COMPREHENSIVE RENEWABLE ENERGY
FEASIBILITY STUDY
Sitka, Alaska

“The significant problems we face cannot be solved at the same
level of thinking we were at when we created them”
– Albert Einstein
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GOALS, OBJECTIVES, & POLICIES
Goals
Sitka Electrical Department Major Goals
1.
2.
3.
4.

Provide adequate and reliable electric service
Maintain Financial integrity
Use energy resources efficiently
Maintain the lowest electric rates possible consistent with the above goals

U.S. Department of Energy Strategic Goals (www.energy.gov)
1. Energy security
2. Scientific discovery and innovation
3. Environmental responsibility
4. Management excellence

Additional Goals
International Council for Local Environmental Initiatives (ICLEI) (www.iclei.org)
Sitka is a member of ICLEI, which is an international association of local governments as well as national
and regional local government organizations that have made a commitment to sustainable
development.
Flexible Energy Communities Initiative (FLECI) (www.fleci.org)
1. Planning and designing so that new energy systems can be easily added when those systems
become economically attractive
2. Purchasing and installing new energy equipment when the time is right for your community
3. Minimizing energy use while maximizing comfort and utility

Objectives
1. Analyze the feasibility of renewable energy power generation (other than hydro)
2. Analyze current and potential energy resources available within the city and borough of
Sitka and the island of Baranof.
3. Analyze the impact each energy option will have on the surrounding environment and
human health
4. Analyze Economic Impact of each energy option
5. Analyze Energy Efficiency options to accompany current and potential resources
6. Create a diverse energy portfolio for the city and surrounding service areas that is both
reliable and cost effective in both the short‐term and long‐term forecast

Policies
Alaska State Constitution
The Alaska Constitution provides the state’s policy concerning renewable energy resources, which
states, “to encourage ... the development of its resources by making them available for maximum use
consistent with the public interest” and that the “legislature shall provide for the utilization,
development, and conservation of all natural resources belonging to the State ... for the maximum
benefit of its people” (Alaska Constitution, Article VIII, §1 and 2). To comply with this provision, the

Alaska State Legislature enacted Title 38 of the Alaska Statutes (AS 38) and directed Alaska Department
of Natural Resources (ADNR) to implement the statutes. Additional statues include the Rural and
Statewide Energy Programs (AS 42.45), Alaska Energy Authority (AS 44.83) and Grant Programs (3 AAC
107) (ADNR, 2008).
Alaska Statewide Energy Plan
Identify and deploy energy sources that are vertically integrated, economic, long‐term stable priced, and
sustainable. (AEA, 2008) The plan addresses the fuel issues throughout Alaska and the shortage of
natural gas in Southeast Alaska. This plan is also assessing energy resources and the supporting
technology through the use of agency teams and industry experts. The University of Alaska and DNR
collaborated Alaska Energy Inventory Program will be developing a framework for comparing alternative
energy resources for supplying Alaskan communities.
Sitka’s Strategic Energy Plan
The statewide energy facilities standard provides the planning criteria on which the siting of major
energy facilities must be based. The standards provide general guidance that addresses the siting of
facilities to minimize adverse impacts. Most of the state standards are adequate to address local issues;
however, there may be instances, particularly in designated areas, where the general directives need
additional specificity to minimize local impacts. Other state or federal laws that deal with the approval
of energy facilities are broad in scope and general in their application (City of Sitka, 2008).
Alternative Energy and Energy Efficiency Project Development
This is component of the Alaska State Budget for 2009 will focus on decreasing the reliance of diesel fuel
for heating, power and transportation. It will provide training, technical assistance, and funding. The
project’s main areas of interest include: (AIDEA, 2009)
‐Biofuels and Biomass Energy
‐Combined Heat and Power
‐Geothermal
‐Energy Efficiency
‐Hydropower
‐Ocean and River Energy (Tidal)
‐Wind Energy
Renewable Portfolio Standard (RPS)
A RPS is a commitment made by each state that requires a percent of energy sales (MWh) or installed
capacity (MW) to be produced from a renewable energy source (FERC, 2009). There are currently 29
states in the U.S. that have a RPS, but Alaska is not one of them. Although there is not an established
RPS, former Gov. Sarah Palin has proposed an ambitious plan to produce half of all Alaska’s energy from
renewable sources by 2025 (State of Alaska, 2009). The focus of her plan is to empower local
municipalities to identify and develop the most cost‐efficient renewable power sources available to
them. This nearly doubles the projected expectations from the states in the lower 48, who at best are
looking at a RPS of 25% by 2025.
The definition of a renewable energy system when concerning RPS and other federal policies, relates to
only those systems, which the government wishes to encourage. This currently excludes large
hydroelectric facilities in most instances. There is currently a national battle over certain hydroelectric
facilities due to their negative impact on certain wildlife and the surrounding environment. There is a
debate taking place trying to establish a distinction for environmentally friendly hydroelectric facilities
which would allow for a more favorable perception nationally (citation).

Comment [tc1]: Lexi, do you have a citation for
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ENERGY USE & GENERATION
Historically, energy use in Sitka has focused around abundant natural resources of both wood and
water. The first hydroelectric generating facility was constructed in 1913 producing electricity for the
local sawmill and the city of Sitka. Since then the city has capitalized on its natural resources generating
hydroelectricity and using the wood supply from the Tongass National Forest for a local heating supply.
Although the population has remained relatively constant over the past decades, Sitka has seen a steady
increase in energy use during that same time period. This growth in energy use has caused a premature
peaking of the forecasted projections. (City of Sitka, 2008) In addition, strict environmental regulation
and logging bans in the Tongass, due to past exploitation from unsustainable logging practices, has put
limitations on harvesting local timber. This political environment has forced Sitka to look outside the
city for unsustainable fuel and energy sources.
Energy Options: Utility‐Scale Generation
The city of Sitka currently has an electrical capacity of approximately 34.6 MW. This capacity is
comprised of two hydroelectric facilities (Blue Lake and Green Lake) and the Jarvis Diesel Generating
Station. The Hydroelectric combined base load generation is capable of generating 122,000 MWh
annually, which was determined to have reached its maximum capacity in 2009. This is based on
nameplate capacities and the average usable water available in both reservoirs.
Blue Lake Hydroelectric Facility: This 6 MW facility on Sawmill Creek went into operation in 1961. The
Blue Lake reservoir provides with the city of Sitka with the most potential water storage capacity of the
two lakes. The city of Sitka recently requested a $12.5 million matching grant from the State of Alaska to
increase the dam height and building a new facility and adding a third turbine and generator, which
would increase generating capacity to 18 MW. They are currently in the preliminary engineering and
licensing phase of the expansion.
Green Lake Hydroelectric Facility: This 18.6 MW hydroelectric facility went into operation in 1979 and
provides the majority of electric capacity for the city of Sitka and surrounding areas. This generating
capacity is limited by the Green Lake reservoir, which is smaller than Blue Lake. This facility is
unmanned and is controlled through the Blue Lake facility control center.
Jarvis Street Diesel Generators: The diesel back‐up system incorporates four diesel generators that have
a capacity of approximately 12.5 MW. This facility is a peak load generating plant and is used when
hydro capacity has been maximized or during routine maintenance. The city is looking at adding up to 3
more additional 2.5 MW diesel generators to keep up with the forecasted load until the Blue Lake
project is complete and functional.
Energy Options: Residential
Fuel Oil # 2/ Diesel: Most homes in Sitka have installed an oil furnace or oil stove for their heating
option. A good majority of the residents have converted to an electric option or have a dual system
capacity due to uncertain variable fuel oil cost patterns that have occurred in the recent past saving
them up to 35% on heating costs. (Sitka Rain Power Project, 2010) Diesel is also used to power small
generators for limited and short‐term electrical capacity.
Wood Stove: There are only a few homes in Sitka that use wood stoves for heating or cooking. They
were more popular when logging was prevalent and the mill was operating.
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Geo‐exchange/ Heat pumps: Some residences have geo‐exchange (heat pumps) systems in their homes
that use either ground or air derived systems.
PV Solar: A small number of PV solar systems are in use by some residents to meet limited electrical
generation needs. These sites are usually located on off‐grid island properties and one on a building in
Baranof Warm Springs.
Wind: There is only one residential wind energy system operating on a nearby island in Sitka Sound.
Battery Storage: These off‐grid systems use battery systems to store excess generation. This storage
capacity is critical due to the limited energy resources that are available for solar and wind energy
systems.

RENEWABLE ENERGY
Renewable energy is energy generated from natural resources, such as solar, wind, rain, tides and
geothermal heat, which are renewable or naturally replenished (NREL, 2009). In 2006, about 18% of
global final energy consumption came from renewable energy, with 13% coming from traditional
biomass, such as wood‐burning.(REN21, 2007) Of this total, hydroelectricity was the next largest
renewable source, providing 3% of global energy consumption and 15% of global electricity generation.
(REN21, 2007)
Sitka’s energy portfolio, renewable energy component, consist of Hydroelectric and biomass, which are
28% of the total (Graph 1). Fuel oil, diesel, propane, and gasoline make up over 72% of the remaining
total energy mix (Graph 1). When focusing on electrical production, the projected load forecast for 2009
of 122,133 MWh would have met and possibly exceeded the hydroelectric base load capacity of both
the Green Lake and Blue Lake hydroelectric facilities.
Graph 1: MBtu’s Consumed in Sitka, 2008 (Sitka Electrical Dept)
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Note: total oil consumption: 9 million gallons
There has been increasing pressure on the city of Sitka, which includes rising oil prices and mandates to
reduce carbon emissions driving projected changes to the future energy portfolio. In Sitka’s Energy Plan
published in 2008, the Sitka Electrical Department is forecasting an increase in the utilization of both
local hydroelectric and biomass potential. This will induce a significant reduction in the use of fossil fuel
in the projected energy forecast by greater than 60%. When comparing the outlook in graph 2 to that
in graph 1, we see that hydroelectric power generation will more than double its influence and Sitka will
expect to see a significant increase in the use of biomass. Note, the wood category is combined with
natural gas and propane. The goal is to reduce the city’s dependence on fossil fuels and maximize the
use of the local renewable resources.

Comment [LU3]: In this paragraph, it would be
good to highlight the fact that this is considering
total energy use including transportation, fishing
fleet, home heating, etc.

Graph 2: MBtu’s Consumed in Sitka, 2028 (Sitka Electrical Dept)
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Hydroelectric: Barriers for New Generation
There are some concerns with the federal definition of renewable energy, which currently excludes all
hydroelectric facilities. This is important because funding directly apportioned for renewable projects
currently excludes all large hydroelectric facilities. In addition, the exclusion of hydroelectric facilities
would have a major impact on Alaska’s goal to have and maintain a sustainable RPS. Currently, there
are many concerns over the severe environmental impacts, which many hydroelectric facilities have
encountered, especially their impact on anadromous fish populations. Sitka has a unique situation
involving their hydroelectric facilities concerning their impact to both wildlife and the environment.
Sitka’s facilities are both considered environmentally friendly; they are in alpine basins that are above
salmon habitat and should be seen differently than those that pose environmental impacts.
General Authority for Renewable Energy in Alaska
Alaska Energy Authority (AEA)
Alaska Energy Authority is the state agency tasked with managing and approving major energy related
projects within Alaska. AEA’s projects and programs support its mission by:
1. Providing for the operation and maintenance of existing AEA‐owned projects with maximum
utility control.
2. Assisting in the development of safe, reliable, and efficient energy systems throughout
Alaska, which are sustainable and environmentally sound.
3. Reducing the cost of electricity for residential customers and community facilities in rural
Alaska.
4. Responding quickly and effectively to electrical emergencies.
Some examples of current projects supported by AEA include the Renewable Energy Alaska Project and
Alaska Energy Inventory Project. The Renewable Energy Alaska Project is a coalition of energy
stakeholders working to facilitate the development of renewable energy in Alaska through
collaboration, education, training, and advocacy. The Alaska Energy Inventory Project is collaboration

with the University of Alaska Fairbanks, which has the task of consolidating Alaska’s energy data and
creating a web‐based portal for the public’s access.

Important Terms and Definitions
Life Cycle Assessment (LCA)
Is the process of evaluating and identifying environmental impacts from cradle to grave. This process
quantifies the emissions, resource depletion, and energy consumption of the transformation of all raw
materials into useful products and the final disposal of all products and by‐products. (Mann & Spath,
1997) It incorporates the total environmental and economic consequences of any project. (Mann &
Spath, 1997) Using LCA allows the expensive initial investment in renewable energy system and level
out when competing against current establish technologies and in a comprehensive, long‐range analysis.
Project Champion
Have a leader on the project increases the likelihood of success and longevity of the project. This person
is committed from the start to the finish or establishes a strong foundation for a successor.
Externalities
This is an impact on a party that is not directly related to a transaction. This could be a positive or
negative impact that is created. An example of a negative externality would be pollution from burning
diesel fuel that lowers air quality for the city. A positive externality may include the hydroelectric facility
generation not emitting pollution or affecting the environment. Externalities are as important as
understanding LCA, because of the importance of understanding the whole process of a system
especially when trying to compare to other options.
Capacity Factor
This is a critical aspect when considering renewable energy projects, especially as a utility alternative.
The capacity factor is the actual energy output divided by its maximum possible output. (Boyle, 2004)
Many renewable energy resources, especially in Sitka, are variable and can severely impact a capacity
factor of a system.
Conversion Efficiency
This represents how well the power system converts the fuel into energy.
Example: (Rated Capacity of System = 100 MW, Capacity Factor = 30%, Conversion Efficiency = 35%)
Electrical output potential
Potential Output = 100MW x 8760 hours/ year = 876,000 MWh of output
Actual Output = 100MW x 30% x 8760 hours/ year = 262,800 MWh of output
Fuel Input Required = (100MW/35%) x 30% x 8760 hours/ year = 750,857 MWh
kW/MW v. kWh/MWh
Understanding the difference between these two terms are critical to understanding electrical
production and distribution. When using the term kilowatt, it represents the installed capacity (power
output) for a particular generation system. A kilowatt‐hour is a unit of electricity usage and represents
how many kW’s (energy output) were used over a period of 8760 hours in a year.
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BIOMASS
Biomass Energy
Biomass consists of organic matter such as trees, grasses, agricultural crops or other biological material.
As a renewable energy it’s used in the form of a solid fuel or could be converted into liquid or gaseous
states. Biomass can be used in the production of electrical power, heat, chemicals, or fuels (NREL,
2009). Biomass fuels have low energy densities compared to fossil fuels, which means more mass is
required to produce the same amount of energy (AES, 2009). On average, converting biomass to
electricity is about 20% efficient, compared to fossil fuels, which is around 30% efficient (NREL, 2009).
The efficiency can increase greatly to over 70% when used in a Combined Heat Production Facility (CHP)
where waste heat is captured and used for space heating (Boyle, 2004).

Biomass Systems
Biomass has been a proven source as an electrical
generation in the United States. Biomass systems
encompass the entire cycle ‐‐ growing and
harvesting the resource, converting and delivering
electricity, and recycling carbon dioxide during
growth of additional biomass. Currently there is
12.3 GW of generating capacity in the U.S., which
is second only to hydropower (EIA, 2009). This
capacity is distributed between 70% forest
product industry and agricultural residues, 25%
municipal solid waste, and 5% land fill gas
extraction (NREL, 2009).

http://bioenergy.ornl.gov/papers/misc/bioenergy_cycle.html

Southeast Alaska has many challenging economics
for logging and timber harvesting for many areas
of the Tongass National Forest (NGS, 2009). The
price of biomass can be volatile and it is necessary
to secure long‐term fuel supplies. Most feedstocks are not solely designated for biomass supply, but
come as a secondary use from a primary source such as logging or mill operations. Thermal biomass
facilities/ systems are used primarily as a boiler system to provide space heating. This heat is either
distributed as steam or hot water. Most systems connect to existing boiler systems or can be integrated
into an air duct system (EERE, 1997). The primary biomass systems include:
Direct‐Fire Boiler Systems: These systems burn the woody biomass or other fuels to run a boiler system
that either produces steam or boiling water for a turbine system or heat distribution system for space
heating.
Combined Heat and Production (CHP)/ Cogeneration Facilities: CHP uses waste heat from electrical
generation to heat buildings or facilities. These CHP facilities increase the efficiency of the facility by
capturing the potential lost energy and using it as a heating source. This increases the potential
efficiency of the biomass facility in upwards of 70% (Boyle, 2004).

Gasification‐Based Biomass Systems: converts biomass materials into
carbon and hydrogen‐rich fuel gases or liquids. These gases or liquids are
better able to be utilized and can often gain in efficiency and environmental
performance compared to direct combustion of the biomass (NREL, 2009)
This process is more extensive and expensive, but creates a fuel that is both
more efficient, compact and easily transported. The fuel can be used for
boiler systems, engines or turbines (NREL, 2009).

www.fs.fed.us

Wood gasification system

Biomass Fuel Source: Forest‐Product Industry Residue
Include any and all by‐products from the harvesting and production of timber products. One of the
concerns of forest managers both public and private, is restoring, maintaining, and enhancing the health
and resilience of forest ecosystems (USDA, 2008). The plant life that is removed, known as biomass,
includes large quantities of small‐diameter and low‐quality wood that currently has little or no
commercial value (USDA, 2008). This could include the waste left in the forest or the chips and sawdust
from the milling process. Biomass is a fuel that is rarely consistent and its characteristics change with
many variables within the plant which can affect efficiency, pollution, and energy output. These fuel
sources include:
Clean Chips: these included bark‐free wood usually containing less than 0.05% ash content. This fuel is
appropriate for large buildings or campuses (NREL, 2008).
Whole‐Tree Chips: small branches and limbs that are not reduced to sizes comparable with standard
chips. These wood chips should be screened because it can clog up equipment sometimes due to their
irregular shapes and sizes.
Cordwood: firewood sized or slightly larger. This fuel source can usually be acquired for free due to the
fact it is harvested from a local forest management project. Cordwood is usually used in homes or small
outdoor wood burner stoves, such as a GARN stove (NREL, 2008).
Hog Fuel: a mixture of wood and bark usually produced by a wood hog grinder, where it gets its name
from. Has a high potential ash content of 3‐4% due to the high moisture content and other impurities
(NREL, 2008).
Industrial Mill Waste/Residue: material left over during the milling process of lumber or furniture
making. It can be a potential disposal problem, but also can be a significant energy source for direct fire
systems. The two main types of residue include: (NREL, 2008)
Primary –green mill residue containing > 20% moisture
Secondary – dry mill residue containing < 20% moisture
Wood Pellets: are known as “densified biomass” taking out most of the water and air. These pellets
have twice the energy at a third of the mass of typical cordwood. This allows for more cost effective
handling and transportation. Pellets can cost twice as much as woodchips with the same amount of
energy. Pellets are created for maximizing efficiency and clean combustion (NREL, 2008).

From right to left: Clean Chips; Cordwood; Hogfuel; Industrial Waste: Saw Dust; Wood Pellets.

Biomass Fuel Sources: Municipal Solid Waste (MSW)
MSW usually consists primarily of paper‐based or urban wood residue. A variety of wood‐based waste
found in both municipal and commercial waste (Badger‐Oak Hill Research Labs, 1996) Urban wood
residues includes: MSW, old wood pallets, construction & demolition materials, shipping and packaging
materials, and yard and lawn clippings (Badger‐Oak Hill Research Labs, 1996). MSW in Southeast Alaska
is currently being handled in multiple different ways from uncontroled open dumping, open burning,
composting, permitted land filling, recycling and baling and shipping solid waste to the lower‐48.
In 2008, the city of Sitka produced over 9,100 tons of MSW, 5.05 tons per person. Sitka’s MSW
management includes a recycling program that is voluntary. Approximately 675 tons of the MSW was
recycled in 2008, excluding metals. (Recycling: Table 3) This waste was shipped down to a recycling
center in Washington and purchased at market rate prices. There is a potential of 650 tons of the
recycled waste (cardboard, mixed paper, and newspaper) to be used as some sort of biomass energy or
thermal production. This would help reduce the cities barge transportation needs to Washington.
The non‐recycled MSW left over, 8,433 tons, was bailed and
shipped over 1,100 miles down to Bellingham, WA to their
regional landfill (graphic to the right). The cost to the city for
this shipping service is $108 per ton, which leads to an annual
cost of $916,840. This service cost the local citizens and flat
monthly fee of $25 for a 32‐gallon container to $170 for a
350‐gallon container that are picked up once a week. There
are also external costs that for administrative and other cost
which are absorbed by the taxpayer.
In general, 45% of MSW is composed of paper,
cardboard, and wood that has the potential to be
used as fuel in biomass systems (Graph 3). This
adds up to a potential of 3,795 tons of MSW, that
the city would not need to ship to
Washington.(Table 4) It would also potentially
save the city $405,521 in disposal shipping costs
after the market value is accounted for. (market
table) There would be additional costs for

Graph 3: Material Composition of Municipal

handling the MSW include separation and preparation for the boiler.
The recycling program saves the city of Sitka $73,386 per year. In addition, the recycled material is sold
at market value to Rabanco Recycling in Washington helping to offset cost of transportation with a
potential profit Currently, Sitka ships (8,433) tons of waste annually to Bellingham, WA with the
potential of about 3,795 tons, about 45% (paper cardboard and wood), to be used in energy creation
process and saving them $412,579 (3,795 tons x $108) per year for disposal cost.
The market value of most recycled items has bottomed out with the current economy, but is starting to
recover. The current market value of recycled items is as follows
Potential Market Value of Biomass Related Recycled Materials
Potential
Lost Potential
$/ton
$/ton
Total Tons in
Recycled Item
Revenue (09) Revenue (07)
2007 (TL) 2009 (TL)
2008 (TL)
Corrugated Cardboard
$135.00
$117.50
419.3
$49,267.75
‐$7,337.75
Old Newsprint
$112.50
$85.50
23.51
$2,010.11
‐$634.77
Mixed Paper
$28.50
$33.00
203.21
$6,705.93
$914.45
Total
646.02
$57,983.79
‐$7,058.08
Source: www.scrapindex.com/paper.html

Alternative MSW Fuels
Waste Cardboard Briquettes
This is the process of using lowwww.akenergyauthority.org/AEAdocuments/BurningGarbage.pdf
cost materials such as waste newspaper, cardboard and other paper
products to create dense wood based fuels though compaction (below) for a heating solution. These
briquettes (below) have a heating value of about 7,900 Btu’s which is just slightly lower than wood and
can be used in a pellet or wood stove. The compactor is able to process and create 300 lbs of product
an hour. Currently, there is not a sustainable supply and cost effective handling method or feasible
business plan. This will also help act as a mitigating effect to the MSW problem currently plaguing the
city. The expectation is when Sitka and the community organize their recycling efforts the business plan
will take off and provides a cost effective low emission fuel for the city of Sitka. The potential output is
expected to be between 700 to 1,000 tons per year (Bruce Pauley, 2009).
Left: Hydraulic
Compactor.
Right: Cardboard
Briquette which is
a product of the
compactor and is
the size of a soup
can

Externalities: Biomass Fuel and Facilities
There are many concerns with biomass facilities. Although biomass is considered a renewable energy
and carbon neutral fuel, their characteristics follow that of a coal plant with its process, emissions and

by‐products. Some major concerns include accessibility and location, quality (moisture & ash content),
systems capacity factor, fuel oil input and environmental issues.
Accessibility/ location: The closer the fuels is to the biomass facility the less fossil fuel impact and
possibly less handling necessary. The closer the fuel to the site and what is the primary function for the
wood extraction. It’s hard to make biomass fuel cost‐effective if its sole purpose is for fuel instead of a
by‐product of logging or some process (pulp, furniture, or lumber).
Quality: biomass is one of the most diverse renewable fuels sources. The quality of the fuel source can
vary in range or moisture, ash content and burning characteristics. Quality fuel, such as cordwood with
lower moisture content, can cost over $200 a cord (1 cord = 1.2 tons) (table Parrent). In contrast, a less
expensive fuel at $80 per ton, but higher moisture content fuel can increase handling and preparation
costs along with lowing the potential burning efficiency of the fuel.
Capacity Factor: Due to the percent of the load the biomass facility is designed for with additional fossil
fuel needed to fulfill the required heat not provided by wood.
Fuel Oil: How much fuel oil will be needed for unmet capacity and general operations of the biomass
facility. Increased costs help increase the financial feasibility of a biomass facility.

Externalities: Cumulative Effects
Noise: nominal facility noise from normal operations
Solid Waste: non‐wood waste brought to the facility, wood waste which isn’t processed and sludge from
scrubbers and ash
Air Emissions: Dust is created from moving and processing biomass fuel which can be extremely harmful
to human health and Volatile organic compounds are carcinogens created during the drying and
released during the burning process
Water Pollution: Run‐off pollution occurring with stored wood and falls under storm management
Fire: Stored biomass fuels can ignite when stored though a combination of moisture and the outside
environment. It is best to limit storage time and use a first in/ first out fuel policy.
Aesthetics: have negative community perceptions from the building design to the processing equipment
in the area.
(www.bioenergy.ornl.gov, 2008)

Funding
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
biomass energy options. For more information follow the link: www.dsireusa.org

Regulation & Authorities
Alaska Wood Energy Conference

http://www.tananachiefs.org/natural/AWEC2007.shtml
Department of Natural Resources
Environmental Protection Agency

Programs
LEED Design Aspects
Incorporating LEED design into Biomass is critical in making them more sustainable and environmentally
to both the local region and carbon footprint. See Appendix to see what elements in LEED design can be
incorporated into biomass projects.
Biomass Program
This program supports NREL research and development of biomass characterization, thermal chemical,
and biochemical biomass conversion technologies, bio‐based product development, and biomass
process engineering and analysis. The Biomass Program also focuses on the development of cost‐
effective, environmentally friendly biomass conversion technologies to reduce our nation’s dependence
on foreign oil, improve our air quality, and support rural economies. (NREL, 2009)
Pacific Regional Biomass Partnership
This is a state and federally sponsored programs supporting the use and research of biomass programs
incorporating the states of Alaska, Hawaii, Utah, Oregon, Montana and Washington. More info at
www.pacificbiomass.org
USDA‐Rural Development
The programs mission statement is to increase economic opportunity and improve the quality of life for
all rural Americans. This is a grant funded project to help communities find regional solutions for
handling MSW. The grant does not focus on the siting process or associated technologies, which are
usually made by members of a solid waste authority. More info at www.rurdev.usda.gov
Alaska Wood Energy Development Task Force Group (AWETFG)
The group represents 14 federal and state agencies, native organizations, universities and other groups
with a mission of increasing the use of wood resources for energy in the state of Alaska (citation).
Alaska Energy Inventory Project
Will address the issue of managing Alaska’s energy resources. This data will be accessible through a
user‐friendly web‐based interactive map, based on the Alaska Department of Natural Resources, Land
Records Information Section's (LRIS) Alaska Mapper, Google Earth, and Terrago Technologies' GeoPDF
format to display the location, type, and where applicable, a risk‐weighted quantity estimate of energy
resources available in a given area or site. The project will be managed and directed by the DNR Division
of Geological and Geophysical Surveys DGGS over the next five years with a team composed of the
Alaska Energy Authority, DNR Division of Forestry, and DNR LRIS. The Alaska Energy Inventory project
will
1. Inventory and compile all available Alaska energy resource data suitable for electrical power
generation and space heating needs including natural gas, coal, coalbed and shalebed methane,
gas hydrates, geothermal, wind, hydro, and biomass and

2. Identify locations or regions where the most economic energy resource or combination of
energy resources can be developed to meet local needs.
(AEIP, 2009)
Alaska Energy Data Inventory (AEDI)
AEDI is co‐sponsored program by the AEA and University of Alaska – Fairbanks. The mission of the
Alaska Energy Data Inventory is to provide easy access to Alaska's energy data in formats people can
actually use (Alaska Energy Inventory, 2009).

Case Study
Craig Aquatic Center: Craig, AK
The city of Craig, AK installed an energy efficient, low emission
cordwood boiler for the Craig Aquatic Center. The wood supply is
currently coming from Viking Lumber Company located only a couple
of miles from the aquatic center. The installation of this biomass
boiler system is expected to save the city approximately $ 7,163
compared to the use of fuel oil (AWEDTG, 2006).
www.craigak.com

Local Examples
Hames Athletic Center: Sitka, AK
The city looked at the feasibility of using a biomass heating facility to
more efficiently heat the Hames Fitness Center. The facility is 33,700
sqft and uses 45,000 gallons of fuel oil which costs the city an average
of $198,000 (@4.40/gal) annually. The feasibility study focused on
supply of the biomass and labor costs incurred during the boiler’s
operation. Due to the high cost of fuel, additional structures that
were necessary to run the system efficiently, and the status of
ownership of the center; the city decided not to pursue this avenue at
this time (Sitka Electrical Dept Hames Report, 2007).

Picture by Travis Clemens

Japonski Central Biomass Heating Facility/ CHP: Sitka, AK
The Coast Guard is
leading
a
project
proposal
for
the
construction and use of a
central biomass heating
facility to be located on
Japonski Island.
This
facility would be used to
generate steam to heat
four of the major
facilities on the island
www. cityofsitka.com
including Coast Guard,
SEARHC, Mt. Edgecumbe High School and the University of Alaska Southeast. The estimated cost of the
project could range between $4‐10 million which includes the ground network of piping necessary to
deliver the steam to the boilers in each facility. Some concerns include the cost ($67‐$200 per ton),
quality (moisture content), supply of biomass fuel and logistics of moving the fuel to the boiler. In

addition, the city would have to look at the feasibility of a CHP facility generating electricity at a cost of
$0.10 ‐ $0.14 per kWh. If the option of CHP is chosen, the city would have to justify the need for
supplemental electricity if the hydro facilities were not able to constant maintain load (CTS Consulting,
2009).

Assessment/ Keys to Success
There are many elements that make a biomass system successful. NREL has laid out the five keys to
successful biomass facility and they include the following: (NREL, 2008)
A good local wood source: due to wood being bulky and high in moisture, which increases cost of
transportation, a close source critical to biomass being practical
The right team and technology: need to choose the right technology to fit the facility it is being used for.
Political will and long‐term commitment: The economics of Biomass systems can be uncertain and
sometimes cost up to two to three times that of a conventional system. Understanding that it will take
up to ten years for pay‐back is necessary.
A high energy bill: the higher the energy bill the more feasible biomass systems become.
A champion: Have a leader on the project increases the likelihood of success and longevity of the
project.
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BIOFUELS
Biofuel Energy
Biodiesel (bio‐oil)
Produced from animal fats and vegetable oils, which can be used in their pure form or mixed with diesel
for high octane and performance. Mixing with diesel lowers the particulates, carbon monoxide,
hydrocarbons and other toxins with its use in diesel‐powered vehicles. Sitka could have local sources for
both fish oils which are plentiful and vegetable oil from local restaurants, which will be more limited.
• Fish oil (fish processing plants)
• Vegetable oil (local restaurants)
• Microalgae (coastal algae farms)
(www.eere.energy.gov)
Bioethanol (feedstock)
The most common form of bioethanol uses either corn or sugar‐based fuels for its process, but these
fuels are also food stock which has been a controversial issue. Another form of bioethanol uses
cellulosic biomass, which in most cases is not considered a major food source. Examples of potential
feedstock include:
• Agricultural Residues
• Forestry wastes (chips and sawdust from lumber mills, dead trees and tree branches)
• Municipal solid waste (household garbage and paper products)
• Food processing and other industrial waste (fish waste)
(www.eere.energy.gov)
Fish/Animal By‐products/ Waste Vegetable Oil
Biodiesel is produced by a reaction between an alcohol catalyst with vegetable oil or animal fats
lowering its viscosity making it easier to use. Like in ethanol, biodiesel is used as a fuel blend with
regular diesel with the idea to maximize energy and mitigate environmental pollutants. (The Big Green
Bus, 2008)
Microalgae
A microalga is a newcomer in the realm of biofuels and holds the
largest potential for supplying the means to create a bio‐fuel through
it refinement. Microalgae can produce 10‐100 times more lipids (oil)
than standard soybeans per acre.(Oilgae, 2010) Definitely has more
potential than waste oil, but is still in the research/ testing phase and
could definitely be a good fit here in Sitka. Sitka, has limited land, but
has an abundance of ocean resource area and could incorporate an
algae production facility in one of their local bays. More research
needs to be taken into account and potential environmental impacts
need to be concidered.

www.cincitdi.co

Biofuel Source: Fish Oil
There are currently four potential sources of fish waste here in Sitka. They include the three seafood
processing facilities (Silver Bay, Seafood Producers Cooperative and Sitka Sound) and the Medvejie and
Sheldon Jackson Hatcheries.
Silver Bay Seafood: No Information Available
Seafood Producers Cooperative: A state of the art processing plant in Sitka, but is headquartered in
Bellingham, WA. This Cooperative is comprised of over 500 fishermen who fish the North American
Pacific Coast. SPC has been around since the 1940s.(AGSPC, 2009)
Sitka Sound Seafood: A subsidiary of North Pacific Seafood operating in Sitka in the 1960’s. The plant
processes all the major fish species caught in the waters off of Sitka and Southeast Alaska such as
salmon species, halibut, rockfish, sea cucumbers, lincod, shrimps, and Dungeness crab. (NPS, 2009)
Medvejie Fish Hatchery: Located in Bear Cove, approximately 5 miles past the Green Lake trail gate, and
is used to supplement wild stocks of salmon for maintenance of sustainable levels for several salmon
species populations for both commercial and sport fishing.(Allen Marine Tours, 2009)
Sheldon Jackson (SJ) Hatchery: Operating since 1975, this hatchery has been used as an educational
institution and viable salmon production facility. At this time SJ hatchery has an uncertain future, but is
sustained by private donations and volunteers. This facility has the potential to be an educational base
not only for fish hatchery business, but also include the full fish processing prodcution. The facility has
$1.5 million worth of federal grants pending on the ownership of the campus. The Director of the SJ
Hatchery, Dan Goodness, is a great example of a “project champion” which is needed for these project
to be successful.(SJ Hatchery, 2009)

Externalities: Positive & Negative
Using this waste product could have other environmental benefits. As noted in the New Agriculturist last
year:
“Twenty‐one million gallons of fish oil are produced annually by Alaska's shore‐based and floating fish
processing plants ‐ mostly located on and around the Unalaska and Akutan Islands ‐ and yet two‐thirds
(13 million gallons) are currently discarded. Fish waste, if not processed immediately, degrades rapidly
and quickly loses its value, for example as an animal feed. Dumped into the sea in high concentrations,
the waste can also disrupt marine ecosystems.”(The Fish Site, 2009)
There are a couple of concerns with biodiesel/ bio‐oil for use in Sitka. First, the quantity collected will
not be an amount to have a significant impact on the replacement of diesel use. Though it will help save
money for waste oil disposal which costs the city $ ( ) per gallon if it were shipped to a disposal facility in
Washington. Second, the cost of handling the pick‐up might affect the feasible cost of the product.

Funding

Biodiesel Tax Credit‐ gives a $1.00 per gallon of biodiesel produced by virgin animal fats (e.g. fish oil) or
$0.50 per gallon of biodiesel produced form previously used agricultural products (e.g. recycled fryer
grease) For more info: www.irs.gov/publications/p510/ch02.html
Biomass Research and Development Initiative‐ Grants provided for biomass research, development, and
demonstration projects. (Eligibility includes an ethanol or biodiesel facility) For more info:
www.brdisolutions.com/default.aspx
Database for State Incentives for Energy and Incentives (DSIRE)
A website with a general overview of state and federal funding and financing opportunities currently
available for geothermal energy. For more info: www.dsireusa.org

Regulation & Authorities
Currently the fish processing facilities either grind up and pump their fish waste into the local bays or
pay ships to take it out to sea for disposal. The EPA has taken strict action against companies that have
failed to follow their strict regulations of the Clean Water Act and the Marine Protection, Research and
Sanctuaries Act.
Clean Water Act (CWA)
The Clean Water Act establishes the basic structure for regulating discharges of pollutants into the
waters of the United States and regulating quality standards for surface waters. 33 USC § et seq (1972).
(EPA, 2010)
Marine Protection, Research and Sanctuaries Act (MPRSA)
Also known as the Ocean Dumping Act, prevents dumping in oceans in U.S. territory where as to prevent
unreasonable degrade or endanger human health, welfare, or the marine environment. 16 USC § 1431
et seq. and 33 USC § 1401 et seq. (1988). (EPA, 2010)
Example Trial: Trident Seafood
Trident Seafood’s of Seattle was fined $96,000 by the EPA due to the fact its operations in Ketchican and
Akutan were pumping an extraordinary amount of waste and it caused issues with smell and ecosystem
disruption due to the decomposing fish remnants. Along with punitive damages, Trident Seafood’s was
ordered to dispose of waste according to EPA‐ approved methods. They were also ordered to clean‐up
existing waste piles, improve operations, and complete a Supplemental Environmental Project (SEP)
consisting of a n economic analysis looking at the cost benefit of using a fish meal plant compared with
current practices.

Programs
Biomass Program
This program supports NREL research and development of biomass characterization, thermal chemical,
and biochemical biomass conversion technologies, bio‐based product development, and biomass
process engineering and analysis. The Biomass Program also focuses on the development of cost‐
effective, environmentally friendly biomass conversion technologies to reduce our nation’s dependence
on foreign oil, improve our air quality, and support rural economies. (www.nrel.gov)

Pacific Regional Biomass Partnership
This is a state and federally sponsored programs supporting the use and research of biomass programs
incorporating the states of Alaska, Hawaii, Utah, Oregon, Montana and Washington.
(www.pacificbiomass.org)
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhaustible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)

Case Study
Unalaska Power House Dutch Harbor, AK
Fish waste may be converted to fish fuel that is comparable to diesel.
Dutch Harbor reportedly produces 3.5 million gallons of fish oil.
UniSea, a major processor in Dutch Harbor, worked with the Alaska
Energy Authority on a pilot project to test the efficiency of using fish
oil with diesel fuel for electrical generation. The results so far have
been positive and await the results of long‐term testing on the
engines. A number of factory trawlers have been adding a fraction of
fish oil to their fuel for years.
Unalaska power house
(www.dced.state.ak.us/oed/seafood/by_products.htm)

Local Examples
Alaska Protein Recovery (APR)
APR is a company that hydrolyzes fish protein and fish oil from Alaska seafood industry by‐products.
APR uses a barge, the Alaskan Venturer, to efficiently move from port to port processing fish waste and
helping the local fish processors avoid disposing of the waste within the channels or paying to ship it out
to sea for disposal. APR attempted to work with the fish processors here in Sitka, but was unable to
reach a contract with each of the individual processors, which was necessary to make the process
feasible for APR. (www.alaskaproteinrecovery.com) –Daniel Rushman

Assessment/ Keys to Success
Sitka’s Combined Potential
Commercial fish processors in Sitka produce an estimated 15‐20 million tons of fish waste annually.
Currently, the seafood processing companies grind up and pump the fish waste into the Sitka Bay.
Dumped into the sea in high concentrations, the waste can also disrupt marine ecosystems. The fish oil
potential from this waste is approximately 300,000 to 400,00 gallons per year. Fish oil has been proven

as a standalone product, works more effective when mixed as a ratio with diesel as a fuel. It can then be
used in Flex‐fuel vehicles and as biodiesel (Sealaska study). The city of Sitka should use this potential
resources or at least management it in away that avoids harm to the environment and surrounding
ecosystem. In addition, federal and state incentive programs for the use of renewable energy are
becoming more attractive. The most likely site for such a project would be Sawmill Cove Industrial Park.
Fish Waste to Biodiesel ‐ Potential for Sitka (Summary Notes: February 25, 2008)
www.sawmillcove.com/board/.../031708/031708biodeisel.doc
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GEOTHERMAL
Geothermal Energy
This heat can be drawn from several sources: hot water or steam reservoirs deep in the earth that are
accessed by drilling; geothermal reservoirs located near the earth's surface, mostly located in western
states, Alaska, and Hawaii. This variety of geothermal resources allows them to be used on both large
and small scales. A utility can use the hot water and steam from reservoirs to drive generators and
produce electricity for its customers. Other applications apply the heat produced from geothermal
directly to various uses in buildings, roads, agriculture, and industrial plants. (NREL, 2010)

Geothermal Systems
Uses a well to extract high temperature geothermal energy from the ground and uses the steam to run a
turbine to generate energy. The excess water which is at a cooler state is then pumped back into the
ground as a recharge to the system. (EIA, 2009) There are two main types of geothermal systems using
geothermal energy, which include direct‐use systems and geothermal power plants. (Your Own Power,
2009)
The three main types of geothermal power plants are flash, binary, dry steam, and flash/binary
combined cycle along with new technological advances such as enhanced geothermal systems. (NGC,
2003)
Flash Steam: Pockets of hot pressurized water usually at a temperature around 350 degree. The steam is
used to drive the turbines and then the excess water is injected back into the ground through a direct
use system. It is the most common geothermal energy source.
Dry Steam: Extremely rare and only five dry steam fields have been discovered throughout the world
and are usually associated with geysers. The steam drives the turbine which produces the energy.
Binary: Unlike flash and dry steam systems, this process uses a heat transfer system to extract the heat
from the geothermal sources usually at much lower temperatures. This heat is transferred to another
fluid that has a lower boiling temperature and the new fluids vapors are used to run the turbines to
produce energy.
Enhanced Geothermal Systems (EGS): Geothermal technologies usually use the wet or dry steam
available from the subsurface of the earth which is extracted to drive a turbine to power a generating to
produce electricity. In sites where natural steam extraction is not available, there is a possibility that an
EGS might be feasible. An EGS uses the same processes and technology of the standard geothermal
energy systems, except water must be pumped through subsurface heated rocks to create steam that
can be extracted. This technology allows for the accessibility of more sites for potential geothermal
energy systems. (NREL, 2008)
Direct‐Use: In direct-use systems, a well is drilled into a
geothermal reservoir to provide a steady stream of hot water.
The water is brought up through the well, and a mechanical
system—piping, a heat exchanger, and controls—delivers the heat
directly for its intended use. A disposal system then either injects
the cooled water underground or disposes of it on the surface.

Spring fed bath house on the
boardwalk in Baranof Warm Springs

Geothermal hot water can be used for many applications that require heat. Its current uses
include heating buildings, raising plants in greenhouses, drying crops, heating water at fish
farms, and several industrial processes, such as pasteurizing
milk. With some applications, researchers are exploring ways to effectively use the geothermal
fluid for generating electricity as well. (NREL, 2009)

Geothermal Fuel Source
There are visible signs of geothermal activity throughout Sitka and the Island of Baranof. The most
noted areas include Baranof Warm Springs, Goddard Hot Springs and Mt Edgecumbe, a dormant
Volcano. Alaska has more geothermal resources than any other state in the country, and yet until
recently none of these resources had been developed for power generation.

Externalities: Geo Hazards
There are potential hazards associated with the use of geothermal resources surrounding the city of
Sitka and the island of Baranov. This includes landslides, subsidence, increased seismicity, thermal and
chemical water pollution, air pollution, noise and disturbance to fish and wildlife. (ADNR DOG, 2008)
Volcanic Activity: Mt Edgecombe, located on Kruzof Island is a long‐dormant volcano with the last
eruption occurring around 200 B.C. (Wikipedia, 2009)
Landslides: Geothermal resources can exist on steep hillsides which leave the possibility for landslides.
The location and engineering of the geothermal plant is critical in mitigating this hazard.
Subsidence: This occurs when the withdrawal of fluids is not replenished within the reservoir. This
results in the drop of pressure in the reservoir and changes in pore space within the rock. If subsistence
occurs there will need to be an adjustment to production or injections rates, in serious cases the
suspension of operations may need to occur.
Induced Seismicity: There is potential of small seismic activity when extracting and injecting fluids into
the Earth’s rock subsurface. There have been documented reports of small shallow earthquakes (< 2.5
on the Richter scale) that have occurred during mining, well drilling, and other activities that manipulate
the earth subsurface temperature, composition, pressure, and chemistry. (Fisher and Horalek, 2008)

Externalities: Environmental Hazards
Water Quality: The Clean Water Act controls regulate the discharge and disposal of offending
substances. Geothermal water can contain chemicals, usually found as a dissolved effluent, such as
arsenic, mercury, radon, hydrogen sulfide, carbon dioxide, and silica which could have significant
environmental impacts. Another concern is thermal pollution, which is the heat from the water
extracted. It’s necessary to obtain a geothermal spill contingency plan with the Alaska Department of
Environmental Conservation (ADEC). The contingency plan must include clean‐up detains how the
lessees will prevent, control, and clean‐up accidental releases of geothermal fluids. In addition a risk
assessment of a geothermal spill impact to the localized should also be included.
Air Quality: Although geothermal produces minimal emissions, but the exploration and facility and road
construction can produce significant amounts of exhaust and dust during this period. This will not have
a significant cumulative affect over a long period.

Noise: major source would be in initial construction and large vehicle trips to geothermal well sites.
Helicopter visits might be required based on location. The nominal noise from the turbines can be offset
with a muffler system.
Disturbances to Fish and Wildlife: Facility should mitigate operations in order to minimize impact to the
surrounding wildlife and habitat. Concerns could come from thermal water discharge or issues during
the construction phase. Under ADNR Mitigation Measure 1.a., the plan of operations must describe the
lessee’s efforts to minimize impacts on residential, commercial, and recreational areas. Mitigation
Measure 1.b. requires lessees to minimize sight and sound impacts for new facilities sited in areas of
high commercial, recreational, and subsistence use and important wildlife habitat.
(ADNR DOG, 2008)

Cost
There are certain project elements that can have considerable impact in the cost, time and feasibility of
a geothermal power plant. Elements such as exploration depth, access to site, lease cost and lag time,
competition for drill rigs, and many other geographical and financial issues. (Appendix)
The table to the right describes the
economics of a 50MW geothermal
generating station located on federal land
over a 30‐year time span. The major
costs of a project include exploration and
resource assessment, drilling, plant &
transmission construction, and other
costs developmental costs such as general
permitting fees and working capital.
These numbers can vary from site to site
based on site location and geology.
(Insert table)

Typical Geothermal Power Plant Development Costs
Development Stage
Exploration and resource assessment
Well field drilling and development
Power plant, surface facilities and
transmission
Other development costs (fees, working
capital, and contingency)
Total development cost

Cost ($/kW)
$400
$1,000
$2,000
$600
$4,000
Source: GEA, 2008

Considering all of these factors, exploration is estimated to cost $100 ‐ 200 / kWh. Exploration for the
typical 50 MW geothermal power plant will thus cost between $5 and $10 million, with costs rising as
the cost of steel increases. (GEA, 2008)
HDL Engineering‐ Geothermal Cost Matrix (produced as a memorandum for AEA)
This assessment focuses on the major costs of the establishing a geothermal energy facility in multiple
sites throughout the state of Alaska. The report has created a matrix format comparison chart of these
sites and their major characteristics. Sitka’s Goddard Springs is the example site in the report. The
island also has the resources of Mt Edgecombe along with Baranov Hot Springs. (HDL, 2009) (Appendix)

Funding
Recovery Act: Geothermal Technologies Program (DOE)
Helps fund exploration and innovation for geothermal energy. Goal is to reduce the high risks in the
early stages of geothermal technology research and implementation. For more information follow the
link: http://www.grants.gov/search/search.do?mode=VIEW&flag2006=false&oppId=47584

http://www1.eere.energy.gov/geothermal/current_solicitations.html
Renewable Energy Fund: Renewable Energy Grant Program (AEA)
The Alaska legislature has already authorized a $100 million fund for renewable energy projects. For
more information follow the link: www.akenergyauthority.org/RE_Fund.html
Renewable Energy Production Tax Credit (PTC)
A corporate tax break that reduces the final energy costs to supply output to the market. Currently the
PTC for geothermal is $.021 per kWh. For more information follow the link: www.irs.gov/pub/irs‐
pdf/f8835.pdf
Cap & Trade System (pollution credits)
Future benefits could exist if a cap and Trade system is implemented. Cap and Trade is a policy
approach for controlling major ground source emission sources. The system’s goals include: 1) capping
emissions 2) providing accountability 3) and simplicity of design and operation. For more details please
follow the link: http://www.epa.gov/airmarkets/cap‐trade/docs/ctessentials.pdf
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
geothermal energy. For more information follow the link: www.dsireusa.org/

Regulation & Authorities
Alaska statutes govern the sale and disposal of state‐owned mineral interest. AS 38.05.035(e)
essentially states that if the use of the land best suites the states interest and the ADNR commissioner
approves the contracts for sale, lease, or disposal of available land, resources, property, or interests in
them. This is known as a Best Interest Finding (BIF) and describes and analyzes the potential effects of
the transaction and ways to mitigate those effects.
Geothermal Land Leases
All geothermal leases, whether awarded competitively or noncompetitively, are for a primary term of 10
years. Geothermal lease renewal and extension requirements are set out at 11 AAC
84.745(a), which says:
“If, at the expiration of the 10‐year primary term of a geothermal lease, the lessee has
begun operations necessary to drill a geothermal well using equipment located at the
lease area of sufficient size and capacity to drill to the total depth proposed in the plan
of exploration for the well, the commissioner will, in his discretion, extend the
geothermal lease for one five‐year term. In this subsection, “operations necessary to drill
a geothermal well” includes drilling, re‐drilling, sidetracking, or other techniques
necessary to reach the bottom hole location proposed in the plan of exploration.” (DOG,
2008)
Alaska Department of Natural Resources (ADNR)
The ADNR commissioner is needed for approval of land contracts.
Alaska Division of Lands (ADL)

The state department given the responsibility to manage all state lands under AS 38. The Director is
given the responsibility to delegate responsibilities to other divisions.
Alaska Division of Oil and Gas (DOG)
The authority to regulate and manage geothermal areas was give to the division of Oil and Gas. This
process is ascertained by issuing land leases to the highest bidder through a competitive bidding process
(AS 38.05.181).
Under AS 38.05.181, the commissioner may grant leases to explore for, develop, or use geothermal
resources. Alaska statutes define geothermal resources as the natural heat of the earth at temperatures
greater than 120 degrees Celsius, measured at the point where the highest‐temperature resources
encountered enter or contact a well or other resource extraction device (AS 41.06.060 (3)). (DOG, 2008)

Programs
National Geothermal Action Plan (NGAP)
The NGAP’s purpose is to examine the environmental benefits and impacts of geothermal energy as it
relates to climate change, water, land use, and air quality. In addition, the plan will develop visionary
goals and strategies that mitigate the risk for geothermal energy in aiding national energy diversity and
reliability. (NREL, 2008) Current and future research projects include:
• Macro modeling of the potential geothermal energy contribution
• Techno‐economic modeling for budget support
• Analyses of program risk
• Integrated energy modeling for budget support
• Analysis of geothermal CO2 impact
• Assessment of power conversion technologies
• Assessment of data requirements for accelerating EGS commercialization.
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhaustible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)
Alaska Energy Data Inventory (AEDI)
AEDI is co‐sponsored program by the AEA and University of Alaska‐Fairbanks. The mission of the Alaska
Energy Data Inventory is to provide easy access to Alaska's energy data in formats people can actually
use. (akenergyinventory.org/)

Case Study
Chena Hot Springs Geothermal (2005)
Chena Geothermal Power Plant is a 400KW electrical generating system comprised of two 200kW
turbines. The geothermal heat source has a maximum temperature of 165 degrees, which is considered
a medium temperature source. Due to this fact, the system operates at a lower efficiency and produces
electricity at an approximate cost of $1300 per kW of capacity. Chena Geothermal Plant was able to sell

electricity at a rate of $0.30 per kWh, which is extensively cheaper than other remote utilities such as
Manley Hot Springs. (Chena Hot Springs, 2009)

Local Examples
Baranof Warm Springs
Located on the eastern side of Baranof Island, this area is known for its
geothermal activity and especially for its warm springs (pictured right). The
warm springs attract visitors all year round who bath in these naturally heated
pools, which can exceed 120 degrees Fahrenheit in temperature. Many local
residents pipe the naturally heated water to their residence and enjoy year‐
round spring fed baths. Although this particular area is relatively unusable
due to its preserved nature, it shows the low temperature potential for
geothermal on Baranof Island.

Picture by Travis Clemens

Assessment/ Keys to Success
Geothermal power plants, like most types of power plants, promote economic growth. One of the
unique external benefits of geothermal power, unlike many traditional types of power, is sustainable
development. Geothermal development is sustainable because it is environmentally friendly and lasts
for generations. Geothermal plants provide long‐term, stable, well‐paying jobs (typically in rural areas),
produce nearly zero air emissions and associated health impacts, and supply billions of dollars to local,
state, and federal economies through decades of reliable, secure, domestic, renewable energy
production. In addition, geothermal plants can help states meet renewable portfolio standards (RPSs),
ensuring that renewable power is available on a consistent, rather than intermittent, basis. The caution
main caution would be the fact that only 20%‐25% of the wells drilled actually find a usable geothermal
source. (GEA, 2009) This aspect is the most critical due to the exponential cost increments that could
occur until a usable site is discovered.
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GEO‐EXCHANGE
Geo‐exchange Energy
The subsurface of the earth is heated both by the solar radiation and the radiant heat from the extreme
temperatures of the earth’s core. The shallow ground near the Earth's surface that maintains a
relatively constant temperature of 50°‐60° F. This heat extracted directly from the ground provides
heating and cooling in homes and other buildings.

Geo‐exchange Systems
Ground Source Heat‐Pumps (geo‐exchange): Geo‐exchange
heat pump systems consist of basically three parts: the
ground heat exchanger, the heat pump unit, and the air
delivery system (ductwork). The heat exchanger is basically
a system of pipes called a loop, which is buried in the
shallow ground near the building. Common loop units
include a vertical, horizontal, slinky or pond loops (Image to
right). A fluid (usually water or a mixture of water and
antifreeze) circulates through the pipes to absorb or
relinquish heat within the ground.
www.alternativeconsumer.com

www1.eere.energy.gov

The heat pump (image to the left)
removes heat from the heat exchanger (through a compressor) and pumps it
into the indoor air delivery system. The process can be reversed and the heat
pump moves heat from the indoor air into the heat exchanger. The heat
removed from the indoor air during the summer can also be used to heat
water, providing a free source of hot water.

Heat Pump Systems

Geo‐exchange heat pumps use significantly less energy than conventional electrical heating systems.
(EERE, 2009) They are also more efficient when cooling your home. Not only does this save energy and
money, it reduces air pollution. (NREL, 2009)

Geo‐exchange Fuel Source
Ground source heat pumps can gain their energy from both the earth’s core and the naturally absorbed
sunlight near the surface. Usually surface configurations between 15‐20m are considered to be using
solar energy as their heat source. (Boyle, 2004) When depths reach greater than 100m the installed
ground heat exchanger is considered to be primarily extracting from a geothermal heat source. (Boyle,
2004) The shallow ground, the upper 10 feet of the Earth in Sitka, maintains a nearly constant
temperature between 40° and 50°F (4°‐10°C). Like a cave, this ground temperature is warmer than the
air above it in the winter and cooler than the air in the summer. Geo‐exchange heat pumps take
advantage of this resource heat and cool buildings.

Cost

The cost for installing a GSHP system can vary dramatically based on geographic location, terrain,
existing infrastructure, and whether it a retrofit or installed during new construction. Examples of the
cost variables are available within the two case studies for both a residential and commercial
installation.

Funding
Renewable Grant Program
Alaska Energy Authority (AEA) grant program that supports renewable energy systems and has
appropriated $100 million in a general fund for the 2009 fiscal year. The amount granted varies and
application details and deadlines are located on the website provided.
(www.akenergyauthority.org/RE_Fund.html)
Residential Renewable Energy Tax Credit
Federal tax programs that supports up to 30% of an installed residential solar energy system. This tax
credit is received by filling out IRS form 5695 (Residential Energy Efficient Property Credit). Additional
info can be found at: www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US37F&re=1&ee=1
Link to IRS form 5695: (http://www.irs.gov/pub/irs‐pdf/f5695.pdf)
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
geothermal energy. For more information: www.dsireusa.org

Regulation & Authorities
Electrical and Mechanical Code: Heat Pump Appliances (City of Sitka General Code)
Application for Permit (Electrical): Fees for electrical permits shall be calculated using Section 19.10.020.
Any person who commences any work on a building, structure, electrical, gas, mechanical or plumbing
system before obtaining a permit may be subject to a fee. (Ord. 04‐64 § 4 (part), 2004; Ord. 02‐1676 § 4
(part), 2002; Ord. 98‐1476 § 4 (part), 1998.)
Application for permit (Mechanical): Fees for mechanical permits shall be calculated using Section
19.01.020.
Prohibited Equipment: The installation and use of open loop heat pumps connected to the municipal
water system is prohibited.
Note: no open loop heat pump installed after June 1, 1997 will be provided municipal water.

Case Study
Diamond Park Aquatic Center, Juneau, AK
The Aquatic Center is a 33,560 sqft facility with a planned
geo‐exchange system for its heating load. The heat exchange
systems will consist of 160 bore holes at a depth of 350 ft and
14 ft spacing. This heat exchange system will transfer this
constant ground temperature to a 1,350 MBH heat pump.
The total estimated cost of the geo‐exchange system will be
about $1.27 million. (Alaska Energy Engineering, LLC)

(http://images.morris.com/images/juneau/mdControlled/cms/2008/08/14/318685866.jpg)
Residential Ground Source Heat Pump System, Haines, AK
Energy Talk program in Haines, discussed cost elements of geo‐exchange ground source heat pumps and
how they work in Alaska. The Haines residential ground source heat pump will be a trench heat
exchange system connecting to an internal heat pump. The system will cost approximately $20,000 for
installation, and be eligible for 30% subsidy of the total cost of installation with the Residential
Renewable Energy Tax Credit. (HBESC, 2009)

Comment [tc5]: Talk to Gary to help fill this
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SOLAR
Solar Energy
The sun’s radiation is the primary source or is interconnected with most of earth’s renewable energy.
This abundant resource has many practical applications and uses for both energy creation and for space
heating. The energy from solar radiation is measured in watts per square meter.

Solar Energy Systems
These systems capture the suns radiant energy and either generate electricity directly or heat up fluid,
objects, or space. The potential solar systems include solar hot water, photovoltaic (PV), concentrating
solar power, passive solar heating and day lighting, and solar process heat and space heating and
cooling.
Passive Solar Heating and Day Lighting: this is the solar energy most of us take for granted each and
every day. This includes the light we use during the day or the heat that is absorbed by our buildings or
felt through the windows. We can enhance this effect by designing and orientating our structure to
capture this solar energy more efficiently. This includes south facing windows and design elements such
as trombe walls.
www.nrel.gov/learning/re_passive_solar.html

www.dwls.org/i/lightbox/circ_xl.gif

Left: example of passive solar design with a trombe wall and shading. Right: Passive solar
incorporated into a building design.

Concentrating Solar Power (CSP): A CSP system directs the suns solar radiation towards a central point
by using synchronized mirrors focusing on a point. This concentrated radiation is then is used either to
heat up a liquid or is converted directly to electricity through a PV system.
Solar Hot Water: Solar thermal systems use solar energy by trapping the heat in a greenhouse box
structure with a transparent cover. Tubes run through the box either heating up water or a glycol
solution leading to a storage tank. Evaporated tube systems may also be necessary or desired if desired
water temperature is 50 degrees above ambient temperature. (Solar Heat Alaska, 2009) The system
may be used to heat water for domestic home or business use, for hot tubs, or as an energy input for
space heating applications. Solar heating installations are most commonly used to supplement existing
domestic hot water systems. (Solar Heat Alaska, 2009) Solar hot water systems have the potential to
supply up to 30‐50% hot water electrical demand in this region. (Solar Heat Alaska, 2009)

Solar Fuel Source
Locally, the University of Alaska‐Fairbanks and Alaska Energy Authority (AEA) is taking on a multi‐year
research project, Alaska Energy Data Inventory (AEDI), creating a database of renewable energy data
located at. This database with provide spatial data concerning renewable energy potential throughout
the state of Alaska. This information will be critical in making decisions on placement and orientation of
the solar structures.
The city of Sitka can expect to have a varied exposure to sun light each month. This could range from 18
hours in July to just under 7 hours in January. The solar radiation potential could be further limited
when the overcast is present, which would reduce the number of hours available during that period.
This has a direct effect on the size, design and orientation of the solar energy system when implemented
in Sitka. (ABSAK, 2010)

Externalities: Natural Limiting Factors
There are many natural factors affecting solar radiation. These can include weather, vegetation/
topography, geographical latitude and time of year.
Weather: many meteorological events such as overcast, precipitation, etc. can interview with the direct
radiated sun light which a solar system receives.
Vegetation/ Topography: Southeast Alaska is known for its unique temperate rainforest ecosystem of
the Tongass National Forest. This abundant and dense vegetative growth can hinder access to quality
solar radiation which is already hindered by the continuous overcast the region receives. In addition to
the vegetation issues, Southeast Alaska’s landscape consists of peaks and valleys.
Latitude/ Time of the Year: Southeast Alaska is located 57 degrees north, putting it 9 degrees below the
Arctic Circle, which gives the region extreme day length for summer and limited daylight in the winter
months. This would hinder the capacity factor of any solar system and reduce its feasibility.

Externalities: Man‐Made Limiting Factors
The built environment and proper orientation/ placement of system are the two most critical aspects
that we can control.
Built environment: The urban environment poses many obstacles to solar power. Structures can
prohibit or limit solar access.
Orientation/ Placement: Solar systems will not work properly unless placed in a space that has
appropriate solar access and usually that mean the solar system is placed on the south side of a
structure at an angle between 45‐70% due to the latitude restrictions.

Cost
PV Solar
The financial investment for a PV solar system can range from a hundreds to tens of thousands for a
system. There are a lot of factors that go into the price. If the owner has the background knowledge of
electricity and engineering they might be able to create a system for relatively inexpensive price. If a
homeowner were to contract out the entire system (equipment and installation) it cost upwards of
$40,000. (Solar Power Rocks, 2009)
Large PV Solar Array, Anchorage, AK
The installation of solar cell array totaling 450 sqft would have the potential of cutting a average fuel bill
in half. The cost of this system would be $40,500 (midrange estimate for equipment and installation).
This cost would be offset by federal tax credits, increase in property value, energy savings (Solar Power
Rocks, 2009).
• Federal tax credit: 30% of total value of system
• Est. increase in Property Value: $8,700
• Est. 25‐year Utility Savings: $18,253
• Est. greenhouse gas (CO2) saved over 25‐year system life: 82.0 tons
Solar Thermal
There are many different variables involved in equipment and installation at each site. This region can expect
to spend at least $9,000 for equipment and installation. Prices can increase if an evacuated tube system is
incorporated (Solar Power Rocks, 2009).

Funding
Renewable Grant Program
Alaska Energy Authority (AEA) grant program that supports renewable energy systems and has
appropriated $100 million in a general fund for the 2009 fiscal year. The amount granted varies and
application details and deadlines are located on the website provided.
(www.akenergyauthority.org/RE_Fund.html)
Residential Renewable Energy Tax Credit
Federal tax programs that supports up to 30% of an installed residential solar energy system. This tax
credit is received by filling out IRS form 5695 (Residential Energy Efficient Property Credit). Additional
info can be found at: www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US37F&re=1&ee=1
Link to IRS form 5695: (http://www.irs.gov/pub/irs‐pdf/f5695.pdf)
Database for State Incentives for Energy and Incentives (DSIRE)
This site gives a general overview of state and federal funding and financing opportunities currently
available for geothermal energy. For more information follow the link: www.dsireusa.org/

Regulation & Authorities
Ordinance Guidelines: Zoning Code
Installing solar panels on your property or structure there are currently no zoning restrictions or solar
access contingencies for adjoining properties.

Ordinance Guidelines: Electrical Code
Application for Permit: Fees for electrical permits shall be calculated using Section 19.10.020
Any person who commences any work on a building, structure, electrical, gas, mechanical or plumbing
system before obtaining a permit may be subject to a fee. (Ord. 04‐64 § 4 (part), 2004; Ord. 02‐1676 § 4
(part), 2002; Ord. 98‐1476 § 4 (part), 1998.)

Programs
Solar Energy Technology Program (SETP)
Create to help develop cost competitive solar power systems through research and development (R&D).
SETP focuses the two most cost competitive technologies, PV and concentrative solar, along with system
integration and market transformation. (http://www.nrel.gov/solar/ )
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhaustible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)
Alaska Energy Data Inventory (AEDI)
Locally, the University of Alaska‐Fairbanks and Alaska Energy Authority (AEA) is taking on a multi‐year
research project, Alaska Energy Data Inventory (AEDI), creating a database of renewable energy data
located at www.akenergyinventory.org . This database with provide spatial data concerning renewable
energy potential throughout the state of Alaska.

Case Study
There are no utility‐scaled power plants in Alaska due economic feasibility and environmental
conditions. Case Studies throughout Alaska, existing in remote areas, show examples of solar PV
systems used to offset huge cost of diesel electrical generation. In every case diesel is still used as a
backup system. There are some individual residential systems located on isolated islands near Sitka.
These residents are not connected to the local grid and use the power for running lights and sometimes
a refrigerator.

Local Examples
Middle Island, Sitka
A Cottage located on Middle Island has a six panel system connected to a battery bank with inverter
along with a 2kW diesel generator backup system. His system has four 123 watt panels and two 90 watt
totaling 672 watts of potential capacity. The system is able to power a small freezer, minor appliances

and lights in the cottage. The Sitka Electrical Department plans to monitor this system and measure
both the energy usage by the building and the system efficiency.

From right to left: 4 (123W) panels; 1 (90W) panel; battery storage; Honda diesel generator (2kW). (Pictures by
Travis Clemens)

Baranof Warm Springs
Home and shed powered by PV solar panels in the isolated town of Baranof Warm Springs. Baranof
Warm Springs is an isolated boardwalk community. Wind and solar power is key to avoiding the use of
personal diesel generators, which can be loud and disrupt local air quality.

From right to left: 6 panel PV solar system, PV cells mounted 45‐70 deg facing south, small solar unit for shed.
(Pictures by Travis Clemens)

Assessment/ Keys to Success
There are many limitations to solar energy systems in Sitka. The limited sunlight exposure, overcast
weather patterns and the surrounding vegetation create limitations for their implementation. As a large
scale solution for the cities energy need this might be the least feasible renewable energy option. This
doesn’t mean they are not feasible for individual residential use, especially in remote location. When
combined with a small wind energy system and energy efficiency and conservation measures, solar
could provide a sustainable options for certain residence in Sitka and the surrounding area.
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WIND
Wind Energy
Wind energy is a clean, inexhaustible, indigenous energy
resource and created when air is in motion. The dynamics
of a local wind pattern or intensity is created by the uneven
heating of the earth’s surface by the sun. Some even
consider wind power to be a subsidiary or solar power due
to this fact. Wind is a renewable energy source due to the
fact as long as the sun is shining; the wind will continue to
blow. (EIA, 2009) Wind energy is variable meaning energy
output changes throughout the day. It is also considered
“non‐dispatchable” which means there is limited control
over the resource (AWEA, 2009).

www.eia.doe.gov

Example of how wind is created and
the factors involved.

Wind Energy Systems
Wind is another proven technology and has been used for over 5,000 years. The earliest known
windmills were used by the Persians to grind wheat and other grains. (EIA, 2009) Americans first used
windmills to generate electricity in the early 1920’s in addition to grinding grains and pumping water.
(EIA, 2009) Wind is one of the fastest growing sources of electricity in the world. (EIA, 2009) There are
many different types of wind turbines for different geographical areas. In Sitka, land is at a premium
and space is limited, but there is access to shallow waterways or private island lands that could be
utilized.
Typical modern wind systems
Left: vertical turbine with fiber composite
blades Below: Air Marine 400W Residential
wind turbine Right: offshore wind turbine

http://designapplause.com

Picture by Travis Clemens

www.symscape.com

Wind Fuel Source
Sitka’s wind potential has been rated in wind power class of 1, which is a POOR power rating. The
average wind speeds range between 4.4mph in the winter to 3.0 mph in the summer months. (AEA,
2005) Appendix: Report

Externalities: Natural Limiting Factors
Wind Speed: Most critical factor of a success wind energy system. Wind is not constant and varies in
speed due to factors such as the surrounding topography, built environment, and atmospheric
conditions (Boyle, 268). Wind is the one factor that humans have no control over so working with proper
citing, flexible zoning, and proper systems will maximize power generation for the wind energy system

Externalities: Man‐Made Limiting Factors
Engineered design: A critical factor in determining how efficient the system is pertaining to its power
transfer (Heller, 2008). Today, many of the currents systems are close to achieving a maximum efficiency
and engineers are constantly increasing system efficiencies through new design concepts (Economist,
2008).
Swept Area: is determined by the total area of the blades, is used to calculate the power capacity of the
system (Heller, 2008). This factor also has implication with bird death, safety concerns and noise output,
which will be discuss in more detail.
System Height: Increased height allows both for the clearing of structures and trees along with securing
higher wind speeds.

Externalities: Other Concerns
In many states, wind energy systems are regulated only if the public’s welfare or safety is in danger
(www.dsire.org). Determining the public’s welfare and safety is then left to the local planning boards.
Planning boards must assess these concerns of the community and make decisions based on the public’s
welfare and safety along with that of the individual property owners. The main concerns carried by
citizens include such items as noise, aesthetics, property value, safety, and bird deaths (Boyle, 2004).
Maintaining the aesthetics and peace of neighborhoods is a critical concern of communities and
planners. Items such as lowered property values, loss of character, noise and safety of children shock
the community into being hesitant in supporting wind energy systems. The concern of the noise impact
of a small wind turbine is compared to that of a normal residential or office environment (Boyle, 2004).
Some concerns that the hum from the spinning blades of the larger urban wind energy system to
potentially cause general depression, headaches and nausea (Best, 2004). This has been studied
extensively and is more relevant in large wind farms rather than a smaller single wind turbine (Best,
2004).
Property and Aesthetic Value: The concern of property and aesthetic values can differ from each
community. Negative publicity about wind energy has in the past influenced politicians, planners and
citizens (Boyle, 2004). This has attributed to a negative effect on the way each community approaches
implementing wind energy systems (Boyle, 2004). Restrictions on the heights of wind energy systems
due to aesthetical concerns can have a direct effect on the functionality and efficiency of the system
(Heller, 2008). Concerns of safety can be reduced by implementing a well‐designed wind energy system

that has been planned appropriate within the community or island property (Pitt, 2008). Many
community members and planners note that with the appropriate planning, small wind energy systems
can be an “impressive” addition to a community and even increase property values (Heller, 2008). This
is especially the case within the outer island properties where a grid connection does not exist and the
need for reliable energy does exist.
Bird Death: The final issue concerning wind turbines killing gross numbers of bird has been dispelled as
very minimal compared to cats, cars, and buildings (Best, 2004). The larger wind energy systems usually
kill 1‐2 birds annually, but the small wind energy systems usually are near a net zero bird fatality rate
(Boyle, 2004). This aspect has still been taken very seriously and mitigations efforts to slow turbines
down or make blades more visible have been taken (Best, 2004).

Cost
The financial investment can vary from system to system. A small turbine (400W‐10kW) can cost
anywhere from $6,000 to $22,000 installed, depending upon size, application and service agreements
with the manufacturer. (AWEA, 2009) Most small turbines are designed to last at least 20 years with
limited required maintenance, which can reduced the operation and maintenance overhead costs.
(AWEA, 2009)

Funding
Renewable Grant Program
Alaska Energy Authority (AEA) grant program that supports wind energy systems and has appropriated
$100 million in a general fund for the 2009 fiscal year. The amount granted varies and application
details and deadlines are located on the website provided. (www.akenergyauthority.org/RE_Fund.html)
Residential Renewable Energy Tax Credit
Federal tax programs that supports up to 30% of an installed residential wind energy system. This tax
credit is received by filling out IRS form 5695 (Residential Energy Efficient Property Credit). Additional
info can be found at: www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US37F&re=1&ee=1
Link to IRS form 5695: (http://www.irs.gov/pub/irs‐pdf/f5695.pdf)
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
geothermal energy. For more information follow the link: www.dsireusa.org

Regulation & Authorities
Current Ordinance Guidelines: Zoning Code
Most local governments throughout the United States use some form of the zoning system. In local
governments that do not use zoning only a building or electrical permit is required for approval of new
wind energy systems (Pitt, 2008). Governments may also require an environmental impact statement
dependent upon the size of the tower of the system (Pitt, 2008). For those local governments that use
zoning there are five potential designations that small urban wind energy systems could be approved
under, Damien Pitt in, “Taking the Red Tape Out of Green Power”, notes these designations as follows:
Permitted Use: no major requirements for approval, usually only used in rural areas or where the
negative property impacts are minimal

Conditional or Special Use: this is the most common designation for wind energy systems that uses an
intense application and public hearing process and requires approval by the planning board
Pending Site Plan Review: looks at the site, surrounding land use and environment to analyze any
negative impact. It’s usually associated with a special use permit.
Variance: allows for a non‐conforming use within the current zoning structure to exist due to the
imposition of an unreasonable burden. This is permitted though planning boards “quasi‐judicial” review
process.
Overlay Zone: is a zoning structure that supersedes the existing “base zone”. It creates a more efficient
process for implementing wind energy systems.
Application Process
Wind currently falls under the same zoning code as “communication antennas and towers” (Ord. 02‐
1683 § 4 (part), 2002).
Variance: current category
1. Legal description of the property affected;
2. Plot plan showing the location of all existing and proposed buildings or alterations of such
buildings, dimensions to the property lines on all sides from the building(s) and clearly showing
the specific relief requested in accordance with the provisions of Chapter 22.30, Zoning Code
Administration. (Ord. 02‐1683 § 4 (part), 2002)
Conditional Use: potential category
If city decides to place residential wind systems under conditional use there are additional demands for
the application process including site plans and drawings on top of the items listed above for a variance.
Island conditional uses include even more additional requirements. For this information please refer to
page 282‐22 of the City of Sitka’s General Code under Zoning.
Ordinance Guidelines: Electrical/ Mechanical Code
Application for Permit(Electrical): Fees for electrical permits shall be calculated using Section 19.10.020
Any person who commences any work on a building, structure, electrical, gas, mechanical or plumbing
system before obtaining a permit may be subject to a fee
‐Application for permit (Mechanical): Fees for mechanical permits shall be calculated using Section
19.01.020.

Programs
National Wind Technology Program
A Department of Energy funded program that works on creating partnerships with private industry to
create larger, more efficient wind turbines for both land and offshore components. The NWTP is also
working on residential scaled wind turbines which are both quieter and efficient.
(www1.eere.energy.gov/windandhydro/)
American Wind Energy Association (AWEA)

AWEA is a national trade association representing wind power project developers, equipment suppliers,
services providers, parts manufacturers, utilities, researchers, and others involved in the wind industry ‐
one of the world's fastest growing energy industries. In addition, AWEA represents hundreds of wind
energy advocates from around the world. (www.awea.org)
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhaustible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)
Alaska Energy Data Inventory (AEDI)
Locally, the University of Alaska‐Fairbanks and Alaska Energy Authority (AEA) is taking on a multi‐year
research project, Alaska Energy Data Inventory (AEDI), creating a database of renewable energy data
located at www.akenergyinventory.org . This database with provide spatial data concerning renewable
energy potential throughout the state of Alaska. This information will be critical in making decisions on
placement and orientation of the wind structures.

Case Study
Jamestown Bay Sitka
A Sitka resident has implemented dual solar and wind systems to accommodate their energy needs.
There system includes a 4 panel PV solar system with a capacity of 390 Watts and a 400 watt Air Marine
wind turbine. The system is designed so the PV system provides the majority of the electrical supply in
the summer and the wind systems picks up their demand in the winter time. Roland and Michelle keep
track of their energy use and are proactive in finding ways for becoming more sustainable and
conservative with the resources they have.

From right to left: Air Marine 400W wind turbine; wind turbine mounted on pole; Inverter and electrical control panel; 4 PV
solar arrays (Pictures by Travis Clemens)

Assessment/ Keys to Success
The future of wind energy systems is not for certain in Sitka. Wind is not rated well in areas where it
would be feasible to implement a system. The accessibility of a quality resource is limited and would
detract from making a commercial system feasible. This doesn’t mean that wind systems are practical
for use in Sitka. Residential systems, especially in remote areas offer a balanced combined system with
solar to create a semi constant energy supply throughout the year. The critical aspects that need to be
accessed is proper site assessment, choosing the appropriate system for its application and load, and
combining the wind energy system with the appropriate efficiency and conservation measures.
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TIDAL
Tidal Energy
All coastal areas consistently experience two high and two low tides
over a period of slightly greater than 24 hours. But for those tidal
differences to be harnessed into electricity, the difference between
high and low tides must be at least five meters, or more than 16
feet. There are only about 40 sites on the planet with tidal ranges of
this magnitude.

Tidal Systems

Tidal flats located near Totem Park in

Sitka. (Picture by Travis Clemens)
Where tidal power generation is possible, the most prevalent
technology is one similar to that used in traditional hydroelectric
plants. The first requirement is a dam, or barrage, across a bay or estuary. Gates and turbines are
installed along the dam. Since building dams is an expensive proposition, the best tidal sites are those
where a bay has a narrow opening. When the tides produce an adequate difference in the level of the
water on opposite sides of the dam, the gates are opened, water flows through the turbines, and the
turbines turn an electric generator to produce electricity. (Fact Sheet, 2009)

Tidal Dam
Where tidal power generation is possible, the most prevalent technology is one similar to that used in
traditional hydroelectric plants. The first requirement is a dam, or barrage, across a bay or estuary.
Gates and turbines are installed along the dam. Since building dams is an expensive proposition, the
best tidal sites are those where a bay has a narrow opening. When the tides produce an adequate
difference in the level of the water on opposite sides of the dam, the gates are opened, water flows
through the turbines, and the turbines turn an electric generator to produce electricity. (Fact Sheet,
2009)
Tidal Fence
Another technology to harness tidal energy is the tidal fence. Tidal fences look like giant turnstiles. They
can reach across channels between small islands or across straits between the mainland and an island.
The turnstiles spin via tidal currents typical of coastal waters. Some of these currents run at 5 to 8 knots
(5.6 to 9 miles per hour) and generate as much energy as winds of much higher velocity. Because
seawater has a much higher density than air, ocean currents carry significantly more energy than air
currents (wind). (Fact Sheet, 2009) There are no large‐scale commercial tidal fences currently in
operation anywhere in the world. However, there are plans to construct a fence across the Dalupiri
Passage between the islands of Dalpiri and Samar in the near future
Tidal Turbine
A third technology is the tidal turbine. Tidal turbines look like wind turbines. They are arrayed
underwater in rows, as in some wind farms. The turbines function best where coastal currents run at
between 3.6 and 4.9 knots (4 and 5.5 mph). In currents of that speed, a 15‐meter (49.2‐feet) diameter
tidal turbine can generate as much energy as a 60‐meter (197‐feet) diameter wind turbine. Ideal
locations for tidal turbine farms are close to shore in water depths of 20 to 30 meters (65.5 to 98.5 feet).
Currently, there are no operational tidal turbine farms. But European Union officials had identified 106
sites in Europe as suitable locations for such farms. The Philippines, Indonesia, China, and Japan also
have underwater turbine farm sites that could be developed in the future.
(Fact Sheet, 2009)

Tidal Fuel Source
In Sitka, There is significant tidal flow that exists off its shores. On average, Sitka experiences an 8‐12
foot tidal change occurring twice daily. This energy is best captured within the channels of the straits
surrounding Baranof Island.

Externalities: Positive & Negative
Withdrawal of tidal energy: Near‐shore effects on sedimentary processes, biological communities,
competing uses for tidal resources
Interactions with marine life and seabirds: Marine organism intake, fish aggregation, whale migration,
hauling out of sea lions and seals, colonization by birds, marine growth on submerged surfaces, scouring
of sea bottom by mooring catenaries
Atmospheric and oceanic emissions: Working fluid spills and leaks, anti‐fouling hull coating, underwater
noise, atmospheric noise.
Visual appearance: Visual intrusion on seascape, mandatory navigation hazard warnings, extent of
required marking
Conflicts with other uses of sea space: Marine protected areas, commercial shipping and fishing,
military.

Cost
NREL, as well as many other international organizations sponsor these capital intensive projects and are
doing research and developing the potential for these systems

Funding
NREL, as well as many other international organizations sponsor these capital intensive projects and are
doing research and developing the potential for these systems
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
geothermal energy. For more information follow the link:
www.dsireusa.org/incentives/index.cfm?re=1&ee=1&spv=0&st=0&srp=1&state=AK

Regulation & Authorities
EPAct 2005 Authorizations Pertaining to Ocean Energies R&D
Section 931 (a) (2) (E): Renewable Energy Miscellaneous Projects
“The DOE Secretary shall conduct research, development, demonstration, and commercial application
programs for:’
(i) ocean energy, including wave energy
(iv) kinetic hydro turbines
Section 388: Alternate Related Energy Uses on the Continental Shelf

(a) Amendment to Outer Continental Shelf (OCS) Lands Act – Section 8 of the Outer Continental
shelf lands Act ( 43 U.S.C. 1337) is amended by adding at the end the following:
(p) Leases, easements, or right‐of‐way for energy and related purposes
(1) In General: The DOI Secretary, in consultation with the Secretary of the Department in which
the Coast Guard is operating and other relevant departments and agencies of the Federal
Government, may grant a lease, easement, or right‐of‐way on the outer Continental Shelf for
activities not otherwise authorized in this Act, the Deepwater Port Act of 1974 (33 U.S.C. 1501 et
seq.), the Ocean Thermal Energy Conversion Act of 1980 (42 U.S.C. 9101 et seq.), or other
applicable law, if those activities.
(C) Produce or support production, transportation, or transmission of energy from sources other
than oil and gas
(b) Coordinated OCS mapping Initiative
Department of Energy (DOE)/ Energy Efficiency and Renewable Energy (EEERE)
The DOE is responsible for development of ocean energy and hydro kinetic technology
Minerals Management Service (MMS)
EPAct Aug 2005 designated lead agency to permit non‐extractive energy facilities to include OCS. The
MMS also engages in siting activities in collaboration with the Department of Defense.
Corps of Engineers (COE)
Responsible for any navigations obstructions in federal waterways (Sec 10 permits). The COE also
monitors water quality and approves submersed transmission lines.
Federal Energy Regulatory Commission (FERC)
This federal agency approves power supply contracts under the Federal Powers Act 2003 for wave and
tidal.
National Oceanic and Atmospheric Administration (NOAA)
NOAA is responsible for siting in and around protected areas (marine sanctuaries) and specific legislation
for OTEC systems.

Programs
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhausible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)
Ocean Renewable Energy Coalition (OREC)
OREC is a trade association promoting the commercialization of offshore renewable energy systems in
the U.S. OREC helps secure benefits from ocean systems in EPAct and promote ocean industry through
future actions. (www.oceanrenewable.com)

Case Study
Admiralty Inlet, Everett, Washington

www.openhydro.com

This is a pilot project, expected to begin operation as early as 2011. The system will be an open‐centre
turbine mounted on the seabed (picture on left). This system will produce approximately 1 megawatt of
energy, which is enough to serve about 700 homes. The system will be connected to a subsea electrical
cable and connect to existing lines near the Keystone Ferry terminal on Whidbey Island. The Snohomish
County Public Utility District Utility is working with Open Hydro, and Irish Technology Company, on this
project (NWPPA, 2009).
La Rance Station, Saint Malo, France
The only industrial‐sized tidal power station in the world. It produces 240 MW of power via a barrage
across the estuary of the river Rance, near Saint Malo in Brittany. The plant went on‐line in 1966. It
supplies about 90 percent of Brittany's electricity. In Canada, the experimental Annapolis Royal Station
in Nova Scotia produces about 20 MW of power. Near Murmansk, Russia, there is a small, 0.4‐MW tidal
power plant.
Passamaquoddy Bay, Maine
In the 1930s, the United States considered building a barrage‐style tidal power plant at Passamaquoddy
Bay, Maine, but the project was dropped because it was not considered economically viable at the time.
Currently, there are no tidal power plants in the United States, and none are planned. However,
conditions are good for tidal power generation in both the Pacific Northwest and the Atlantic Northeast
regions of the country.

Local Examples
The there are significant opportunities for tidal energy systems surrounding Baranof Island, but none
have been implemented or are planned for the future.

Assessment/ Keys to Success
The Department of Energy has established criteria for establishing criteria to create a strategy for
successful implementation of ocean renewable energy technology. These strategies include the
following.
Ocean energy Technology Characterization Program
• Assess and down select technology options and validate resource potential
Collaborate with MMS to Define and Streamline Permitting Process
• Advanced notice for leasing and rights of way for OCS
• Clarify FERC license requirements for prototypes and demonstration projects
• Establish sliding scale for ocean technology deployment on a region by region basis
• Develop an intuitional archive fro applicable environmental permitting documents
Educate Federal and State Regulators
• Address state and federal permitting requirements
• Document environmental and technology risks
Consider Establishing an Ocean renewable Energy Testing Facility Based on technology Assessment
• Validate technology selections and assess environmental impacts
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WAVE
Wave Energy
Ocean wave’s energy is a form of renewable energy that is created by wind passing over open
ocean water. Represent a form of renewable energy created by wind currents passing over open
water. Capturing the energy of ocean waves in offshore locations has been demonstrated as
technically feasible. Compared with other forms of off shore renewable energy, such as solar
photovoltaic (PV), wind, or ocean current, wave energy is continuous but highly variable,
although wave levels at a given location can be confidently predicted several days in advance.
(DOI, 2006)

Wave Systems
Pelamis Wave Energy Systems

Pelamis Wave Energy Converter (Source: Ocean Power Delivery Ltd. 2006)
Power Bouy/ Aquabouy

PowerBuoy Point Absorber Wave Energy Converter (Source: Ocean
Power Technologies 2006)

Externalities: Environmental Concerns & Conflicts

Withdrawal of wave energy: Near‐shore effects on sedimentary processes, biological communities,
competing uses for wave resources
Interactions with marine life and seabirds: Marine organism intake, fish aggregation, whale migration,
hauling out of sea lions and seals, colonization by birds, marine growth on submerged surfaces, scouring
of sea bottom by mooring catenaries
Atmospheric and oceanic emissions: Working fluid spills and leaks, anti‐fouling hull coating, underwater
noise, atmospheric noise.
Visual appearance: Visual intrusion on seascape, mandatory navigation hazard warnings, extent of
required marking
Conflicts with other uses of sea space: Marine protected areas, commercial shipping and fishing,
military.
EERE, 2006

Cost
NREL, as well as many other international organizations sponsor these capital intensive projects and are
doing research and developing the potential for these systems

Funding
NREL sponsor large project and many international organization are doing research and developing the
potential for these systems
Database for State Incentives for Energy and Incentives (DSIRE)
A general overview of state and federal funding and financing opportunities currently available for
geothermal energy. For more information follow the link:
www.dsireusa.org/incentives/index.cfm?re=1&ee=1&spv=0&st=0&srp=1&state=AK

Regulation & Authorities
EPAct 2005 Authorizations Pertaining to Ocean Energies R&D
Section 931 (a) (2) (E): Renewable Energy Miscellaneous Projects
“The DOE Secretary shall conduct research, development, demonstration, and commercial application
programs for:’
(i) ocean energy, including wave energy
(iv) kinetic hydro turbines
Section 388: Alternate Related Energy Uses on the Continental Shelf
(a) Amendment to Outer Continental Shelf (OCS) Lands Act – Section 8 of the Outer Continental
shelf lands Act ( 43 U.S.C. 1337) is amended by adding at the end the following:
(p) Leases, easements, or right‐of‐way for energy and related purposes
(1) In General: The DOI Secretary, in consultation with the Secretary of the Department in which
the Coast Guard is operating and other relevant departments and agencies of the Federal
Government, may grant a lease, easement, or right‐of‐way on the outer Continental Shelf for
activities not otherwise authorized in this Act, the Deepwater Port Act of 1974 (33 U.S.C. 1501 et

seq.), the Ocean Thermal Energy Conversion Act of 1980 (42 U.S.C. 9101 et seq.), or other
applicable law, if those activities.
(C) Produce or support production, transportation, or transmission of energy from sources other
than oil and gas
(b) Coordinated OCS mapping Initiative
Department of Energy (DOE)/ Energy Efficiency and Renewable Energy (EEERE)
The DOE is responsible for development of ocean energy and hydro kinetic technology
Minerals Management Service (MMS)
EPAct Aug 2005 designated lead agency to permit non‐extractive energy facilities to include OCS. The
MMS also engages in siting activities in collaboration with the Department of Defense.
Corps of Engineers (COE)
Responsible for any navigations obstructions in federal waterways (Sec 10 permits). The COE also
monitors water quality and approves submersed transmission lines.
Federal Energy Regulatory Commission (FERC)
This federal agency approves power supply contracts under the Federal Powers Act 2003 for wave and
tidal.
National Oceanic and Atmospheric Administration (NOAA)
NOAA is responsible for siting in and around protected areas (marine sanctuaries) and specific legislation
for OTEC systems.

Programs
Renewable Energy Alaska Project (REAP)
Renewable Energy Alaska Project (REAP) is a coalition of large and small Alaska utilities, businesses,
conservation and consumer groups, Alaska Native organizations, and municipal, state and federal
entities with an interest in developing Alaska’s vast renewable energy resources REAP’s goal is to
increase the production of renewable energy in Alaska and bring the benefits of clean, economic and
inexhaustible renewable power to the citizens of Alaska. (alaskarenewableenergy.org)
Ocean Renewable Energy Coalition (OREC)
OREC is a trade association promoting the commercialization of offshore renewable energy systems in
the U.S. OREC helps secure benefits from ocean systems in EPAct and promote ocean industry through
future actions. (www.oceanrenewable.com)
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Pelamis Wave Energy Converter: Agucadoura, Portugal
The first commercial ocean energy project is scheduled to launch this summer off the coast of Portugal.
Three snakelike wave‐power generators built by Edinburgh's Pelamis Wave Power will deliver 2.25
megawatts through an undersea cable to the Portuguese coastal town of Aguçadoura. Within a year,
another 28 generators should come online there, boosting the capacity to 22.5 MW. That may be a
trickle of power, but the project represents a new push into wave and tidal power as governments eye
the oceans as a way to meet their renewable energy targets.
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Local Examples
The there are significant opportunities for wave energy systems surrounding Baranof Island, but none
have been implemented or are planned for the future.

Assessment/ Keys to Success
The Department of Energy has established criteria for establishing criteria to create a strategy for
successful implementation of ocean renewable energy technology. These strategies include the
following.
Ocean energy Technology Characterization Program:
• Assess and down select technology options and validate resource potential
Collaborate with MMS to Define and Streamline Permitting Process:
• Advanced notice for leasing and rights of way for OCS
• Clarify FERC license requirements for prototypes and demonstration projects
• Establish sliding scale for ocean technology deployment on a region by region basis
• Develop an intuitional archive fro applicable environmental permitting documents
Educate Federal and State Regulators:
• Address state and federal permitting requirements
• Document environmental and technology risks
Consider Establishing an Ocean renewable Energy Testing Facility Based on technology Assessment:
• Validate technology selections and assess environmental impacts
Marine Renewable Energy Technology Maturity Path (NREL, 2008)
Marine energy is at an early stage of development, and as of this writing, no company has established a
fully commercialized system. The current state of this industry can be compared to the early stages of
the wind energy industry in that many concepts have been proposed with a wide variety of methods for
energy capture and conversion yet with little technology convergence. This technological diversity can
be attributed to the nascent state of the industry, which does not have a basis for evaluating different
concepts, the standards for design guidance, or the analytical tools for design. Nevertheless, dozens of
companies are trying to deploy technology around the world. Recent studies show that success appears
more likely when a multi‐step progression of development from small‐scale model testing in laboratory
tanks to open ocean testing is followed. Although a few companies have progressed to single full‐scale
ocean testing, none of the designs have been adopted by developers and financiers for mass production.
The lessons learned from wind energy’s recent commercial success tell us that, even with commercial
adoption, the maturity of the industry will require substantial commercial deployment and many years
of operating experience before any device can be considered mature. (The wind energy industry
deployed its first 1000‐MW in California between 1981 and 1985, with over 90,000‐MW installed in
2008) To encourage this same level of deployment, aggressive economic incentives will likely be needed;
the modest production tax incentives that motivate wind energy deployment today are not likely to
work for less mature marine energy systems. Marine energy systems need incentives that will
encourage risk and innovation, as well as energy production at this early stage. In addition, regulatory
agencies will need to modify the regulations developed for other industries such as hydroelectric dams
and oil platforms, to fit the more benign, modular, deployment paradigm of marine renewable.
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ENERGY EFFICICIENCY & CONSERVATION
Overview
In the topic discussion concerning the opportunity to implement any one of these renewable energy
systems and their feasibility, the underlying assumption the establishment of a energy consumption
habits that incorporate energy efficiency and conservation measures. This will both lower the overall
load demanded both on the utility‐scale and for residential use. Energy efficiency and conservation
measures is the most cost effective energy option and provides an immediate cost savings to both the
customer and service provider.
Energy efficiency and conservation becomes even more critical when you add the fact our fossil fuel
resources are limited. Eventually our society will have no choice but to accept this fact and make the
transition to both alternative lifestyles and energy generation. This section will give an overview of
programs, available information, funding, and how citizens can make a substantial impact in making
Sitka, Alaska a sustainable community for present and future generations.

Energy Use
Conservation and Demand Side Management (City Electrical Dept Report)
Energy conservation and efficiency measures that can be taken begin at the power plants. We have
developed a computer model of the hydroelectric system, using 50 years of historical water records, to
evaluate different operating scenarios. Using such techniques we are managing the use of water for
power generation to achieve the most efficient use of that water. A water turbine’s efficiency varies by
as much as 20% depending on how the turbine is loaded. In the past we have not had to pay too much
attention to the efficient use of water as we had more water than we could use; but, those days are
over. Now we must pay close attention to managing the use of water to maximize our hydroelectric
energy production.
The amount of water will vary seasonally. The maximum water is in the fall of the year when the
reservoirs are full. The minimum is in the spring and early summer when the reservoirs are drawn down
to their lowest level of the year. Our strategy is to further develop dual‐fuel and interruptible electric
service for all classes of consumers to enable us to shift loads on a seasonal basis. When the computer
model predicts a high risk of diesel generation (particularly in the early summer when the water level in
the reservoirs is lowest) then the interruptible loads will be shut‐off.
The goal is to minimize the amount of supplemental diesel generated power required to meet Sitka’s
power requirements. It is far more efficient to burn fuel oil in a 70% to 80% efficient boiler or furnace
than it is to burn that same fuel in a 35% to 40% efficient diesel generator. This demand‐side
management will entail promoting dual‐fuel heating systems and developing a control system where the
interruptible electric heating loads can be remotely switched on and off from the control room of the
electric power system.
At the consumer level, improved weather tightness of buildings, encouraging the use of dual‐fuel
heating systems, heat pumps and lifestyle changes (smaller heated spaces, lower thermostat settings,
smaller cars, walk or bike not drive, etc.) that reduce the amount of energy consumed all serve the goal
of conserving energy and using our energy resources efficiently in order to keep the community’s total
energy costs, as well as carbon emissions, as low as possible. Even so, Sitka’s total electric energy use is
forecast to increase (city of Sitka 2008 power plan)‐Direct quote

Comment [LU6]: This section looks thin. I
understand that you won’t be able to thoroughly
deal with all the options available here. As you
can’t, please do what you can but also identify areas
where more analysis and opportunities should be
pursued. This could perhaps be a whole new
dedicated area of study for a summer intern… if you
find enough needs/opportunities that could be
pursued, we could task one of the intern positions
to work on this—perhaps with Dan York’s group.

Smart Meters
Are meters that look like existing meters, but monitor energy use on an hourly rate instead of monthly.
The term “smart” is due to the electronics within the meter that allows the home owner to actively
monitor their energy use during peak and off‐peak hours. The goal of smart meters is to raise
awareness of consumption and cost of electricity. The state of Alaska has taken steps to energy
awareness, by enforcing individual meters on apartment complexes and duplexes.
http://www.horizonutilities.com/HHSC/html/smart_meter/sm_GeneralInfoPF.jsp
Households in the US use about 1/5 the total primary energy consumed and space heating is the
primary source of that energy use in the residential sector. (Tonya L. Boyd and Paul J. Lienau, 200)

Recycling
Sitka Recycling Center
The new Sitka Recycling Center, located on the old Sheldon Jackson incinerator site, opened its doors on
October 24, 2009. The recycling center director is working to establish programs and educational
outreach with the community and visitors. This recycling facility could be used in the future to convert
paper‐based into fuel briquettes for biomass heating stoves.
Waste Restaurant Fryer Oil
These include any oil or fat with an origin from vegetation or animal. Most commonly collected in the
form of waste oil from business’s using deep fryers. Filtering and heating the waste are two major steps
in preparing the oil for use. There are some potential issues with marine use, such as gumming up the
engines, but has been used.
The City of Sitka has approximately 16 restaurants using deep fryers.(Appendix F) On average these
fryer systems need to be changed approximately twice a week using 12 gallons of oil. This is during the
summer when the tourist season is peaking and lowers significantly in some establishments during the
rest of the year. The potential supply of waste fryer oil on an annual basis is approximately 9,600
gallons. (Appendix F)
Marine Waste Oil
The City of Sitka Harbor Master’s office has a program for collecting waste marine and vehicle oil. There
are nine 500 gallon collection tanks located at Eliason (2), Thomsen (1), Alaska Native Brotherhood
(ANB) (1), Sealing Cove (2) and Cressent (3) Harbors. (Appendix) This adds up to over 35,000 gallons per
year. This waste oil was used supply the Sheldon Jackson’s Hame’s Fitness Center with fuel oil for
heating, but currently Aggregate Construction Incorporated handles the waste oil and uses it in
producing asphalt for road construction. This waste oil has the potential to be used as heating oil
throughout the community.

Transportation
Mass Transit
There are only a few options for mass transit that exists in Sitka. One option are two bus routes that
exist and run on regular schedules extending thoughout the city. The (Green line and Blue Line?????)
There is also a ferry service that is available when leaving the islands to visit Junea or neiboring villages.
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Fuel Efficient Vehicles
There is a lack of focus of fuel efficient vehicle in Sitka. The city stretch along the west coast of Baranof
Island for approximate 14 miles and the highway system is bounded by deadend signs. This leaves a lot
of citizens with cost conciderations of the investment in a highly efficient vehicle or the choice between
a midsized car or a full‐size truck. Currently there are approximately 4,500 vehicles in the city that has a
population of ~9,000 people. There are additional cost for both purchasing vehicles and their disposal
that would not exist in the lower 48 states. This added cost proves to be a hinderance in both the
decision making process and ……………..
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Biodiesel: Food Waste Oils
There are many opportunities in Sitka to recycle waste oil to supplement fuel for diesel vehicles. There
are currently (17) restaurants that use deep fryers requiring ($$) gallons of oil. The used fryer oil is
currently disposed of in the same manner as the other waste in Sitka and barged out to the state of
Washington. The opportunity for the use of the waste in biodiesel vehicles could provide cost savings to
the users and benefit the restaurants because they would save on disposal costs. The total cost saving
could be in range of ($ to $) based on the efficiency of the recycling process.
Case Study
There are a few residents in Sitka taking advantage of this valuable resource. One in Particular currently
provides (%) of their fuels cost supplemented by food waste oil. (The bio)
Bikes
Sitka is a relatively proactive biking community. There are established bike paths, trails and widened
shoulders on the outer edges of town on both Halibut Point Road and (the other road) The city has been
recognized by the League of American Bicyclists Names Sitka a “Bronze” Level Bicycle Friendly
Community. This means………
http://sitkaaoc.org/Projects/bicycle.html
Bike Paths (on/ off street): Sitka has created a decent infrastructure for bikers for transportation. The
city has painted lines on the streets, crosswalks, and has off‐road trails that can accommodate bikes.
Bike Racks: There is a severe shortage of bike racks or appropriate bike parking throughout Sitka, but
especially in the downtown area. Bikes are usually seen leaning up on the sides of buildings or locked
to posts. This can cause concerns when they constrict pedestrian paths.
Planning for People
The community is considered a walkable community and provides pedestrian with many opportunities
for safe non‐automobile travel options. The city also takes advantage of the natural amenities such as
the harbors, bridge, and mountainous background. This allows for a proactive community that both
caters to the community member and the thousands of visitors that make the trip each year. As you
leave the core of the cities downtown the walkability is lost and cities design transitions from walkable
to automobile dependent. This creates issues due to limited city parking and the forced integration of
pedestrians and automobiles that occur as traffic flows through the downtown. This problem could
curtailed with the addition of a more comprehensive mass transit system. A more controlled downtown
or even to go as far as a pedestrian mall on (downtown street) This would especially be benefitial
during tourist season.
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4)

Car
Bycycles
Walkable Communities
City Planning

Water Usage
1) Bottling Companies/ selling the water to outside sources
2) Protecting the resource and using it efficiently

Buildings
Buildings are considered major energy sinks and can usually be the best opportunity for incorporating
cost effective energy efficiency measure. This especially true in Sitka, where weather patterns are
extremely variable and damaging to the built environment. This puts home weatherization as the
most feasible option for the for mitigating this energy waste occurring. There are many proactive
programs and research currently being established throughout the state and at the federal level to
assist homeowners.
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Home Weatherization
Energy Audits‐Chris Duguay
Sitka has many options for analyzing a buildings need for additional insulation or modifiation to increase
their overall energy efficiency.
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Alaska home Weatherization‐Grants??
Cold Climate Housing Research Center
1)
2)
3)
4)

Geo‐exchange‐ Smith
LEED Design
Home Weatherization
Home Energy Audit‐Chris Wilber

Authority & Regulation
Net Metering Law ‐ In the U.S.A., as part of the Energy Policy Act of 2005, under Sec. 1251, all public
electric utilities are now required to make available upon request net metering to their customers.‘‘(11)
NET METERING.—each electric utility shall make available upon request net metering service to any
electric consumer that the electric utility serves. For purposes of this paragraph, the term ‘net metering
service’ means service to an electric consumer under which electric energy generated by that electric
consumer from an eligible on‐site generating facility and delivered to the local distribution facilities may
be used to offset electric energy provided by the electric utility to the electric
consumer.(www.windenergy7.com)
AEA??
AIEA??
FERC

DOE
EIAbilling

Programs
Alaska Efficiency Challenge REAP is preparing to launch an energy efficiency campaign to save Alaskans
money. Alaska Efficiency Challenge will provide participants with a personalized efficiency plan with a
list of over 400 ways to stop wasting money and to reduce the amount of energy used each month.
The software the campaign utilizes tracks participants’ energy use and allows for energy reduction
competitions to be held between different communities, schools, and organizations. Please join us and
challenge fellow Alaskans to see who can save the most of money and reduce the most energy!
Alaska Efficiency Challenge will launch at the end of this summer. Please check back soon to participate
in this campaign! If you would like to start saving money today, please click here to learn more about
energy efficiency. http://alaskarenewableenergy.org/
Energy Audits‐Chris Duguay
Alaska home Weatherization‐Grants??
Cold Climate Housing Research Center

Funding
Federal Tax Credits for Energy Efficiency
Information related to tax credits for a variety of home improvement items that are determined to be
Energy Star rated or energy efficient. Additional information can be found at:
http://www.energystar.gov/index.cfm?c=tax_credits.tx_index

Case Studies
Biodiesel Vehicle
Trisha Patterson, US Forest Service VW Jetta?
Aggregate Construction Incorporated Sitka, AK
ACI has an asphalt production facility located in Sitka, but takes on projects throughout southeast
Alaska. The City of Sitka delivers the waste oil collected at the marinas and delivers it to ACI. The waste
oil is then used for the pilot flame that is used to heat up the material before the asphalt oil is applied.
ACI uses up to 2,000 gallons per day, which could save them $6,000 per day at $3.00/ gal diesel.
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Appendix
City of Sitka Comprehensive Plan
(Renewable Energy Related Sections)
2.0 Community Goals and Objects

The community goals, policies, and objectives constitute the remainder of the policy sections of the
document. They are provided on the following pages.
2.1 Economic Goals and Policies
The City and Borough of Sitka will conduct its affairs and will use its resources, powers, and programs to
seek, facilitate, maintain, and improve economic activities which:
2.1.1 Contribute to a stable, long‐term, local economic base;
2.1.2 Provide needed goods and services locally;
2.1.3 Produce high‐quality goods or services;
2.1.4 Minimize impacts on diversity and integrity of the ecosystem;
2.1.5 Protect the health and well‐being of local people and their surroundings;
2.1.6 Increase economic diversity;
2.1.7 Promote economic growth through the increased use of information technology;
2.1.8 Promote economic growth by facilitating development of technology infrastructure;
2.1.9 Minimize impacts on subsistence opportunities and activities of local residents;
2.1.10 Complement existing economic activities;
2.1.11 Respect the cultural diversity and the social values of the community;
2.1.12 In concert with the use of resources, add the highest potential value to the local economy; and
further, the City and Borough of Sitka will seek, establish, and implement public policies which eliminate
regulations that are adverse to the community’s needs;
2.1.13 Maintain reasonable tax rates that most efficiently provide for necessary services;
2.1.14 Provide, maintain and improve an infrastructure to meet the needs of the community;
2.1.15 Provide housing that can be acquired by a median income Sitka household using no more than 30
percent of its gross income;
2.1.16 Improve the availability of affordable housing, both long‐term and short‐term, to accommodate
working families, seasonal workers, and students;
2.1.17 Maintain Sitka’s legal subsistence status and continued opportunities for and safety of
subsistence users;
2.1.18 Maintain and enhance the strength of our existing local businesses;
2.1.19 Encourage the expansion and outreach of existing health and educational institutions in Sitka so
that the municipality will become a regional hub for health and education services and to attract new
health and educational services that are not or will not be provided by existing institutions;
2.1.20 Further establish Sitka as a regional center for trade, transportation, professional and technical
services, and any other service, facility or commodity for which there is a regional need or demand,
while continuing to support use of existing natural resources, artistic and cultural events and services,
fishery service and support, visitor services and facilities, financial and business services.
Electrical Infrastructure
2.2.3 To select system improvement projects as follows:
A. The highest priority will be accorded to those projects, which are deemed most essential to
system safety and security;
B. The next highest priority will be accorded to those projects which provide the highest return
on investment; and,
C. When selecting among projects of comparable return on investment to give priority to
projects which make conservation and efficiency improvements to the existing system over new
generation projects requiring large capital expenditures.
2.2.4 To conduct on‐going planning that includes researching alternatives and monitoring changes in
electrical system usage, costs and available technologies, including investigation of the following:

A. Set up rate structure or incentive for both residential and commercial electrical users that
encourages conservation.
B. When it appears that demand will outstrip hydro capacity within a foreseeable period of time,
consider, as a last resort, giving incentives to those who switch from all electric to another form
of heat.
C. Seek information regarding convertible heating systems and technological improvements in
appliances, etc. and make this information available to consumers.
D. Develop a storm water management and maintenance program.
E. Require new infrastructure be constructed to the City and Borough Standard Construction
Specifications (CBSS).
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Utility‐Scale Electrical Generation
Technology
Hydro

Average
Hours
Available
(per 24hrs)
24

Dispatchable
Y

Available
During
Peaking
Hours
Y

Capacity
Factor

Economic
Lifetime
(years)

Levelized
Costs
(Cents/kWh)

30%-

30

6.03

Wind

8.5

N

N

Solar PV

6.5

N

Y

Biomass
(CHP)

24

Y

Y

Geothermal

24

N

Y

35%
25%40%
24%33%

30

4.93

25

30

83%

20

10.0-14.1?

86%95%

30

4.52-7.37

Sources: EERE, 2009; GEA, 2009; & NGC, 2003
Dispatchable is the ability to On/Off the source of electricity on request.
Capacity Factor is the ratio of potential/ actual output of the system
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Assessment of LEED Certification Measures for Biomass Heating Facilities
The Leadership in Energy and Environmental Design (LEEDTM) Green Building Rating System represents
the U.S. Green Building Council’s effort to provide a national standard for what constitutes a “green
building”. Through its use as a design guideline and third‐party certification tool, it aims to improve

occupant well‐being, environmental performance and economic returns of buildings using established
and innovative practices, standards and technologies
There are 6 components to LEED certification process. They include:
1.
2.
3.
4.
5.
6.

Sustainable Sites
Water Efficiency
Energy and Atmosphere
Materials & Resources
Indoor Environmental Quality
Innovation and Design

The Important components concerning biomass facilities and fuel source are the Sustainable Sites,
Energy and Atmosphere and Materials and Resources. The pertinent sub topics for these three
components include:
1. Sustainable Sites
a. Site Selection‐Avoid development of inappropriate sites and reduce the environmental
impact from the location of a building on a site.
i. Previously undeveloped land that is within 50 feet of a water body, defined as
seas, lakes, rivers, streams and tributaries which support or could support fish,
recreation or industrial use, consistent with the terminology of the Clean Water
Act
2. Energy and Atmosphere
a. Fundamental Commissioning of the building ‐ Verify that the building’s energy related
systems are installed calibrated and perform according to the owner’s project
requirements, basis of design, and construction documents. Benefits include reduced
energy use, lower operating costs, verification that the system perform in accordance
with the owner’s project requirements
b. Minimum Energy Performance‐Establish the minimum level of energy efficiency for the
proposed building and systems.
i. Follow ASHRAE 90.1‐2004 for maximizing energy performance of HVAC systems
c. Optimize Energy Performance‐ Achieve increasing levels of energy performance above
the baseline in the prerequisite standard to reduce environmental and economic
impacts associated with excessive energy use.
d. On‐Site Renewable Energy‐Encourage and recognize increasing levels of on –site
renewable energy self –supply in order to reduce environmental and economic impacts
associated with fossil fuel energy use
3. Materials & Resources
a. Regional Materials: 10% extracted processed and manufactured regionally‐ Increased
demand for building materials and products that are extracted and manufactured within
the region, thereby supporting the use of indigenous resources and reducing the
environmental impacts resulting from transportation.

i. Extracted, harvested or recovered, and well as manufactured within 500 miles
of the project site for a minimum of 10% of the base cost or the total material
value
b. Regional Materials: 20% extracted, processed and manufactured regionally‐ Increase
demand for building materials and products that are extracted and manufactured within
the region, thereby supporting the use of indigenous resources and reducing the
environmental impacts resulting from transportation
i. Adds an additional 10% onto the above requirements from (a).
c. Certified Wood‐ Encourage environmentally responsible forest management
i. Use of a minimum of 50% of wood‐based materials and products, which are
certified in accordance with the Forest Stewardship Council’s (FSC) Principles
and Criteria, for wood building components. (note: this will most likely apply to
only the building materials, but it’s would be interesting to apply this to the
harvesting of biomass)
Note: There are other components that pertain to the complete operation of a biomass facility
for heating purposes, such as air quality and thermal/ heating elements, but they were not
included in this brief analysis
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Sitka Harbor Locations

E
B

D
C
A: Cressent Harbor
B: Thomsen Harbor
C: Sealing Cove Harbor
D: ANB Harbor
E: Elliason Harbor

Appendix
Restaurants in Sitka that use Deep Fryers

A

Restaurant
Twin Dragon
Agave Restaurant
Ludvig's Bistro
Kenny's Wok & Teriyaki
Channel Club
Raven Dining Room
Van Winkle & Sons
Lane 7 Snack Bar
Victoria's
Pioneer Bar
McDonald's
Level II LLC
Kelly's Sport Pub
American Legion
Pioneer Home
The Nugget Restaurant

Deep Fryers
(total on site)
1
1
1
1
1
2
1
2
1
1
6
2
1
1
1
2

Deep Fryers
Size (gal)
6
10
2.5
6
6
6
5
6
2.5
2.5
6
6
6
2.5
6
6

Oil Changed
(per week)
1
1
1
1
3
2
1
1
1
2
1
1
1
1
0.2
3

Total (annually)
312
520
130
312
936
1248
260
624
130
260
1872
624
312
130
62.4
1872

Totals
25
85
21.2
9604.4
Note: The information was collected either by phone, mailed survey, or site visit. This information is
not exact, but is estimation for use of oil and oil change schedules.

Appendix
Waste Fryer Oil Survey

ATTN: Travis Clemens
Sitka Electrical Department
105 Jarvis Street
Sitka, AK 99835
Restaurant
Sitka, AK 99835
Owner of Restaurant,
This survey entails collecting information from businesses that use deep fryers in their establishments
here in the city of Sitka. This survey is looking to see how much waste oil is produced and how we could
use that waste oil to benefit the city and reduce owners cost of disposal. This information is being
compiled for a report that will be available at the end of the summer. The information compiled will be
analyzed at the city level and individual business data will not be used or distributed in the final
document. Your participation in this survey is greatly appreciated.

Do you use a deep fryer in your Restaurant (Y/N) ____
How many deep fryers do you have? ______
What size(s) is/are the deep fryer(s)? ______ gallons
How many times a week do you change the oil? _____ per week
What is your charge for waste oil disposal? $_______ per month

Please use the prepaid envelope provided to return this questionnaire. Any questions please call or
email Travis Clemens at: Phone: 747‐1897 Email: tclemens@wisc.edu

Appendix
Raven Radio Interview Series: Energy Issues in Sitka, Alaska

Raven Radio will participate in a three part series of interviews discussing topics of current and future
energy supplies in Sitka, environmentally friendly hydro‐electricity, and an overview of research
concerning the feasibility of the implementation of alternative renewable energy systems in Sitka,
Alaska. The goal of the interviews will be to educate, inform and engage the public in these topics. It
will allow for better decision‐making for not only for public officials, but allow the public to have an
understanding as well.
Interview #1
Subject: Overview of the current situation and an outlook into the potential future directions
the city could head.
Participants: Chris Brewton (Director of Sitka Electrical Dept), Andrew Thoms (Director of SCS)
and Travis Clemens (Energy and Sustainability Intern)
Date: Monday, July 20th (at the radio station @ 8am)
Duration: approx 10 minutes
Interview #2
Subject: Overview of the key elements of environmentally friendly hydro‐electricity with a focus
on Sitka and the Blue Lake expansion.
Participants: Lexi Fish (Community Sustainability Intern) and Travis Clemens (Energy and
Sustainability Intern)
Date: Monday, August 10th (at the radio station @ 8am)
Duration: approx 10 minutes
Interview #2
Subject: Overview of the comprehensive renewable energy feasibility Study and its application
to Sitka’s energy future as a transitional community.
Participants: Andrew Thoms (Director of SCS) and Travis Clemens (Energy and Sustainability
Intern)
Date: Monday, August 17th (at the radio station @ 8am)
Duration: approx 10 minutes

Appendix H
Classes of Wind Power Density at 10 Meter Height

Wind Power
Class
1

Wind Density (W/m2)

Wind Speed Range m/s (mph)

Rating

<100

<4.4 (9.8)

Poor

2

100‐150

3

150‐200

5.1‐5.6 (11.5‐12.50)

Fair

4

200‐250

5.6‐6.0 (12.5‐13.4)

Good

5

250‐300

6.0‐6.4 (13.4‐14.3)

Excellent

6

300‐400

6.4‐7.0 (14.3‐15.7)

Outstanding

7

>400

>7.0 (15.7)

Very Outstanding

4.4‐5.1 (9.8‐11.5)

Marginal

Source: AWEA, www.awea.org/faq/basiwr.html

Appendix
Community Resources: Sitka, AK

Library Resources
Energy Efficiency & Conservation
Winning our energy independence: an energy insider shows how
Freeman, S. David
The clean tech revolution: the next big growth and investment opportunity
Pernick, Ron
Farewell, my Subaru: an epic adventure in local living
Fine, Doug
The long emergency: surviving the converging catastrophes of the twenty‐first century
Kunstler, James Howard
Renewable Energy Options
Independent energy guide: electrical power for home, boat & Rv
Jeffrey, Kevin, 1954‐
Renewable energy resources
Smith, Trevor
Energy alternatives
Keeler, Barbara
Energy resources: toward a renewable future
Herda, D. J., 1948‐
Energy alternatives
Energy resources: toward a renewable future
Herda, D. J., 1948‐
Energy demands
Gardiner, Brian
Small energy sources: choices that work
Goldin, Augusta R
Cool Stuff 2.0 and how it works
Woodford, Chris
Power with nature: alternative energy solutions for homeowners
Ewing, Rex A
Solar Power
Got sun? go solar : get free renewable energy to power your grid‐tied home
Ewing, Rex A
Turning up the heat: energy
Fullick, Ann, 1956‐
A Real Goods solar living sourcebook
Wind Power
Wind power of the future: new ways of turning wind into energy
Tecco, Betsy Dru
The independent home: living well with power from the sun, wind, and water
Potts, Michael, 1944‐
Wind power
Graham, Ian, 1953‐

Wind energy basics: a guide to small and micro wind systems
Gipe, Paul
Solar power of the future: new ways of turning sunlight into energy
Jones, Susan, 1965‐
Heat Pumps (Geoexchange)
Heating, ventilating, and air conditioning library
Brumbaugh, James E
Techniques for controlling noise from residential heat pumps
Ossenkop, Dennis G
Alternative home heating
Browne, Dan
Community Members
Energy Conservation & Efficiency
Chris Dugauy (Energy Auditor)
Recycling
Norm Campbell
Juliet Agne
Solar Power
Scott Berlinski
Roland Wirth
Wind Power
Roland Wirth
Heat Pumps
Gary Smith (SMC) ‐
Scott Saline (Saline Services) ‐
Sitka Planning Department
Wells Williams (Director)
Sitka Electrical Department
Chris Brewton (Director)
Sitka Conservation Society
Andrew Thoms (Director)

Appendix
Maintenance for Geoexchange Heating system
To avoid this scenario a GHP owner should: (www.alternativeconsumer.com)
• Change filters once a month

• Maintain system according to manufacturer’s instructions
In addition a professional service technician should: (www.energysavers.gov)
Inspect ducts, filters, blower, and indoor coil for dirt and other obstructions
• Diagnose and seal duct leakage
• Verify adequate airflow by measurement
• Verify correct refrigerant charge by measurement
• Check for refrigerant leaks
• Inspect electric terminals, and if necessary, clean and tighten connections, and apply
nonconductive coating
• Lubricate motors, and inspect belts for tightness and wear
• Verify correct electric control, making sure that heating is locked out when the
thermostat calls for cooling and vice versa
• Verify correct thermostat operation.

Appendix
Considerations for Geothermal Power Plant
•
•

Exploration to depths greater than 4km is usually deemed technically infeasible.
Despite great potential, geothermal energy faces several barriers to growth. These issues
include limited geothermal siting opportunities, inadequate technology, and high startup costs.
(NREL, 2008)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Type of project: expansion of an existing project will entail less exploration cost than a
greenfield project (one that hasn’t been previously drilled), where specific resource locations
are unknown
Plant size: the larger the plant, the less the cost per megawatt (economies of scale)
Well characteristics: depth, diameter, productivity, subsurface geology, rock formation
properties
Site location and accessibility both influence exploration costs; costs tend to increase if the
resource is located in a remote area
Exploration techniques, including geophysics, chemistry, and number of slim holes needed
Time delays
Ease with which the resource can be retrieved, influenced by permeability, depth of the
reservoir, and pressure
Characteristics of the geothermal fluid/steam, including chemistry and temperature
Fluctuations in the costs of certain materials or services, such as drilling, cementing, or steel for
well casing
Lease costs and lag time in obtaining leases and permits increase the costs associated with
exploration
Competition for drill rigs, as has occurred in Nevada over the past year as both gold and
geothermal exploration have expanded
Transmission costs
Tax incentives, such as the production tax credit (PTC) included in the 2005 Energy Policy Act
(EPAct)
Financing: types of investors, interest rates, debt periods, rate of return
Resource availability and quality
Seasonal and weather variability
GEA, 2009
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(HDL, 2009)
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(HDL, 2009)

Appendix

Table #: Comparative Cost of Fuel Oil and Electricity vs. Wood Fuels
RHV
Conversion DHV
Price per unit Cost per MMBtu (delivered,
FUEL
(Btu)
Efficiency
(Btu)
($)
($))
$4.50/ gal
$40.761
110,400
Fuel oil, #2,
138,000 80%
per
$5.00/ gal
$45.290
(per 1 gallon)
gallon
$5.50/ gal
$49.819
Electricity
(per kilowatt‐ 3,412
100%
3,412
$.092/ kWh
$26.964
hour)
$175/ cord
$17.597
Hemlock, (per 1 13.26
9.945
$200/ cord
$20.111
75%
cord, MC30)
million
million
$225/ cord
$22.624
$70/ ton
$17.825
Hemlock (per 1 5.61
3.927
$80/ ton
$20.372
70%
ton, MC50)
million
million
$90/ ton
$22.918
Notes: from appendix (#)
A cord contains approximately 1.2 tons (oven‐dry) (Dan Parrent, 2008 p11)

