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Technology

Potential Challenge

Possible Solution

Technical

Small- to Medium-Scale
Wind Turbines

Identification of sites appropri-
ate for wind development can be
expensive and time-consuming.

* Identify, compile, and report on farm-
based sites with good potential for small-
to medium-scale wind turbines.

* Support industry capacity-building
programs such as the Vermont Anemom-
eter Loan Program at Vermont Technical
College.

Market

Small- to Medium-Scale

The economics associated with
owning and operating smaller
systems may not be compelling

Increase the “per-system” net-metering
caps as a way to improve the economics as-
sociated with owning these systems. Note

Wind Turbines that this strategy may adversely impact

enough to overcome the upfront . . )
. : electric ratepayers, particularly those in
costs and perceived barriers. e
smaller utility districts.
* Create a wind energy generation goal
(or an overall renewable energy goal) for
Resistance to the construction Vermont utilities.

All Wind and operation of wind energy * Create public-private processes for wind
facilities may inhibit the growth | energy development that (1) retains local
of this sector. ownership of wind generated electricity

and (2) educates stakeholders on the ben-
efits of cooperative ownership models.
Sale of electricity generated .
¥ generared Create a standardized and stable long-term
from Vermont wind facilities to rourch ntract price that retain
, . ower-purchase contract price that retains

All Wind out-of-state entities reduces the | P P
) . . | the generated power as well as the renew-
in-state economic benefits of this .

able energy and carbon attributes.
sector.
Create and fund a mechanism/organiza-
tion charged with identifying and promot-
ing strategies for:
. 1. Retaining the local economic benefits
Lack of institutional support for . L. ,
, 1 : : of energy production within project host
All Wind municipalities exploring wind

energy development.

communities.

2. Creating incentives for communities
considering local projects.

3. Building capacity at the local level to
develop and implement projects.
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Solar Energy

Solar energy is any of several technologies used for deriving useful energy from the sun’s light. Solar
energy can be used for many applications, including space heating, water heating, pool heating, dry-
ing applications, and electric generation by solar photovoltaic (PV) technologies.

As of January 1, 2008, 304 solar PV net-metered systems with a system rated capacity of 923 kW,
have been granted certificates of Public Good, according to the Department of Public Service. Ac-
cording to the Vermont Council on Rural Development’s Vermont Energy Digest, Vermont also has
about 300 PV systems not connected to the electricity grid and an estimated 500 solar water heater
systems.® Approximately 0.01% of Vermont’s energy needs are currently generated from solar PV
and solar hot water resources. The Vermont 25x'25 Initiative’s goals for this technology are that in-
state solar PV and solar hot water resources will satisfy 5% of the state’s current electric use and 10%
of the energy needed for providing hot water. These goals translate into solar energy meeting 1.73%
of Vermont’s energy needs by 2025, given the appropriate technology, policy, regulatory, and financ-
ing support. Specific production goals in this sector are outlined in Table 10.

Table 10 Solar Energy Technology Descriptions and 25x’25 Energy Production Goals

Current 25x°25

Technology | Percentage of | Energy Pro- Percentage of

Technology | Energy Type Description | State Energy | duction Goals IS;at: E n;(r)gz};
Load | (Billion BTU) | 7™

5% of state
electric load in

Production of both on-farm

electricity from and off-farm

Photovoltaic Electricity solar photovol- Negligible applications — 0.64%

taic systems. about 200 MW
of installed
PV capacity.
(1,080.0)

10% of state
hot water heat-

Production of ing load in both

hot water from on-farm and .
Solar Hot Water Heat 0.01% off-farm appli- 1.09%

solar hot water i
cations — about

Systems. 50,000 average
sized systems.
(1,850.0)
Total for Sector 0.01% 1.73%

8 The Vermont Energy Digest, Vermont Council on Rural Development, April 2007, p. 48.
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Solar Energy: Sector Challenges & Solutions

Possible challenges to developing the solar energy sector to the point where it can satisfy 1.73%

of Vermont’s energy needs occur on many levels, but can be grouped into three major categories:
Financing, Technical, and Market, as shown in Table 11, along with proposed strategies for addressing
these challenges.

Table 11 Challenges and Solutions to the Development of the Solar Energy Sector

Technology Potential Challenge Possible Solution
Financing
Maintain and increase funding
The substantial investment for this sector from current solar
required for some solar energy energy incentive and support
All Solar technologies may discourage many | programs, including the Clean
businesses and individuals from Energy Development Fund and
purchasing these systems. the Vermont Solar and Small

Wind Incentive Program.

Develop a state-supported system
that provides simple financing for
solar energy systems in the form of
loans, loan guarantees and other
mechanisms. Such a program
could be developed in partnership
with utilities, financial institu-
tions, or other industry partners.

Even with financial incentives, the
substantial upfront cost of some
All Solar solar energy systems may discour-
age businesses and individuals
from investing in this sector.

Technical

The lack Of 2 tr.amed Workforcé Create and fund a workforce
able to design, install, and service

All Solar solar energy systems could limit training program for solar energy
) technicians.
the growth of this sector.
Market

Solar PV The high cost of solar PV may Monitor and support research and

restrict the growth of this sector. | development into evolving solar
PV technologies.

All Solar Lack of public familiarity with Create and fund a solar-energy
solar energy technologies may public buildings initiative to
restrict the growth of this sector. | install systems where they will be

visible to the public and provide
educational opportunities.
Hydproelectricity

Hydroelectric energy is a technology by which the kinetic energy from flowing water is converted to
electricity via a turbine or generator. In large hydroelectric operations, water is dammed (or im-
pounded) on one side of the generator and flow through the generator is closely controlled. Small-
scale hydroelectric systems — typically, smaller than 10 MW — generally utilize a run-of-the-river de-
sign in which no water is impounded and electricity is generated as water flows through the facility.
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Vermont currently produces approximately 500,000 MWh — or about 1% of its energy needs —
from in-state hydroelectric facilities. The opportunities for the construction of new large (10MW
or greater in capacity) hydroelectric facilities are minimal due to the fact that Vermont’s waterways
are largely utilized for facilities of this scale. However, as of 2005, Vermont had 138 MW of small,

in-state hydroelectric capacity and may have potential for up to 15 MW — at both on-farm and non-

farm locations — of additional capacity, when environmental and economic factors are considered.’
As with other energy sources, the environmental impacts (including water quality issues) associated
with the deployment of hydroelectricity facilities must be considered and addressed in a detailed

environmental impact assessment of any potential system sites.

The Vermont 25x'25 Initiative’s goal for this technology is that 15 MW of additional in-state hydro-
electric resources — mainly in the form of small hydro system and existing facility system upgrades —
be installed by 2025. When combined with existing resources, this amount of installed capacity will
satisfy 1.15% of Vermont’s energy needs by 2025, given the appropriate technology, policy, regula-
tory, and financing support. Specific production goals in this sector are outlined in Table 12.

Table 12 Hydroelectricity Technology Descriptions and 25x’25 Energy Production Goals

Current 25x’25 Percentage of
Technol Energy | Technology | Percentage of | Energy Production State E:Er
cchnology Type Description | State Energy Goals Load in 2 0%’;
Load (Billion BTU)
Production of hMaintain curre.nt large
electricity from (ydr;) P ir;dtlinofs 0
Large Hydro Electric | hydro facilities 0.78% approximate }fl 0.78%
rated at 10 MW MW) and perform
cer needed system up-
or greater. grades. (1,320.0)
o 15 MW of additional
Small Hydro Electric | hydro facilities 0.23% small }Tyc.lro systems 0.37%
aller than 10 and existing system
;/I\W upgrades. (620.0)
Total for Sector 1.02% 1.15%

Hydroelectricity: Sector Challenges & Solutions
Possible challenges to developing the solar energy sector to the point where it can satisfy 1.15% of

Vermont’s energy needs occur on many levels, but can be grouped into three major categories: Per-
mitting, lechnical, and Market, as shown in Table 13, along with proposed strategies for addressing

these challenges.

9 Ibid, p. 52.
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Table 13 Challenges and Solutions to the Development of the Hydroelectric Energy Sector

Technology Potential Challenge Possible Solution

Permitting

* Develop streamlined state-level
permitting processes for hydro
facilities based on environmental
impact, possibly using Vermont
248] as a model.

* Advocate for streamlined federal
permitting processes for hydro
facilities. (margins are slightly
different in this box for the bullets
than others)

State and federal permitting of
All Hydro hydro facilities can be complex,
time-consuming, and expensive.

Technical

Identification of sites appropriate
for on-farm small hydro develop-

Identify, compile, and report on

Small Hydro 4 . farm-based sites with good poten-
ment can be expensive and time- | . _y
. tial for small hydro facilities.
consuming.
Market
- Create a standardized and stable
Sale of electricity generated from
I long-term power-purchase con-
Vermont hydro facilities to out-of- . .
All Hydro . . tract price that retains the generat-
state entities reduces the in-state
. . ed power as well as the renewable
economic benefits of this sector. .
energy and carbon attributes.
Geothermal Energy

Geothermal energy utilizes the heat from the earth to provide energy for space heating or electricity
generation. In some areas of the country, high-temperature underground reservoirs are used to
produce electricity via a generator. In Vermont, which lacks near-surface high-temperature water, the
most applicable geothermal technology uses a process in which the relative stable temperature of the
ground below frost line is used to provide (or supplement) residential space heating and cooling, and
on-farm refrigeration, ventilation, heating and cooling. Known as geothermal heat pumps or ground
source heat pumps (GSHPs), this technology is well-established, having been in use in Vermont and
elsewhere for more than 60 years.

According to the Vermont Energy Digest, GSHPs can be used virtually anywhere in Vermont. Cur-
rently, there are an estimated 200 residential GSHPs in operation in the state and a small number
of commercial systems in Vermont."” Also, a number of Vermont dairy farms are using geothermal
technologies to supplement their refrigeration systems. Currently installed systems provide about
0.01 percent of the state’s total energy needs, assuming that GSHPs can reduce by 50% a residential
home’s overall energy use needed for space heating, water heating, and air-conditioning energy re-
quirements."’

10 Ibid, p. 55. (VCRD source: Orio, Matt, of Water Energy Distributors. Personal communication, March 2007.)
11 Ibid, p. 54.
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The Vermont 25x'25 Initiative’s goal for this technology is that in-state geothermal energy will reduce
statewide fossil fuel used in space and hot water heating by 5% by the year 2025. When combined
with existing resources, this amount of installed capacity will satisfy 1.29% of Vermont’s energy
needs by 2025, given the appropriate technology, policy, regulatory, and financing support. Specific
production goals in this sector are outlined in Table 14.

Table 14 Geothermal Technology Descriptions and 25x’25 Energy Production Goals
Current 25x’25 Percentage of
Technolo Energy Technology Percentage of | Energy Pro- State E:ir
2 Type Description State Energy | duction Goals Load in 2 Og);
Load (Billion BTU)
Capture of heating Rf:duce sare”
. wide fossil fuel
Ground Source Heat and/or cooling to used in space
Heat Pum Electr;c supply space heat- 0.01% and hot Vrs)/ater 1.29%
P ing, water heating, heating by 5%
and chilling loads. (2180.0)
Total for Sector 0.01% | | 1.29%

Geothermal Energy: Sector Challenges & Solutions

Possible challenges to developing the geothermal energy sector to the point where it can satisfy
1.29% of Vermont’s energy needs occur on many levels, but can be grouped into two major categories:
Financing and Technical, as shown in Table 15, along with proposed strategies for addressing these
challenges.

Table 15 Challenges and Solutions to the Development of the Geothermal Energy Sector

Technology Potential Challenge Possible Solution
Financing
Substantial investment required Create a state-supported system
GSHPs for equipment purchase and in- that provides simple financing for
stallation costs. GSHP systems.
Technical

* Source electricity used to power
GSHPs from non-fossil sources so
that the environmental benefits of

The use of GSHPs may increase these systems are maximized.
GSHPs electricity demand due to its use | ® Utilize GSHPs to reduce elec-
of electric pumping equipment. tricity consumption in electric

chilling and air-conditioning ap-
plications so that a net reduction
in electric consumption is realized.
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Energy Efficiency

The term “energy efficiency” relates to a reduction in the amount of energy consumed by an end-us-
er. Efficiency measures can occur through behavioral changes, efficient technologies, building ret-
rofits, and other strategies. Inasmuch as energy efficiency reduces the need to create new generation
capacity, it is an energy resource, and a very cost-effective one at that. On the wholesale level, the
implementation of energy efficiency technologies can cost less than 75% of the cost of purchasing
newly generated energy. Energy efficiency is applicable to electrical energy, thermal applications, and
transportation fuels.

Vermont has long been a leader in the electrical efficiency sector, thanks in large part to the creation
of the Vermont’s Energy Efficiency Utility, Efficiency Vermont. As of 2006, Efficiency Vermont’s pro-
grams were meeting roughly 5.3% of Vermont’s energy requirements and reducing the state’s annual
electric load growth by two-thirds."* And the potential for further electrical savings is significant: A
recent study from the Vermont Department of Public Service estimated that economically achievable
electrical savings could be as high as 19% of electricity sales in 2015." Vermont farmers were the
first group to utilize energy efficiency programs with a pilot study conducted by the Vermont Agency
of Agriculture and UVM Extension, then with the utilities, and now with Efficiency Vermont. The
dairy farms have been through at least two rounds of efficiency improvements with more to come as
efliciency technologies and practices improve.

Vermont also has substantial potential to save energy in the thermal and transportation sectors. A
recent study commissioned by the Vermont Department of Public Service found that there is signifi-
cant cost-effective potential to reduce the use of heating oil, propane, kerosene, and wood through
energy efficiency measures.' Transportation, while harder to quantify, constitutes Vermont’s larg-
est use of energy and features significant potential for efficiency measure. Transportation efficiency
strategies may include the increased use of mass transportation, carpooling initiatives, speed limit
reductions, the use of alternative fuels and vehicle technologies, and the increase in federal efficiency
standards for vehicles.

The Vermont 25x’25 Initiative’s goal for this sector is that implementation of in-state energy efficiency
policies and practices will keep Vermont’s total energy use in 2025 at or below present-day levels,
given the appropriate technology, policy, regulatory, and financing support.

Energy Efficiency Challenges & Solutions

Possible challenges to developing the energy efficiency sector to the point where it will maintain Ver-
mont’s total energy use in 2025 at or below present-day levels occur on many levels, but are focused
in the Market category, as shown in Table 16, along with proposed strategies for addressing these
challenges.

12 2006 Results Summary, Efficiency Vermont, 2006.
13 Vermont Electric Energy Efficiency Potential Study: Final Report, Vermont Department of Public Service, January 2007,

p- 1.
14 Vermont Energy Efficiency Potential Study for Oil, Propane, Kerosene, and Wood Fuels: Final Report, Vermont Depart-

ment of Public Service, January 2007, p. 1.
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Table 16 Challenges and Solutions to the Development of the Energy Efficiency Sector

Technology Potential Challenge Possible Solution

Market

The lack of statewide mechanism
for providing thermal energy ef- | Identify and provide funding and
Thermal Efficiency ficiency services is an impediment | structure for a thermal efficiency
to the achievement of thermal program.

energy efficiency savings.

* Conduct comprehensive cost/
benefit analyses for thermal,
electric, and transportation energy
efficiency measures.

* Explore the possibility of creat-
ing an online calculator for indi-
viduals and/or businesses to utilize
in determining the cost/benefit of
implementing energy eﬂiciency

The difficulty of evaluating (1) the
environmental benefits and (2)
All Energy Efficiency economic viability of energy efhi-
ciency programs impedes support
for this sector.

measures.

Create and identify funding for
Failure to communicate the value | a public-private collaboration

of energy efficiency to the general | focused on developing a sustained
public as a means of saving money | public relations effort that com-

All Energy Efficiency and addressing key environmental | municates the long-term societal
issues — while maintaining a qual- | values of energy efhiciency and
ity standard of living — hinders energy conservation, as well as
growth of this sector. the consequences of the failure to

pursue thCSC measures.

Reaching Vermont’s farms with
energy efficiency services can be
challenging but has been done in
the past.

Continue support for Efficiency
Vermont’s dairy farm energy ef-
ficiency program.

Electric Efficiency

4.0 Key Considerations

The Vermont 25x'25 Initiative Steering Committee has developed the following broad considerations
that it views as critical to achieving the Vermont 25x’25 Initiative goals. The intent in presenting
these considerations is to stimulate discussion relative to Vermont’s energy and agricultural direc-
tions. Future Vermont 25x’25 reports will provide specific and detailed recommendations based on
the ongoing efforts of the Vermont 25x'25 Steering Committee, as well as the Initiative’s partners,
collaborators, and stakeholders.

1. Maintain existing farms and forestlands. The majority of additional renewable
energy sources developed in the coming decades — 79 percent — will be derived from
Vermont’s farm and forest resources. It is thus critical that these existing resources be
understood, maintained, supported, and managed judiciously with considered policy
support, management programs, and financial incentives. Doing so will also further
provide an array of economic and environmental benefits to Vermont’s agricultural
communities and the state as whole.

SOLUTIONS

26



Vermont 25x’25 Initiative — Preliminary Findings and Goals

2. Identify and utilize the most efficient use of each energy resource. To maximize
the amount of energy realized per dollar spent — and minimize the environmental
impact of developing and using that energy — it is critical that energy sources be put
to their best use by identifying and utilizing the most efficient use energy. This can
be accomplished through detailed energy balance analyses that examine each energy
source and its end-use application. For example, the average efficiency for commer-
cial-scale electricity-only generation from wood chips is about 20% (meaning 80%
of the wood’s energy is lost), while a combined-heat-and-power facility can achieve
efliciencies in the range of 75%. Such analyses will be critical in determining imple-
mentation priorities for energy supply and demand strategies.

3. Expand the scope and funding of the Clean Energy Development Fund.
Vermont’s Clean Energy Development Fund (CEDF) serves an important function in
stimulating the development and deployment of cost-effective and environmentally
sustainable electric power resources — primarily with respect to renewable energy
resources, and the use of combined heat and power technologies — for the long-term
benefit of Vermont electric customers. However, several energy technologies critical
to realizing the Vermont 25x'25 energy production goals do not produce electric en-
ergy (e.g., cellulosic ethanol) — but could benefit substantially from the CEDF’s sup-
port. Expansion of the scope of the CEDF to include non-electricity generating tech-
nologies — as well as increasing in the CEDF’s funding base — will be important near-
term strategies for achieving the Vermont 255’25 energy production goals.

5.0 Next Steps

This preliminary report is a first step in achieving the Vermont 25x’25 Initiative’s goals. As a next
step, the Vermont 25x'25 Initiative Steering Committee will develop a comprehensive roadmap and
detailed work plan for achieving the Vermont 25x'25 energy production goals. Specific areas ad-
dressed in the roadmap and work plan will include the following:

o Prioritized Strategies and Implementation Process: Based on this report’s findings
— as well as input from strategic partners, collaborators, and stakeholders — the
Vermont 25x’25 Initiative Steering Committee will develop a listing of prioritized
strategies and an implementation process necessary to achieving the Initiative’s goals.

o Timeline: A detailed implementation timeline will include organizational goals,
strategies, and milestones on an annual basis.

0 Partners, Collaborators, and Stakeholders: The Vermont 25x°25 Initiative Steering
Committee will continue to identify and reach out to — and draw upon the expertise
offered by — key strategic steering committee members, partners, collaborators, and

stakeholders.
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Resource Assessment and Plan: The Vermont 25x°25 resource assessment and plan

will (1) identify the resources (financial and otherwise) needed to successfully achieve
the Initiative’s goals, (2) identify resources committed by strategic partners, collaborators,
and stakeholders, and (3) outline a plan for acquiring additional resources, if necessary.

Communication Plan: Communicating the Initiative’s findings and achievements
among partners, collaborators, and stakeholders — as well as policymakers, the agri-
culture and energy communities, and the general public — is crucial to the Initiative’s
success. The communication plan will outline strategies for communicating the Ini-
tiative’s progress to a range of stakeholders. For example, regular reports to Vermont
policymakers are expected to be an important element of the communication plan.

Administrative Support: The Vermont 25x'25 Initiative Steering Committee will

identify and allocate resources needed for what will likely be an increased level of
administrative support necessary to coordinate the Initiative’s efforts.
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APPENDIX A — Energy Calculation Notes

Present-Day Energy Calculations

Manure Digestion - Present-Day Calculation Note

(Source: CVPS website, http://www.cvps.com/cowpower/Our%20Farms.html)

Blue Spruce Farm, estimated Cow Power production: 1,300,000 kWh/year

Green Mountain Dairy, estimated Cow Power production: 1,800,000 kWh/year

Montagne, estimated Cow Power production: 1,400,000 kWh/year

Berkshire Cow Power, estimated Cow Power production: 3,500,000 kWh/year

Other operational systems: 500,000 kWh/year (Dan Scruton, Vermont Agency of Agriculture)
Total: 8,500,000 kWh/year

Conversion: kWh * 3413 = BTUs
8,500,000 kWh * 3413 =2.90 x 10e10 BTU

Firewood - Present-Day Calculation Note
In 2006, an estimated 680,000 tons of green firewood was burned (Source: Vermont Energy Digest,
p. 22).

Assume 12,040,000 BT Us per green ton (assuming a 30% moisture content) and an efliciency of .63
(Source: Paul Frederick, Vermont Division of Forestry).
680,000 green tons * 12,040,000 BT Us/green ton * .63 efficiency = 5.16 x 10e12 BTU

Wood Pellet - Present-Day Calculation Note
Assume 16,400,000 BTUs per ton of pellets (Source: Paul Frederick, Vermont Division of Forestry)
and .83 pellet combustion efficiency.

24,000 tons of pellets burned currently (Source: Vermont Energy Digest, p.24)
24,000 * 16,400,000 BTU per ton of pellets * .83 = 3.27 x10el1 BTU

Wood Chips for Electric Only - Present-Day Calculation Note

700,000 tons used at McNeil and Ryegate currently (Source: Vermont Energy Digest, p.24)

[Note that much of the wood used at the McNeil and Ryegate plants is not harvested in Vermont. A
large volume of the wood McNeil uses comes from New York, and the majority of

Ryegate’s wood comes from New Hampshire. (See footnote 2, Vermont Energy Digest, p. 24)]
Assume 8,600,000 BT Us per green ton and 20% system efficiency (Source: Paul Frederick — Forestry
Spreadsheet)

700,000 tons * 8,600,000 BT'Us per green ton * .20 = 1.20 x 10e12 BTU
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Wood Chips for Heat - Present-Day Calculation Note
93,000 tons used in community-scale (schools, State of Vermont, businesses, etc.) and forest prod-
ucts industry currently (Source: Vermont Energy Digest, p.24)

Assume 8,600,000 BT Us per green ton and 65% system efficiency (Source: Paul Frederick, Vermont
Division of Forestry)

93,000 tons * 8,600,000 BT Us per green ton * .65 = 5.20 x 10e11 BTU

Wood Chips for CHP - Present-Day Calculation Note

In 2005 facilities with wood-fired CHP capacity used approximately 136,000 green tons (Source:
Paul Frederick — Vermont Division of Forestry). This includes the co-generation facility at Dirigo
Paper in Gilman, which is currently non-operational.

Assume 8,600,000 BT Us per green ton and 65% system efliciency. 136,000 green tons * 8,600,000
BTUs per green ton * .65 = 7.60 x10el11 BTU

Small-Medium Wind - Present-Day Calculation Note
Assume 499 kW installed small wind (Source: Vermont Energy Digest, p. 42) and 20% annual ca-
pacity factor (Source: Author’s assumption) = 874,248 kWh annually.

Conversion: kWh * 3413 = BTUs
874,248 * 3413 = 3.0 x 10e9 BTU

Commercial Wind - Present-Day Calculation Note
Assume 6MW installed capacity at Searsburg and 110,000 MWh production over 10 years (Source:
Business Wire, Sep. 2006). Thus, annual production is 11,000 MWh.

6 MW * CF * 8760 hr/yr = 11,000 MWh = 11,000,000 kWh
Thus, annual capacity factor (CF) = 20.9%

Conversion: kWh * 3413 = BTUs
11,000,000 * 3413 = 3.75x 10e10 BTU

Solar Hot Water - Present-Day Calculation Note

Assume 500 installed systems at 101,000 BTU/day per system (Source: Vermont Energy Digest,
pp-48-49).

500 systems * 101,000 BTU/day per system * 365 days = 1.84 x 10e10 BTU per year for all systems.
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Solar PV - Present-Day Calculation Note
923 kW of installed net-metered capacity (Source: Vermont Department of Public Service) and as-
suming a 15% (Source: Author’s assumption) solar PV capacity factor.

923 *.15* 8760 = 1,212,822 kWh/year

Conversion: kWh * 3413 = BTUs
1,212,822 * 3413 = 4.14 x 109 BTU

Large Hydro - Present-Day Calculation Note

Total Vermont hydro production — large- and small-scale: 8% of Vermont’s total 2005 electric load
of 6,298 GWh came from Vermont utility-owned and privately owned Vermont plants (Source:
Vermont Energy Digest, p. 52). This translates to 504 GWh. 504 GWh = 504,000,000 kWh total
hydro production.

Conversion: kWh * 3413 = BT Us

5.04x10e8 * 3413 = 1.72 x 10e12 BTU total hydro production

There are about 450 MW of large-scale hydro (systems of 10MW or larger) in Vermont (Source:
2005 PSB Dam Inventory) and 138 MW of small-medium hydro (capacity of less than 10 MW/)
(Source: Vermont Energy Digest, p. 52), for a total of 588 MW. Thus, large-scale hydro is 77% of
the total installed capacity and small-scale hydro is 23% of the total.

Thus, big hydro production is calculated as 1.72 x 10e12 BTU * 77% = 1.32 x 10e12 BTU.

Small Hydro - Present-Day Calculation Note

Total Vermont hydro production — big and small: 8% of Vermont’s total 2005 electric load of 6,298
GWh came from Vermont utility-owned and privately owned Vermont plants (p. 52, VCRD). This
translates to 504 GWh. 504 GWh = 504,000 MWh = 504,000,000 K\Wh.

Conversion: kWh * 3413 = BTUs
5.04x10e8 x 3413 = 1.72 x 10e12 BTU total hydro production

There are about 450 MW of large-scale hydro (systems of 10MW or larger) in Vermont (Source:
2005 PSB Dam Inventory) and 138 MW of small-medium hydro (capacity of less than 10 MW/)
(Source: Vermont Energy Digest, p. 52), for a total of 588 MW. Thus, large-scale hydro is 77% of

the total installed capacity and small-scale hydro is 23% of the total.

So, small hydro production is calculated as 1.72 x 10e12 BTU * 23% = 3.96 x 10e11 BTU.
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Geothermal - Present-Day Calculation Note
Approximately 200 residential GSHPs currently in Vermont (Source: Vermont Energy Digest, p.

55). GSHPs can reduce overall residential energy use by 50% in heating and cooling mode (Source:

Vermont Energy Digest, p. 54).

A typical Quebec residential home of 1,500 ft2 uses the following amount of energy annually:

Space heating: 60G]J

Water heating: 30 GJ

AC: 750 kWh

(Source: Ground Source Heat Pump Systems in Canada, May 2007, p. 5)

Convert GJ to BT Us
Joules * 9.49 x 10e-4 = BTUs

Space heating: 60GJ = 6 x 10e10 ] * 9.49 x10e-4 = 5.69 x 10e7 BTU
Water heating: 30 GJ = 3 x 10e10 ] * 9.49 x10e-4 = 2.85 x 10e7 BTU
AC: 750 kWh * 3413 = 2.56 x 10e6 BTU

Total energy use = 8.80 x 10e7 BTU

Assume GSHPs reduce overall energy use by 50% in heating and cooling mode (Source: Vermont

Energy Digest, p. 54). 8.80 x 10e7 * .5 = 4.40 x 10e7 BTU saved per each home with GSHP.

Assuming 200 homes in Vermont: 200 * 4.40 x 10e7 = 8.80 x 10¢9 BTUs produced currently with
residential GSHPs.

2025 Energy Calculations

Crop-Based Algae - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

60,000,000 gallons produced in 2025 (calculated using 100 algae unit-acres in production and
600,000 gallons per unit oil yield).

Assume 130,000 BT Us/gallon of B100.

60,000,000 gallons * 130,000 BT U/gallon = 7.8 x 10e12 BTU

Crop-Based Biodiesel - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

4,000,000 gallons produced in 2025 (calculated using 40,000 acres in production and 100 gallons
per acre oil yield).

Assume 130,000 BT Us/gallon of B100.

4,000,000 gallons * 130,000 BT U/gallon = 5.20 x 10e11 BTU
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Grain Ethanol - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

600,000 gallons produced in 2025 (calculated using 2,000 acres in production and 300 gallons per
acre ethanol yield).

Assume 76,000 BT Us/gallon of ethanol.

600,000 gallons * 76,000 BT U/gallon = 4.56 x 10e10 BTU

Cellulosic Ethanol from Crops - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

87,500,000 gallons produced in 2025 (calculated using 35,000 acres in production * 100 gallons per
acre * 25 gallons dry ton per acre ethanol yield).

Assume 76,000 BT Us/gallon of ethanol.

87,500,000 gallons * 76,000 BTU/gallon = 6.65 x 10e12 BTU

Crop/Substrate Digestion - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

Assume 1.2 kW per acre, 60 units in 2027, and average 500 acres used per unit: 1.2 * 60 * 500 =
36,000 kW installed capacity.

36,000 kW x 8760 hrs/yr * .9 CF (Author’s assumption) = 283,824,000 kWh/yr in 2025.

Conversion: kWh * 3413 = BTUs
283,824,000 * 3413 = 9.69 x 10el1 total BTUs in 2025

Hay Pellets - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

225,000 tons produced in 2025 (calculated using 15,000 acres in production * 150 tons per acre
pellet yield)

Assume 16,000,000 BT Us/ton of pellets.

225,000 tons * 16,000,000 BTU/ton * 90% conversion efficiency = 3.24 x 10e12 BTU

Manure Digestion - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

Assume .22 kW per cow, 150 units in 2025, and average 500 cows per unit): .22 * 500 * 150 =
16,500 kW installed capacity.

16,500 kW * 8760 hrs/yr * .9 capacity factor (Author’s assumption) = 130,086,000 kWh/yr in 2025.

Conversion: kWh * 3413 = BTUs
130,086,000 * 3413 = 4.44 x 10el1 total BTUs in 2027
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Manure Fuel Cell - 2025 Calculation Note

(Source: Dan Scruton, Vermont Agency of Agriculture)

Assume .10 kW per cow, 500 units in 2025, and average 100 cows per unit): .10 * 500 * 100 =
5,000 kW installed capacity.

5,000 kW * 8760 hrs/yr * .9 CF (assumed) = 39,420,000 kWh/yr in 2027

Conversion: kWh x 3413 = BTUs
39,420,000 x 3413 = 1.35 x 10el1 total BTUs in 2025

Wood Energy - 2025 Calculation Note

From 25x25 SC discussion on 12/11/07: In 2025, 1.5 million green tons in chunk wood, chips, and
pellets will be available for energy and other uses — in addition to the amount of wood used in energy
applications today. Assume a 50% moisture content in all cases except for firewood (Source: Paul
Frederick, Vermont Division of Forestry). Assume 500,000 tons is dedicated to cellulosic ethanol and
1,000,000 tons goes to electric and thermal energy, with a preference for CHP technology.

Firewood - 2025 Calculation Note

In 2006, an estimated 680,000 green tons of firewood was burned (Source: Vermont Energy Digest,
p. 22). Assume 84,000 green tons in addition to 680,000 green tons, for a total of 764,000 tons.

Assume 12,040,000 BT Us per green ton (assuming a 30% moisture content) and a conversion ef-
ficiency of .63 (Source: Paul Frederick, Vermont Division of Forestry).

764,000 green tons * 12,040,000 BT Us/green ton * .63 efficiency = 5.80 x 10e12 BTU total in
2025.

Wood Pellet Note - 2025 Calculation Note

(Source: Paul Frederick, Vermont Division of Forestry)

In 2025, there will be one Vermont pellet mill making pellets from 180,000 tons of green wood. At
50% moisture for green wood, this translates to approximately 90,000 tons of pellets.

This is in addition to the 24,000 tons of pellets that are currently used.

90,000 + 24,000 = 114,000 tons of pellets used in 2025
Assume 16,400,000 BTUs per ton of pellets and 83% pellet combustion efficiency.
114,000 tons of pellets * 16,400,000 BT Us per ton for pellets * .83 = 1.55 x 10e12 BTUs total in

2025.

Wood Chips for Electric Only - 2025 Calculation Note
(Source: Paul Frederick, Vermont Division of Forestry).
In 2025, there will be one conventional electric-only wood chip plant rated at 2MW and using
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300,000 green tons of wood at 50% moisture.

Assume 8,600,000 BT Us per green ton at 50% moisture and a conversion efliciency of 20%.
300,000 green tons * 8,600,000 BTUs per green ton *.2 = 5.16 x 10e8 BT Us.

This is in addition to the 1.20 x 10e12 BTUs of electric-only BT Us currently produced.
5.16x 10e8 BTUs + 1.20 x 10e12 BTUs = 1.72 x 10e12 BTUs total in 2025.

Wood Chips for Heat - 2025 Calculation Note

(Source: Paul Frederick, Vermont Division of Forestry)

In 2025, heat-only wood chips will include:

- Institutional Wood Chip Heating (medium: 50,000sq.ft.)

- Institutional Wood Chip Heating (large 200,000sq.ft.)

- Small District Heat Only (e.g., Johnson State College campus size)

For a total of 33,500 green tons used.

Assume 8,600,000 BT Us per green ton and 65% system efficiency.

33,500 green tons * 8,600,000 BT Us per green ton * .65 = 1.87 x10e11 BTU
This is in addition to the 5.20 x 10e11 BTU currently produced in heat-only applications.
1.87 x10el11 BTU + 5.20 x 10e11 BTU = 7.07 x 10e11 BTUs total in 2025.

Cellulosic Ethanol from Wood - 2025 Calculation Note

(Source: Paul Frederick, Vermont Division of Forestry)

Assume cellulosic yield of 76.7 gallons per dry ton.

Assume 50% moisture of green wood.

500,000 green tons * 5 =250,000 dry tons

250,000 dry tons * 76.7 gallons/dry ton = 1.92 x 10e7 gallons of ethanol

Assume 83,333 BT Us/gallon of ethanol.
83,333 BT U/gallon * 1.92 x 10e7 gallons = 1.60 x 10e12 BTUs total in 2025

Wood Chips for CHP - 2025 Calculation Note

(Source: Paul Frederick, Vermont Division of Forestry)

In 2025, wood for CHP will include:

- Campus CHP (i.e., Middlebury College-size ~1.9 million ft sq)
- Small City Biomass District Heating (i.e., Montpelier-size)

- Large City Biomass District Energy (Burlington/BED-size)

- Industrial/ Commercial CHP (5 MW)

For a total of 411,000 green tons used in 2025.

This is in addition to the 136,000 green tons used in CHP applications currently.
411,000 + 136,000 = 547,000 green tons used in 2025

Assume 8,600,000 BT Us per green ton and 65% system efliciency. 547,000 green tons * 8,600,000
BTUs per green ton * .65 = 3.06 x10e12 BT'Us in 2025
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Small-Medium Wind - 2025 Calculation Note
Assume wind (of all scales) provides 10% of current electric use, including 12 MW of installed
small-medium farm-based wind (Source: 25x25 SC discussion). Current state electric use (in 2005)

is 6,298 GWh (Source: Vermont Energy Digest, p. 7).

Conversion: kWh x 3413 = BTUs
6,298,000,000 kWh *3413 = 2.15x 10e13 BTU

10% * 2.15 x 10e13 = 2.15 x 10e12 BTU

12 MW of installed small-medium farm-based wind and .20 annual capacity factor (Author’s as-
sumption) = 12,000 kW * 8760 hr/yr * .20 CF = 21,024,000 kWh annually.

Conversion: kWh x 3413 = BT Us
21,024,000 x 3413 = 7.18 x 10e10 BTU from small-medium wind energy in 2025

Commercial Wind - 2025 Calculation Note
Assume wind (of all scales) provides 10% of current electric use, including 12 MW of installed
small-medium farm-based wind (Source: 25x25 SC discussion). Current electric use (in 2005) is

6,298 GWh (Source: Vermont Energy Digest, p. 7).

Conversion: kWh x 3413 = BTUs
6,298,000,000 kWh *3413 = 2.15x 10e13 BTU

10% * 2.15 x 10e13 = 2.15 x 10e12 BTU

2.15x 10e12 BTU less the amount that small-medium generates is the amount that commercial
wind will generate: 2.15e12 BTU - 7.18 x 10e10 BTU (as calculated in Small-Medium Wind - 2025
Calculation Note) = 2.08 x 10e12 BTU from commercial-scale wind energy in 2025.

How many commercial-scale turbines would this require?

2.08 x 10e12 BTU divided by 3413 = 6.09 x 10e8 kWh

kW * hrs/year * CF = kWh

Assume 30% annual capacity factor for commercial-scale wind (Source: Author’s assumption).
6.09 x 108 kWh divided by (8760 hrs/yr * .3 CF) = 231,735 kW

231,735 kW = 232 MW

Assuming 2 MW turbines, 232 MW = 116 commercial-scale turbines.

Solar Hot Water - 2025 Calculation Note

Assume hot water heating accounts for 16% of residential, commercial, and industrial energy use.
(Source: Homepower Magazine, 1998).

Sum energy use by sector (except transportation) from EIA data yields 1.16 x 10e14 BTU (see calcu-
lation below) and multiply by .16 to yield Vermont 2004 hot water load of 1.85¢13 BTU.
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25x25 SC solar hot water goal is stated as “10% of current thermal hot water use.” 1.85 x 10e13 *
.10 =1.85x10el12 BTU.

Vermont 2004 energy consumption by end-use sector (Source: http://tonto.eia.doe.gov/state/state_
energy_profiles.cfm?sid=VT#overview)

Residential 51,433 billion Btu

Commercial 32,941 billion Btu

Industrial 31,499 billion Btu

Total = 115,873 billion BTU = 1.16 x10e14 BTU

How many solar hot water systems would this require?

Assume X installed systems at 101,000 BTU/day per system (Source: Vermont Energy Digest, pp.48-
49).

X systems x 101,000 BTU/day/system x 365 days = 1.85¢12 BTU

X =50,183 systems in 2025

Solar PV - 2025 Calculation Note
25x25 SC solar PV goal is stated as “5% of current electric use.” 2005 Vermont electric use is 6298
GWh (Source: p.7 of VDRC) or 2.15 x 10e13 BTUs. 2.15 x 10e13 BTU * .05 = 1.08 x10e12 BTU.

How many solar PV systems would this require?

Assume X installed kW at 18% average capacity factor (Source: Author’s assumption).
X *.18 CF * 8760 hrs/year = 1.08 x10e12 BTU / 3413 BTU per kWh

X =200,683 kW (or about 200 MW of installed PV capacity)

Large Hydro - 2025 Calculation Note

Assume 15 MW of additional hydro (all scales) by 2025 (Source: 25x25 SC discussion). Assume
there will be no new big hydro since state is fully dammed. So large-scale hydro production in 2025
will be the same as current, which is 1.32 x 10e12 BTU, as the following calculation shows:

Total Vermont hydro production — big and small: 8% of Vermont’s total 2005 electric load of 6,298
GWh came from Vermont utility-owned and privately owned Vermont plants (Source: Vermont

Energy Digest, p. 52). This translates to 504 GWh. 504 GWh = 504,000,000 KWh.

Conversion: kWh x 3413 = BT Us

5.04x10e8 x 3413 = 1.72 x 10e12 BTU

There is about 450 MW of large-scale hydro (10MW or larger) in Vermont (Source: 2005 PSB Dam
Inventory) and 138 MW of small-medium hydro (less than 10 MW) (Source: Vermont Energy Di-
gest, p. 52), for a total of 588 MW. Large-scale hydro is 77% of the total installed capacity and small
hydro is 23% of the total.

So, large-scale hydro production is calculated as 1.72 x 10e12 BTU * 77% = 1.32 x 10e12 BTU.
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Small Hydro - 2025 Calculation Note

Assume 15 MW of additional hydro by 2025 (Source: Vermont Energy Digest, p. 53 & 25x25 SC
discussion on 12/11/07). 138 MW of installed small, in-state hydro in 2005 (Source: Vermont En-
ergy Digest, p. 52).

15 MW of additional installed small, in-state hydro in 2025 (Source: Vermont Energy Digest p. 52).
Assume 50% annual capacity factor (Source: Author’s assumption).

15,000 KW * .50 * 8760 = 65,700,000 k\Wh/yr

Conversion: kWh * 3413 = BT Us

65,700,000 * 3413 = 2 .24 x10e11 BTU new hydro — in addition to 3.96 x 10e11 BTU of current
small hydro.

2 .24 x10ell + 3.96 x 10e11 BTU = 6.20 x 10e11 BTU of small hydro in 2025

Geothermal - 2025 Calculation Note
25x25 SC goal: Geothermal should reduce statewide fossil fuel used in space and hot water heating
by 5%.

Vermont residential sector fossil energy consumption in 2004 = 26.7 trillion BTUs = 2.67 x 10e13
BTU (natural gas = 3.1 trillion BT Us, distillate fuel=15.7 trillion BT Us, kerosene=2.3 trillion BT Us,
LPG=5.6 trillion BTUs) (Source: http://www.eia.doe.gov/emeu/states/sep_sum/html/sum_btu_res.
html)

Vermont commercial sector fossil energy in 2004 = 9.9 trillion BTUs = 9.9 x 10e12 BTU (natural
gas=2.7 trillion BT Us, distillate fuel=6.0 trillion BT Us, kerosene=0.2 trillion BT Us, LPG=1.0 tril-
lion BTUs) (Source: http://www.eia.doe.gov/emeu/states/sep_sum/html/sum_btu_com.html)

Vermont industrial sector fossil energy in 2004 = 7.0 trillion BTUs = 7.0 x 10e12 BTU (natural
gas=2.8 trillion BT Us, distillate fuel=3.4 trillion BT Us, kerosene= 0.3 trillion BTUs, LPG=0.5 tril-
lion BTUs) (Source: http://www.eia.doe.gov/emeu/states/sep_sum/html/sum_btu_ind.html)

Total heating fuel usage for all sectors = 4.36 x 10e13 BTU

Reduce this by 5% through the use of GSHPs: 4.36 x 10e13 BTU * .05 = 2.18 x 10e12 BT Us offset
by GSHPs.

How many residential GSHP units would this require?

Assume that GSHPs reduce energy use by 4.40 x 10e7 BTU per each home (Source: Geothermal -
Present-Day Calculation Note).

2.18 x 10e12 BTU divided by 4.40 x 10e7 BTU = about 49,500 GSHP units.

In the year 2000, Vermont had about 170,000 owner-occupied housing units and about 71,000
renter-occupied housing units (Source: http://www.housingdata.org/profile/resultsMain.php).
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