
controversial. There has been opposition to specific projects where major solar development has been
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proposed for and/or built on lands designated for industrial or other commercial development. In these
cases land designated as such was limited not only as a matter of policy, but also as a matter of local
geography. Solar was felt to be inappropriate as it does not generate jobs or contribute to the tax base

as much as commercial or industrial development would. In other cases concern has related to solar
installations proposed or built in very close proximity to existing residential development with limited or
no screening, impacts to local viewsheds, and proposed development in a mapped floodplain. The WRC
Project Review Committee has typically agreed with the town concerns in these cases.

UTILITY-SCALE GENERATION POLICY

Based on the discussion, comments, and engagement thus far in our Act 174 regional energy
planning process, experience with the aforementioned projects and project proposals, and what we know
about town policy positions, the WRC is adopting the following overarching policy positions regarding
renewable energy siting,

As a matter of policy, utility-scale energy generation projects are considered regionally significant,
and therefore are subject to the review of the WRC Project Review Committee.

Utility-Scale Wind

The question of the appropriateness of utility-scale wind has been particularly contentious within
and among some towns in the Region. Appropriateness in the context of this regional discussion relates to
the compatibility of energy generation with the land use goals, objectives, and policies contained in the 2014
Windham Regional Plan, as well as compatibility with adjacent and near-adjacent land uses.

SCALE DEFINITIONS

Utility-Scale Wind:
Turbines with hub
heights above 70
meters.

The WRC will revisit its policy position on utility-scale wind when the
Regional Plan is next revised (after this revision) to determine if new wind
technologies could mitigate problems that currently make it incompatible with

Utility-Scale Solar: Equal

land use policies. to or greater than 500

kW capacity

Utility-Scale Solar

Concern over the appropriateness of solar energy generation installations has generally been site-specific.

* While utility-scale solar may require clearing, its operation is virtually silent and its development
impacts are decidedly less permanent. Once constructed, solar may create visual impacts but it does
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not have the noise, vibration, flicker, or ice-throwing concerns associated with large wind turbines.
Solar would also seem to be more easily adaptable to changes in panel technology. In short, solar is a
more compatible land use within the context of our overall land use policies and their intent

* Utility-scale solar development should be precluded from Resource Lands unless it can be
demonstrated that the development of such would provide beneficial habitat diversity. This would be
similar in approach to other strategic clearings created by the U.S. Forest Service or non-governmental
organizations (i.e., Ruffed Grouse Society) for upland birds or other species. Such developments
should be no greater than 2 acres in size. There may exist some already impacted areas within
Resource Lands boundaries that may be suitable for utility-scale solar power development because of
their close proximity to existing power lines. These areas would include former quarries and power
line corridors themselves where the agricultural and forestry value of the land has already been
compromised. In these circumstances, encroachment into non-impacted lands for access roads and
other accessory uses shall be avoided or minimized.

¢ Utility-scale solar development in land use designations other than Resource Lands would be limited
only by regional plan policies that apply to all other types of development of lands that fall within this
designation. Screening should make use of native trees and shrubs that provide habitat and forage

for wildlife. In cases where the area around the panel installations will not be grazed by livestock or
otherwise used for agricultural production, solar developments should be planted in native perennials
that have a high forage value for native pollinators,”* birds** and mammals. In addition to providing
habitat, this approach will contribute to the continued building of soils.

* Towns that wish to preclude utility-scale solar development on lands designated by their plans as
commercial or industrial, or defined as aesthetically valuable (e.g., scenic corridors or viewsheds), are
encouraged to establish policies to that effect, and should direct solar development to lands deemed
appropriate as a matter of town policy.

¢ Utility-scale solar developments should have an escrowed decommissioning fund to ensure they are
decommissioned after they permanently cease operation.

Other Energy Generators

* Other types of renewable energy development, such as methane digesters or propetly scaled and
sited biomass-based generation, specifically combined heat and power projects such as that recently
proposed by Allard Lumber for which the WRC awarded a grant, could be appropriate. There may be
additional hydropower opportunities as well, but these would likely be small, run-of-river installations
that make use of existing dams with sound and viable structural integrity.

22 The Gund Institute and Energy Action Network, Using Solar Arrays to Promote Pollinators.
http://eanvt.org/wp-content/uploads/2017/04/Pollinator-Friendly-Solar-Summary-03-30-17.pdf.
23 Bee Culture, Can Solar Sites Help Save Bees?

http://www.beeculture.com/can-solar-sites-help-save-bees/.
24 The Audubon Society, Can Solar Panels Make Good Habitat?
http://www.audubon.org/news/can-solar-plants-make-good-bird-habitat.
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PART 1V

Adaptation & Strategies

WINDHAM REGION ADAPTATION STRATEGIES AND PATHWAYS

Regional energy planning is both relevant and important. While many energy issues are national
or global in reach, land use decisions and the way in which the Region develops has a direct and lasting
impact on the types of energy needed and the amount of energy input necessary to sustain the function of
that development. The Windham Region can lead by example by increasing the efficiency of the Region’s
energy dependent systems, analyzing its current energy usage, looking for critical areas of improvement, and
supporting local energy options that benefit its communities. A reliable supply of energy is critical to our
society and way of life.

A key premise underlying this energy discussion is the need for significant progress on several fronts:

1. Greater diversification of energy sources, in order to reduce dependency on foreign sources and to
increase stability in the event of supply interruptions or cost fluctuations;

2. Reduced environmental impacts, especially regarding greenhouse gas emissions, other air quality
impacts, and subsequent impacts on water quality and other natural resources;*

3. Increased conservation and efficiency in all energy uses in order to reduce costs and environmental
impacts, and to reduce the area’s vulnerability to energy disruptions;

4. Ongoing public education regarding the Region’s energy future and what individuals and towns can do to
influence it; and

5. Enhanced local self-sufficiency in all public policy areas so that the Region’s quality of life will be resilient
to potential supply disruptions or significant cost increases.

INTRODUCTION

Energy has become a global commodity and, as we have learned from human-induced climate
change, the combustion of hydrocarbons strongly linked with energy consumption has the capacity to alter
the planet in profound and potentially irreversible ways. But energy issues can also be on a local scale, and
have both positive and negative impacts depending upon how it is explored, developed, transported, and
used. State and local governments, businesses, and individuals can best prepare for the future by taking
action to diversify energy sources, to improve the efficiency of energy use, to stimulate the use of renewable
energy resources, and to implement land use strategies that foster and support sustainable energy.

25 Some impacts originate elsewhere, such as acidification and mercury deposition in surface waters from
electric power plants to the west of New England, and some locally, such as air impacts of carbon monoxide and
soot from gasoline and diesel engines and the inefficient combustion of wood.
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Vermont’s Comprehensive Energy Plan (CEP) lays out an ambitious task for the state: to source
90% of its energy from renewable resources by 2050 (90x50). In order to attain that goal, Vermont and its
regions are faced with a considerable challenge; in order for this goal to be practical, every conservation
measure must be considered (see Appendix E: Regional Efficiency and Fuel Switching Targets, page 104).
Future iterations of the CEP are to be informed by regional plans and the experience associated with their
implementation. The development of policies, the regulatory and non-regulatory implementation of those
policies, and candid, unvarnished assessments of the effectiveness of the policies and their implementation
at all levels of government will be essential going forward.

There are a series of intermediate goals which being met, work towards the end goal of 90x50:
* Greenhouse gas reduction goals of 50% from 1990 levels by 2028 and 75% by 2050.
* 25% of energy supplied by renewable resources by 2025 (25 x 25).
* Building efficiency of 25% of homes (80,000 units) by 2020.

These progressive goals require more than the siting of renewable energy generation to accomplish.
With an assumed increase in population and growth in commercial and industrial sectors, decreasing
our total energy consumption to two thirds the consumption of 2015 by 2050 will require substantial
shifts across all sectors (transportation, heating, and electricity). Regional planning commissions, as well
as municipalities, need to identify what changes they can directly effect, and what changes are primarily
aspirational and will require effective advocacy at the household, business, and institutional levels as well
as in the realm of local, state, federal, and international policy and policy administration. For instance,
regional planning commissions have no final permitting or decision-making authority with regard to
the implementation of their policies, but they must be strong advocates for those policies in permitting
processes as well as in legislative and policy promulgation discussions.

The Comprehensive Energy Plan lays out a series of strategies to reduce overall energy consumption
across the state (see Appendix A: Example Policies from the Department of Public Service, page 52). To
have this plan applicable to the Windham Region specifically, the Windham Regional Commission gathered
its town-appointed Commissioners, stakeholders from professional fields, volunteer organizations, town
committee members, and managers and administrators to discuss and explore energy saving measures in our
Region in three broad policy areas: land use, transportation, and conservation and efficiency (Appendix B:
Adopted Windham Regional Goals and Policies, page 55). These three policy areas are drivers and indicators
of energy consumption and bring the conversation to a more comprehensive perspective than focusing
solely on technologies.

The challenges the Windham Region faces with energy consumption relate to each policy area
and sector of energy. Because of the rural nature of Vermont and the Windham Region, efficiency in
transportation is a seemingly insurmountable obstacle. Personal vehicles have expanded the range of what
is considered local. Land use patterns, though traditionally more centered on compact settlements leaving
the rest of the land to agriculture, have developed into more dispersed, linear patterns. Some choose to
live beyond the “compact settlements” of our downtowns and villages because of preferences related to
living in the countryside. But a major challenge we face when it comes to concentrating development in
and around these compact settlements is the absence, in many cases, of municipal or community water and
wastewater infrastructure to support that settlement pattern. Indeed, in many villages the small lot sizes
and septic system “shadows” would preclude the development of any additional dwelling units, as well
as the modification or expansion of commercial operations. Conservation and efficiency face challenges
in technological advances, affordability, and education. Through the stakeholder discussions, strategies to
address these challenges were discovered and resulted in a wealth of innovative ideas and implementable
action steps (listed in the “Implementation Steps” section below, page 48).
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ENERGY EFFICIENCY AND CONSERVATION STRATEGIES

Introduction

In discussing strategies for the Region, several themes recurred across all the policy areas (land use,
transportation, and conservation and efficiency). These recurring themes are important as they can inform
broad-brush policies which could target large impact change across the sectors. These cross-sectional
themes are as follows:

* The positive correlation between low density settlements and increased energy consumption.
e The regional infrastructural limitations to compact settlements.

e The role zoning could have on restricting impacts across the sectors.

e The need for increased dependency on shared transportation.

* The need for advances in efficiency technologies to meet the demand and affordability of the
Region.

e The importance of education and knowledge sharing while moving towards the long-term goals.

Policies which reflect these needs and target these challenges will have the greatest impact on
lowering overall energy consumption as they touch on all of the sectors. We recognize that while the WRC
has a policy, leadership, and advocacy role to play associated with each of these themes, it is at the town and
state permitting levels where the final decisions get made.

Education was the theme which came up consistently and held the most importance among the
stakeholders. As the 90x50 is a long-term goal with challenges and opportunities across all sectors, it is
important to share strategies and success stories across the Region between professionals, town officials,
and volunteers and also equally (if not more so) as important to include schools and students. Not only will
this instill the knowledge of the importance of becoming more energy independent, but the students and
schools act as another means of information dispersal by becoming vectors from their hubs (the schools)
into their homes and communities.

Each subject area had themes, policies, and implementation steps towards reducing energy
consumption in innovative ways. Below, each subject area is highlighted with solutions and strategies
discussed. The implementation steps, policies, and action steps are compiled into one list following this
strategy discussion section.

LAND USE STRATEGIES

Land use is an important driver and indicator of energy consumption. The two are inextricably
related; therefore addressing challenges in land use can result in lowering energy consumption. From
beginning the discussion on a broader scale, it’s important to explore the question “how do we interact with
the land and what impacts or implications does that have?” This section addresses this question through
discussion on settlement patterns, community design, zoning, natural habitat health, and the food and
agriculture sectors.

As discussed briefly above, dispersed settlement patterns typically result in higher energy
consumption, especially when mobility is dependent upon driving. This is due to the lack of efficiency
in space, inability for efficient heating distribution, increased energy input to deliver essential services to
businesses and residents, and a lack of shared modes of transportation. For future development, a policy
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of the Region is to encourage infill and compact growth (“smart growth”). However, it is important to note
the juxtaposition of stressing a need for compact settlement patterns while being prohibitively limited in
municipal facilities for water and sewer. In acknowledgment of this challenge, the stakeholders discussed
living machines to treat gray water, constructed wetlands, composting toilets, and nutrient recapturing
programs as alternate strategies to this challenge while citing work already being done in the Region by
organizations such as the Rich Farth Institute.

Municipal infrastructure was not the only challenge to compact settlement discussed. Discussants
felt there is a pervasive ideology amongst Vermont residents to prefer living in isolation, off the land, or
secluded from the bustle of society. How can compact settlement patterns become more attractive for
residents (and second home owners)? The opportunity lies in design and downtown revitalization. With
settlements and downtowns that have thriving mixed use buildings, residents have to travel less to reach
amenities (targeting transportation consumption) and also reap the benefits from strong communities while
leaving space outside the centers for agriculture, open space, forestry, diverse habitats, and recreation. These
communities, in order to cater to those pursuing a more classically rural lifestyle, also pose an opportunity
for innovative design of space. With the designed sense of space mirroring that which one would achieve in
a more isolated area but with immediate access to amenities and community, compact settlements have the
ability to be attractive.

It is a noted trend that the population gravitating to more rural living is reversing as millennials,
and increasingly retirees, are choosing to live in closer proximity to amenities. With this general movement,
implementing compact settlements may become more achievable over

time especially with thriving, mixed use centers. THE RICH EARTH INSTITUTE

Zoning is a powerful land use tool that can be employed by . .
Rich Earth Institute engages

in research, education, and
technological innovation to
advance the use of human waste

towns. Zoning is the regulatory tool by which towns can directly
implement their plan policies. In the absence of zoning, towns must rely
on the decisions of District Environmental Commissions for projects

which fall within the purview of Act 250 (land use) and Section 248 S 2 TEeoLEE i GIrEET o Ga SEE
(energy). Strategies for decreasing energy consumption using zoning water, prevent pollution, and
include: zoning development for more compact settlements and zoning sustain soil fertility.
regulations on buildings that enforce a standard of energy efficiency
(LED light bulbs, weatherization, passive solat, low flow, composting, We can support these kinds
and/or urine diverting toilets, etc.). of local, progressive initiatives
to innovate new methods of

Though these strategies have thus far targeted reducing the systemically addressing the
Region’s overall energy consumption, it is important to explore how an materials we use, our energy
increased amount of renewable energy generation within the Region demand, and how we handle our

waste. Collaboration between
regional partners, like the WRC
and the Rich Earth Institute, can
be a model for how regional
planners utilize local expertise and

) ; } o . o knowledge to generate regionally
addressing this need. Encouraging biodiversity within the natural appropriate and novel energy

communities of solar fields can support a variety of species and solution:s.
ecosystems, while also fostering the health of the soil, thus bringing an

will impact the natural communities. Can renewable energy generation
sites encourage a diverse range of habitats? Windham Region, though
rich in its forestry resources with 86% of the land forested, is lacking

in a diversity of habitats. Though generally viewed as a limiting factor
to habitat encouragement now, solar fields could serve as a tool in

added benefit of increased carbon sequestration. This stacking of the
land function encourages efficiency in land use as well as the general health of the land. Solar installations
also have the potential to provide farmers with a means by which to generate ongoing income from land
that is better suited to not being cropped or grazed, an approach that would combine solar generation
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with habitat and soil conservation and regeneration benefits of
programs such as the Conservation Reserve or Wildlife Habitat VERMONT’S LOCAL FOOD

Improvement programs. MOVEMENT
A large portion of energy consumption can be attributed Farm to Plate is Vermont’s food system

to the food sector. Although not broken out specifically in olan being implemented statewide

the current use data discussion, the food system in the United to increase economic development and
States and Vermont is remarkably energy dependent. The food jobs in the farm and food sector,

system depends on high energy inputs from fertilizers, from and improve access to healthy local food
fuel to run machinery, to energy to process and package the for all Vermonters.

products, to transportation to ship the food from place to place

often from far-flung locations. Though Vermont is ahead of the = Additionally, more local projects, like
Windham Region-based Food Connects,

can provide the area with food supply
solutions that are unique and appropriate
for the Region. Food Connects is a local
food hub that is working to re-envision our
food system. They provide the connection
between local farms and area schools,
hospitals, restaurants, workplaces, and
elder care centers, thus making local food
accessible to a diversity of populations.

curve in comparison with other areas in the country, seasonality
and financial challenges have become roadblocks to local food
production and consumption. The stakeholders identified

these two areas of agriculture to focus on to support increased
efficiencies in the food system.

With Vermont’s distinct seasons, agriculture production
is generally confined to nature’s timeline. Season extension
means the lengthening of that constrained timeline by using
technologies like greenhouses to extend the season, beginning

earlier in the spring and extending later into the fall. By Organizations and initiatives like these
increasing the land’s ability to produce longer, the Region would | aim to improve the quality of life of our
be able to glean more local food for a greater portion of the community via healthy food, but they
year, thereby decreasing food miles for imported products. also reduce our overall energy demand by

supporting local and often organic farms.

Agriculture in the Region has been shifting over the

years. Following a statewide trend, the number of dairy farms
has significantly decreased and, more recently, the farms have transitioned to smaller diversified agriculture.
Stakeholders identified local agriculture as key to addressing inefficiencies in the food sector, as it supports
the local economy as well as reducing energy inputs into product transportation. Local agriculture takes the
market support off of globally sourced products and funnels it into farms within a certain radius. Putting an
emphasis on more locally produced food and consumption dramatically cuts the fuel input used to transport
the product from production to the plate. The Farm to Plate Initiative in Vermont focuses on planning for
and supporting this connection. We also recognize, however, that local producers are somewhat dependent
upon sales beyond the local region. The goal should be a food system that is more energy efficient in all
aspects, and which promotes stewardship of the land and a decent living for all of those who work it.

TRANSPORTATION STRATEGIES

Transportation, closely tied to land use, is a challenge rural communities face with energy
consumption. The Windham Region is not unique in having a rural development pattern in which personal
transportation is regarded as a necessity. There is a lack of capacity for practical and dependable shared
transportation: seasonal changes pose challenges to all types of transportation, the majority of roads are
designed for automobiles exclusively, broadband internet access is not reliable in many areas eliminating the
possibility of telecommuting (which would still not resolve demand for other non-work related trips), and
the convenience of controlling one’s own commuting schedule and other travel demands is highly valued.

The Windham Region spends approximately $57 million on fuel alone and as the vast majority of
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the fleet is powered conventionally, these funds are getting channeled directly out of the Region and State.
In order to achieve the 90x50 goal, the light duty fleet is assumed to convert to electric vehicles while,
simultaneously, a decrease in single occupancy vehicles is necessary. This plan recognizes the financial
barrier in the assumption to convert the fleet to electricity. As electric vehicles have become increasingly
more affordable with increased demand, the state assumes the continuation of the trajectory to make the
conversion more viable.

As discussed in the land use portion above, Vermont’s as well as Windham Region’s settlement
patterns are low density and dispersed. Of the 27 towns, there are two regional centers within the Region
drawing most of the local traffic within their spheres of influence due to the amenities available there. With
few hubs of population confluence, public transportation efficacy is challenged. Though the Region does
have several bus services and a train, the schedules are restrictive and not all communities have access to
them, leaving them underutilized.

Reducing the rate of growth in energy consumption for transportation, our primary energy use, will
also have positive economic and environmental effects. The relationship between the use of transportation
resources on one hand, and land use decisions and subsequent development patterns on the other, are
undeniable, yet trends over time have tended toward less efficiency. Sprawl, discussed in the Land Use
section of this plan, is scattered development that increases traffic, increases pressure on local resources, and
consumes open space, turning farms and forests into rural subdivisions that serve cars better than people.
The automobile-based American culture has made this possible. To the extent that society has continued
to allow and, in some cases, even encourage sprawling development, society is forcing itself and future
generations to spend more money and consume more energy for automobile transportation than would
otherwise be necessary. Conservation and efficiency measures may present the greatest—and closest to
home—new energy “sources,” and interact with transportation policies in many ways, including:

¢ the extent to which people drive private motor vehicles instead of using public transportation or
walking or cycling;

¢ the extent to which people design and develop communities to favor automobiles over other
modes of transportation; and

¢ the extent to which people choose energy-efficient vehicles when driving,

Though addressing these challenges is a daunting task, several strategies are applicable. Working in
tandem off the land use policies and strategies above, an increased emphasis on compact settlement patterns
and thriving, mixed use downtowns, transportation energy use can decrease substantially because of the
opportunities for public transportation, shared transportation options, and walk-ability. But we must also
recognize the development that has already occurred, as well as the fact that residential (primary residences)
and commercial development has been relatively static in the Region for nearly two decades. As there are
27 towns and existing settlement patterns will continue to be relevant in the years to come, the Region can
increase the number of park and rides or satellite parking lots with access to public transportation, car share,
bike share, and other shared modes of transportation.

Electric Vebhicles

As single occupancy vehicles will continue as a necessity for a portion of the population, creating
incentives and encouraging that population to invest in electric vehicles (EVs) is paramount. This can be
accomplished by increasing access to charging stations (as the demand for EVs increases with the lowering
prices, the market will respond by introducing more charging opportunities) and offering free parking for
charging EVs.
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Alternative Transportation

Alternative transportation options such as shared transportation _If--'.' - %N\;;
(carpooling, public transportation, car share) or active transportation \ I'-'fJ V, '.
(walking and biking) will becoming increasingly relied upon. These two -’y -"x'!
types of transportation face challenges in today’s infrastructure and —
transportation system which accommodate primarily single occupancy VERMONT
vehicles. These challenges can be addressed by planning for and From the website:

designing infrastructure which supports these modes.
“Go Vermont is a resource for

Shared transportation is a broad term covering carpooling, Vermonters who want to reduce

collectively owned vehicles, car share organizations, bike shares, and the cost and environmental impact
others. The website Go! Vermont supports carpooling by providing of driving. We offer free carpool
matches for individuals with similar schedules and destinations. The matching and vanpool services, and
website is Vermont’s agency of Transportation’s official site for statewide bus routes, as well as
distributing information on alternative transportation. Boosting the free Go! Vermont resources to help
user base, visibility, and accessibility of this site will encourage people you promote more efficient travel.”

to engage in shared transportation. By having shared transportation
available and reliable, the commuting population has the option to not invest in a personal vehicle.

Active transportation is one of the easiest ways to reduce energy consumption in the transportation
sector. With the only fuel input being human force, the means of transportation is the most fuel efficient,
clean, and renewable. The challenge to this mode of transportation is safety concerns. The road systems
have traditionally been designed for automobiles rather than alternative transportation modes. By designing
complete streets® in congested areas and creating bike path and sidewalk connectivity,” the safety of these

modes of transportation are substantially increased.

Along with increasing the safety of active transportation in planning and design, increasing access to
these modes of transportation is critical. Programs like bike shares, rebates for electric assist bikes, and tax
deductions for purchasing electric bikes all encourage the use of these modes of transportation.

Seasonality is often viewed as a prohibitive factor to successful alternative transportation. Thriving
biking and walking cultures in other areas of the world, however, prove that the true prohibitive factors
are the access people have to necessary equipment and the safety and security they feel in using it. By
bolstering the strategies already available to our Region, alternative transportation is more of a possibility
than commonly viewed. Workplaces can encourage their employees to partake in alternative transportation
by having showers available, bargain rates with public transit for employees, bike racks or storage space, and
flexible hours, among others.

Another challenge that the transportation sector faces is tourism. The Vermont economy and the
economy of the Windham Region depend heavily upon dollars that come in from out of state due to
tourists. Although their vehicle miles traveled are not accounted for in the fuel consumption which the

26 “Complete Streets: Complete Streets are streets for everyone. They are designed and operated to enable
safe access for all users. Pedestrians, bicyclists, motorists, and public transportation users of all ages and abilities
are able to safely move along and across a complete street. Complete Streets make it easy to cross the street,
walk to shops, and bicycle to work. They allow buses to run on time and make it safe for people to walk to and
from train stations.” — National Complete Streets Coalition.

27 Bike path and sidewalk connectivity refer to the continuity of bike paths and sidewalks in a
transportation corridor. Generally, as bike paths and sidewalks have been added to the road system, the lanes
are often not continuous due to the original design of the road.
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current use and projected use data were calculated from, it is important to recognize the large contribution
the consumption has. The Region has the opportunity to incorporate alternative transportation into part
of Vermont’s draw, while also considering that many tourism-related businesses are dependent upon the
tourism via car model. The evolution of transportation and mobility with energy in mind will require
adaptations. With artisanal beer and cheese tours and Vermont’s beautiful scenery already drawing flocks
of tourists, combining them with bike tours and the Region’s flourishing alternative transportation systems
offers great potential.

BUILDING EFFICIENCY

Conservation and efficiency are broad topics touching most subject areas, and can be applied to
both the land use and transportation sectors. Where these topics intersect, they are discussed in greater
detail above. Energy conservation and energy efficiency in buildings remain prime areas for investment to
realize significant savings in energy use. The Region should lead by example to increase energy efficiency
and to reduce overall energy consumption. Energy efficiency and conservation should be a primary
consideration in all development projects, especially with regard to:

* designing and building housing and commercial structures to capture passive heat and light and to
use energy more efficiently and conserve it more effectively;

* fostering the development of local and renewable energy sources;

* encouraging federal and state polices that support more local and distributed electricity generation;
and

* accepting local and state regulations that would encourage more energy-efficient land use patterns, or
that would require more aggressive and longer-range energy planning,

One on the sectors the Regional Energy Plan focuses on is thermal, or heat. Building and zoning
codes are tools which can encourage and enforce conservation in buildings. There are many technologies
currently circulating which can be applied to new and old buildings to boost their performance.

Heating and cooling systems demand approximately one third of the Region’s energy consumption.
Much of this climate control is fueled by fossil fuels; however, there are reliable alternatives. Heat
pumps which exchange both hot and cold air are powered by electricity. Because the Region is rich with
lumber resources, advanced wood heating systems offer both the ability to efficiently heat buildings with
renewable energy, but also strengthen the local wood industry while bolstering the economy. With clustered
development, district heating is an efficient and effective way to heat multiple buildings. For passive cooling,
trees can be strategically planted to block direct sun.

To encourage efficiency in buildings, methods like zoning and fee alleviation are powerful tools.
Zoning, in this case, would require design for passive solar heating, low-flow toilets, LED lighting fixtures,
among other technologies. As an incentive tool, fees which otherwise would be applied to new structures
could be omitted if those structures are net zero.”®

Though not yet developed to its full capacity, storage has the potential to dramatically aid the Region
in reaching the 90% renewable by 2050 state goal. Storage for renewable energy generation could boost
capacity substantially while also feeding into micro-grids. With increased distributive generation, storage and
micro-grids bring resilience to communities across both the Region and the State of Vermont.

28 Net zero buildings generate enough renewable energy annually to meet the consumption needs of the
building.
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IMPLEMENTATION STEPS

Conservation and efficiency are the drivers to achieving the 90x50 goal. In land use, transportation,
and heating, action steps and implementable policies will bring about the conservation needed to reach the
90x50 goal.

Below are listed implementation steps, gleaned from the stakeholder discussions in the Windham
Region, and distilled from the previous discussion in this section. Appendix A (on page 52) also contains
sample policy statements generated by the Vermont Department of Public Service, which are considered
applicable to the Windham Region.

1. Promote recognition of and activity with NeighborWorks and Heat Squad activity for Eastern Vermont
as technical support for weatherization.

2. Promote programs which support a regional push to perform energy audits for all public buildings.

3. Wave building permit fees for new homes designed for net-zero buildings.

4. Increase education on conservation and efficiency by incorporating the topics into school curricula,
including tours of efficient buildings, hands-on conservation projects, and involvement in school building

energy conservation measures.

5. Organize regular region-wide knowledge sharing forums where organizations, towns, and individuals can
bring strategies, innovations, and information about conservation and efficiency.

6. Prioritize both new construction and buildings as well as old boilers in need of upgrade to convert to
renewable heating.

7. Incorporate complete street design into transportation plans.

8. Increase park and rides/satellite parking lots with access to car shares, bike shares, and public
transportation.

9. Decrease downtown parking.

10. Increase and improve public transit and amenities.

11. Encourage development by smart growth principle guidelines.

12. Promote the Go!Vermont app as a centralized online space for organizing carpooling.
13. Wave registration fees for electric vehicles.

14. Free parking for EVs at charging stations.

15. Support a carbon tax.

16. Revitalize village downtowns to reduce the need for longer commutes for amenities and work.
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17. Incorporate the cost of greenhouse gas emission into product pricing.
18. Establish cover cropping as required agricultural practice (RAP).

19. Conduct regional study (followed by implementation) of where best to add satellite parking lots to bring
accessibility of public transportation and shared transportation to the majority of towns.

20. Encourage low-grade lumber industry by increasing local market in modern wood heat.
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APPENDIX A:

Example Policies from Department of Public Service

Below are listed example policies generated by the Department of Public Service. They may or may not
prove to fit well with the Windham Region context.

* Coordinate with and promote Energy Efficiency Utility (EEU) programs and the state Weatherization
Assistance Program for low-income households and encourage residents to participate.

¢ Co-sponsor and organize weatherization workshops for homes and businesses with EEUs.

* Identify available electric, natural gas, and deliverable fuel (oil, propane) Energy Efficiency Utility program
resources and make web links available on municipal/regional websites.

o Electric EEU — Efficiency Vermont (statewide) and City of Burlington Electric Department
(funded through the electric energy efficiency charge)

o Natural Gas EEU — Vermont Gas Systems (funded through the natural gas energy efficiency
charge)

o Unregulated Fuels — Thermal Energy and Process Fuel programs

e Work with partner organizations and EEUs to offer workshops and educational opportunities to
businesses on efficiency in new construction, retrofits, and conservation practices.

* Identify large energy usage customers (including large businesses, manufacturing facilities, and schools)
as a target audience and encourage participation in commercial and industrial EEU programs.

*  Facilitate a workshop and/or conduct building walk-throughs for owners of rental housing (including
farm labor housing) to encourage implementation of energy efficiency.

* Encourage residents to hire Efficiency Excellence Network (EEN) contractors when completing energy
efficiency projects by including links to the EEN on municipal/regional websites.

¢  TFacilitate strategic tree planting to maximize energy benefits.

Promoting Energy Efficient Buildings

*  Promote the use of Vermont’s residential building energy label/score.

e Promote the use of the residential and commercial building energy standards by distributing code
information to permit applicants and ensuring code compliance.

*  Promote benchmarking (using the free EPA Portfolio Manager tool and/or with assistance from the
EEUs) for commercial buildings.

e Include policies that promote or require residential projects to follow the residential stretch energy
code.

e Include policies that require commercial Act 250 projects to follow commercial stretch energy
guidelines.
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Promote the construction of net-zero ready buildings by including a discussion of such buildings in the
plan and identifying educational opportunities as an implementation action.

Promote the use of landscaping for energy efficiency.

Promote the use of cold climate heat pumps with education/presentations in coordination with the
EEUs/electric utilities.

Support the use of ground-source heat pump heating and cooling systems for new construction.

Identify potential locations for wood-fired district heating, For example, locations with a high
concentration of buildings (two or more buildings) with space for a central heat plant and/or where
there is a large building that could be an anchor for an district heating system that also supplies heat to
neighboring buildings.

Provide examples of model ordinances related to district heating projects that require access to town
and/or state rights-of-way.

Provide examples of municipal-owned district heating systems including sample documents needed for
setting up a district heating service.

Identify managed forest lands closest to the identified potential district heat locations that could supply
wood chips to the project

Identify regional/town businesses that make, sell, and/or transport wood chips and/or wood pellets that
could be used in a district heat system.

Encourage, promote, and incentivize advanced wood heating by: supporting the conversion of existing
fossil fuel heating systems to wood; encouraging local manufacturing of advanced wood heat technology;
supporting development of wood fuel delivery infrastructure; supporting development of sustainable
forestry and procurement services; expanding wood fuel processing facilities, encouraging bulk wood
pellet delivery systems; and providing training and education on the benefits of heating with efficient,
clean wood energy systems.

Promote wood stove change-out programs that take older non-EPA certified stoves out of service and
replace them with more efficient and lower emitting cord and pellet stoves.

Encourage new construction to install advanced wood heating equipment.

Participate in education campaigns to provide best practices on cordwood and wood pellet selection,
storage, and combustion to promote the most efficient, clean, and cost-effective use of wood heating
technology while protecting human and environmental health.

Identify any businesses that have a year-round need for process heat. Encourage these businesses to look
into wood-fired combined heat and power

Regions should encourage the development of the biomethane sector by supporting proposals for
appropriately sited, cost-effective biomethane production facilities and related infrastructure.

Identify potential producers of food and farm waste (farms, food processors, restaurants/schools/
institutions with food waste) that could potentially host a farm or food waste digester.

Promoting Consumer Awareness of the Benefits of and Access to EVs and Alternative-Fuel Vehicles

Work with local employers and nonprofit partners such as the Vermont Energy and Climate Action
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Network and Vermont League of Cities and Towns to encourage broader implementation of
EV incentives, such as free or reduced parking costs for EV and fuel-efficient vehicle owners and
preferential access to parking spaces limited in supply.

* Promote the Drive Electric Vermont webpage, which connects users to financial incentives, dealers, and
recharging stations for EVs.

¢ Contact local vehicle dealers to encourage them to offer EV and fuel-efficient vehicles by both sale and
lease. Encourage local media and chambers of commerce to provide positive visibility for supplying
EVs.

* Partner with Drive Electric Vermont, nonprofit organizations, vehicle dealers, and/or state agencies
to organize high-visibility events where people can see and test drive EVs, such as county fairs, energy
fairs, and summer festivals. Events should also leverage local newspaper and public access coverage to
showrcase local residents and organizations that are helping to propel the transition to EVs.

¢ Encourage major employers in the community that operate private fleets (for example garbage
collection, public transit, colleges and universities, or milk transportation) to switch some of their
vehicles to electric or biodiesel-fueled vehicles. Help build awareness of related grant opportunities.

* Hosta “show and tell” day featuring different kinds of EVs and giving people interested in purchasing
them an opportunity to talk with fellow community members who own them.

Deploying EV Infrastructure at Workplaces and Key Public Locations

¢ Assess current access to public and workplace charging (to the extent known) in the community or
region and identify strategic locations in busy areas (large employers or areas of high visitation in
downtowns) where charging stations should be added or expanded.

*  Regions should partner with Drive Electric Vermont, the Vermont Clean Cities Coalition, and other
organizations to promote the expansion of workplace charging, in particular by continuing funding for
incentives that help employers cover the costs of installing charging stations.

* Regions should encourage the electric utility operating in their service area to invest in charging
infrastructure and to build awareness of charging opportunities as part of their strategy for complying
with the state’s Renewable Energy Portfolio Standard

e Regions should promote and seek grants to fund the installation of DC fast-charging infrastructure at
strategic locations along major travel corridors and in transit hubs such as park-and-ride locations.

¢ Plan, advocate for, and consider requiring the installation of Electric Vehicle charging infrastructure as
part of new or redevelopment, especially for developments subject to Act 250.

*  Support the development of additional refueling stations for alternative fuels for both private and public
transportation fleets by sharing station development costs between public and private interests.

*  Work with the Clean Cities Coalition to encourage large fleets to switch to natural gas use where
biodiesel is impractical, in areas of the state where natural gas is available. Encourage the use of
renewable natural gas through Vermont Gas’s forthcoming renewable natural gas green pricing program.

*  Public and private stakeholders should continue to develop a sustainable biofuels industry in Vermont to
enable the production and use of biofuels for transportation, agricultural, and thermal applications.
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APPENDIX B:

Adopted Windham Regional Goals and Policies

Below are the adopted policies from the Windham Regional Plan and the Windham Regional Transportation
plan. The full Windham Regional Plan can be accessed_here and the Transportation Plan accessed here.

TRANSPORTATION

Land Use Policies

1. Weigh the secondary growth effects that often result from transportation infrastructure
improvements and determine if the benefits of the improvements outweigh the costs to existing historical,
cultural, and environmental assets.

2. Minimize functional conflicts and require that developers be responsible for relieving new traffic
impacts generated by their developments.

3. Avoid strip development and minimize the negative effects of existing strip development.

4, Preserve village character through appropriate design and scale of commercial, industrial, residential,
and transportation infrastructure and community structures and uses.

5. Preserve and create Right-of-Ways for future transportation linkages between communities,
neighborhood services, and other destinations.

6. Avoid extension of roads into and through Resource Lands.

Energy Policies

7. Support emissions standards that reduce regionally generated air pollutants from transportation
related activities.

8. Promote the reduction of vehicle miles traveled in Vermont through public education, expanded
public transit infrastructure, rideshare programs, and park and ride facilities.

9. Promote alternative fuel vehicles and the infrastructure necessary to fuel those vehicles.

10. Require all development projects to incorporate elements that reduce reliance on single occupancy

vehicles, such as providing access to public transit, installing pedestrian and bicycle network links, or
providing access to ride-sharing programs.

11. Support efforts to minimize energy consumption, especially non-renewable energy resources, and
explore expanded use of alternative fuels.

12. Integrate traffic designs in designated downtowns and village centers that limit idling and calm traffic.
Freight Policies

13. Maintain, improve, and expand passenger and freight rail services.

14. Encourage businesses and industries with high freight demands to locate within the rail corridor,

improving mobility of goods by rail.
Public Transportation

15. Implement an integrated, multi-modal transportation system in the urban centers, providing
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connections between rail, air, bus, car, bike, and pedestrian.

16. Integrate the use of energy-efficient and alternative modes of transportation into community plans
and development.

17. Establish effective and efficient public transit services to meet the needs of transit dependent
populations and to better serve the general public.

18. Establish a safe and convenient regional system of park and ride lots to encourage ride-sharing,

19. Include transit oriented development in any proposed project.

20. Incorporate public transportation into planned transportation improvements for resort centers.

21. Create new and expand existing public transit services to fulfill intercity and intra-regional demand.

Active Transportation

22. Incorporate ADA regulations and guidelines into all pedestrian projects.
23. Require provision of appropriate pedestrian and bicycle facilities in new development projects.
24. Review and accommodate for non-motorized transportation, such as bicycle lanes, wider shoulders

and sidewalks in roadway and bridge projects.
25. Preserve and encourage creation of Rights-of-Way for future linkages between communities,
neighborhoods services, and other destinations.

LAND USE

1. Direct new growth, such as jobs, housing, commerce, public infrastructure, industry, community
facilities, into appropriate development types (regional centers, commercial/industrial areas, rural
commercial, resort centers, and villages). New growth should give attention to the type and scale of the
existing form, in order to keep these centers culturally, socially, and economically viable. Infill development
and “brownfield” redevelopment are encouraged in these areas.

2. Utilize strategies that increase the energy efficiency of new and existing development. All major
projects reviewed under Act 250 shall provide evidence demonstrating how the development is energy
efficient from a regional land use perspective, including projected transportation, heating, and electricity
needs.

3. Preserve the historic and architectural character of the Region. Support the reuse and repurposing
of viable existing structures to retain historic development patterns, densities, and character in the Region,
especially within regional centers, villages, and hamlets.

4, Consider current and future housing requirements when evaluating business development and
expansion projects. Encourage measures that will establish and maintain an adequate housing stock for area
workers that satisfy a diversity of needs and income levels.

5. Develop master plans for the transformation of existing rural commercial areas, as identified on the
Proposed Land Use Map, into areas serving a mix of uses, offering diversified transportation options and
planned infill locations, while also conforming to traditional historic development patterns.

6. Where strip development has already occurred beyond villages and growth centers, promote
redevelopment that reflects the historic development patterns of existing hamlets and villages. Strip
development in known floodplains and fluvial erosion hazard areas that has experienced past damage should
be considered for floodplain restoration and hazard mitigation opportunities.

7. Concentrate ski resort expansion and secondary growth to minimize the trend toward dispersed/
sprawl development. All ski resort development shall be reviewed and approved as part of a development
master plan before any individual development projects are approved in order to assess cumulative impacts
of the potential growth of the development.

8. Plan for and develop public infrastructure, including water and sewer systems, that promotes

and enables greater densities in development centers, including regional centers, villages, resort centers,
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commercial/industrial sites, and growth areas as identified by town plans.

9. Develop and expand hamlets in a form that maintains traditional density and residential settlement
pattern within the Windham Region. Encourage towns to enable this pattern of development in town land
use regulations.

10. Provide guidance and training on regulatory and non-regulatory tools for open space and resource
protection available to towns for use in town plans and regulations. Encourage implementation of tools such
as conservation subdivision, clustered development, and variable lot size in all subdivision development, and
especially within rural residential and productive rural lands.

11. Use open space plans and resource protection techniques to protect agriculture, forest, mineral,

and Resource Lands from development and fragmentation. Encourage town open space planning and help
coordinate those planning efforts through the development of a regional Open Space Plan.

12. Require all major projects reviewed under Act 250 to mitigate any loss of prime agricultural and/or
forest land as a result of the development.

13. Promote critical resource areas by educating towns and the public on the importance of preserving
exceptional natural resources. Preserve critical resource areas by identifying key sites and by assisting towns
in incorporating provisions in their town plans and land use regulations to protect them (and, as appropriate,
restore them).

14. Strongly discourage all development in Resource Lands for purposes other than forestry and
agriculture. Any development proposed within critical resource areas shall provide evidence as to why

the development cannot be avoided, and shall provide mitigation for natural resources impacted by the
development.

15. Require that the benefits of any mitigation occurring as a result of a proposed development within
the Windham Region be directed to the Windham Region.

Energy

1. Ensure that all energy generation, transmission, and distribution projects further the regional
goals for providing a reliable, sufficient, and economical energy supply to the region, promoting energy
conservation and efficiency, and furthering the development of energy sources that have zero or low GHG
emissions.
2. Work with the State, utility companies, and other energy suppliers to create a regional energy profile
as a foundation for planning to meet future regional energy needs and to provide guidance on energy
development in our member towns.
3. Support the State in achieving its Total Renewable Energy and Comprehensive Energy Plan goals
through avenues that maintain an adequate, reliable, and economical energy supply without causing undue
adverse impacts to humans and the environment.
4. Support cost-effective energy efficiency and energy conservation measures, and programs such as
Efficiency Vermont to help reduce energy costs in the region.
5. Support incorporation of high-efficiency energy systems, sized appropriately to the energy need, and
located in close proximity to the user base.
6. Support the advancement of Smart Grid technology to allow businesses and residents to make
informed choices about their energy usage and expenditures by monitoring when they are using energy, how
much they are using, and how much it costs.
7. Require that new development and renovations, at minimum, meet State commercial and residential
energy building codes. Encourage development to utilize strategies to increase energy efficiency, including
consideration of transportation energy use, on-site generation and heating systems, and reuse/repurposing
of existing structures.
8. Provide and distribute educational information on:

a. Energy conservation techniques;
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b. Energy-efficient products and weatherization programs;
c. Available energy options and their respective impacts and costs; and
d. Opportunities for energy diversification and locally based energy sources.
9. Encourage an economically competitive energy supply through increased operation efficiencies,

technology upgrades, and availability of low-cost fuels, including natural gas.

10. Balance improved efficiency and conservation measures with the need for new generation and
transmission infrastructure to ensure adequate future energy supplies. Support requirements that utilities
improve the efficiency of procedures and infrastructure and assist customers to conserve energy and reduce
costs.

11. Support the continued availability and use of net metering electrical systems, including both
individual and group net metering installations.

12. Encourage a shift toward zero and low-GHG emission energy sources, including the capture of
methane gas and its conversion to useful energy.

13. Require sustainable sources and practices for all biomass and biofuel projects to ensure that projects
create a net reduction in GHG emissions, protect the working landscape, capture and reuse waste heat, and
follow verifiable stewardship practices.

14. Support sound energy facility siting practices by ensuring that new developments give adequate
attention to facility siting requirements, development constraints, natural resource protection, and land use
compatibility.

15. With regard to all energy generation, transmission, and distribution projects:

a. Adhere to a high environmental standard that includes avoiding negative environmental impacts to
the extent possible and adequately minimizing and mitigating those that cannot be avoided;

b. Conduct thorough and proper studies and analyses of all anticipated socioeconomic and
environmental impacts, both positive and negative;

c. Adequately address all areas of concern regarding proposed developments; and

d. Effectively and adequately address all issues related to facility operation and reliability.

16. Facilitate public participation as an integral part of the decision-making process for siting,
evaluating, and relicensing energy generation, transmission, and distribution facilities and for electric utility
deregulation.

17. Facilitate inter-town conversations about appropriately scaled and sited generation sources, which

include consideration of the wishes of residents regarding the meaning of “appropriate” as expressed in
their town plans. The WRC recognizes that host towns and abutting towns may have different goals in this
area, and will use its best efforts to gain consensus and/or cooperation among them.

REGIONAL ECONOMY

1. Work with BDCC and other organizations to attract and retain youth in the Region by identifying
and addressing barriers to their settling here, by providing targeted educational and skill training
opportunities, and by creating meaningful career options with livable wages.

2. Promote activities and development that contribute to a strong and diverse economy, providing
satisfying and rewarding job opportunities for citizens in all parts of the Region and supporting a strong
municipal tax base, while maintaining environmental standards and promoting environmental justice.

3. Generate a variety of stable, year-round jobs with wages and other compensation that provide a
livable income, and that include skills training programs and other benefits that contribute to the personal
development and quality of life for all workers, particularly in areas with high unemployment or high
numbers of workers earning less than a livable wage.

4, Utilize existing financial, physical, and technical resources to facilitate economic development,
including the creative use and revitalization of suitable existing space for manufacturing and industrial
activities, commerce, housing, and the arts.
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5. Develop and assist the growth of small businesses including home businesses and entrepreneurial
ventures that help preserve and revitalize communities.

6. Support educational programs in technical and trade skills, as well as basic skills such as math and
communications, in order to improve the value of opportunities for the Region’s workforce, both entry-level
and advanced.

7. Support the transition of Vermont Yankee employees into new jobs and industries through the
development of specific job re-training programs, and entrepreneurial support strategies.

8. Encourage development of land-based industries, focusing on the production, distribution, and
marketing of agricultural and forestry products and programs from within the Region in a manner that
maximizes the sustainable use of these resources, minimizes and repurposes waste, and promotes the
economic, physical, and environmental well-being of our communities and their residents.

9. Promote the economy through tourism activities that emphasize the character of the Region itself: its
beauty, culture, history, wildlife, and outdoor recreation.

10. Support the arts and culture industry by encouraging increased use of community resources,
improved cultural opportunities for all residents, and enhanced year-round tourism.

NATURAL RESOURCES

Forest Resources

1. Maintain a high-value, forested landscape in the Region composed of large, contiguous parcels by
supporting programs such as Use Value Appraisal and encouraging the use of conservation subdivision
models, conservation easements, and purchase and ownership of lands for conservation purposes by land
trusts, state and local government, or other similar organizations.

2. Support the harvest and use of lower grade timber to ensure full use of the forest resource and help
protect the Region from the threat of wildfire destruction.

3. Encourage public, industrial, and private landowners to maintain and enhance forest resources on
their lands, and to follow sustainable forest management practices that provide habitat for diverse natural
species, avoid high grading of timberlands, and follow Acceptable Management Practices.

4, Support the management and eventual eradication of invasive species in the Region through
activities such as provision of education materials, sponsorship of workshops on best management practices,
encouraging the involvement of community organizations, and requiring the eradication or mitigation of
invasive species as a condition on permits for development where the introduction or spread of invasive
species is likely.

5. Maintain the Vermont tradition of public access to forested lands by encouraging preservation of
historic access points and promoting public access connections in development proposals.

6. Continue to support the Vermont Use Value Appraisal (Current Use) Program—a program critical to
the forest resource in the region—on a fully funded basis.

7. Support organizations and educational programs that teach or demonstrate sustainable forestry

and Acceptable Management Practices, to facilitate understanding and appreciation of the environmental,
economic, and recreational benefits offered by the Region’s forest resource.

Surface Waters

8. Maintain and restore the chemical, biological, and physical quality of the Region’s surface water per
the objective in State water regulations.

9. Maintain undisturbed buffers of vegetation along watercourses, lakes, ponds, wetlands, and vernal
pools consistent with State regulations and the highest precedent established by the District Environmental
Commission and State Environmental Court in order to protect shorelines, provide shading to prevent
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undue increase in stream temperatures, to minimize effects of erosion, sedimentation and other sources of
pollution, and to maintain scenic, recreational, and habitat values.

10. Evaluate the licensing or re-licensing of hydroelectric power generating facilities on a case by case
basis in a manner that supports other provisions of this plan.
11. Maintain any designated Class I wetlands in their natural condition. Ensure that any permitted

alterations to Class II and Class III wetlands do not significantly diminish their functional, ecological, or
aesthetic values. All projects of regional importance shall provide evidence that onsite wetlands have been
field checked and verified by an environmental official or State agency representative.

12. Evaluate inter-basin transfers of water on a case by case basis and require project proposals to
demonstrate that the water quality in both the sending and receiving basins will not be significantly lowered,
that the water table and stream flow in the sending basin will not be detrimentally lowered, and that peak
flows in the receiving basin will not be detrimentally increased. For purposes of this policy, a basin is the
drainage area of a watercourse that is at least 1,000 acres in area.

13. Encourage towns and community organizations to identify critical resource areas in the Region and
support efforts to protect these exceptional natural resources.

14. Support surface water classification and management strategies which are consistent with the
municipal and regional land use planning objectives for the affected watershed, and which will effectively
maintain or improve existing water quality.

15. Maintain water flows in streams at levels that support a full range of in stream uses and values.

10. Requite flood hazard and/or fluvial erosion hazard mitigation for development proposals in the
floodway, floodplain, or fluvial erosion hazard zone.

17. Support State regulations and programs to protect surface waters from run-off and sedimentation
caused by agriculture, forestry, recreation, and development activities through the use of tools such as:
Acceptable Agricultural Practices (AAPs), Acceptable Management Practices (AMPs) for forestry, and Best
Management Practices (BMPs) for erosion control.

Groundwater

18. Avoid contamination of groundwater from the drilling of wells through the use of proper drilling
technology and appropriate well placement.

19. Require small-quantity generators of hazardous waste to have storage and disposal plans
demonstrating that water contamination risks have been minimized. Support efforts to make appropriate
disposal of small-quantities of hazardous waste convenient and effective in the region.

20. Support the Department of Environmental Conservation Water Supply Division in regulating and
monitoring water withdrawal from underground sources to ensure that aquifers and surface waters are not
significantly depleted, and that water is properly allocated. Promulgation of specific laws and regulations to
control water withdrawal and to ensure minimum flows is encouraged.

Sotls and Topography
21. Require developers to take special precautions on slopes to avoid environmental damage, including
negative consequences associated with erosion and landslides.
a. Minimize areas of earth disturbance, grading, and vegetation clearing on slopes over 15%;
b. Design development on slopes over 15% such that it minimizes the potential impacts of
slides and earthquakes; and
c. Avoid development (other than appropriately designed recreational trails and ski lifts) in
areas with slopes exceeding 25% or above 2,500 feet in elevation.
22. Require detailed site studies to determine suitability for development where steep slopes occur with

shallow soils. Ensure that all development proposals on such soils provide and conform to a site drainage
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plan and an erosion control plan for construction phases of the development.

23. Avoid development on wet soils, mucks, clays, silts, and other unstable soils that offer poor support
for foundations or footings or that are subject to slippage.

24. Ensure that gravel extraction does not have negative impact on groundwater, surface waters,
recreation sites, scenic areas, and special community resources. Future access to gravel resources should
be considered in development proposals. Best practices are to be used to minimize dust, noise, and other
degradation of air quality.

25. Ensure that effective site rehabilitation plans are provided and implemented for new development
projects.

Natural Areas, Fragile Areas, and Wildlife Resonrces

26. Protect Natural Areas, Fragile Areas, wildlife corridors, and important plant and animal habitats.

27. Protect Natural and Fragile Areas from development. When development is proposed near a natural
or fragile area a buffer strip, designed in consultation with the appropriate state agency, must be designated
and maintained between the development and any natural or fragile area.

28. Support state, federal, and private acquisition of land and/or conservation easements to protect and
connect important wildlife habitats and to encourage designation of State Natural and Fragile Areas.
29. Support local, regional, state and federal programs and incentives that encourage private and public

landowners to recognize the economic importance of protecting, maintaining, and enhancing fish and
wildlife habitats and ecosystems.

Air Quality

30. Require that development activities meet state and federal standards for air quality and noise.

Scenic Resources

31. Encourage towns to identify their scenic resources and support efforts for their enhancement and
maintenance.

32. Encourage donation of scenic easements to public agencies or to private conservation organizations.
33. Require that the scale, siting, design, and management of new development maintains or enhances
the landscape and protects high-quality scenic landscapes and scenic corridors as identified by town plans.
34, Minimize visual impacts of high-elevation or ridgeline structures through co-location, design, siting,
and color choice. Design and site high-elevation tower structures so that they do not require nighttime
illumination.

35. Require illumination of structures and exterior areas only at levels necessary to ensure safety and
security of persons and property. Require arrangement of all exterior lighting so that the light source (lamp)
is not directly visible from public roads, adjacent residences, or distant vantage points. Require shielding of
exterior lighting so that the light does not project above the lamp. Discourage exterior area illumination of
regionally prominent physical features and landscapes.

36. Plan new or improve existing roads so that they maintain or enhance scenic resources.

37. Screen new development from 1-91 and other scenic roads and rivers, as identified by town plans, to
the greatest extent practicable using vernacular perimeter plantings of hedges, hedgerows, and street trees.

Houwsing

1. Promote a diversity of housing stock within the Region offering safe, adequate, accessible, and
affordable housing to meet the needs of all residents across the entire income spectrum and increase
opportunities for owner-occupied housing,
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2. Develop housing in a manner that maintains the historic settlement pattern of compact village and
urban centers separated by rural countryside, and that has minimal impact on natural resources, open space,
floodplains, fluvial erosion hazard zones, and important agricultural and forest lands.

3. Implement innovative planning, design, and construction techniques that minimize the long term
cost and energy consumption of housing, including locating housing convenient to community centers, in
proximity to transportation centers, in a compact development arrangement, and employing energy efficient
construction techniques.

4. Promote and facilitate the design and retrofit of life safety and accessibility improvements in
housing units.

5. Assist the coordination between public and private agencies involved in planning and financing of
affordable housing, including alternative mechanisms such as land trusts, cooperative housing, limited equity
cooperatives, and others.

6. Ensure that publicly funded projects do not revert to market-driven housing through support of
Vermont Housing and Conservation Board (VHCB) covenants that restrict resale to eligible households,
VHCB Mortgage Deeds, and Windham and Windsor Housing Trust (WWHT) agreements that restrict
resale prices.

7. Support rehabilitation and maintenance of existing affordable housing stock.

8. Support affordable housing projects and encourage waiving of fees, tax credits and property tax
abatement, and assistance with public grants and other sources of funding.

9. Facilitate opportunities for housing that is affordable to the Region’s workforce. All Major Act 250

applications for development that will create 50 new full time equivalent positions shall provide evidence
that there is existing available and affordable housing stock for the new employees within a thirty mile
commuter shed. If housing that meets this requirement is not available, the development shall include
affordable housing within the project or a mitigation payment to be used for affordable housing in the
Windham Region.

EDUCATIONAL, CULTURAL, & RECREATIONAL RESOURCES

Educational System
1. Increase the availability, affordability, and accessibility of childcare.
2. Encourage school construction and renovation projects in existing developed areas such as

downtowns and village centers in order to take advantage of existing infrastructure, encourage walking and
bicycling to school where appropriate, and to enhance revitalization of communities.

3. Encourage and contribute to the ongoing debate about sources and efficiencies of educational
funding,
4. Support efforts of libraries to provide materials, technology and facilities for independent learning

and development of lifelong education.

5. Increase offerings for workforce training and adult education programs in the Region, and help
coordinate partnerships to ensure these programs are well-suited to both the self-employed and employer
needs of the Region.

6. Facilitate increased opportunities for public and private cooperation in offering vocational and basic
competency training to employees and future employees of area businesses and industry.

Media Resources

7. Support greater penetration of public access, educational, and government programming (PEG)
through new PEG group formation and regional agreements. Encourage cable companies and other video
programming service providers to support PEG operating and capital budgets. Encourage cable television
companies to provide coverage of regular town meetings and other important local events as part of their
cable franchise agreements.
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8. Support increased access to information about local events in user-friendly electronic formats.

9. Encourage increased access for residents to state and local public meetings and hearings through
Vermont Interactive Television, PEG channels, and other electronic means.

Cultural and Historic Resources

10. Foster and encourage a vibrant local arts/cultural community through assistance and support for
local arts friendly facilities, organizations, education, art marketing, and distribution efforts.

11. Support organizational and communication networks serving the Region to promote the
enhancement of cultural opportunities.

12. Protect places of outstanding educational, aesthetic, archeological, or historical value by discouraging
development that would adversely affect these cultural resources, including their destruction or alteration,
alteration of surroundings, or the introduction of non-harmonious visual or audible elements. Require
mitigation of negative impacts in projects that create unavoidable conflicts.

13. Encourage preservation of significant historic sites or structures through support of ownership,
protective easements, and/or other regulatory options.

14. Support rehabilitation and adaptive reuse of significant historic sites and structures.

15. Support local, regional, and State nonprofit historic preservation trusts.

Recreation

16. Provide varied and accessible opportunities for outdoor recreation.

17. Facilitate the orderly development of needed public and private recreational facilities.

18. Recognize the recreational potential of watercourses and shorelines and encourage provision of
facilities for sustainable water-oriented day use that does not impair the resource or related habitat.

19. Protect existing trail corridors and encourage use of abandoned railroad beds, Class 4 roads, and
other public rights-of-way for future trail development and public access.

20. Encourage federal, state, and local acquisition of land and facilities well-suited for outdoor
recreation, provided that adequate financial and management arrangements are made with the involved local
governments.

21. Support United States Forest Service acquisition, other than by eminent domain, of private in-

holdings within and selected lands adjacent to the Green Mountain National Forest, and adjacent to the
Conti Natural Wildlife Area, provided that adequate payments in lieu of taxes are made to the affected local
governments by the U.S. Forest Service.

22. Increase public opportunities for multiple-use recreation and for public access to recreation lands.
Ensure provision of separate areas or facilities for conflicting uses of recreational resources when such
conflicts create safety hazards or significantly impair the use or enjoyment of the resource.

UTILITIES, FACILITIES, AND TECHNOLOGY

1. Maximize water conservation when planning for development through mechanisms such as low-flow
fixtures, water-efficient technologies, and, where appropriate, computerized control systems in order to limit
demands on public water supplies.

2. Assist towns and the Agency of Natural Resources (ANR) to develop and disseminate educational
material explaining how to reduce hazardous elements and compounds that pose a risk of release to water
and soil resources.

3. Support the acquisition of future public and quasi-public utility sites, properties, or interests, and
assist towns with identifying these sites for future development

Public and Private water supplies

4. Develop or extend municipal water mains to only those areas where future development is
appropriate, including regional centers, villages, resort centers, commercial /industrial locations as identified
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by town plans, or in areas where extension is required for public health purposes.

5. Review land development within existing or planned wellhead protection areas to ensure that it will
not pose a threat of contamination to public water supplies.
6. Minimize erosion and runoff to protect public and private water supplies by maintaining town roads

consistent with Best Management Practices for erosion control.

7. Encourage testing of private water supplies for total coliform bacteria annually, and inorganic
compounds and alpha radiation at five-year intervals to protect public health.

Wastewater Treatment

8. Support environmentally sound and affordable wastewater treatment, including research regarding
the viability of alternative on-site management systems such as composting toilets and gray water recycling,
9. Educate town representatives and the public about the importance of adequately investing in the
maintenance of existing public wastewater infrastructure and, where appropriate, the construction of new
systems to protect public health.

10. Plan development so as to manage wastewater effectively and to maintain surface and groundwater
quality.
11. Support development of new wastewater treatment facilities in areas where future growth is

appropriate, including regional centers, villages, resort centers, commercial/industtial locations, and growth
centers as identified by town plans, and in areas where extension is required for public health purposes.

12. Encourage installation of community wastewater treatment systems in villages, hamlets, and in
clustered housing developments, and ensure that agreements for those facilities adequately provide for
ongoing maintenance and oversight.

13. Work with municipalities to improve outreach to on-site sewage disposal system owners through
provision of guidance material explaining how to properly maintain their systems. Support development of
model pumping ordinance language.

14. Support programs to assist with the replacement of failed on-site sewage disposal systems.
Solid Waste Management
15. Support regulations that govern the safe disposal of all wastes, including hazardous wastes.

Encourage all towns to support and participate in regional or state sponsored household hazardous waste
collection programs.

16. Support federal, state, and local actions that reduce the volume and toxicity of solid waste in the
Windham Region, including implementation of Act 148.
17. Work with solid waste entities and towns to plan for waste disposal needs, including regulations

under Act 148, through the establishment of recycling, composting, waste reduction and reuse, and general
waste management programs, while addressing public health, environmental quality, and impacts on adjacent
and nearby land uses.

18. Support the assessment of waste disposal fees that accurately and fairly charge disposal costs to the
waste generators.

19. Work with the District Environmental Commission to satisfy waste management requirements in
Act 250 land use permit applications, as appropriate.

Radioactive Waste

20. Ensure the safe and effective storage, transportation, and disposal of low level radioactive waste
(LLRW).
21. Work to assure that standards proposed for a LLLRW storage site in Vermont are at least as stringent

as those applied to any alternative site.

22. Minimize the generation of LLRW and high level radioactive waste (HLRW).

23. Support increased local and regional public involvement regarding all spent nuclear fuel permitting
and licensing decisions.
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Emergency Planning

24. Build disaster resistant and resilient communities by promoting sound land use planning that accounts
for known hazards.

25. Encourage towns and the State of Vermont to continue to improve and adopt road, bridge and
culvert codes and standards.

26. Encourage towns to require that all new public and private roads and driveways are properly
constructed so that they do not contribute to the damage of town roads from stormwater.

27. Support a regional effort to develop a hazard plan for each town according to FEMA guidelines that
stresses disaster mitigation and post-disaster resiliency through coordinated efforts.

28. Encourage towns to adopt and implement flood and fluvial erosion hazard area regulations.

29. Encourage the development and improvement of emergency evacuation plans and local emergency
operations plans.

30. Encourage the inclusion of provisions for pets and livestock in town disaster plans.

31. Explore efforts to develop a regional emergency response plan that includes surrounding areas in

Vermont, New Hampshire, and Massachusetts.

Emergency Response

32. Provide timely and effective emergency services to all persons regardless of their ability to pay.

33. Provide fire hydrants or other water sources in proposed developments so that firefighting personnel
can adequately serve all structures.

34. Design and build new roads so that emergency vehicles can readily maneuver and access all proposed
structures.

35. Ensure that the additional emergency service personnel, facilities, and equipment needed to

effectively service new development are available to avoid placing undue demands on existing resources.
36. Support the development and installation of an additional or improved emergency communications
infrastructure, systems, and procedures.

Communications Infrastructure

37. Promote universal access to broadband telecommunications and information services that are
competitive in availability and cost.

38. Encourage reduced rates on advanced telecommunications services, equipment, and user training
for libraries, educational, and health care facilities. Support local access to diverse life-long distance learning
opportunities and to low-cost public-use computers for internet access.

39. Encourage modernization and expansion of transmission and receiving equipment at existing
transmission and receiving stations, including co-location of radio communications.

40. Encourage siting, design, and access to communications towers and structures to provide quality
transmission and to minimize negative impacts on natural and scenic resources.

41. Require that communications towers and structures be set back from property lines and public rights
of way, such that the tower or structure will not cross the aforementioned lines or rights of way in the event
of a collapse.

Human Services

42. Support the development of appropriate facilities to provide for childcare, eldercare, and care for
persons with disabilities in the region.

43. Assist the coordination of community service organizations to avoid duplication of effort, as is
feasible and appropriate.
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APPENDIX C: WINDHAM REGIONAL ENERGY MAPS

Maps for Energy Planning
Windham Regional Commission

WRC has used GIS data layers supplied by the State of Vermont (specifically, the Vermont Center for Geographic
Information) to create regional maps for our energy planning efforts, and the efforts of others, including towns. These
data layers—both existing layers and those newly created through a GIS analysis—are specified by the Vermont
Department of Public Service (DPS) in the Act 174 Mapping Standards.

Why were these maps created?

DPS provides the following guidance in their standards.

“The Mapping standards lay out a sequence of steps for planners to examine existing renewable resources and to
identify potential (and preferred) areas for renewable energy development, and to identify likely unsuitable areas for
development, by layering constraint map layers on to raw energy resource potential map layers. The maps should help
regions visualize and calculate the potential generation from potential areas, and compare it with the 2025, 2035, and
2050 targets from the Analysis and Targets standards to get a sense of the scale and scope of generation that could

be produced within the Region to meet the region’s needs. DPS will provide additional guidance to accompany the
standards that fleshes out the steps, layers, and standards more fully.”

What these maps are:

These maps can help Regional Planning Commissions and towns “examine existing renewable resources,” and are one
tool to be used to “identify potential (and preferred) areas for renewable energy development, and to identify likely
unsuitable areas for development.”

You can think of these maps as similar to ones used in creating a land use plan. We might do a suitability analysis to find
potential locations for residential development using state-level data sets. The resulting development potential map
would be similar to these energy maps—it informs us about the land and its resources and its limitations, but would not
be the final land use or zoning map; these are created by using the development potential map in conjunction with other
information to decide which areas of town are actually preferred for development.

What these maps are not:

These maps are not a statement of where renewable energy development should occur and should not (or could not)
occur. They are not siting maps. While they may identify potential areas for renewable energy development, they
do not identify preferred areas for development (but again, they are a tool to help towns, RPCs, and others identify
preferred areas).

How should these maps be used?

These maps, and additional maps that will be created as part of this process, should be used by towns, RPCs, and others
as one tool to gain an understanding of the raw resources (wind speeds and solar radiation) necessary for renewable
energy development, and those natural and regulatory limitations (the “known” and “possible” constraints specified

in the Act 174 standards), that may impact development. Other tools would be verifying this information through
direct knowledge or site review. Certainly there are limitations to development in addition to those specified in the
standard; the Act 174 energy planning process allows for towns and RPCs to identify their own constraints. These local
and regional constraints can be incorporated into subsequent mapping just as towns and regions do at present when
developing their proposed land use maps as components of their respective plans

Want further information?

The Energy Atlas on the Vermont Energy Dashboard, http://www.vtenergydashboard.org/, has many of the data layers
used in these maps available in an interactive mapping environment. This means you can view the data at various scales,
and discover details on where specific constraints lie. For towns that are embarking in their energy planning process,
WRC can also produce custom maps showing more detail and added information. WRC can also answer questions about
where specific constraints lie.
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February 2017 Windham Region
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February 2017
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February 2017
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February 2017
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February 2017
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APPENDIX D: ENERGY DATA FOR WINDHAM REGIONAL MUNICIPALITIES

SUMMARY MUNICIPAL DATA, TOWN COMPARISONS

The three graphs presented on these two pages show the comparative energy data (current energy use, total
energy expenditures, and renewable energy generation targets) for Windham Region towns.

The following pages (76-102) in this Appendix provide a more detailed break down of each of the 27
Windham Regional Commission member municipalities, along with relevant census data.

Windham Region Energy Consumption by Municipality
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Renewable Energy Generation Targets by 2050, per Municipality
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ENERGY DATA AND CALCULATIONS METHODOLOGY

The following data sources were used and energy calculation methods were developed with the guidance
from State Act 174 energy planning partners, (the VT Department of Public Service, the Bennington Regional
Planning Commission, and the Northwest Regional Planning Commission). The Windham Regional Commission
adapted some of this energy use calculation guidance so that it might be the most relevant and appropriate for the
Windham Region.

However, the following calculations and methods were never intended to provide exact figures for municipal
energy use across the sectors, or precise efficiency and conservation goals. Rather, they are estimates only, and are
meant to inform those in energy planning or municipal decision-making. As it is nearly impossible to provide exact
quantities of kilowatt hours, gallons of fuel, cords of wood, and Btus consumed across the three sectors in a town
or region, this data only a starting point that enables us to have an informed planning process.

Home Heating Estimates

1. Retrieve Fuel Type Data from U.S. Census Bureau’s American FactFinder website. To locate specific sets of data, use
the “Guided Search” feature on the American FactFinder data portal, and navigate to a specific data set per municipality. Note
there is data for both owner-occupied and renter-occupied residences.

The following page has an example chart, with sample data derived from the American FactFinder website.
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EXAMPLE: Anytown, VT

1,110
Total Households
(HHs)

Owner Occupied: 780 HHs
Utility gas 0
Bottled, tank, or LP gas 57
Electricity 0

Fuel oil, kerosene, etc. 521
Coal or coke 4

Wood 181
Solar Energy 0

Other fuel 17

No fuel used 0
Renter Occupied: 330 HHs
Utility gas 0
Bottled, tank, or LP gas 47
Electricity 7

Fuel oil, kerosene, etc. 254
Coal or coke 0

Wood 22

Solar energy

Other fuel 0

No fuel used

2. Retrieve Household Size Data from American FactFinder, and
generate approximate square footage by household type.

To do so, find the average number of people per household, then use
a national rate of square feet per person. The national square feet per
person medians are taken from the 2011 American Housing Survey for
the United States, published in 2013 by the U.S. Census Bureau.

Avg. ppl Ntnl. median Total HHs | Total estimated

per HH | sqft per person square ft
Owner 2.24 800 780 =1,395,968
Renter 1.99 500 330 = 328,350

3. Calculate Square Footage Heated by Fuel Type to estimate

the amount of space being heated by each fuel.

4. Calculate Energy Required for Heating with an assumed
heating rate of 60,000 Btus per sqft of housing in VT.

Assumed heating rate is a cautious estimate, assuming generally
low residential energy efficiency, and is based on a combination

of federal and online sources. It is possible to use a lower

(more efficient) rate closer to 50,000 Btus per household.

5. Calculate Quantities of Fuel Consumed with assumed
rates of energy per unit of each fuel type. Fuel efficiencies, based on
several federal and additional sources. See Table A below.

6. Calculate Cost of Fuel Consumed with assumed prices for each of the fuel types. Prices for fuel inputs fluctuate
often, so prices used here are estimates that can be adjusted over time. These were the rates used, and cited, in the 2016

Bennington Regional Energy Plan. See Table B below.

1 Gallon Propane =91,000 BTUs Propane = $3.45/Gallon
1 kWh Electricity = 3,414 BTUs Electricity =$0.1471/kWh
1 Gallon Heating Oil = 140,000 BTUs Heating Oil =$2.75/Gallon
1 Pound Coal =11,560 BTUs Coal =$0.16/Pound
1 Pound Wood Pellets = 8,750 BTUs Wood Pellets =$0.16875/Pound

Table A: Btus per unit fuel

Commercial Heating Estimates

Table B: Fuel cost

1. Find the number of commercial establishments in the area. Visit the Covered Employment and Wages data site on

the VT Department of Labor’s website, where searches can be made by county or town.

2. Estimate the average annual heating load of commercial establishments in the area, in millions of Btu (space
and water heating loads combined). For the state as a whole, the average is in the range of 700 MMMBtu to 750 MMMBtu
per year per establishment, but the average for any given area is very likely to be significantly higher or lower, as the mix of
businesses from region to region is highly variable. The VT Department of Public Service (DPS) has provided RPCs with a
method to estimate the heating load for businesses in an area, given the business type and determined by the NAICS code.
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Transportation Fuel Use Estimates

1. Estimate the number of light duty vehicles (LDVs), based on number of housing units per municipality and
the VT state averages for counts of vehicles associated with area housing units. Both figures can be found via the_US Census
Bureau’s American FactFinder.

2. Calculate gallons of gas consumed, based on

(a) the average annual number of miles traveled by an LDV in the area. For the State as a whole, total vehicle miles
traveled per registered vehicle was around 12,500. The vast majority of LDV in Vermont can safely be assumed to drive
between 9,000 and 15,000 miles annually.

(b) the average fuel economy of fossil fuel burning LDV fleet in the area, in miles per gallon (MPG). Statewide, the
average fuel economy of all registered vehicles is around 22 MPG.

Therefore: (# miles/year) + 22 MPG (DPS Guidance) = # gallons

3. Find gasoline expenditures, based on the rate of $2.3428/gallon (average price per gallon of retail petroleum
products, based on January 2016 Vermont Fuel Price Report).

4. Estimate the energy consumption of LDVs, in Btu, by using the average number of Btu in a gallon of fossil fuel
(121,259), computed as a weighted average of the individual heat contents of gasoline (95%) and diesel (5%).

Electricity Use Estimates

1. From Efficiency Vermont, measured metered consumption data delivered to all RPCs for these planning purposes, pet
municipality.

2. This electricity consumption data was divided into Residential and Commercial/Industrial use categories.

3. This information was updated by Efficiency Vermont in July 2017 and distributed to all RPCs. If you'd like to see your

town’s electricity data, contact a Windham Regional Commission Staff Planner.
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ATHENS

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 378
Total households (2074): 231

Total businesses (2075): 5 Fengoie T

LRI T |

Athens' Current Energy Use by Sector,

CURRENT ENERGY USE & EXPENDITURES in Million Btu
Transportation

Number of vehicles (2074): 311
Estimated miles traveled annually: 3,529,184
Estimated gallons of fuel used: 160,686

u Electricity
M Heat

Estimated total transportation costs: $376,455

M Transportation

Heating

Total estimated residential heating use: 19,910 MMBtu

Total heating cost of primary residences: $377,839

Total estimated commercial heating use: 476 MMBtu , )
Athens' Current Energy Expenditures

Total heating energy use: 33,991 MMBtu by Sector
Estimated total heating cost: $758,546

Electricity
Residential usage (2076, KW'h): 1,492,469

W Electricity
M Heat

Commericial/Industrial usage (2076, KIV'5): 63,942

M Transportation

Total electricity usage (2076, Kwh): 1,556,411

Estimated total electricity cost: $618,587

ENERGY GENERATION TARGET

For the 90x50 State goal, target renewable energy generation by 2050: 415 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Athens (2076): 246 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...
..in 2014: 3

..in 2015: 3

..in 2016: 5
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BRATTLEBORO

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 11,841

Total households (2074): 5,998

Total businesses (2075): 715

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 9,550

Estimated miles traveled annually: 108,449,278
Estimated gallons of fuel used: 4,937,760

Estimated total transportation costs: $11,568,185
Heating

Total estimated residential heating use: 611,820 MMBtu
Total heating cost of primary residences: $11,866,198
Total estimated commercial heating use: 495,344

Total heating energy use: 1,114,072 MMBtu
Estimated total heating cost: $24,861,659

Electricity

Residential usage (2076, KWh): 31,684,922
Commericial/Industrial usage (2076, Kiv’): 132,214,258
Total electricity usage (2076, Ki): 163,899,179

Estimated total electricity cost: $26,221,131

ENERGY GENERATION TARGETS

MM

WINDHAM REGIONAL ENERGY PLAN

Brattleboro's Current Energy Use by Sector,
in Million Btu

M Electricity
M Heat

M Transportation

tu

Brattleboro's Current Energy Expenditures
by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 8,578 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Brattleboro (2076): 12,750 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 108
..in 2015: 154
..in 2016: 177
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BROOKLINE

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 646
Total households (2074): 294

Total businesses (2075): 10

CURRENT ENERGY USE & EXPENDITURES IDUMME:STON
Transportation

. Brookline's Current Energy Use by Sector,
Number of vehicles (2074): 354 in Million Btu

Estimated miles traveled annually: 4,016,640
Estimated gallons of fuel used: 182,880

Estimated total transportation costs: $428,451 u Electricity
o Heat

Heating

M Transportation

Total estimated residential heating use: 24,117 MMBtu
Total heating cost of primary residences: $467,779

Total estimated commercial heating use: 5,810 MMBtu

Total heating energy use: 29,927 MMBtu Brookline's Current Energy Expenditures by
Sector

Estimated total heating cost: $667,838

Electricity
Residential usage (2076, KIW’h): 1,930,959

Commericial/Industrial usage (2076, KIV’5): 126,853 e

B Heat

M Transportation

Total electricity usage (2076, KWh): 2,057,812

Estimated total electricity cost: $1,090,049

ENERGY GENERATION TARGETS

For the 90x50 State goal, target renewable energy generation by 2050: 564 MWh*

*In addition to the renewable energy currently being generated

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Brookline (2076): 53 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...
..in 2014: 11

..in 2015: 18

..in 2016: 18
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DOVER

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,337

Total households (2074): 3,054

Total businesses (2075): 109

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 922
Estimated miles traveled annually: 10,470,561
Estimated gallons of fuel used: 476,731

Estimated total transportation costs: $1,116,885
Heating

Total estimated residential heating use: 99,435 MMBtu
Total heating cost of primary residences: $1,430,457
Total estimated commercial heating use: 51,899

Total heating energy use: 151,333 MMBtu

Estimated total heating cost: $3,377,157

Electricity

Residential usage (2076, K'h): 18,804,809
Commericial/Industrial usage (2076, KiV’): 21,788,013
Total electricity usage (2076, KiW'h): 40,592,822

Estimated total electricity cost: $5,980,609

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

©5, SOMERSET

P L
B

e

{MARLBORO

——

MMB

Dover's Current Energy Use by Sector,
in Million Btu

W Electricity
H Heat

B Transportation

Dover's Current Energy Expenditures by
Sector

H Electricity
M Heat

B Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,545 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Dover (2076): 938 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 17
..in 2015: 41
..in 2016: 43
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DUMMERSTON

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,939
Total households (2074): 950

Total businesses (2075): 53

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,413
Estimated miles traveled annually: 16,047,061
Estimated gallons of fuel used: 730,632

Estimated total transportation costs: $1,711,725

Heating

Total estimated residential heating use: 90,530 MMBtu

Total heating cost of primary residences: $1,834,779
Total estimated commercial heating use: 20,662
Total heating energy use: 113,222 MMBtu
Estimated total heating cost: $2,526,656

Electricity

Residential usage (2076, KWh): 6,603,873
Commericial/Industrial usage (2076, KiV’h): 3,280,041
Total electricity usage (2076, Kiwh): 9,883,915

Estimated total electricity cost: $3,017,524

ENERGY GENERATION TARGETS

—mm L

A

CHESTERFIELD, |
NH

MARLBORO |

Conﬂec[/‘cut 2

P

Dummerston's Current Energy Use by
Sector,
in Million Btu

H Electricity
® Heat

M Transportation

MMB

Dummerston's Current Energy
Expenditures by Sector

M Electricity
H Heat

H Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,070 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Dummerston (2076): 1,497 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 14
..in 2015: 32
..in 2016: 31
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GRAFTON

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 669
Total households (2074): 486

Total businesses (2075): 25

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 537
Estimated miles traveled annually: 6,102,953
Estimated gallons of fuel used: 277,871

Estimated total transportation costs: $650,996

Heating

Total estimated residential heating use: 34,430 MMBtu
Total heating cost of primary residences: $656,776
Total estimated commercial heating use: 7,233 MMBtu
Total heating energy use: 44,568 MMBtu

Estimated total heating cost: $994,584

Electricity

Residential usage (2076, KiW’h): 3,560,066
Commericial/Industrial usage (2076, KiW’5): 1,433,839
Total electricity usage (2076, Kih): 4,993,905

Estimated total electricity cost: $643,519

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

ROCKINGHAM

Grafton's Current Energy Use by Sector,
in Million Btu

M Electricity
H Heat

W Transportation

Grafton's Current Energy Expenditures by

Sector

M Electricity
H Heat

W Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 949 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Grafton (2076, Mus): 85 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 7
..in 2015: 27
..in 2016: 28

WREP DRAFT | APPENDIX | PAGE 81



WINDHAM REGIONAL ENERGY PLAN

GUILFORD

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 2,093
Total households (2074): 1,038

Total businesses (2075): 49

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,549
Estimated miles traveled annually: 17,587,423
Estimated gallons of fuel used: 800,766

Estimated total transportation costs: $1,876,034

Heating

Total estimated residential heating use: 99,220 MMBtu

Total heating cost of primary residences: $1,967,000
Total estimated commercial heating use: 16,379
Total heating energy use: 117,823 MMBtu
Estimated total heating cost: $2,629,346

Electricity

Residential usage (2076, KWh): 7,363,932
Commericial/Industrial usage (2076, KiV’5): 1,161,469
Total electricity usage (2076, KWh): 8,525,400

Estimated total electricity cost: $3,259,224

ENERGY GENERATION TARGETS

MMVB

Lo o _ L o U/ I

©y LEYDEN, MASS | BERNARDSTON,
i MASS.

Guilford's Current Energy Use by Sector,
in Million Btu

 Electricity
M Heat

M Transportation

Guilford's Current Energy Expenditures by
Sector

W Electricity
M Heat

B Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,050 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Guilford (2076): 805 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 14
..in 2015: 19
..in 2016: 42
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HALIFAX

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 772
Total households (2074): 542

Total businesses (2075): 14

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 567
Estimated miles traveled annually: 6,434,423
Estimated gallons of fuel used: 292,963

Estimated total transportation costs: $686,354

Heating

Total estimated residential heating use: 36,300 MMBtu
Total heating cost of primary residences: $815,380
Total estimated commercial heating use: 4,032 MMBtu
Total heating energy use: 43,813 MMBtu

Estimated total heating cost: $977,726

Electricity

Residential usage (2076, KiW'h): 2,930,554
Commericial/Industrial usage (2076, KIV'h): 267,034
Total electricity usage (2076, KWh): 3,197,588

Estimated total electricity cost: $399,092

ENERGY GENERATION TARGETS

! WILMING-
TON

I
- =

WHITINGHAM

WINDHAM REGIONAL ENERGY PLAN

MARLBORO i

Halifax's Current Energy Use by Sector,

in Million Btu

H Electricity
M Heat

M Transportation

Halifax's Current Energy Expenditures by

Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,597 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Halifax (2076): 119 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 7
..in 2015: 13
..in 2016: 14
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WINDHAM REGIONAL ENERGY PLAN

JAMAICA

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 914
Total households (2074): 1,055

Total businesses (2075): 34

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 790
Estimated miles traveled annually: 8,969,196
Estimated gallons of fuel used: 408,373

Estimated total transportation costs: $956,736

Heating

Total estimated residential heating use: 50,600 MMBtu

Total heating cost of primary residences: $1,055,212
Total estimated commercial heating use: 21,500
Total heating energy use: 81,760 MMBtu

Estimated total heating cost: $1,824,553

Electricity

Residential usage (2076, KWWh): 6,656,277
Commericial/Industrial usage (2076, Kiv’5): 1,120,056
Total electricity usage (2076, KWh): 7,776,333

Estimated total electricity cost: $1,175,860

ENERGY GENERATION TARGETS

MMVB

Jamaica's Current Energy Use by Sector,
in Million Btu

M Electricity
M Heat

M Transportation

Jamaica's Current Energy Expenditures by
Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,231 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Jamaica (2076): 75 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 14
..in 2015: 29
..in 2016: 50
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LONDONDERRY

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,580
Total households (2074): 1,476

Total businesses (2075): 105

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,356
Estimated miles traveled annually: 15,403,619
Estimated gallons of fuel used: 701,336

Estimated total transportation costs: $1,643,090

Heating

Total estimated residential heating use: 86,900 MMBtu
Total heating cost of primary residences: $2,022,626
Total estimated commercial heating use: 48,775

Total heating energy use: 146,779 MMBtu

Estimated total heating cost: $3,275,521

Electricity

Residential usage (2076, KWh): 19,542,198
Commericial/Industrial usage (2076, KIV’): 38,320,488
Total electricity usage (2076, KWh): 57,862,686

Estimated total electricity cost: $4,061,094

ENERGY GENERATION TARGETS

WINHALL

WINDHAM REGIONAL ENERGY PLAN

MMVB

Londonderry's Current Energy Use by

in Million Btu

i Electricity
M Heat
M Transportation

Sector,

Londonderry's Current Energy Expenditures

by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 3,807 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Londonderry (2076): 285 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 37
..in 2015: 75
..in 2016: 55
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WINDHAM REGIONAL ENERGY PLAN

MARLBORO

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,164
Total households (2074): 526

Total businesses (2075): 27

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 649

Estimated miles traveled annually: 7,370,339
Estimated gallons of fuel used: 335,576

Estimated total transportation costs: $786,187

Heating

Total estimated residential heating use: 41,580 MMBtu
Total heating cost of primary residences: $851,612
Total estimated commercial heating use: 15,821

Total heating energy use: 59,827 MMBtu

Estimated total heating cost: $1,335,095

Electricity

Residential usage (2076, KWh): 2,758,975
Commericial/Industrial usage (2076, Ki7’5): 1,160,788
Total electricity usage (2076, KWh): 3,919,763

Estimated total electricity cost: $534,794

ENERGY GENERATION TARGETS

MMVB

INGTON

5T wim

I HALIFAX

Marlboro's Current Energy Use by Sector,
in Million Btu

H Electricity
B Heat

B Transportation

Marlboro's Current Energy Expenditures by
Sector

H Electricity
M Heat

B Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,943 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Marlboro (2076): 196 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 17
..in 2015: 20
..in 2016: 32
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NEWFANE

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,808
Total households (2074): 1,090

Total businesses (2075): 48

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,324
Estimated miles traveled annually: 15,033,152
Estimated gallons of fuel used: 684,468

Estimated total transportation costs: $1,603,573

Heating

Total estimated residential heating use: 84,810 MMBtu
Total heating cost of primary residences: $1,786,067
Total estimated commercial heating use: 25,409

Total heating energy use: 115,415 MMBtu

Estimated total heating cost: $2,575,600

Electricity

Residential usage (2076, KWWh): 6,335,242
Commericial/Industrial usage (2076, Kiv’5): 1,534,686
Total electricity usage (2076, KWh): 7,869,928

Estimated total electricity cost: $3,073,560

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

TOWNSHEND

MMBI

Newfane's Current Energy Use by Sector,

in Million Btu

W Electricity
M Heat

M Transportation

Newfane's Current Energy Expenditures by

Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,589 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Newfane (2076): 127 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 29
..in 2015: 34
..in 2016: 40
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WINDHAM REGIONAL ENERGY PLAN

PUTNEY

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 2,687

Total households (2074): 1,146

Total businesses (2075): 103

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,719
Estimated miles traveled annually: 19,517,750
Estimated gallons of fuel used: 888,655

Estimated total transportation costs: $2,081,940

Heating

Total estimated residential heating use: 110,110
Total heating cost of primary residences: $1,962,500
Total estimated commercial heating use: 63,392
Total heating energy use: 116,197 MMBtu
Estimated total heating cost: $3,926,948

Electricity

Residential usage (2076, KW'h): 8,016,125
Commericial/Industrial usage (2076, KiW'h): 27,393,657
Total electricity usage (2076, KWh): 35,409,782

Estimated total electricity cost: $4,602,476

ENERGY GENERATION TARGETS

MMBt

MMBI

Putney's Current Energy Use by Sector,
in Million Btu

W Electricity
M Heat

M Transportation

Putney's Current Energy Expenditures by
Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 2,701 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Putney (2076): 1,808 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 34
..in 2015: 59
..in 2016: 59
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READSBORO

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 763
Total households (2074): 496

Total businesses (2075): 21

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 577

Estimated miles traveled annually: 6,551,413
Estimated gallons of fuel used: 298,290

Estimated total transportation costs: $698,833
Heating

Total estimated residential heating use: 36,960 MMBtu
Total heating cost of primary residences: $832,085
Total estimated commercial heating use: 19,505

Total heating energy use: 59,074 MMBtu

Estimated total heating cost: $1,318,291

Electricity

Residential usage (2076, KiWh): 2,690,837
Commericial/Industrial usage (2076, KIV'): 547,800
Total electricity usage (2076, KWh): 3,238,636

Estimated total electricity cost: $121,480

ENERGY GENERATION TARGETS

STAMFORD

WINDHAM REGIONAL ENERGY PLAN

SEARSBURG

WILMINGTON

WHITINGHAM

>
MONROE, MA 1

MMBI

Readsboro's Current Energy Use by Sector,
in Million Btu

W Electricity
M Heat

M Transportation

Readsboro's Current Energy Expenditures

by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,410 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Readsboro (2076): 41 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 9
..in 2015: 18
..in 2016: 24
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WINDHAM REGIONAL ENERGY PLAN

ROCKINGHAM

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 5,165

Total households (2074): 2,551

Total businesses (2075): 190

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 3,772
Estimated miles traveled annually: 42,837,660
Estimated gallons of fuel used: 1,950,424

Estimated total transportation costs: $4,569,454

Heating

Total estimated residential heating use: 241,670 MMBtu

Total heating cost of primary residences: $4,278,978
Total estimated commercial heating use: 108,110
Total heating energy use: 355,681 MMBtu

Estimated total heating cost: $7,937,390

Electricity

Residential usage (2076, KWh): 15,291,948
Commericial/Industrial usage (2076, K’5): 17,700,515
Total electricity usage (2076, KWh): 32,992,463

Estimated total electricity cost: $9,233,609

ENERGY GENERATION TARGETS

WESTMINSTER

Rockingham's Current Energy Use by
Sector,
in Million Btu

H Electricity
M Heat

M Transportation

Rockingam's Current Energy Expenditures
by Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 4,239 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Rockingham (2076, Mwk): 185,148 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 31
..in 2015: 65
..in 2016: 91
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SEARSBURG

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 89

Total households (2074): 93

Total businesses (2075): 5

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 76
Estimated miles traveled annually: 857,923
Estimated gallons of fuel used: 39,062

Estimated total transportation costs: $91,514

Heating

Total estimated residential heating use: 4,840 MMBtu
Total heating cost of primary residences: $156,120
Total estimated commercial heating use: 961 MMBtu
Total heating energy use: 5,920 MMBtu

Estimated total heating cost: $132,102

Electricity

Residential usage (2076, KW'h): 479,067
Commericial/Industrial usage (2076, KIV'): 160,334
Total electricity usage (2076, KWh): 639,401

Estimated total electricity cost: $221,363

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

WOODFORD
WILMINGTON

|

| J
sl
= =
' READSBORO 1

Searsburg's Current Energy Use by Sector,
in Million Btu

 Electricity
M Heat

M Transportation

Searsburg's Current Energy Expenditures by
Sector

W Electricity
B Heat

H Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 134 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Searsburg (2076, Muk): 33,200 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 12
..in 2015: 27
..in 2016: 15
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WINDHAM REGIONAL ENERGY PLAN

SOMERSET

POPULATION, HOUSEHOLDS, & BUSINESSES

Total population (2074): 8
Total households (2074): 21

Total businesses (2075): 0

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 5
Estimated miles traveled annually: 11,356
Estimated gallons of fuel used: 2,663

Estimated total transportation costs: $6,240

Heating

Total estimated residential heating use: 634 MMBtu
Total heating cost of primary residences: $6,219
Total estimated commercial heating use: 0 MMBtu
Total heating energy use: 634 MMBtu

Estimated total heating cost: $14,150

Electricity

Residential usage (2076, KIV'h): 145,856
Commericial/Industrial usage (2076, KIV’): (no data)
Total electricity usage (2076, KWh): 145,856

Estimated total electricity cost: $20,930

ENERGY GENERATION TARGETS

Somerset's Current Energy Use by Sector,
in Million Btu

W Electricity
H Heat

B Transportation

Somerset's Current Energy Expenditures by
Sector

W Electricity
B Heat

H Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 0 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Somerset (2076, Mwh): 0

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...
..in 2014: 0

..in 2015: 0

..in 2016: 0
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STRATTON

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 224
Total households (2074): 1,447

Total businesses (2075): 25

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 168
Estimated miles traveled annually: 1,910,829
Estimated gallons of fuel used: 87,001

Estimated total transportation costs: $203,826

Heating

Total estimated residential heating use: 32,263 MMBtu
Total heating cost of primary residences: $268,406
Total estimated commercial heating use: 22,276

Total heating energy use: 54,539 MMBtu

Estimated total heating cost: $1,217,094

Electricity

Residential usage (2076, KIV’): (no data)
Commericial/Industrial usage (2076, KIV’): (no data)
Total electricity usage (2076, KWh): 19,027,141

Estimated total electricity cost: $2,730,395

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

_ _WINHALL

——

MMBt

Stratton's Current Energy Use by Sector,
in Million Btu

W Electricity
M Heat

M Transportation

Stratton's Current Energy Expenditures by

Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,000 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Stratton (2076): 11 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 3
..in 2015: 4
..in 2016: 17
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WINDHAM REGIONAL ENERGY PLAN

TOWNSHEND

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,022
Total households (2074): 784

Total businesses (2075): 44

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 986
Estimated miles traveled annually: 11,191,997
Estimated gallons of fuel used: 509,578

Estimated total transportation costs: $1,193,840

Heating

Total estimated residential heating use: 63,140 MMBtu

Total heating cost of primary residences: $1,287,229
Total estimated commercial heating use: 20,667
Total heating energy use: 87,310 MMBtu

Estimated total heating cost: $1,948,405

Electricity

Residential usage (2076, KWh): 4,727,401
Commericial/Industrial usage (2076, KiWh): 3,594,982
Total electricity usage (2076, KWh): 8,322,384

Estimated total electricity cost: $582,633

ENERGY GENERATION TARGETS

¥
NEWFANE

MMBI

Townshend's Current Energy Use by Sector,
in Million Btu

M Electricity
H Heat

H Transportation

Townshend's Current Energy Expenditures
by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,043 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Townshend (2076, Mwh): 471 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 19
..in 2015: 31
..in 2016: 57
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VERNON

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 2,055
Total households (2074): 924

Total businesses (2075): 55

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,485
Estimated miles traveled annually: 16,865,988
Estimated gallons of fuel used: 767,918

Estimated total transportation costs: $1,799,079

Heating

Total estimated residential heating use: 95,150 MMBtu
Total heating cost of primary residences: $1,866,665
Total estimated commercial heating use: 14,258

Total heating energy use: 110,319 MMBtu

Estimated total heating cost: $2,461,883

Electricity

Residential usage (2076, KWh): 7,544,778
Commercial /Industrial usage (2076, KW): 20,534,190
Total electricity usage (2076, Kwh): 28,078,968

Estimated total electricity cost: $2,579,349

ENERGY GENERATION TARGETS

MMVB

WINDHAM REGIONAL ENERGY PLAN

BRATTLEBORO
- = T

Vernon's Current Energy Use by Sector,

in Million Btu

M Electricity
M Heat

M Transportation

Vernon's Current Energy Expenditures by

Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,654 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Vernon (2076, Mwh): 184,200 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 14
..in 2015: 37
..in 2016: 39
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WINDHAM REGIONAL ENERGY PLAN

WARDSBORO

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 704
Total households (2074): 849

Total businesses (2075): 28

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 642
Estimated miles traveled annually: 11,356
Estimated gallons of fuel used: 332,025

Estimated total transportation costs: $777,868

Heating

Total estimated residential heating use: 41,140 MMBtu
Total heating cost of primary residences: $1,003,987
Total estimated commercial heating use: 6,740 MMBtu
Total heating energy use: 55,734 MMBtu

Estimated total heating cost: $1,243,767

Electricity

Residential usage (2076, KiW'h): 4,582,220
Commericial/Industrial usage (2076, KIV'): 598,626
Total electricity usage (2076, KWh): 5,180,846

Estimated total electricity cost: $330,872

ENERGY GENERATION TARGETS

J
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New

Wardsboro's Current Energy Use by Sector,
in Million Btu

 Electricity
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M Transportation

Wardsboro's Current Energy Expenditures
by Sector

W Electricity
M Heat

H Transportation

For the 90% x 50 State goal, target renewable energy generation by 2050: 1,864 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Wardsboro (2076): 23 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...
..in 2014: 9

..in 2015: 21

..in 2016: 28
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WESTMINSTER

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 3,127
Total households (2074): 1,466

Total businesses (2075): 79

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 2,229
Estimated miles traveled annually: 25,308,731
Estimated gallons of fuel used: 1,152,322

Estimated total transportation costs: $2,699,659

Heating

Total estimated residential heating use: 142,780
Total heating cost of primary residences: $2,973,189
Total estimated commercial heating use: 36,729
Total heating energy use: 182,156 MMBtu
Estimated total heating cost: $4,065,002

Electricity

Residential usage (2076, KiW’h): 10,138,254
Commericial/Industrial usage (2076, KiWh): 5,348,487
Total electricity usage (2076, KWh): 15,486,741

Estimated total electricity cost: $4,900,138

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

MMB

MMVB

Westminster's Current Energy Use by
Sector,
in Million Btu

M Electricity
B Heat

M Transportation

Westminster's Current Energy Expenditures
by Sector

W Electricity
B Heat

H Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 3,544 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Westminster (2076): 3,544 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 33
..in 2015: 42
..in 2016: 54
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WINDHAM REGIONAL ENERGY PLAN

WESTON

POPULATION, HOUSEHOLDS, & BUSINESSES

Total population (2074): 571
Total households (2074): 565

Total businesses (2075): 36

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 450
Estimated miles traveled annually: 5,108,542
Estimated gallons of fuel used: 232,595

Estimated total transportation costs: $544,923

Heating

Total estimated residential heating use: 28,820 MMBtu

Total heating cost of primary residences: $657,762
Total estimated commercial heating use: 21,995
Total heating energy use: 55,890 MMBtu
Estimated total heating cost: $1,247,242

Electricity

Residential usage (2076, KiWh): 3,633,989
Commericial/Industrial usage (2076, Kiv’h): 1,299,194
Total electricity usage (2076, KWh): 4,933,184

Estimated total electricity cost: $736,911

ENERGY GENERATION TARGETS

ANDOVER

. ‘
R SCA

IL.— --<4

MMBI

Weston's Current Energy Use by Sector,
in Million Btu

H Electricity
M Heat

M Transportation

Weston's Current Energy Expenditures by
Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,524 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Weston (2076): 119 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 16
..in 2015: 29
..in 2016: 30
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WHITINGHAM

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 1,299
Total households (2074): 918

Total businesses (2075): 36

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 986
Estimated miles traveled annually: 11,191,997
Estimated gallons of fuel used: 509,578

Estimated total transportation costs: $1,193,840

Heating

Total estimated residential heating use: 63,140 MMBtu
Total heating cost of primary residences: $1,396,601
Total estimated commercial heating use: 10,797

Total heating energy use: 79,500 MMBtu

Estimated total heating cost: $1,774,116

Electricity

Residential usage (2076, Kwh): 1,717,234
Commericial/Industrial usage (2076, KWh): 5,319,272
Total electricity usage (2076, KWh): 7,036,506

Estimated total electricity cost: $675,877

ENERGY GENERATION TARGETS

MMVB

WINDHAM REGIONAL ENERGY PLAN

'
WILMINGTON
T T R A= ,_'

HALIFAX

Whitingham's Current Energy Use by
Sector,
in Million Btu

W Electricity
M Heat

M Transportation

Whitingham's Current Energy Expenditures

by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 3,330 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Whitingham (2074): 198,082 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 13
..in 2015: 22
..in 2016: 30
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WILMINGTON

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 2,067

Total households (2074): 2,493

Total businesses (2075): 124

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 1,487
Estimated miles traveled annually: 16,885,486
Estimated gallons of fuel used: 768,806

Estimated total transportation costs: $1,801,159

Heating

Total estimated residential heating use: 95,260 MMBtu

Total heating cost of primary residences: $2,138,839
Total estimated commercial heating use: 59,094
Total heating energy use: 180,891 MMBtu
Estimated total heating cost: $4,036,771

Electricity

Residential usage (2076, KWh): 17,511,342
Commericial/Industrial usage (2076, KiV'h): 12,786,251
Total electricity usage (2076, KWh): 30,297,593

Estimated total electricity cost: $4,443,959

ENERGY GENERATION TARGETS

MMBI

Wilmington's Current Energy Use by Sector,
in Million Btu

M Electricity
H Heat

M Transportation

Wilmington's Current Energy Expenditures
by Sector

W Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 4,504 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Wilmington (2076): 197 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 21
..in 2015: 34
..in 2016: 37
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WINDHAM

POPULATION, HOUSEHOLDS, & BUSINESSES
Total population (2074): 359
Total households (2074): 396

Total businesses (2075): 14

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 321
Estimated miles traveled annually: 3,646,173
Estimated gallons of fuel used: 166,012

Estimated total transportation costs: $388,934

Heating

Total estimated residential heating use: 20,570 MMBtu
Total heating cost of primary residences: $468,476
Total estimated commercial heating use: 2,984 MMBtu
Total heating energy use: 27,033 MMBtu

Estimated total heating cost: $603,278

Electricity

Residential usage (2076, KiW'h): 2,250,160
Commericial/Industrial usage (2076, KIV’): 198,325
Total electricity usage (2076, KWh): 2,448,485

Estimated total electricity cost: $1,550,603

ENERGY GENERATION TARGETS

WINDHAM REGIONAL ENERGY PLAN

Windham's Current Energy Use by Sector,

in Million Btu

W Electricity
B Heat

H Transportation

Windham's Current Energy Expenditures by

Sector

W Electricity
B Heat

B Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 695 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Windham (2076): 53 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 8
..in 2015: 15
..in 2016: 19

WREP DRAFT | APPENDIX | PAGE 101



WINDHAM REGIONAL ENERGY PLAN

WINHALL

POPULATION, HOUSEHOLDS, & BUSINESSES

Total population (2074): 537
Total households (2074): 1,749

Total businesses (2075): 54

CURRENT ENERGY USE & EXPENDITURES
Transportation

Number of vehicles (2074): 589
Estimated miles traveled annually: 6,687,900
Estimated gallons of fuel used: 304,504

Estimated total transportation costs: $713,392

Heating

Total estimated residential heating use: 37,730 MMBtu

Total heating cost of primary residences: $900,372
Total estimated commercial heating use: 26,022
Total heating energy use: 86,390 MMBtu
Estimated total heating cost: $1,927,891

Electricity

Residential usage (2076, KW'h): 14,762,991
Commericial/Industrial usage (2076, KiWh): 2,594,592
Total electricity usage (2076, KWh): 17,357,583

Estimated total electricity cost: $2,760,395

ENERGY GENERATION TARGETS

MMB

Windham's Current Energy Use by Sector,
in Million Btu

M Electricity
M Heat

M Transportation

Windham's Current Energy Expenditures by
Sector

M Electricity
M Heat

M Transportation

For the 90x50 State goal, target renewable energy generation by 2050: 1,499 MWh*

*In addition to the renewable energy currently being generated.

EXISTING GENERATION & CONSERVATION PROJECTS

Existing renewable energy generation in Winhall 2076): 85 MWh

Total residential energy conservation projects (includes Home Performance with ENERGY STAR® projects)...

..in 2014: 15
..in 2015: 31
..in 2016: 45
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APPENDIX E: WINDHAM REGION EFFICIENCY & FUEL SWITCHING TARGETS

WEATHERIZATION EFFICIENCY TARGETS FOR BUILDINGS

Table 1: Efficiency targets for residential buildings

24% 2025
46% 2035
94% 2050

Table 2: Efficiency targets for commercial buildings

4%

2025

7%

2035

12%

2050

RESIDENTIAL FUEL SWITCHING TARGETS

Table 3: Biofuel composition in residential fuels

4% 2025
10% 2035
100% 2050

Table 4: Residences using biofuels

40% 2025
27% 2035
6% 2050

Table 5: Residences using wood fuel

55% 2025
53% 2035
57% 2050
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Table 6: Residences using electric heat pumps

Percent of homes switching
exclusively to heat pumps
(electrification)

LEAP benchmark year

18% 2025
39% 2035
64% 2050

Table 7: Residences using non-renewable fuels

Percent of fossil fuel use in
residential heating

LEAP benchmark year

19% 2025
14% 2035
4% 2050

COMMERCIAL FUEL SWITCHING TARGETS

Table 8: Biofuel composition in commercial fuels

Percent of biofuels in biofuel-
blend heating fuels

LEAP benchmark year

13% 2025
31% 2035
99% 2050

Table 9: Commercial establishments using biofuels

Percent of businesses using
biofuel-blend heating fuel

LEAP benchmark year

26% 2025
19% 2035
10% 2050

Table 10:

Commercial establishments

using wood fuel

Percent of businesses using
wood-based heating fuel

LEAP benchmark year

13% 2025
15% 2035
20% 2050

Table 11:

Commercial establishments

using electric heat pumps

Percent of businesses
switching exclusively to heat
pumps (electrification)

LEAP benchmark year

5% 2025
9% 2035
12% 2050

WINDHAM REGIONAL ENERGY PLAN
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Table 12:

Commercial establishments using non-renewable fuels

Percent of fossil fuel use in
commercial heating

LEAP benchmark year

17% 2025
13% 2035
8% 2050

TRANSPORTATION FUEL SWITCHING TARGETS

The LEAP model assumes the light duty vehicle fleet (passenger vehicles) will transform substantially by 2050. By

2050 the Region’s fleet is targeted to be fueled by 76% electric and 8% biofuel-blend.

Table 13:

Electric car conversion

Percent of vehicle fleet to be
converted to electric

LEAP benchmark year

5% 2025
37% 2035
76% 2050

Table 14:

Biofuel composition in light duty vehicle fuel

Percent of biofuels in biofuel
blend

LEAP benchmark year

11% 2025
14% 2035
52% 2050

Table 15:

Biofuel car conversion

Percent of vehicles fueled by
biofuel blend

LEAP benchmark year

90% 2025
50% 2035
8% 2050

ELECTRICAL EFFICIENCY TARGETS

Table 16:

Targeted number of homes with electrical efficiency projects

Residences to be upgraded
with electricity efficiencies

Total electricity saved from

improvements in area residential

equipment efficiency, in kWh

LEAP benchmark year

7,885 (39%) 41,000,000 2025
12,885 (63%) 67,000,000 2035
18,845 (96%) 98,000,000 2050
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APPENDIX F: WINDHAM REGION LEAP SYSTEM MODELING
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U.S. Department of Energy
Summary Results and Methodology

Introduction

This document supplements the regional energy plans created by each Regional Planning Commission (RPC).
It was developed by Vermont Energy Investment Corporation (VEIC) as documentation to modeling work
performed for the RPCs. An award from the Department of Energy’s SunShot Solar Market Pathways program
funded the creation of a detailed statewide total energy supply and demand model. The VEIC team used the
statewide energy model as a foundation for the region-specific modeling efforts. More detailed methodology is
included at the end of this report.

Statewide Approach

Historic information was primarily drawn from the Public Service Department’s Utility Facts 2013' and EIA
data. Projections came from the Total Energy Study (TES)?, the utilities’ Committed Supply?, and stakeholder
input.

Demand Drivers

Each sector has a unit that is used to measure activity in the sector. That unit is the “demand
driver” because in the model it is multiplied by the energy intensity of the activity to calculate
energy demand.

The population change for each region is calculated from town data in Vermont Population
Projections 2010-2030%. Growth rates are assumed constant through 2050.

RPC Annual Growth
Addison 0.00%
Bennington 0.02%
Central VT 0.12%
Chittenden 0.48%
Lamoille 1.46%
Northwest 0.87%
NVDA 0.21%
Rutland -0.27%
Southern Windsor 0.24%
Two Rivers 0.29%
Windham 0.34%

! Vermont Public Service Department, Utility Facts 2013.
http://publicservice.vermont.gov/sites/dps/files/documents/Pubs_Plans_Reports/Utility_Facts/Utility%20Facts%202013.
pdf
2 Vermont Public Service Department, Total Energy Study: Final Report on a Total Energy Approach to Meeting the State’s
Greenhouse Gas and Renewable Energy Goals. December 8, 2014.
http://publicservice.vermont.gov/sites/psd/files/Pubs_Plans_Reports/TES/TES%20FINAL%20Report%2020141208.pdf.
3 Vermont Public Service Department provided the data behind the graph on the bottom half of page E.7 in Utility Facts
2013. It is compiled from utility Integrated Resource Plans.
4 Jones, Ken, and Lilly Schwarz, Vermont Population Projections-2010-2030, August, 2013.
http://dail.vermont.gov/dail-publications/publications-general-reports/vt-population-projections-2010-2030.
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People per house are assumed to decrease from 2.4 in 2010 to 2.17 in 2050. This gives the number
of households, the basic unit and demand driver in the model for residential energy consumption.

Projected change in the energy demand from the commercial sector was based on commercial sector
data in the TES. The demand driver for the commercial sector is commercial building square feet
which grow almost 17% from 2010 to 2050.

The team entered total industrial consumption by fuel from the TES directly into the model. It
grows from 1.1 TBtu in 2010 to 1.4 TBtu in 2050.

Transportation energy use is based on projections of vehicle miles traveled (VMT). VMT peaked in
2006 and has since declined slightly.” Given this, and Vermont’s efforts to concentrate development
and to support alternatives to single occupant vehicles, VMT per capita is assumed to remain flat at
12,000.

The regional models use two scenarios. The reference scenario assumes a continuation of today’s energy use
patterns, but does not reflect the Vermont’s renewable portfolio standard or renewable energy or greenhouse
gas emissions goals. The main changes over time in the reference scenario are more fuel efficient cars because
of CAFE standards and the expansion of natural gas infrastructure. The 90% x 2050 , _ . scenario is designed
to achieve the goal of meeting 90% of Vermont’s total energy demand with renewable sources. It is adapted
from the TES TREES Local scenarios. It is a hybrid of the high and low biofuel cost scenarios, with biodiesel
or renewable diesel replacing petroleum diesel in heavy duty vehicles and electricity replacing gasoline in
light duty vehicles. Despite a growing population and economy, energy use declines because of efficiency and
electrification. Electrification of heating and transportation has a large effect on the total demand because the
electric end uses are three to four times more efficient than the combustion versions they replace.

Regionalization Approach

The demand in the statewide model was broken into the state’s planning regions. Residential demand was
distributed according to housing units using data from the American Community Survey. Commercial and
industrial demand was allocated to the regions by service-providing and goods-producing NAICS codes
respectively. Fuel use in these sectors was allocated based on existing natural gas infrastructure. In the
commercial sector, it was assumed that commercial fuel use per employee has the same average energy intensity
across the state. All commercial natural gas use was allocated to the regions currently served by natural gas
infrastructure, and the rest of the fuel was allocated to create equal consumption by employee.

®> Jonathan Dowds et al., “Vermont Transportation Energy Profile,” October 2015.
http://vtrans.vermont.gov/sites/aot/files/planning/documents/planning/Vermont%20Transportation%20Energy%20
Profile%202015.pdf.
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The industrial sector was assumed to be more diverse in its energy consumption. In the industrial sector,

natural gas was allocated among the regions currently served by natural gas based on the number of industrial
employees in each region. Other non-electric fuels were distributed among regions without access to natural
gas, as it was assumed that other non-electric fuels were primarily used for combustion purposes, and that
purpose could likely be served more cheaply with gas. Transportation demand was primarily regionalized
through population. The passenger rail sector of transportation demand was regionalized using Amtrak boarding
and alighting data to create percentages of rail miles activity by region.® The freight rail sector of transportation
was regionalized using the following approach: in regions with freight rail infrastructure, activity level was
regionalized by share of employees in goods-producing NAICS code sectors. Regions without freight rail
infrastructure were determined using a Vermont Rail System map and then assigned an activity level of zero.” A
weighting factor was applied to regions with freight rail infrastructure to bring the total activity level back up to
the calculated statewide total of freight rail short-ton miles in Vermont. Each region’s share of state activity and
energy use is held constant throughout the analysis period as a simplifying assumption.

Results

The numbers below show the results of the scenarios in “final units,” sometimes referred to as “site” energy.
This is the energy households and businesses see on their bills and pay for. Energy analysis is sometimes
done at the “source” level, which accounts for inefficiency in power plants and losses from transmission and
distribution power lines. The model accounts for those losses when calculating supply, but all results provided
here are on the demand side, so do not show them.

The graphs below show the more efficient 90% x 2050 . scenario, which is one path to reduce demand
enough to make 90% renewable supply possible. This scenario makes use of wood energy, but there is more
growth in electric heating and transportation to lower total energy demand. Where the graphs show “Avoided
vs. Reference,” that is the portion of energy that we do not need to provide because of the efficiency in this
scenario compared to the less efficient Reference scenario.

® National Association of Railroad Passengers, “Fact Sheet: Amtrak in Vermont,” 2016.
https://www.narprail.org/site/assets/files/1038/states_2015.pdf.

7 Streamlined Design, “Green Mountain Railroad Map” (Vermont Rail System, 2014).
http://www.vermontrailway.com/maps/regional_map.html.
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STATEWIDE TOTAL ENERGY CONSUMPTION
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REGIONAL ENERGY CONSUMPTION BY SECTOR
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FIGURE 4 - REGIONAL COMMERCIAL ENERGY CONSUMPTION BY FUEL.
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FIGURE 6 - REGIONAL TRANSPORTATION ENERGY CONSUMPTION BY FUEL.
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Detailed Sources and Assumptions

Residential

The TES provides total fuels used by sector. We used a combination of industry data and professional judgment
to determine demand inputs at a sufficiently fine level of detail to allow for analysis at many levels, including
end use (heating, water heating, appliances, etc.), device (boiler, furnace, heat pump) or home-type (single
family, multi-family, seasonal, mobile). Assumptions for each are detailed below. All assumptions for residential
demand are at a per-home level.

Space Heating

The team determined per home consumption by fuel type and home type. EIA data on Vermont home heating
provides the percent share of homes using each type of fuel. 2009 Residential energy consumption survey
(RECS) data provided information on heating fuels used by mobile homes. Current heat pumps consumption
estimates were found in a 2013 report prepared for Green Mountain Power by Steve LeTendre entitled Hyper
Efficient Devices: Assessing the Fuel Displacement Potential in Vermont of Plug-In Vehicles and Heat Pump
Technology. Future projections of heat pump efficiency were provided by Efficiency Vermont Efficient Products
and Heat Pump program experts.

Additional information came from the following data sources:

. 2010 Housing Needs Assessment *

. EIA Vermont State Energy Profile’

. 2007-2008 VT Residential Fuel Assessment'®

. EIA Adjusted Distillate Fuel Oil and Kerosene Sales by End Use!!

The analyst team made the following assumptions for each home type:

. Multi-family units use 60% of the heating fuel used by single family homes, on average, due to assumed
reduced size of multi-family units compared to single-family units. Additionally, where natural gas is available,
the team assumed a slightly higher percentage of multi-family homes use natural gas as compared to single
family homes, given the high number of multi-family units located in the Burlington area, which is served by
the natural gas pipeline. The team also assumed that few multi-family homes rely on cordwood as a primary
heating source.

8 Vermont Housing and Finance Agency, “2010 Vermont Housing Needs Assessment,” December 2009.
http://www.vtaffordablehousing.org/documents/resources/623 1.8 Appendix_6_2010_Vermont_Housing_Needs_
Assessment.pdf.

° U.S. Energy Information Administration, “Vermont Energy Consumption Estimates”, 2004.
https://www.eia.gov/state/print.cfm?sid=VT

10 Frederick P. Vermont Residential Fuel Assessment: for the 2007-2008 heating season. Vermont Department of Forest,
Parks and Recreation. 2011.

1 U.S. Energy Information Administration, “Adjusted Distillate Fuel Oil and Kerosene Sales by End Use,” December 2015.
https://www.eia.gov/dnav/pet/pet_cons_821usea_dcu_nus_a.htm.
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. Unoccupied/Seasonal Units: On average, seasonal or unoccupied homes were expected to use 10% of

the heating fuel used by single family homes. For cord wood, we expected unoccupied or seasonal homes to use
5% of heating fuel, assuming any seasonal or unoccupied home dependent on cord wood are small in number
and may typically be homes unoccupied for most of the winter months (deer camps, summer camps, etc.)

. Mobile homes—we had great mobile home data from 2009 RECS. As heat pumps were not widely
deployed in mobile homes in 2009 and did not appear in the RECs data, we applied the ratio of oil consumed
between single family homes and mobile homes to estimated single family heat pump use to estimate mobile
home heat pump use.

. The reference scenario heating demand projections were developed in line with the TES reference
scenario. This included the following: assumed an increase in the number of homes using natural gas, increase
in the number of homes using heat pumps as a primary heating source (up to 37% in some home types), an
increase in home heated with wood pellets, and drastic decline in homes heating with heating oil. Heating
system efficiency and shell efficiency were modeled together and, together, were estimated to increase 5-10%
depending on the fuel type. However, heat pumps are expected to continue to rapidly increase in efficiency
(becoming 45% more efficient, when combined with shell upgrades, by 2050). We also reflect some trends
increasing home sizes.

. In the 90% x 2050 .. scenario, scenario heating demand projections were developed in line with the
TES TREES Local scenarios, a hybrid of the high and low biofuel cost scenarios. This included the following:
assumed increase in the number of homes using heat pumps as a primary heating source (up to 70% in some
home types), an increase in home heated with wood pellets, a drastic decline in homes heating with heating

oil and propane, and moderate decline in home heating with natural gas. Heating system efficiency and shell
efficiency were modeled together and were estimated to increase 10%-20% depending on the fuel type.
However, heat pumps are expected to continue to rapidly increase in efficiency (becoming 50% more efficient,
when combined with shell upgrades by 2050). We also reflect some trends increasing home sizes.

Lighting
Lighting efficiency predictions were estimated by Efficiency Vermont products experts.

Water Heating
Water heating estimates were derived from the Efficiency Vermont Technical Reference Manual. '

Appliances and Other Household Energy Use:
EnergyStar appliance estimates and the Efficiency Vermont Electric Usage Chart'® provided estimates for
appliance and other extraneous household energy uses.

12 Efficiency Vermont, “Technical Reference User Manual (TRM): Measure Savings Algorithms and Cost Assumptions, No.
2014-87,” March 2015.
http://psb.vermont.gov/sites/psb/files/docketsandprojects/electric/majorpendingproceedings/TRM%20User%20
Manual%20N0.%202015-87C.pdf.

13 Efficiency Vermont, “Electric Usage Chart Tool,”
https://www.efficiencyvermont.com/tips-tools/tools/electric-usage-chart-tool.
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Using the sources and assumptions listed above, the team created a model that aligned with the residential fuel
consumption values in the TES.

Commercial
Commercial energy use estimates are entered in to the model as energy consumed per square foot of commercial
space, on average. This was calculated using data from the TES.

Industrial
Industrial use was entered directly from the results of the TES data.

Transportation

The transportation branch focused on aligning with values from the Total Energy Study (TES) Framework for
Analysis of Climate-Energy-Technology Systems (FACETS) data in the transportation sector in the Business
as Usual (BAU) scenario. The VEIC 90% x 2050 scenario was predominantly aligned with a blend of the Total
Renewable Energy and Efficiency Standard (TREES) Local High and Low Bio scenarios in the transportation
sector of FACETS data. There were slight deviations from the FACETS data, which are discussed in further
detail below.

Light Duty Vehicles

Light Duty Vehicle (LDV) efficiency is based on a number of assumptions: gasoline and ethanol efficiency
were derived from the Vermont Transportation Energy Profile.!* Diesel LDV efficiency was obtained from
underlying transportation data used in the Business as Usual scenario for the Total Energy Study, which is
referred to as TES Transportation Data below. Biodiesel LDV efficiency was assumed to be 10% less efficient
than LDV diesel efficiency.' Electric vehicle (EV) efficiency was derived from an Excel worksheet from Drive
Electric Vermont. The worksheet calculated EV efficiency using the number of registered EVs in Vermont,

EV efficiency associated with each model type, percentage driven in electric mode by model type (if a plug-in
hybrid vehicle), and the Vermont average annual vehicle miles traveled. LDV electric vehicle efficiency was
assumed to increase at a rate of .6%. This was a calculated weighted average of 100-mile electric vehicles,
200-mile electric vehicles, plug-in 10 gasoline hybrid and plug-in 40 gasoline hybrid vehicles from the Energy
Information Administration Annual Energy Outlook.!®

4 Jonathan Dowds et al., “Vermont Transportation Energy Profile,” October 2015.
http://vtrans.vermont.gov/sites/aot/files/planning/documents/planning/Vermont%20Transportation%20Energy%20
Profile%202015.pdf.

15 U.S. Environmental Protection Agency: Office of Transportation & Air Quality, “Biodiesel,” Www.fueleconomy.gov,
accessed August 19, 2016.

https://www.fueleconomy.gov/feg/biodiesel.shtml.

16 U.S. Energy Information Administration, “Light-Duty Vehicle Miles per Gallon by Technology Type,” Annual Energy
Outlook 2015. 2015, https://www.eia.gov/forecasts/aeo/data/browser/#/?id=50-AE02016&cases=ref2016~ref _no_
cpp&sourcekey=0.
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Miles per LDV was calculated using the following assumptions: data from the Vermont Agency of Transportation
provided values for statewide vehicles per capita and annual miles traveled.'” The total number of LDVs in Vermont
was sourced TES Transportation Data. The calculated LDV miles per capita was multiplied by the population of
Vermont and divided by the number of LLDVs to calculate miles per LDV.

The number of EVs were sourced directly from Drive Electric Vermont, which provided a worksheet of actual
EV registrations by make and model. This worksheet was used to calculate an estimate of the number of electric
vehicles using the percentage driven in electric mode by vehicle type to devalue the count of plug-in hybrid vehicles.
Drive Electric Vermont also provided the number of EVs in the 90% x 2050 | - scenario.

Heavy Duty Vehicles

Similar to the LDV vehicle efficiency methods above, HDV efficiency values contained a variety of assumptions
from different sources. A weighted average of HDV diesel efficiency was calculated using registration and fuel
economy values from the Transportation Energy Data Book." The vehicle efficiency values for diesel and
compressed natural gas (CNG) were all assumed to be equal.’” Diesel efficiency was reduced by 10% to represent
biodiesel efficiency.’ Propane efficiency was calculated using a weighted average from the Energy Information
Administration Annual Energy Outlook table for Freight Transportation Energy Use.”

In the 90% x 2050 . scenario, it was assumed HDVs will switch entirely from diesel to biodiesel or renewable
diesel by 2050. This assumption is backed by recent advances with biofuel. Cities such as Oakland and San

Francisco are integrating a relatively new product called renewable diesel into their municipal fleets that does not gel
in colder temperatutres and has a much lower overall emissions factor.”? Historically, gelling in cold temperatures has

prevented higher percentages of plant-based diesel replacement products.

Although there has been some progress toward electrifying HDVs, the VEIC 90% x 2050 scenario does not include
electric HDVs. An electric transit bus toured the area and gave employees of BED, GMTA, and VEIC a nearly
silent ride around Burlington. The bus is able to fast charge using an immense amount of power that few places on
the grid can currently support. The California Air Resources Board indicated

7 Jonathan Dowds et al., “Vermont Transportation Energy Profile.”
18 1bid.
19 “Natural Gas Fuel Basics,” Alternative Fuels Data Center, accessed August 19, 2016.
http://www.afdc.energy.gov/fuels/natural_gas_basics.html.
20 U.S. Environmental Protection Agency: Office of Transportation & Air Quality, “Biodiesel.”
21 U.S. Energy Information Administration (EIA), “Freight Transportation Energy Use, Reference Case,” Annual Energy
Outlook 2015, 2015.
http://www.eia.gov/forecasts/aeo/data/browser/#/?id=58-AE02015&region=0-0&cases=ref2015&start=2012&end=204
0&f=A&linechart=ref2015-d021915a.6-58-AE02015&sourcekey=0.
22 Oregon Department of Transportation and U.S. Department of Transportation Federal Highway Administration, “Primer
on Renewable Diesel,” accessed August 29, 2016.
http://altfueltoolkit.org/wp-content/uploads/2004/05/Renewable-Diesel-Fact-Sheet.pdf.

WREP DRAFT | APPENDIX | PAGE 117



WINDHAM REGIONAL ENERGY PLAN

,  Vermont Powered by
v EnergyInvestment !////m SunShot

Corporatlon U.S. Department of Energy

a very limited number of electric HDVs are in use within the state.” Anecdotally, Tesla communicated it is working

on developing an electric semi-tractor that will reduce the costs of freight transport.**

The total number of HDVs was calculated using the difference between the total number of HDVs and LDV

in 2010 in the Vermont Transportation Energy Profile and the total number of LDVs from TES Transportation
Data.® HDV miles per capita was calculated using the ratio of total HDV miles traveled from the 2012
Transportation Energy Data Book and the 2012 American Community Survey U.S. population estimate.***” The
total number of HDVs and HDV miles per capita were combined with the population assumptions outlined above
to calculate miles per HDV.

Rail

The rail sector of the transportation branch consists of two types: freight and passenger. Currently in Vermont,
freight and passenger rail use diesel fuel.®®* The energy intensity (Btu/short ton-mile) of freight rail was obtained
from the US. Department of Transportation Bureau of Transportation Statistics.”” A 10-year average energy
intensity of passenger rail (Btu/passenger mile) was also obtained from the U.S. Department of Transportation
Bureau of Transportation Statistics.”’ Passenger miles were calculated using two sets of information. First, distance
between Vermont Amtrak stations and the appropriate Vermont border location were estimated using Google Maps
data. Second, 2013 passenger data was obtained from the National Association of Railroad Passengers.”> Combined,
these two components created total Vermont passenger miles. We used a compound growth rate of 3% for forecast
future passenger rail demand in the 90% x 2050 . scenario, consistent with the historical growth rates of rail

23 California Environmental Protection Agency Air Resources Board, “Draft Technology Assessment: Medium- and Heavy-
Duty Battery Electric Trucks and Buses,” October 2015.
https://www.arb.ca.gov/msprog/tech/techreport/bev_tech_report.pdf.

24 Elon Musk, “Master Plan, Part Deux,” Tesla, July 20, 2016.

https://www.tesla.com/blog/master-plan-part-deux.

25 Jonathan Dowds et al., “Vermont Transportation Energy Profile.”

26 “Transportation Energy Data Book: Edition 33” (Oak Ridge National Laboratory, n.d.), accessed August 18, 2016.
27.U. S. Census Bureau, “Total Population, Universe: Total Population, 2012 American Community Survey 1-Year
Estimates,” American Fact Finder, 2012.
http://factfinder.census.gov/bkmk/table/1.0/en/ACS/12_1YR/B01003/0100000US.

28 US Energy Information Administration (EIA), “Freight Transportation Energy Use, Reference Case.”

29 Vermont Agency of Transportation Operations Division - Rail Section, “Passenger Rail Equipment Options for the
Amtrak Vermonter and Ethan Allen Express: A Report to the Vermont Legislature,” January 2010.
http://www.leg.state.vt.us/reports/2010ExternalReports/253921.pdf.

30 U.S. Department of Transportation: Office of the Assistant Secretary for Research and Technology Bureau of
Transportation Statistics, “Table 4-25: Energy Intensity of Class | Railroad Freight Service,” accessed August 26, 2016.
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/
table_04_25.html.

31 U.S. Department of Transportation: Office of the Assistant Secretary for Research and Technology Bureau of
Transportation Statistics, “Table 4-26: Energy Intensity of Amtrak Services,” accessed August 26, 2016.
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/
table_04_26.html.

32 National Association of Railroad Passengers, “Fact Sheet: Amtrak in Vermont,” 2016.
https://www.narprail.org/site/assets/files/1038/states_2015.pdf.

PAGE 118 | APPENDIX | WREP DRAFT



WINDHAM REGIONAL ENERGY PLAN

Vermont 4 Powered by

I # / ‘

— EnergyInvestment 7////ll SunShot
Corporation

U.S. Department of Energy

passenger miles in Vermont.” Passenger rail is assumed to completely transform to electric locomotion. Freight rail
is assumed to transform to biodiesel or renewable diesel.

Air
The total energy of air sector used appropriate FACETS data values directly. The air sector is expected to continue
using Jet Fuel in both scenarios.

3 Joseph Barr, AICP et al., “Vermont State Rail Plan: Regional Passenger Rail Forecasts.”
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