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he narrative and model in this report are designed
to provide information to engage Alaskans who have
a passion to provide energy solutions, stimulate the
Alaskan economy and provide leadership for the benefit
of all Alaskans.

Alaska has had many high-quality energy plans written
over the years, but none ever gained traction to come
to fruition. To increase the likelihood that energy
solutions will become a reality, the new approach will
engage Alaskans in the solution and invite their active
participation in the selection and ownership of their
alternative energy sources.

The safe approach to conducting this work would have
been to hire a consultant. With some risk but a large
increase in the service to Alaskans, the Alaska Energy
Authority chose to utilize the expertise of in-house

staff. This personal accountability by the professionals

at AEA will help ensure Alaskans have access to energy
information and a single location they can work with to
resolve their energy challenges and opportunities. As
more information becomes available, the information will
be placed in the energy model for use by decision makers
long into the future.

Steven Haagenson
Statewide Energy Coordinator






Sustainable Energy for Alaskans

We Alaskans live in a magnificent state that has
many blessings when it comes to energy, but also
some curses. Alaskans live in a state with abundant
energy resources, but are hampered by long distances
and low usages.

The Alaska Energy Authority (AEA) has developed
this document to act as a first step toward energy
independence for Alaskans. The document contains
two main sections - a narrative which you are
reading now, and a technology screening tool we
have developed to allow each community to review
locally available resources and determine the least-
cost energy options based on the delivered cost of
energy to residents.

Energy use in each community is composed of three
major components: electricity, space heating, and
transportation. The relative level of use and cost for
each of these components differs across Alaska. For
instance, Anchorage residents pay comparatively
less for electricity and space heating, but more for
transportation due to heavy dependence on vehicle
travel. Rural Alaskans see lower vehicle travel,

but have much higher costs for heating oil and
electricity.

All of America is struggling with the high cost of
energy, but Alaskans have the resources, the ability,
and the motivation to create long-term solutions that
will greatly benefit our children and grandchildren.
AEA’s goal in developing the Alaska Energy Plan is
to reduce the cost of energy to all Alaskans through
deployment of energy technologies that are vertically
integrated, economic, long-term stably priced, and
sustainable.

In order to achieve this goal, we will be engaging
Alaskans throughout the state who have the expertise
and passion to use local resources to reduce their

dependence on petroleum. This effort must be
approached as a team effort, where each participant,
private or public, can provide value for permitting,
construction, applied research and development,
natural resource management, financing, workforce
development in management, design, business,
construction, operations, economic development,
wealth retention, and leadership.

Alaska Energy - First Steps

The first step in creating this document was to
identify each community’s current energy needs

for electrical generation, space heating, and
transportation. It is important to know these values
as they provide a reference or measuring stick
against which we can measure alternatives. Electric
power usage was obtained directly from current PCE
reports, while heating oil and transportation was
estimated by the Institute of Social and Economic
Research (ISER) based on modeling.

AEA conducted 28 Town Hall Meetings across the
state, engaging many Alaskans through the process
of seeking answers to three fundamental questions:
1) What resources near your community - where
you live, work, play, fish, and hunt - could possibly
be developed to help lower energy costs? 2) What
resources should not be developed? 3) Why not?

The information gathered from these Town Hall
Meetings was used to develop a resources matrix
for each community. Potential resources identified
included hydroelectric, in-river hydro, wind, solar,
wave, tidal, biomass, geothermal, municipal waste,
natural gas, propane, coal, diesel, coal bed methane,
and nuclear. Also identified were opportunities

for gasification and production of Fischer-Tropsch
liquids.
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Sustainable Energy for Alaskans

For each resource, AEA formed Technology Teams
made up of people with expertise and a passion

for energy solutions who were asked to identify
technologies options and limitations for each
identified resource. The Alaska Center for Energy
and Power (ACEP) at the University of Alaska was
brought in initially to help guide the technology
discussions, and ultimately went above and beyond
in their work on the narrative and the comparative
database.

Appropriate technologies for each fuel have been
identified. Capital and operations and maintenance
costs for each technology have been determined and
adjusted by region through use of factors developed
by HMS Construction Cost Consultants.

The net result is a focusing tool that will provide
each community with a high-level snapshot of the
least-cost options for electricity, space heating, and
transportation for their community. Prices will be
based on a delivered cost that includes capital cost
for infrastructure. The delivered cost number can

be used to quickly compare the alternative energy
options to diesel fuel based on a range ($50-$150) of
crude oil prices.

This first step in the ongoing Energy Plan is
intended to provide a high-level tool to focus each
community on its relative options for generating
electricity and heat through the use of locally
available resources. This is an important step in
developing a community, regional, and statewide
energy plan. This process is intended to occur in
stages, and it allows the state to provide assistance
with maximum support and buy-in from Alaskans.
Starting at the local level and using this plan as a
building block to develop regional and statewide
energy plans, the goal is to engage citizens directly
in developing energy solutions for Alaska.




How this Document Should be Used

The illustration on this page shows a sample
community energy meter. The energy meter is part
of the technology screening tool and allows for a
quick comparison between alternative energy options
based on a range of future crude oil prices for each
community in the state. As part of this screening
analysis, current electric and space heating costs are
compared on a total cost basis with capital, operation
and maintenance (O&M), and fuel costs for various
technologies. The focus is on near-term, commercial,
and proven
technologies,

although an

assessment

of some pre- 0
commercial or

potential future

options are also
included.
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The options for
each community
are compared with
the current cost of
energy as well as
a diesel equivalent
range of $50/bbl
crude oil (low
projection) to $150/bbl (high projection). There

are many communities with access to alternative
resources that can potentially provide energy at a
cost below the diesel equivalent of $50/bbl crude oil.
A sub $50 resource is defined as the Green Zone and
can include wood (biomass) heat and wind/diesel
options in the short term, as well as hydroelectric or
geothermal options in the long term. The projection
indicates that a Green Zone option alternative could

reduce energy costs even when crude oil is at $150/
bbl.

$83.79 | Geothermal
397.04 [l Hydro

$144.8 [ Wind

$33.27 [l Wood

£51.69 [ Fuel Oil (5110/bbI)

For most communities, the resource options fall
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within the cost range for diesel equivalent with crude
oil between $50/bbl and $150/bbl. The $50-$150
range is considered the Yellow Zone and can include
the entire range of energy alternatives.

Some communities have options that exceed

the diesel equivalent of $150/bbl. This range is

considered the Red Zone and indicates resources

that are probably not cost-effective to develop at

this time. If no other resources exist, a broader

regional evaluation should be conducted to search
for available options
in nearby communities
with Green or Yellow

5735 [l Geothermal Zone resources. The
$0.88 [l Wind/Diesel high cost is likely a
50.51  Hydro function of the size of

so.66 [MDiesel (S110/550 o community, or the
b

distance to available
resources.

Green  Less Bean §50/85] erude,
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Red Crpitis this § 150,85 crude.

In some communities,
the resource capability
is much larger than

the current energy
requirements of the
community. For
resources developed to
their full capacity but
only using a portion of the energy, the cost would
be high and could shift into the Red Zone. This is
the case with some of the larger hydroelectric and
geothermal resources. In this case, the community
could look at ways to use excess capacity from the
resource to spur economic growth opportunities and
lower the cost of energy to residents.
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There are several communities that do not have any
viable alternative energy resources. This finding
demonstrates the need to follow up with regional
evaluations to assess potential alternatives beyond
the immediate area of the community. It is also
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How this Document Should be Used

likely that some communities are too small or too
remote, and the most economic answer would be

to continue to use diesel fuel for the forseeable
future. However, this analysis indicates that most
communities have at least one opportunity to reduce
diesel use, even if solely through implementing
efficiency measures.

We believe that use of local resources will help
stabilize local economies by developing jobs to
build, operate, and maintain energy systems. Local
jobs will also be created where fuel collection,
processing, and transportation are required. In this
way, the dollars currently spent on diesel fuel could
be recirculated within a community and used to
strengthen the economic base.

The next step is to engage Alaskans at the regional
level to discuss results from this screening tool.
These regional meetings will provide a forum for
additional community input. Meetings will also be
conducted with utilities, municipalities, and native
corporations to develop public/private partnerships

and engage these entities in developing long-

term energy solutions. Local buy-in will permit
more focused regional feedback to the legislature,
thus insuring that the best options are being
recommended for approval. The screening tool is
also designed to be continually updated as more
information is available. In this way it will serve

as a valuable tool for the legislature and governor
when they consider energy requests in future capital
budgets.

The focus of this work is on the non-Railbelt
portions of Alaska. That is where the need to
reduce energy costs is greatest. The Railbelt will
be addressed through an Integrated Resource Plan
(IRP), which will evaluate multiple energy sources
and delivery systems. It is likely that the solution
for the Railbelt will be a combination of available
resources such as large hydroelectric projects,
natural gas supplies, pipelines, biomass, wind, and

geothermal systems.




How this Document Should be Used

Alaska has abundant resources and Alaskans have
enjoyed relatively low-cost diesel prior to the pricing
surge in 2007 that extended through the summer of
2008. When fuel prices are low and stable, interest
in the use of locally available alternative fuels is
low. When prices spike, interest likewise becomes
high, but the opportunity to use lower-cost fuels

may not exist without proper planning, research,

and development. During oil price spikes in the
1980s, there was much interest in alternative energy
across the nation, including Alaska. Nevertheless,
projects such as the Susitna Hydroelectric Dam were
canceled when crude oil dropped to $9.00 per barrel.

We have recently seen the price of crude drop from
$124/bbl to $28/bbl, and lower, in a reduction
similar to the one in the 1980s. This drop in oil
prices hits Alaska doubly hard, as a reduction in
state revenue limits funds available to develop the
necessary infrastructure needed to switch to lower-
cost fuels when crude oil prices again rise. The
general consensus is that oil prices will again rise,
but there is on-going debate about the future price of
crude oil and the long-term volatility. Alaska is an
oil-producing and exporting state, but there are many
external factors that will increase or decrease crude
oil pricing. In a global market with large consumers
like India and China, Alaskans will be riding the
market roller coaster with little influence on the final
price determination. What can be controlled in this
energy world?

Alaska has numerous energy resources and the
power to choose its fuel supplies. A method is
needed to place these choices in perspective. Public
awareness needs to increase. There may be energy
options that can provide lower-cost energy than
today’s $50/bbl oil. Resources that could be used to
power and heat Alaskan communities and provide
opportunities for local economic development should
not sit unused. Alaskans must make the commitment

to shift from diesel as much as possible, even when
prices are low, if we are to avoid high costs in the
future.

This document can provide insight into the energy
opportunities that lie ahead for Alaskans. The
technology screening database is based on data
collected from numerous sources throughout the
state. Where data has not been collected, models
were developed to approximate the missing data.
For example, ISER developed a model to predict the
amount of heating oil used for spacing heating and
vehicular transportation by community.

Data pertaining to population change and Power
Cost Equalization has also been incorporated and is
felt to be reliable and accurate.

The cost estimates contained in this report were
conducted at the conceptual level with no site-
specific design or scope development. Cost
estimates were based on similar historical energy
projects constructed in Alaska, vendor estimates,
and historical studies and reports for specific
applications. These need to be recognized for
what they are: high level conceptual cost estimates.
The recommendations are based on the best data
currently available, but detailed site specific cost
estimates must be completed prior to project
selection to determine more accurate values.
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How this Document Should be Used

The technology screening tool exists in two
sections. The first is the energy meter page for a fast
scan of local resources. The second is in a numeric
results format for a more in-depth analysis of the
data.

The energy meter page has been prepared for every
community in Alaska located “outside” the Railbelt
region. The numbers are reported as specific values
for convenience, but in actuality contain a high
degree of uncertainty as a result of incomplete

data, conceptual cost estimates and estimates

based on models. They are intended to provide an
approximate value for the delivered cost of energy
from a particular resource. Prior to finalization of
an energy resource selection, a detailed site-specific
cost estimate must be done to determine actual
project costs for financing and benefits evaluation.

The energy meter page has two meter faces, one for
the cost of electricity and one for the cost of space
heating. The meter dial has three colors, green,
yellow, and red. They are linked to the cost of crude
oil. In the past few months, crude oil prices have
ranged between $150/bbl to $30/bbl. With the price
volatility of crude oil, the meter face was developed
to show the locally available energy sources with
respect to a variable pricing of crude oil. Rather
than predict the future price of oil, the green, yellow,
and red zones have been created. The Green Zone
defines relative costs for crude oil pricing of $50/bbl
or less. The Yellow Zone defines cost above $50/
bbl, but below $150/bbl. The Red Zone represents
crude oil costs above $150/bbl.

The cost of electricity and space heating from diesel
fuel shown on the meters are computed using the
price of crude oil, delivered to the community and
used in the existing infrastructure. The electrical
costs include non-fuel costs so the electrical cost
shown will relate to the cost per kilowatt-hour shown
on the billing statement, prior to the applicable PCE
reduction.

A community can select its fast scan sheet and look
for resources in the Green Zone. If resources exist
in the Green Zone, this is an indication that local
resources might provide a less expensive stable-
priced energy source, even if the cost of crude

oil were to rise. Green Zone resources should be
reviewed for projected construction costs and time,
since the most economic projects, such as hydro or
geothermal, tend to have a longer construction time.
If all Green Zone projects have long construction
times, look at the Yellow Zone for resource options
with a shorter delivery schedule.

The Yellow Zone is the range of possible crude
pricing we have seen over the past few months.
Predicting crude oil prices can be risky if not
impossible. The recent reduction in crude prices is
believed to be temporary, but exactly when and how
much prices will rise is not known. If resources
exist in the Yellow Zone, this indicates that the
alternative resource may not be economic unless
crude oil prices were to rise. This is also the zone
where the state could assist in paying down the
capital debt component to reduce the resultant cost
of energy to the community. If $50/bbl is the target
point for state assistance, then, rather than paying
the entire capital cost of the alternative project, the
state assistance should be limited to paying capital
costs down to the Green Zone or the $50/bbl target
point. Using the target point concept will help
produce alternative energy at a level that can be
sustained. For example, large hydroelectric projects
are capital intensive but have low O&M cost on

the order of $0.01/kWh. Rather than assuming full
capital relief and yielding the low O&M cost only, a
balance of loans and grants could be applied to bring
the resulting energy costs down to the pricing point
equivalent. The all or nothing approach to capital
funding may result in the wrong pricing signal for
energy, and over-expend funds in one area while
other areas will be paying much higher prices. Both
short and long-term projects can exist in the Yellow
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Zone. As the values of resources have a wide
range, several of the lower-cost options should be
reviewed for further investigation. As a general
rule, short term projects should be selected first,
with the addition of larger or longer term projects
that will further reduce the cost of energy to the
community.

The Red Zone includes projects that are not cost
effective at this time and will not be so unless
technology develops to reduce the resulting energy
cost, or until crude oil is above the $150/bbl price.

The numeric results sheet can be used for a more in-
depth analysis of the data. The first part identifies
the current energy needs and costs for electricity,
space heating, and transportation.

The current use can be compared to the existing
capacity and energy usages to determine the
general resource size required for the community.
If a selected resource is much larger than the
community needs, an economic development
opportunity exists. For the community to achieve
the lowest price, the resource will need to be used
to its maximum. In this case, additional loads
must be developed to match the capacity of the
energy resource. For example, if a geothermal
source exists that is larger than the community
needs, the community could develop a fish cannery
and use an absorption chiller to make ice in the
summer or grow vegetables under grow-lights in a
geothermally heated greenhouse in the winter.

Financing of energy projects is expected to be

a mix of bonds, loans, private equity, grants or
financial guarantees. To ensure the financial
success of energy projects, good business practices
would require the creation of a project scope,

cost estimate, project business plan, management
team, design team, financing plan, and permitting
strategy. Business plan development will also be
necessary for grant and loan approval, with an

evaluation of the balancing of the risks and rewards.
The community energy model can be used to analyze
and compare different methods and levels of financing
and grants.

Learning from history, we need to recognize past
performance, to avoid the historical results of
alternative energy plans described in the ‘History of
Energy Policy in Alaska’ section of this document.

Specific factors which impeded success of alternative
energy initiatives as stated in the House Research
Report 85-C published in 1985 include:

« State agencies did not develop strong
management capabilities

« State agencies lacked methods for assessing
the technical and financial feasibility of
projects

» Coordination among state agencies was often
lacking

* Features of an alternative technology were
poorly matched with a useful rural application

* Unrealistic expectations existed about what an
agency or technology could accomplish

» Too much responsibility was delegated to
contractors while the state often assumed the
risk in performance of the project

Development of public/private partnerships is critical
for successful implementation, with recognition of
our respective strengths and weaknesses to ensure all
parties are providing quality service to the effort.

Private sector development by electric utilities, native
corporations, municipalities and other qualified entities
will provide access to management, business and
operations expertise. Detailed business planning at

the local level will ensure the technical and financial
feasibility of the projects. The business plans will be
required in all applications for state assistance and be a
core part of the evaluations by state agencies, similar to
the Renewable Energy Fund - Request for Applications
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evaluation and selection process. The local business
plans will provide a tool to help identify and evaluate
the best application of an alternative resource. The
risks and rewards must be balanced and shared by the
private, public and construction sectors.

Engaging Alaskans

The AEA team will engage Alaskans through a
series of public meetings across the state. Regional
meetings will be conducted in early 2009. The public
meetings will be used as an opportunity to explain

to local residents the use and the results of the
report. This is also an opportunity to obtain feedback

from Alaskans on the initial results and to obtain
additional input. These discussions are an important
step in creating a regional vision for energy
development that has local support and buy-in. The
AEA team will discuss specific local opportunities
and explain the use of the report in a large group
setting.

In addition to the public meetings, the AEA team
will meet with the local municipalities, utilities,
native corporations, and other groups with an
interest in resolving the Alaskan energy challenge.
These discussions will be conducted in smaller
group settings and will help identify the people who
have passion, expertise, knowledge and a realistic
perspective for a specific resource and technology.
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Akutan

Energy Used

WHeat 46% 39%
MTransportation -
Electric £ ?ﬁ
15% ‘ ﬁg
otal: $964 rer capita e

Heat $372  Per capita POPULATION: 859

Transportation  $147 Per capita

Electricity: $444 Per capita

{)304{]5050?

§£7.35 Geothermal
$0.88 [ Wind/Diesel
$0.51 Hydro

[l Diesel ($110/bbl)

$0.66
Electricity $/kWh

{Including fixed cost of electricity)

Green:  Less than 550/bbl crude.
Yellow: 550/bbl to $150/bbl crude.
Red: Greater than §150/bbl crude.

Sample Community
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$144.8 [ Wind
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Regional Corporation

Ak u t a n Aleut Corporatio:7

House
Senate : S
POPULATION 859  LATITUDE: 54d 08m N LONGITUDE: 165d 46m Aleutians East Borough

LOCATION  Akutan is located on Akutan Island in the eastern Aleutians, one of the Krenitzin Islands of the Fox Island
group. ltis 35 miles east of Unalaska, and 766 air miles southwest of Anchorage.

ECONOMY  Commercial fish processing dominates Akutan's cash-based economy, and many locals are seasonally
employed. Trident Seafoods operates a large processing plant west of the City for cod, crab, pollock and fish
meal. The population of Akutan can double during processing months. Seven residents hold commercial
fishing permits, primarily for halibut and other groundfish. Subsistence foods include seal, salmon, herring,
halibut, clams, wild cattle, and game birds.

HISTORY Akutan began in 1878 as a fur storage and trading port for the Western Fur & Trading Company. The
company's agent established a commercial cod fishing and processing business that quickly attracted nearby
Unangan to the community. A Russian Orthodox church and a school were built in 1878. Alexander Nevsky
Chapel was built in 1918 to replace the original structure. The Pacific Whaling Company built a whale
processing station across the bay from Akutan in 1912. It was the only whaling station in the Aleutians, and
operated until 1939. After the Japanese attacked Unalaska in June 1942, the U.S. government evacuated
Akutan residents to the Ketchikan area. The village was re-established in 1944, although many villagers chose
not to return. This exposure to the outside world brought many changes to the traditional lifestyle and attitudes
of the community. The City was incorporated in 1979.

Current Energy Status PCE
Electric (Estimates based on PCE) Estimated Local Fuel cost @ $110/bbl  $4.71
/kw-hr
C t effici 11.81 kW-hr/gal Fuel COE .45 /kw-h
urrent efticiency 8 roa ue 5045 fw-hr Estimated Diesel OM  $10,206
C tion in 2007 I Est OM $0. /kw-h
ensumption in 48913 ga s $0.02 fkw-hr Other Non-Fuel Costs: $98,502
A Load kW NF COE: . /kw-h —
verage Loa 58 $0.19 wenr Current Fuel Costs  $230,488
Estimated peak load 116.51 kW Total $0.66 Total Electric
Average Sales 510,306 kW-hours $339,1 96

Space Heating (Estimated)

Sample Community

2000 Census Data 2008 Estimated Heating Fuel used: 56,012 gal
Fuel Oil:  100% Estimated heating fuel cost/gallon  $5.71
Wood: 0% $/MMBtu delivered to user $51.81 Total Heating Oil
Electricity:  0.0% Community heat needs in MMBtu 6,721 $31 9,950

Transportation (Estimated) Total Transportation
Estimated Diesel: 22,154  gal Estimated cost $5.71 $126,547

Energy Total $785,693
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Possible Upgrades to Current Power Plant

Power Plant - Performance Improvement to higher efficiency

Upgrade needed: Capital cost $7,500
Semiannual Circuit Rider Annual Capital cost $628 $0.00  /kw-hr
Status Completed Estimated Diesel OM $10,206 $0.02
New fuel cost 0.38 Savings
Acheivable efficiency 14 kW-h ew fuel cost  $194,457 $ 9
Avg Non-Fuel Costs:  $108,708 $0.19
New Fuel use 41,267 - $35,402
New cost of electricity ~ $0.55
per kW-hr

Diesel Engine Heat Recovery

Heat Recovery System Installed? Capital cost  $163,112

Is it working now? Annual ID $1 3,663
BLDGs connected and working:
Annual OM $3,262
Value
Water Jacket 7,337 gal $41,910
Stack Heat 0 gal $0 Heatcost  $20.88 $/MMBtu $24,985

Total Annual costs $16,926 Savings

Alternative Energy Resources

Geothermal Capital cost $38,500,000 per KW-hr B
Installed KW 5000 Annual Capital $2,587,805 $0.06 $18.22
kW-hr/year 41610000 Annual OM $1,155,000 $003 $813
Site Name Akutan - Shallow Fusl cost: $0 $0.00
Total Annual Cost $3,742,805 $0.09 $26.36

Project Capatcity 200 MW
Non-Fuel Costs $0.21

Sample Community

Shallow Resource 0 Feet
Shallow Temp 99.00 C Alternative COE: $0.30 Savinas
% Community energy 8154% 9
New Community COE $7.55 ($3,403,609)
(includes non-fuel and diesel costs)
. Heat Cost
Geothermal Capital cost $37,500,000 per KW-hr $/MMBtY -
Installed KW 6000 Annual Capltal $2,520,589 $005 $1479
kW-hr/year 49932000 Annual OM $1,125,000 $002 $660
Fuel t: 0.00
Site Name Akutan - Deep uel cost: $0 $
Total A | Cost $3,645,589 0.07 21.39
Project Capatcity 200 MW otal Annual Cost $ $ $
Non-Fuel Costs $0.21
Shallow Resource 0 Feet
Al i E: .2
Shallow Temp 99.00 C ternative COE:  $0.29 Savings
% Community energy 9785% g

New Community COE $7.36 ($3,306,393)

(includes non-fuel and diesel costs)
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Hydro
Installed KW 197
kW-hr/year 566166

Site North Creek
Study plan effort feasibilty
Plant Factor 69 %
Penetration 0.52

Capital cost

Annual Capital
Annual OM
Fuel cost:

Total Annual Cost

$2,507,920 per kW-hr
$97,472 $0.17
$55,200 $0.10
$0 $0.00
$152,672 $0.27

Non-Fuel Costs $0.21
Alternative COE: $0.48

% Community energy 111%
New Community COE $0.51

(includes non-fuel and diesel costs)

Heat Cost
$/MMBtu :

$50.44
$28.57

$79.01

Savings

$186,524

Hydro
Installed KW 209
kW-hr/year 701186

Site Loud Creek
Study plan effort feasibility
Plant Factor 77 %
Penetration 0.54

Capital cost

Annual Capital
Annual OM
Fuel cost:

Total Annual Cost

$2,509,760 per KW-hr
$97,543 $0.14
$55,200 $0.08
$0 $0.00
$152,743 $0.22

Non-Fuel Costs $0.21
Alternative COE: $0.43

% Community energy 137%
New Community COE $0.51

(includes non-fuel and diesel costs)

Heat Cost
$/MMBtu :

$40.76
$23.07

$63.83

Savings

$186,453

Wind Diesel Hybrid

Installed KW 600
kW-hr/year 1218860
Met Tower? no
Homer Data? yes
Wind Class 7
Avg wind speed 8.50 m/s

Capital cost

Annual Capital
Annual OM
Fuel cost:

Total Annual Cost

$4,253,640 per kW-hr
$285,911 $0.23
$57,184 $0.05
$0 $0.00
$343,096 $0.28

Non-Fuel Costs $0.21
Alternative COE: $0.49

% Community energy 239%
New Community COE $0.89

(includes non-fuel and diesel costs)

Heat Cost
$/MMBtu :

$68.73
$13.75

$82.48

Sample Community

Savings

($3,900)
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Railbelt Region

Opportunities and challenges in the Railbelt
Region differ from those in other parts of Alaska.
The Railbelt electrical grid is defined as the service
areas of six regulated public utilities that extend
from Fairbanks to Anchorage and the Kenai
Peninsula. These utilities are Golden Valley Electric
Association (GVEA); Chugach Electric Association
(CEA); Matanuska Electric Association (MEA);
Homer Electric Association (HEA); Anchorage
Municipal Light & Power (ML&P); the City of
Seward Electric System (SES); and Aurora Energy,
LLC as an independent power producing utility.
Sixty five percent of Alaskan population lies within
the Railbelt region.

The southern portion of the Railbelt: Mat-Su Valley,
Anchorage, and the Kenai Peninsula are highly
dependent on natural gas as a source of electricity
and heat. The northern portion of the Railbelt
including Fairbanks and other communities in the
Interior relies on petroleum fuels in addition to
natural gas, coal and hydroelectric electrical imports
from the south. Petroleum fuels provide the majority
of energy used for transportation across the entire
state.

Nearly all of the thermal generating capacity in the
Railbelt is more than 20 years old, and much of

it is more than 30 years old. The majority of the
generation is predominately combustion turbine
generation. There are five utilities to the south of the
Alaska Range. GVEA is the sole utility to the north.

A Regional Integrated Resource Plan (RIRP) is
being developed to identify and evaluate the best
resource mix to insure that least-cost options for
electricity and heat are developed in the Railbelt
region. The RIRP will be completed in late 2009
and will consider multiple energy options and
make a recommendation on specific projects to be
developed.

The complete Request for Proposals on the Regional
Integrated Resource Plan for the Railbelt Region of
Alaska can be found on the Alaska Energy Authority
website, www.akenergyauthority.org.

The current generation mix includes a number of
existing hydroelectric power plants that are operating
in the southern portion of the Railbelt. Two coal-
fired power stations (one operational) are positioned
within GVEA’s service area at Healy River, near
extensive sub-bituminous coal resources available
from the Usibelli coal mine.

The Cook Inlet gas basin still yields large quantities
of natural gas for power generation and space
heating, but known reserves are now falling and
dropping field operating pressures are causing
concern that the region may not be able to depend
on lower Cook Inlet for adequate gas supplies in
the future. There are several proposals to construct
pipelines that could bring Alaskan North Slope
natural gas into the Railbelt. Consideration of these
potential fuel sources will be a part of the integrated
resource plan for the Railbelt.

A number of future generation projects have also
been proposed, among them wind power projects,
large-scale and small-scale hydroelectric power
projects, Fischer-Tropsch plants, coal-fired power
stations, and turbines fired by fuel oil or natural gas
turbines.

Future fuel supplies for the Railbelt are diverse.
Near-term fuel supplies include natural gas from the
Lower Cook Inlet Basin, petroleum fuel supplies
from Fairbanks and Kenai Peninsula refineries, and
coal resources near Healy and Chuitna. Significant
quantities of North Slope natural gas are also
available, although there is no pipeline currently
available to bring this gas to the Alaska Railbelt.
Trucking of LNG from the North Slope is being
investigated as an interim opportunity to use North
Slope natural gas to reduce the cost of energy to the
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Railbelt Region

Fairbanks area. If the large-scale Alaska Natural Gas
Pipeline is constructed, then significant quantities of
natural gas will become available in Fairbanks. A
compendium of known reports, RCA orders, and
other data are available on the AEA website at www.
akenergyauthority.org/USOhomepage.html, via

the ‘Resource Documents’ link under the section,
**Existing Railbelt Electric Grid data.

The Susitna Hydro Evaluation
Project

The large-scale Susitna Hydro Project was proposed
in the 1980s to provide hydroelectric power for

the Railbelt. It was evaluated extensively by the
state, but tabled in 1985 when oil prices dropped
precipitously. AEA is currently engaged in the re-
evaluation of the feasibility of this project. Historical
information about the Susitna Hydro Project is
available at http://www.akenergyauthority.org/
SusitnaReports.html.

AEA intends to complete these studies on or before
June 1, 2009. The RIRP for the Railbelt will require
consideration of information from the Susitna Hydro
Evaluation Project.

The Railbelt Electrical Grid
Authority Project

AEA recently completed the Railbelt Electrical Grid
Authority (REGA) Project, which recommends
business structures that will own, operate, maintain,
and control generation and transmission assets
throughout the Railbelt.! The project considered
several different energy futures for the Alaska
Railbelt, and a regional plan for generation and
transmission was part of this study. The final report
and other resource documents are available online at
http://www.akenergyauthority.org/REGAHomePage.
html.

Regional Integrated Resource Plan
(RIRP) for the Railbelt

The goal of the Regional Integrated Resource Plan
for the Railbelt (RIRP) is to minimize future power
supply costs and maintain or improve current levels
of power supply reliability through the development
of a single, comprehensive resource integration plan.
The plan will identify and schedule a combination of
generation and transmission (G&T) capital projects
over a 50-year time horizon.

Healy Clean Coal Project
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Railbelt Region

The plan is intended to provide:

e An assessment of loads and demands for the
Railbelt Electrical Grid for a time horizon of
50 years, including new potential industrial
demands;

e Projections for Railbelt electrical capacity
and energy growth, fuel prices, and resource
options;

e An analysis of the range of potential generation
resources available, including costs, time for
construction, and long-term operating costs;

e A schedule for existing generation project
retirement, new generation construction,
and construction of backbone-redundant
transmission lines that will allow the future
Railbelt Electrical Grid to operate reliably
under open access tariffs, with a postage stamp
rate for electricity and demand for the entire
Railbelt as a whole;

e A long-term schedule for developing new fuel
supplies that will provide for reliable, stably-
priced electrical energy for a 50-year planning
horizon,;

e A diverse portfolio of power supply that
includes in appropriate portions renewable
and alternative energy projects and fossil fuel
projects, some of which could be provided by
independent power producers;

e A comprehensive list of current and future
generation, transmission, and electric power
infrastructure projects, each one including a
project description, narrative, location, fuel
source, estimated annual fuel consumption,
power output capacity, and energy output, both
annually and monthly.

For reasonable generation fuel supply configurations,
the RIRP will develop and recommend up to three
feasible resource plan scenarios, complete with
assessment of costs and benefits, and collective and
individual impacts on utility tariffs.

The RIRP will include consideration of the following
energy sources:

e Healy Clean Coal Project

Susitna Hydroelectric Project (including

phased development)

Chakachamna Hydroelectric Project

Fire Island Wind Power Project

Eva Creek Wind Project

Fairbanks Fischer-Tropsch Project (energy

source and fuel source)

e Chuitna Coal Project (energy source and fuel
source)

e Nenana Basin natural gas
New gas reserves and exploration in Cook
Inlet

e North Slope natural gas Bullet Line
LNG trucked from the North Slope to
Fairbanks

In order to integrate Susitna development with
Railbelt Electrical Grid capacity and energy needs
the RIRP will consider a number of options for
bringing generation sources online, including the
phased development of the Susitna Hydro Electric
Project. The RIRP will also consider input from the
Wind Integration Study currently being conducted
by AEA, and it will include an analysis of the role
of demand side management rules and the ability to
reduce generation resource and energy requirements
if such programs are implemented.

The RIRP will also consider potential contributions
of a merchant power market, where energy needs
could be partially met by tenders from the Railbelt
G&T entity for a portion of the power supply needs.
The RIRP process will analyze a range from 0% to
25% of power needs being supplied by merchant
power suppliers (Independent Power Producers).
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The RIRP will also consider a scenario where in
10 years all Railbelt G&T assets will be owned,
controlled, maintained, and operated by a single
business entity.

Transmission planning for the RIRP will begin with
the most recent Chugach and GVEA transmission
plans integrated into an overall interconnected grid
development. It will be assumed that transmission
projects will be accomplished cooperatively with the
serving distribution utility whose service area the
transmission line must traverse.

The RIRP will consider future industrial loads
compared to a baseline load growth (demand and
energy requirements) scenario, that assumes Railbelt
development without new, heavy industrial high
power demand. An evaluation of potential future
industrial projects for the Railbelt and of incremental
costs identified for increasing G&T capabilities to
supply industrial loads will be completed. This

will include the Donlin Creek mining projects

and the Pebble Mining project as possible grid
interconnected loads, as well as a third, undefined
but similarly sized industrial project.
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Energy in Alaska

Introduction

It is difficult to conceive many human activities that
do not in some way depend on affordable, reliable
energy. Whether it is providing fuel for our vehicles,
electricity and heat for our homes, or energy for the
production and transportation of the products we use
daily, almost everything we do depends on a constant
supply of energy. Inexpensive energy has helped
our society create wealth and, as an energy exporting
state, is a cornerstone of our economy.

The United States uses more energy per capita than
any other country in the world, and Alaska as a state
has the highest per capita energy use in the nation

at 1112 Mmbtu per person. This is more than three
times higher than the national average of 333 Mmb-
tus, and is in part due to our climate, with long cold
winters throughout most of the state requiring more
energy for heating homes. However, our geographic
location and oil and gas industry also contribute
significantly. For example, almost 32 million bar-
rels of jet fuel were used in 2006. Jet fuel constitutes

43% of total energy end-use in Alaska, however a
large portion is used for international flights and is
not actually consumed in-state. An additional 484
Mmbtu can be attributed to energy used for oil and
gas production in 2006, and while this was energy
consumed in-state, a vast majority of the product
was shipped out of state as crude oil exports.

Alaska is also home to tremendous untapped or
underutilized energy resources, including some of
the highest concentrations of fossil and renewable
energy resources on earth. In addition to the well-
known oil and natural gas resources on the North
Slope and in Cook Inlet, Alaska’s proven coal re-
serves represent the 4th largest fossil energy resource
in the world. Alaska also has significant undevel-
oped geothermal resources in the Aleutian Island
volcanic arc, abundant untapped hydropower, wind,
and biomass resources, and the majority of the tidal
and wave power potential in the United States.

How Much Energy Does the
Average Alaskan Use?

A long distance sled dog puts out 5 kW,
or 17 Mmbtus, based on a 10,000 kcal/
day diet during a typical day on the
Yukon Quest or Iditarod. This means
that in order to generate the amount of
energy needed by each Alaskan every
day, we need the equivalent effort of 65
Iditarod sled dogs.

@



©,

"san[eA 90 uo paseq ‘(VIH) UOLENSIUIUPY UOHRWLIOU] ASIouy Sojel§ pajiu() dy3 wolj eje

Sl p g 0 4 £ LS RS S Y

©
-
"))
- __________________________________________________
< i
§=
>
i s - 009
Q endes/mquiy £EE = adesany ‘g
LL I o
ended/mquipy TITT = EYsEy _
f(rff.f!.w - 00OT
DOZT

ejides Jad uonndwnsuon ABisug jenuuy |ejol




©
e
')
e
<
=
>
(@)
e
(<)
c
LLl

uonBNSIUIUPY uoneuoju] A319uy ‘S N 9y} pue ‘sioaurduy jo dio) Awry

‘S’ Y} ‘S90In0saY [eImyeN Jo juduntedo(q eysery oyl YIS Wolj ejep uo
paseq Jamod pue A310ug 10J 191ud)) BYSe[y Ay} Aq paonpoad weiderp A31ouyg

05
poduw)
1anpold
wnajnlia g

-0Z
poduw)
[lleR=lrthe]

=

05

274
uodxg
Janpoig
wnajoag

8] [
yodxg yodxg
M B3N

podxg
(L]

Ba7 |
yodxg
|10y apnig

nig uol||iL - 900<

mo|4 ABlau] seysely

24



Energy in Alaska

Energy Flow in Alaska

In order to reduce the cost of energy for Alaskans, it
is important to understand how energy is produced
and how it is used. The energy flow diagram on the
opposite page describes the inputs for Alaska energy
consumption, as well as the amount used by the
residential, commercial, industrial, and transporta-
tion sectors. While the values used in this diagram
are based on 2006 data, the only recent significant
change in major energy use patterns is the closing of
the Agrium Fertilizer plant on the Kenai Peninsula,
which has eliminated urea exports out of the state.

Energy flow diagrams are useful for visualizing
where energy comes from and where it goes. They
also demonstrate the inefficiencies associated with
various energy conversion technologies as energy is
‘lost’ between the developed resources (left side of
diagram = 2173 trillion btus), energy exports (top of
the diagram = 1435 trillion btus), energy consumed
(right hand side = 363 trillion btus), and energy
imported (bottom of the diagram = 70 trillion btus).
This is particularly evident in the production of elec-

What is 1 trillion btus?

tricity, where on average 66% of the energy used by
our power plants is dissipated as waste heat.

It is also interesting to note that since 2001 (the last
time ISER completed an energy flow diagram for the
state), residential energy use increased by 18% while
the state population increased by only 7%. This
shows that we are not doing a good job impelement-
ing energy efficiency measures at the level of the
individual home owner, which should be the lowest
cost and consequently the first area addressed when
seeking opportunities for reducing the cost of energy.

Unfortunately, the picture of energy flow for the
entire state of Alaska does little to show what is hap-
pening in any particular region, let alone in a single
community. For example, a large fraction of the
hydropower is produced in southeast Alaska, while
natural gas is a large component of energy supply in
the Anchorage area and Kenai Peninsula, as well as a
few communities on the North Slope. Coal is solely
used in Interior Alaska for both power generation
and heating.

The units used for the energy flow diagram are in trillion btus (British Thermal Units), where 1 btu
is the energy required to raise 1 pound of water 1 degree Fahrenheit. Another way to understand
what a trillion btus represents is that each Alaskan uses nearly 1 million BTUs per day; so 1 trillion
BTUs is about enough energy for a day and a half of energy use for all of Alaska.

Alaska’s total energy consumption in 2006 = 419 trillion btus divided into the following sectos:

¢ Residential 45 Trillion BTUs

¢ Commercial 45 Trillion BTUs

¢ Industrial 26 Trillion BTUs

* Transportation 263 Trillion BTUs
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Energy in Alaska

Historical Trends in Energy Consumption

Using data on the consumption of energy from the the late 1960s, and by the early 1980s natural gas
U.S. Energy Information Administration (EIA), we was the predominant source of energy used in Alas-
can track the amount of energy used in Alaska since ka. When oil and gas production began on the North
statehood. These estimates of consumption from the Slope in the late 1970s, natural gas consumption by
EIA also include energy used during oil and gas ex- industrial users increased dramatically because it
traction processes, and jet fuel from international air was used to power North Slope operations. All other
travel. The graph below shows the gross consump- fuels, including diesel, motor gasoline, jet fuel, and
tion of energy in Alaska from 1960 through 2006. coal, have contributed relatively stable shares of total
Oil and gas production began in Cook Inlet during energy consumption per capita in the state.

Gross Consumption of Energy in Alaska (million Btu per capita)
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Energy in Alaska

Putting the Cost of Energy in Context

While energy and its cost to our communities are the
main focuses of this document, the context of energy
within the social framework of Alaskan communi-
ties must also be considered. Energy is ultimately a
tool used to achieve a certain quality of life. Energy
heats homes, runs appliances, provides light, fuels
our vehicles, and powers communication equipment,
among other applications. With this fact in mind it
is clear that state energy planning must look at more
than simply reducing the cost of energy in communi-
ties throughout the state. The planning effort must
also look at the much more complex goal of improv-
ing and sustaining the quality of life across the state
to retain a stable population base, and diversify the
economy.

The statement has often been made that many Alas-
kan rural communities are dying, and this is fre-
quently attributed to the high cost of energy in those
locations. It is easy to document the fact that resi-
dents in most rural communities spend a dispropor-
tionate percentage of their gross income on energy
when compared to the more urban areas of the state.
According to ISER, in 2006 rural residents spent
approximately 9.9% of their total income for energy-
related expenses, an increase from 6.6% in 2000,
and there has almost certainly been a further increase
since 2006.

While this trend is most apparent in rural Alaska,
the rising cost of energy is affecting Alaskans in all
regions of the state. Southeast Alaska and Kodiak,
which largely benefit from stable electric costs from
hydropower, are still being effected by the high cost
of space heating. The Fairbanks area has seen a dra-
matic increase in both space heating and electricity
costs. Even in the Anchorage area average residen-
tial natural gas prices increased 27% in one year,
from 2006 to 2007. While the rising cost of energy

is clear, what is less definitive is whether these rising
costs directly correlate to out-migration from rural to
urban areas, and out of the state completely.

ISER recently completed a study that indicates
migration from rural to urban areas of the state is a
long-term trend caused by a number of factors and
that it has been occurring for generations in some
parts of the state. There has also been a small net
migration out of the state since 2002. Many factors
contribute to this trend, including the overall high
cost of living in Alaska. In general, people migrate
to improve their lives by increasing their access to
opportunities such as better paying jobs, education
for themselves and their children, and a lower cost of
living. It is possible that the current spike in energy
costs may serve as a tipping point, or final straw
stressing rural residents to the point where the deci-
sion to leave is finally made. This decision is also
frequently influenced by other considerations: the
lack of adequate housing, lack of well paying jobs,
and deterioration of social networks due to prior out-
migrations and other social issues.

In fact, an attitudinal survey of 600 Alaska Natives
and 302 non-Natives who had moved from rural to
urban areas of Alaska was conducted by the First
Alaskans Insitute in 2007. It indicated that for 65%
of survey participants, nothing would motivate them
to return to rural Alaska. This is presumably due to
a lack of real or perceived opportunities for them-
selves and their families, which combined with the
high cost of living, reduced the overall attractiveness
of their community of origin.

In the technology screening database developed as
part of this document, the cost-to-benefit analyses of
energy projects in each community are based solely
on the potential for displacing diesel fuel. There is
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no consideration included for the impact of any single
project on the overall economic health of a commu-
nity, such as the potential for new jobs, businesses, or
industries. However, even though the database does
not quantify those impacts, they exist. Examples in-
clude jobs created by harvesting and processing wood
for a biomass energy project, the development of a
greenhouse business based on low-cost heat from a
geothermal development project and the stabilization
of energy prices through the use of local renewable
resources.

An energy project could also have a positive im-

pact on the social health of a community. Examples
include a more stable employment base, educational
opportunities for local students and the perception that
energy prices are becoming more stable. It is usu-
ally the communities that already have strong leader-
ship and cohesive social structures that will be most
successful in implementing new projects, and those
communities tend to be larger.

For more information:

Fuel Costs, Migration, and Community Viability Colt,
S. and Martin, S., University of Alaska Anchorage, In-
stitute of Social and Economic Research, May 2008.

Engaging community knowledge to measure progress:
Rural development performance measures progress
report Alaska Native Policy Center (September, 2007),
Prepared for the Denali Commission, available at http.//
www.firstalaskans.org/documents_fai/A.%20RDPM%20

Report.pdf
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Energy in Alaska

Current Energy Costs and Future Projections

Crude Oil and Fuel Products

Crude oil is a global commodity, and crude oil prices
are determined by global supply and demand. Apart
from an allowance for tanker transportation costs
and quality differentials, it makes sense to speak of
the world price of oil. Alaskans can do nothing to
impact this price.

There is no price for Alaska crude oil on the New
York Mercantile Exchange (NYMEX) or other com-
modity exchanges. The spot price of Alaska North
Slope (ANS) crude oil is calculated by subtracting

a market differential from the price of West Texas
Intermediate (WTI) quoted on the NYMEX. Four
different assessment services estimate that market
differential and report a daily spot price for ANS.

Fuel oil (also often called diesel) is one of several
products distilled from crude oil and used for heat-
ing fuel or engine fuel. Alaskans use a number of
petroleum products, including motor gasoline, diesel
fuel #1, diesel fuel #2, aviation gasoline, and jet
fuel. Motor gasolines are used in automobiles, small
boats, and snowmachines; there are typically three
grades of gasoline available (mostly in larger com-
munities in Alaska). Diesel fuel #1 is a kerosene
product used for heating fuel. Diesel fuel #2 is a
light gas-oil used for home and commercial heating
and as a motor fuel. Aviation gasoline and jet fuel
are used to fuel aircraft, but a type of jet fuel is also
often used for home heating. According to Crowley
Marine, one of Alaska’s largest fuel distributors,
most of the diesel fuel in more populated areas like
Southcentral Alaska and Fairbanks is ultra low sulfur
diesel. Most villages in Western Alaska still use low
sulfur diesel because they are exempt from the ultra
low sulfur diesel requirement until 2011.

Crude Qil Price Forecast

The U.S. Department of Energy’s Energy Informa-
tion Administration produces long-term price fore-
casts in its Annual Energy Outlook. The most recent
publication was June 2008. In the AEO2008 refer-
ence case, the world oil price path reaches a low of
$57 per barrel in 2016 and then increases to about
$70 in 2030 (2006 dollars).

In the high-price case, with the price of imported
crude oil rising to $119 per barrel (2006 dollars) in
2030, the average price of U.S. motor gasoline in-
creases rapidly to $3.06 per gallon in 2016 and $3.52
per gallon in 2030. In the low-price case, gasoline
prices decline to a low of $1.74 per gallon in 2016,
increase slowly through the early 2020s, and level
off at about $1.84 per gallon through 2030 (see Fig-
ure 1 on the following page).

It is important to note that in the past, EIA forecasts
have not proven to be overly accurate. This is in part
because a large number of factors, some unpredict-
able, can affect crude oil prices on the world market.

Current Crude Oil Price Trends

The EIA also publishes the Short Term Energy
Outlook. The next one will be published in January,
2009. According to the October 2008 report, strong
global demand and low surplus production capacity
contributed to the run-up to record crude oil prices
in July. The current slowdown in economic growth
is contributing to the recent decline in oil demand
and the sharp decline in prices since July. According
to the December 8 report, the current global eco-
nomic slowdown is now projected to be more severe
and longer than in last month’s Outlook, leading to
further reductions of global energy demand and addi-
tional declines in crude oil and other energy prices.

(30)



S
X
%))
0
<
=
>
o
T
T
c
LL

Figure 1. Energy Infor-
mation Administration
Crude Oil Price Forecast
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Energy in Alaska

The monthly average price of West Texas Interme-
diate (WTI) crude oil has fallen by more than half
between July and November, reflecting the fallout
from the rapid decline in world petroleum demand.
The annual average WTI price is now projected to be
$100 per barrel in 2008 and $51 in 2009. The OPEC
oil cartel met on December 17, 2008 and agreed to
reduce production by 2.2 million barrels per day,
their largest decrease ever, to boost prices. Whether
all producers adhere to the reductions and whether
the reductions stem the price slide or raise prices are
yet to be seen. Figure 2 on the previous page shows
the EIA short-term price forecast.
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History of Energy Policy in Alaska

Alaska has a history of energy planning and poli-
cy development dating from statehood in 1959. That
history still holds some relevance today by demon-
strating both successful and less successful energy
program implementation. This section provides a
brief synopsis of past efforts in energy planning and
implementation of those plans, including some of the
lessons learned.

Overview of Rural Energy

Although electricity first appeared in some rural
Alaska villages as a result of military, cannery, min-
ing, or logging operations, its introduction into many
villages began only in the late 1950s as the BIA
installed small generators for lighting its schools.!
This electricity was not available to households, and
few villages had central power supplies before the
mid-1970s. The exceptions were larger rural com-
munities such as Bethel, Nome, Dillingham, and
Kotzebue.

Electrification began to spread more rapidly in

the 1970s, but an estimated 85 rural communities,
most with less than 200 residents, were still without
central power supply systems in 1975. Over the
next 10 years the state provided local communities a
large number of grants for electrification, and by the
mid-1980s most remote communities had centralized
diesel power facilities.

The demand for diesel and other petroleum products
in rural Alaska originated with the introduction of
outboard motors in the 1940s and snowmobiles in
the 1960s. This demand expanded when the BIA and
Alaska State Housing Authority began constructing
conventional western housing in rural communities

in the 1960s. Demand for petroleum products has
continued to expand with the introduction of electric
utilities and other infrastructure such as schools and
water treatment plants.

Today most rural communities generate electricity
with centralized diesel systems. Petroleum fuels
provide the bulk of all energy for electricity, space
heating and transportation. Costs are high due to the
expense of moving fuel to rural Alaska and the small
scale of operations. The high costs have motivated
residents to use less and mean rural energy consump-
tion is lower than in urban areas.

Rural Energy Policy 1979-1985

In 1979, under Governor Jay Hammond, the state
articulated its first energy policy that included the
following principles:

1) Equitable distribution of Alaska’s energy wealth

2) Improved efficiency of production and delivery

3) State planned and funded facility construction

4) Technical assistance in conservation and
management

5) Support for development of locally oriented
energy technologies

6) Public participation and local input in energy
planning decisions

Several conditions at the start of the 1980s heavily
influenced development of this energy policy. This
included the concept that developing cheap power,
primarily through investment in hydropower projects
such as Susitna and Bradley Lake as well as various
projects in Southeast Alaska, would stimulate eco-
nomic development. It was also assumed that state
revenues from the newly producing oil field at

1. This historic account through the 1990s is partially extracted from Scott Goldsmith, Short (and Informal) Review of Alaska

Rural Energy Policy, with Particular Reference to Alternative Technologies, prepared for the Denali Commission, May 24, 1999.
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Prudhoe Bay could provide the money needed to
bankroll these huge investments. The high price of
oil and the expectation that it would continue to rise
also led to the assumption that there would be no
shortage of money. (In 2008 dollars the 1981 price of
crude oil was close to $60 per barrel)

Of particular importance to rural communities were
the following considerations:

* A way to spread the wealth from oil to all
residents would be to make electricity available
and cheap for all Alaska communities, including
those in the bush.

* The high price of crude oil meant that the price of
diesel fuel, the source of most of the energy for
rural Alaska, was oppressively expensive -
particularly in relation to costs in urban areas.
Many urban places were somewhat insulated by
existing hydro facilities or by availability of
natural gas, which was not tied to the price of oil.

» The fear of oil embargoes gave rise to the idea
of self sufficiency of energy supply, which meant
the use of locally available sources of energy
rather than the use of imported diesel.

* The national initiative to develop alternative
energy and implement conservation measures
meant that a lot of money from the federal gov-
ernment was available to consider alternative
means of providing electricity in rural Alaska.

In 1980 the state began spending large amounts of
money collecting data on energy resource avail-
ability and energy use, conducting studies of hydro
potential and investigating the potential for alter-
native energy sources, particularly for the state’s
smaller communities. For example, the 1981 State
Long Term Energy Plan (the first of six such plans)
described the activities of the newly formed Divi-
sion of Energy within the Department of Commerce.
Prominent was a list of the alternative energy sources

(peat, biomass, solar, wind, geothermal, tidal, hydro-
gen, fuel cells, heat pumps, and waste heat recovery)
that the division would be investigating in the hope
that some would be appropriate for rural Alaska.

By the time the 1982 plan was written, the Division
of Energy, together with the Alaska Power Authority,
had spent $12.6 million on geothermal, wind, wood,
peat, single-ground-wire transmission, waste heat,
weatherization, organic rankine generators, and tidal
energy. The state departments of Transportation and
Public Facilities and Environmental Conservation
also conducted alternative energy studies. Hydro-
electric studies fell into their own category.

The progress of those investigations can be traced
through the early 1980s by reference to each suc-
ceeding State Long Term Energy Plan. These docu-
ments reflect the evolution of policy over time,
partially through changes in administrative structure,
and tend to be forward looking. Consequently, they
include only a limited amount of information about
the successes, failures, and lessons learned from
money spent on existing projects, including invest-
ments in alternative energy.

What Did The State Learn About Rural Energy?
After gaining experience with renewable resource
exploration and development in the early 1980s, sev-
eral conclusions were reached. These included:

Resource Assessment:

* Geothermal resources are site specific and ex-
pensive to develop

» Wood is an excellent substitute for fuel oil

* Alaska has vast resources of peat, but technical
expertise and infrastructure for its economical
use are not in place

* Wind resources need more study

* Seasonal fluctuations restrict the viability of
solar power

 Tidal power has limited applicability
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Technology Options:
* Diesel generators will remain the dominant
option due to their appropriate scale, reliability,
and minimal maintenance requirements. Im-
provements in diesel-operating efficiency offer
one promising strategy for addressing the prob-
lem of high energy costs in the bush.

* Small hydro and wind projects may be attractive
on a site-specific basis. (Thirty-four wind
turbines were identified as in operation in 1982)

+ Extensive, long-distance intertie systems are
probably not economic.

* Fuel cells may prove promising, but they were
expensive and not commercial. They have some
potential advantages including efficient fuel use,
modular design, (theoretically) simple operation,
excellent load-following capability, and minimal
environmental impact.

The 1983 report, written by Arthur D. Little, found
that “generally it is either technically difficult or
uneconomic to alter the dependence of Bush com-
munities on oil. Many alternatives, while attractive
on the drawing board, experience operation and
maintenance problems which quickly negate any
cost savings. Reliability and simple technology are
therefore essential.”

The energy plans for 1984, 1985, and 1986 have less
to say about alternative energy for rural Alaska for
several reasons. Early enthusiasm for alternative
energy sources to generate electricity was dampened
because these alternatives did not hold up under
investigation either because they were technically
or economically infeasible or they did not work in
operation. Additionally, and more importantly, the
price of oil, and consequently the relative price of
electricity generated by diesel in the bush compared
to alternatives, was falling. This also resulted in the
federal government losing interest in funding alter-
native energy as the national oil crisis dissolved.

According to the 1986 plan, little progress in en-
ergy diversification in the bush had been made since
1979. The only projects that had been implemented
were a number of wind generators. In reference to
those installations, the 1986 plan concluded that
wind power could be both technically and economi-
cally feasible and yet still fail because of improper
management, logistical problems (distance from sup-
pliers and qualified technicians), or lack of an opera-
tions and maintenance network.

1985 Review of Energy Policy

By 1985, concern within the Alaska Legislature on
the direction of the state rural energy program led to
a review and analysis by the legislature’s research
agency (House Research Report 85-C). The review
concluded, among other things, that:

« State loans and grants to rural utilities for
diesel generation systems flourished in the late
1970s and early 1980s.

* Numerous alternative energy demonstration
projects were begun in the late 1970s in hopes
that they would eventually provide replacements
for rural diesel generation.

* The state established a power rate subsidy pro-
gram in 1980 as an interim measure, until a
long-term alternative energy solution could be
found for high rural power costs (a.k.a. the PCE
Program which is still in place today).

* Disenchantment with the general lack of success
of alternative energy projects and the perception
of disorganization led to the demise of the
Division of Energy and Power Development in
1983.

* As results from alternative energy projects and
village reconnaissance studies were made pub-
lic, many people began to realize there were
no realistic alternatives to diesel power genera-

tion in many rural communities.
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The report quoted one state analyst’s perspective

on the reasons for the failure of alternative energy
initiatives. The analyst’s observation was that
bureaucracy is not good at choosing winners and los-
ers. The marketplace is better for determining which
alternatives are most appropriate. Specific factors
the analyst mentioned were: state agencies did not
develop strong management capabilities; they lacked
methods for assessing the technical and financial
feasibility of projects; coordination among state
agencies was often lacking; features of an alternative
technology were often poorly matched with a use-
ful rural application; unrealistic expectations existed
about what an agency or technology could accom-
plish; and too much responsibility was delegated to
contractors while the state often assumed the risk in
the performance of the project. When considering
the current (2008) RE Fund, the system of competi-
tively and rigourously vetted proposals will hopeful-
ly mitigate some of the concerns expressed regarding
the failed programs initiated during the late 1970s
and early 1980s.

Differing opinions on the role of the state in devel-
oping renewable energy projects was also expressed
in the 1985 Review. In particular, Neil Davis of the
University of Alaska Fairbanks felt that the state
had given up too soon on research into alternative
technologies, particularly considering the amount
of money it was spending to develop other energy
resources.

The 1985 Review estimated that from 1975 to 1985
the state had spent $1.7 billion on energy programs.
This included $720 million on urban hydro; $93 mil-
lion for grants and loans for rural electricity genera-
tion and distribution; $27 million in the search for
alternative sources of energy (hydro, geothermal,
coal, and gas); and $24 million in research and pilot
projects related to wind, wood, solar, single-wire-
ground return, biomass, and waste heat recovery.

The Review concluded that since the state’s energy
policy was largely driven by the desire to share the
wealth from oil, much of the money had not been
spent wisely.

Specific criticisms of state energy policy as it was
implemented included:

*  Most of the focus had been on electricity, which
is only a small part of the total energy require-
ment of rural Alaska.

* Benefits were distributed inequitably, with the
better organized communities getting the lion’s
share of the benefits in a ‘survival of the fittest’
approach.

*  The rural energy problem is not one of high cost,
but rather of low cash income to pay for energy.

1990s Energy Policy

In 1986 the state slipped into a recession because of
declining oil prices and the state started reducing its
budget. Energy policy initiatives were reduced, and
most state effort went into the maintenance of exist-
ing projects and programs. By the early 1990s the
large hydro projects for urban and maritime Alaska
and Railbelt interties had been completed, and the
Power Cost Equalization program for rural utilities
had been established. The Healy Clean Coal Plant
was built in 1998, but with the exception of a brief
test period, it has not been commercially operated.

Attention in urban Alaska, particularly in the Rail-
belt, was centered on the introduction of competition
in electricity sales, construction of interties, and find-
ing alternatives to Cook Inlet natural gas as it began
to decline. State electricity policy for rural Alaska
during this period is reflected in the programs of the
Alaska Energy Authority, Office of Rural Energy
(previously the Division of Energy of the former
Department of Community and Regional Affairs).
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After the large effort that went into wind demonstra-
tion projects in rural Alaska in the early 1980s not
one of them remained in service by the early 1990s.
This was due primarily to immature technology
coupled with a lack of continued maintenance as
federal tax incentives expired. However, a new gen-
eration of improved wind turbine technology began
to be tested in Kotzebue, a relatively large rural hub
village, and Wales, a very small community. Both
communities were using new technology that was
more reliable than what was used in the 1980s, and
more suited to withstand arctic conditions. Today,
Kotzebue is still the leader in wind technology with
the most installed capacity of any community, rural
or urban, in the state. Kotzebue Electric Association
now has twelve 65 kW AOCs, one 100 kW North-
wind 100, and one 65 kW remanufactured Vestas.
These units currently supply about 7% of Kotzebue’s
electrical requirements annually.

2000 to Present

State energy policy early in this decade is reflected in
the 2003 Statewide Energy Issues Overview, a prod-
uct of the Alaska Energy Policy Task Force. The
Task Force was established under House Concurrent
Resolution No. 21 (HCR 21). The sunset date for
the Task Force was April 15, 2004. The Task Force
examined how electricity is generated, transmitted,
and distributed in Alaska in order to meet the State’s
existing and future electrical needs in a safe, reliable,
and efficient manner. It was tasked to develop a
long-term Energy Plan for Alaska that would en-
hance the State’s economic future.

For the Railbelt, the primary projects identified were
a retrofit to the Healy Clean Coal facility, the Emma
Creek (coal) Energy Project near Healy, expansion
of the GVEA North Pole power plant, construction
of the Sutton-Glennallen intertie, reconstruction of
the Anchorage-Kenai intertie, upgrades of military

power facilities, and coal bed methane development.

For the Copper Valley, Kodiak, and Southeast Alas-
ka, the focus was on a piped natural gas or propane
distribution system to Southeast Alaska, and on
interties, including construction of the Swan Lake—
Tyee Lake intertie, the Juneau-Greens Creek-Hoonah
intertie, and the Kake-Petersburg intertie.

As was true of past state energy policy, the Task
Force’s work product was primarily focused on elec-
tricity and on grants and loans for the construction of
new generation and transmission infrastructure.

Concurrent to the Statewide Energy Issues Overview
was the development of the 2004 Rural Energy Plan.
The Plan recommended a combination of utility
management best practices, investments in commer-
cially available, cost-effective production and end-
use technologies, and the fine tuning of the power
cost equalization incentive structure. It estimated
those changes could increase rural energy efficiency
by as much as 20% over the next 15 years, compared
to current practices. The Rural Energy Plan also
suggested investing approximately $65 million for
energy efficiency over five years, an investment the
Plan estimated could produce benefits on the order of
$78 million over fifteen years.

The Plan also provides guidance to AEA and the
Alaska Village Electric Cooperative (AVEC) for
upgrading the following programs: Rural Power
System Upgrades, Bulk Fuel Upgrades, Power Cost
Equalization (PCE), Alternative Energy and Energy
Efficiency, and training. Currently rural Alaska utili-
ties, schools, and residential households account for
about $170 million in annual energy expenditures
(utility payments for fuel and non-fuel costs; school
payments for heating fuel and electricity; residential
household payments for heating fuel and electricity;

PCE payments to utilities).
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In the last couple of years, attention to energy issues
has increased significantly with the dramatic increase
in world oil prices, which has simultaneously raised
the cost of energy use for Alaskans and swelled state
coffers with increased petroleum revenues. After
peaking at over $140 per barrel in July 2008, prices
collapsed to under $50 per barrel by December 2008.
While the price decline provides some relief to urban
and ice-free areas of the state, it provides no such
relief to parts of rural Alaska that were forced to
purchase winter fuel before fall freeze-up. For those
communities there is no potential relief until the
spring of 2009.

In June, 2008, the Cold Climate Housing Research
Center published a report outlining energy efficiency
measures that can be implemented as part of the
State Energy Plan. The report focuses on programs
that address end-use energy consumption in space
heating and the electrical needs of residential and
commercial users, with a focus on the Railbelt. The
recommendations are broken into nine categories.
For a more detailed description of those recommen-
dations, please see the Alaska Energy Efficiency
Program and Policy Recommendations section of
this report or refer to the original document.

Also in 2008, the Alaska Legislature established the
Renewable Energy Grant Program under HB 152,

to be administered by the Alaska Energy Authority.
The Fund established funding for renewable energy
projects over a period of five years at a level of $50
million per year, although each year’s appropriation
is subject to legislative approval. In 2009, lawmak-
ers approved $50 million to fund the program during
the regular legislation session, and added an addi-
tional $50 million during a special session for a total
appropriation of $100 million available during Fiscal
Year 2009.

House Bill 152 also established a seven member
advisory board with a mandate to ‘consult with the
Alaska Energy Authority as it develops eligibility
criteria for grants from a renewable energy grant
fund, develops methodology for determining the
order of projects that may receive grants from that
fund, and adopts regulations identifying criteria to
evaluate the benefit and feasibility of projects seek-
ing legislative support’.

Energy Development Region Apps/Region Funding Request

Aleutians 5 $6,155,930
Bering Straits 4 527,653,406
Bristol Bay 8 526,093,500
Summary of proposals submitted un- Copper River/Chugach 8 $12,942,225
der the first round of the Alaska Re- Kodiak 2 $9,875,000
newable Energy Fund (2009). This Lower Yukon-Kuskokwim 10 20,765,370
does not include round 2 proposals.
Northwest Arctic 9 529,053,362
Railbelt 20 $129,620,802
Southeast 21 $102,935,093
Yukon-Koyukuk/Upper Tanana 12 534,425,863
Total 99 $402,111,199
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Steps to Successful Implementation of Renewable Energy Grant Fund

Resource

Technology

Economic Comparison

Renewable Energy Fund
Round 1

Least Cost Plan/ IRP
Feasibility

Renewable Energy Fund
Round 2

Community/ Regional Plan
Selection

Vision/ Planning

Current Progress (January, 2009)

Applied R&D
UA ACEP

Legislative
Financial Task Force
Alternatives

Energy Projects

RFA Proposal Renewable Energy Fund Cost Sharing Philosophy
Round 3
RFA Evaluation Financial Vehicle
Development
RFA Selection
Permitting/ Licensing Contract with Vendors Financing RCA oversight for IPP's
Grants/ Debt

Construction
Cost Audit

Operations
Cost Audit

Grant Administration

Lender Programs
State/ Banks

LABOR

Technology Teams

AEA
s o= o
Researchers
Champion
Community
Champion
Designers

Legislature
Administration

Business
Grant Writers

Evaluators

Evaluators
Advisory Committee

Management
Project Team

Craft Labor
PM/CM
State / Bankers

Champion
Community
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Alaska Railbelt Electric Grid
Authority (REGA) Study

With recognition of the changing regional conditions
facing the Railbelt, the Alaska Legislature recently
requested a study to assess whether reconfiguring the
electric generation and transmission elements of the
Railbelt region would produce benefits in terms of
cost, efficiency, and reliability. The contractors for
the study evaluated five paths for potential reorga-
nization and tested those paths under four potential
scenarios for meeting electric power demand.

The following descriptions of Organizational Paths 2,
3,4, and 5 focus on the functional responsibilities of
a new regional entity. In each case, the new regional
entity could be a Joint Action Agency (JAA), genera-
tion and transmission (G&T) Cooperative, or State
Agency/Corporation.

e Path 1 — Status Quo. This path assumes that the
six Railbelt utilities continue to conduct business es-
sentially in the same manner as now (i.e., six separate
utilities with limited coordination and bilateral con-
tracts between them). It does not include the potential
impact of the proposed ML&P/Chugach merger. This
1S, in essence, the Base Case and the other Paths are
compared to this Path for each of the evaluation sce-
narios considered.

* Path 2 — form an entity that would be respon-
sible for independent operation of the Grid. On this
Path, a new entity would be formed to independently
operate the Railbelt electric transmission grid. Cur-
rently, the Railbelt utilities have three control centers
(GVEA, Chugach, and ML&P). The operations of
these centers are coordinated (but generation is not
fully economically dispatched on a regional basis)
through the Intertie Operating Committee. This new
entity would not perform regional economic dispatch,
just the independent operation of the Railbelt trans-
mission grid.

* Path 3 — Form an entity that would be respon-
sible for independent operation of the grid and
regional economic dispatch. This Path would ex-
pand coordination in Path 2 through the formation of
an organization that would be responsible for the joint
economic dispatching of all generation facilities in the
Railbelt. This Path, as well as the following two, will
require some additional investment in transmission
transfer capability and supervisory control and data ac-
quisition (SCADA )/telecommunications capabilities.
This Path, and the following two Paths, would also
require the development of operating and cost sharing
agreements to guide how economic dispatching would
occur, and how the related costs and benefits would be
allocated among the six Railbelt utilities.

e Path 4 — Form an entity that would be responsi-
ble for independent operation of the grid, regional
economic dispatch, regional resource planning, and
joint project development. This Path is similar to
Path 3, except the scope of responsibilities of the new
regional entity would be expanded to include region-
ally integrated resource planning and the joint project
development of new generation and transmission as-
sets.

e Path 5 - Form a power pool. This entity would
be responsible for the independent operation of

the transmission grid, regional economic dispatch
and regional resource planning. In that sense, it is
similar to Path 4, except that the individual utilities
would retain the responsibility for the development
of future generation and transmission facilities.

The study also considered four potential electric
portfolio scenarios to test how, under each, the
organizational scenarios would fare. However, the
contracting firm reiterated that it was not tasked to
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choose a generation scenario, and none of the sce- * Scenario B — The Natural Gas Scenario assumes
narios was based on an in-depth integrated resources that all of the future generation resources will be
plan (IRP). The study concluded that any of the natural-gas-fired facilities, continuing the region’s
paths could be achieved under any of several poten- dependence upon natural gas.

tial portfolio scenarios, such as: * Scenario C — The Coal Scenario assumes that the
* Scenario A — The Large Hydro/Renewables/ central resource option is the addition of coal plants
DSM/Energy Efficiency Scenario assumes that the to meet the future needs of the region.

majority of the future regional generation resources
that are added to the region include one or more
large hydroelectric plants (greater than 200 MW),
other renewable resources, and demand side manage-
ment (DSM) and energy efficiency programs.

* Scenario D — A Mixed Resource Portfolio Sce-
nario assumes that a combination of large hydroelec-
tric, renewables, DSM/energy efficiency programs,
coal and natural gas resources is added over the next

30 years to meet the future needs of the region.

Unigueness of

Maintain Status Quo

Railbelt _\
@ .
Issues
Infrastructure R A I L B E LT

Political \
Issues

i Adopt New Direction
1

| Impact on Railbelt Businesses
: and Consumers
1 * Power Costs
1 * Reliability
Risk : * Sustainability
Manageme .
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State Policy on Criteria for
Project Feasibility

Historically, the primary criteria the state has used
to evalaute an energy project have been the project’s
technical and economic feasibility. These are gener-
ally still the explicit tests of a project.

Technical feasibility means technically feasible given
Alaska’s temperature, wind, and other conditions;
consequently it is inappropriate to adopt a technology
that is technically feasible elsewhere without testing it
here. Economic feasibility is usually based on life-cy-
cle costs over 30 years compared to those of the next
best alternative, usually diesel when analyzing rural
energy projects.

Two other important feasibility criteria for rural
Alaska are location feasibility and human resource
feasibility. Location feasibility is the support infra-
structure in place in the community to deal with the
normal but unanticipated situations that arise over
the life of a facility. Rural Alaska communities have
limited access to an inventory of spare parts or tech-
nical expertise in the event of a breakdown. Human
resource feasibility is the technical, managerial, and
administrative support within the community to take
care of the equipment. The importance of location
feasibility and human resource feasibility has not yet
been documented for rural Alaska electricity projects.

For example, because of today’s improved technology
wind generation would seem to be an ideal choice for
parts of rural Alaska with excellent wind resources.
However, wind generation must be used in conjunc-
tion with either a diesel system and/or batteries that
supply the electricity when the wind is not blowing.
Thus a simple solution rapidly becomes more com-
plicated by the need to integrate technologies and

operate and maintain them together, and location and
human resource feasibility must be considered.

Economic feasibility has consistently been an il-
lusive and controversial topic for Alaska energy
projects. This stems from the focus on electric
power generation and transmission projects and their
tendency to have project economic analyses with
benefit-cost ratios below 1.0 (the benefit-cost ratio is
equal to the net present value of a project divided by
the project’s capital cost). This is because of the low
price of Cook Inlet natural gas, high capital costs,
and limited rate payer market base. The conse-
quence is that projects considered in the 1980s were
shelved when oil prices declined, and resurrected
during oil price spikes.

In rural Alaska, PCE provides rate relief but uninten-
tionally removes some of the market incentives for
local utilities and rate payers to improve the efficien-
cies of their utilities or invest in energy conserva-
tion. Given the small number of rate payers and the
high proportion of utility fixed costs, conservation
measures tend to benefit the state of Alaska through
reduction in PCE payments more than they assist
ratepayers and utilities.

A central challenge for both urban and rural project
economic feasibility analyses is assumptions regard-
ing future crude oil and thus diesel and natural gas
prices. Those prices are at the heart of any com-
parison of the status quo to alternative projects. A
comprehensive review! was recently completed on a
number of theories of what produced the high price
of oil in the summer of 2008, including commodity

1. Hamilton, James D., Understanding Crude Oil Prices, prepared for National Bureau of Economic Research, NBER Work-
ing Paper No. 14492, November 2008. This highly recommended paper can be found at: http://www.nber.org/papers/w14492
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price speculation, strong world demand, time de-
lays or geological limitations on increasing produc-
tion, OPEC monopoly pricing, and an increasingly
important contribution of the scarcity rent (growth
in prices due to scarcity in petroleum reserves and
production). The study focused on our inability to
forecast crude oil prices. ISER tested the statistical
behavior of oil prices, related these to the predic-
tions of theory, and looked in detail at key features
of petroleum demand and supply. The study con-
cludes that future oil prices are at best very difficult
to predict. For example, using historic oil prices and
a first quarter 2008 oil price of $115 per barrel, a
prediction of the second quarter 2008 oil price within
a 95% confidence interval ranged from $85 to $156
per barrel. Statistically the same forecast projected
out four years would give a 95% confidence interval
for oil prices being as low as $34 or as high as $391
per barrel.

When investigating the causes of the 2008 price run
up, the three key features identified as unquestion-
ably important are the low price elasticity of demand
for petroleum products, the strong growth in demand
from China, the Middle East, and other newly in-
dustrialized economies, and the failure of global oil
production to increase. These facts explain the ini-
tial strong pressure on prices that may have triggered
commodity speculation in the first place. Specula-
tion could have edged producers like Saudi Arabia
into the discovery that small production declines
could increase current revenues and may be in their
long-run interests as well. And the strong demand
from emerging economies may be initiating a regime
in which scarcity rents, while negligible in 1997,
became perceived as an important permanent factor
in the price of petroleum.

In other words, all of these factors contributed to price
fluctuations and are likely to continue to do so. This
suggests that when screening projects for their poten-
tial to lower the cost of energy, an average price of oil
should be used: over the course of the project’s useful
life it is likely to be both more and less expensive than
its natural gas or diesel alternative. However, scarcity
is likely to keep fossil fuel prices trending upward
without a significant destruction in world demand.

What is certain is that Alaska’s oil production is
declining and thus so are future state revenues.
Competition for state funding will increase and the
opportunity costs of building uneconomic projects
will increase. Similarly, the opportunity costs of not
completing projects with benefit-cost ratios above

1.0, such as those identified in the 2004 Rural Energy
Plan, also increase. Real capital costs for building any
projects are also likely to continue to increase with an
increase in fossil fuel prices, as commodity prices for
construction materials such as steel and concrete trend
upward along with oil and gas prices.
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Fuel Stabilization

The Alaska Power Association (APA), the trade as-
sociation for Alaskan electric utilities, has hired Steve
Pratt to investigate opportunities to stabilize fuel costs.
With the recent reduction in crude oil prices an oppor-
tunity exists to lock in to these low prices using estab-
lished financial derivative and hedging transactions to
stabilize the net cost of fuel.

The focus of this study was directed to the fuel pur-
chases for electric utilities and school districts as the
larger commercial purchasers of fuel in rural Alaska,
but could be applied to other fuel use sectors. Essen-
tially, the utilities or school district commits to pay an
agreed upon price for fuel delivered at a specific future
date — once committed, that price never fluctuates,
regardless of what happens to market prices for petro-
leum products during the interim.

Because this price insurance allows the user to lock
into a fixed price, it removes the risk of the fuel price
increasing. However, it also removes the cost reduc-
tion if fuel drops to a lower price. This is the trade-off
of fuel insurance, and is a risk determination that each
participant must weigh and evaluate before commit-
ting to this program.

Under the APA proposal the program would be gov-
erned by an oversight board and administered by the
Alaska Power Association. APA would contract for
services of a Program Director/Manager who will
design, budget for, implement and operate the pro-
gram, assist and educate participating organizations,
and provide continually updated information about the
market place risks and opportunities.

This program is designed to provide short-term (roll-
ing 1-3 years) fuel cost certainty for participants. A
three-year look ahead position would provide price
certainty and allow for accurate fuel budgeting. Pre-

dictability of fuel costs will allow the utilities and
school districts to tend to the long-term needs of their
customers and constituents rather than dealing with
the immediate financial crises.

Power Cost Equalization

Since 1980, programs (i.e., Power Production Cost
Assistance and Power Cost Assistance) have been
enacted by the legislature to assist citizens of the
state burdened with high power costs. The Power
Cost Equalization program (PCE), which became
effective in October 1984, is the latest effort aimed
at assisting Alaska consumers faced with extreme
electric costs. The PCE program provides economic
assistance to communities and residents in rural ar-
eas of Alaska where, in many instances, the kilowatt
hour charge for electricity can be three to five times
higher than the average kWh rate of 12.83¢ (July
2007) in Anchorage, Fairbanks, or Juneau.

The PCE program was established to assist rural
residents at the same time that state funds were used
to construct major energy projects to assist urban
areas. Most urban and road-connected communities
were benefiting from major state-subsidized energy
projects such as the Four Dam Pool, Bradley Lake,
and the Alaska Intertie. To help spread benefits to
more remote communities, power cost equalization
funds are distributed to eligible utilities, which in
turn reflect the state payment by lowering monthly
bills to individual customers. The program insures
the viability of the local utility and the availability
of central station power. The PCE Endowment Fund
was created and capitalized in FY 2001 with funds
from the Constitutional Budget Reserve and pro-
ceeds from the sale of Four Dam Pool Project. The
fund was further capitalized in FY2007 with general
funds and now totals around $280 million.
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Eligibility and monthly PCE payment amounts are
determined by formula specified in state statute (AS
42.45.110-150). The primary formula variables
include:

1) the number of eligible kWh (up to 500 for
residential and 70 per community resident per
month for community facilities)

2) the maximum per kWh power cost (52.5 cents)

3) the minimum per kWh power cost

(12.83 cents)

4) the percentage of actual costs in excess of the
minimum, but less than the maximum
(95 percent)

A formula is used to determine PCE levels that
represents 95% of a utility’s costs between the floor
(12.83 cents per kWh) and the ceiling (52.5 cents)
If the eligible costs are more than 52.5 cents/ kWh,
then PCE level is 37.69 (52.5 — 12.83 = 39.69 cents
/ kWh x 95% = 37.69 cents). The base may vary on
annual basis per AS 42.45.110(c)(2).

As aresult of increases in the number of utilities par-
ticipating, changes to the subsidy formula, rising oil
prices, and increased population, payments under the
program grew from $2.2 million in fiscal year 1981
(FY81) under the power cost assistance program, to
approximately $17.7 million in FY87. In FY88, 102
utilities serving 170 communities and 24,455 cus-
tomers in rural Alaska were eligible to participate.
The average disbursement was $686 per customer.

In the late 1980s, AEA expected the PCE program to
grow at seven percent annually. As a result, the leg-
islature changed the formula by lowering the num-
ber of kWhs eligible per customer from 750 to the
current 500 kWh per month. The minimum per kWh
power rate floor was also raised from 8.5 cents to 12
cents and was to be adjusted as the average cost in
Anchorage, Fairbanks, and Juneau changed. Proba-
bly the most significant change from a fiscal perspec-

tive was removing commercial consumers from par-
ticipation in the program. In addition, a mechanism
was put in place to allocate dollars across customers
if the annual appropriation was insufficient to fully
fund the program.

During FYO07, approximately 78,500 Alaskans living
in 183 communities participated in the program at

a cost of $25.4 million. Total utility costs for the
period were $142.7 million, so PCE covered approx-
imately 17.8% of utility costs. Despite the growth in
the number of utilities and customers, nominal pro-
gram costs and average disbursements per customer
were lower in most years since FY87. This shifted
in FY06 and FY07 with rapidly increasing fuel costs.
In real dollars, program costs and per customer dis-
bursements have declined.

The PCE program only pays a portion of approxi-
mately 30% of all kWhs sold by the participating
utilities, and household electricity usage is lower in
PCE communities.

Average kWh Usage per household
PCE communities: 412 kWhr
Anchorage: 725 kWhr
National Average: 750 kWhr

The Regulatory Commission of Alaska determines
the PCE level for each utility based on fuel and
non-fuel expenses such as salaries, insurance, taxes,
interest and other reasonable costs. AEA administers
the PCE fund based on appropriation by the legis-
lature, monthly reports submitted by participating
utilities, and eligibility determination.
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Wind Power and other Alternative Energy Im-
pacts on PCE Rates

According to AEA, rates are affected only if wind
or alternative energy generation reduces a utility’s
costs. While there are no implicit incentives in PCE
legislation for renewable energy, there is the eco-
nomic incentive to keep a downward pressure on
utility costs and subsequent costs to customer. The
greatest incentive is if customers consume more than
the 500 kWh program maximum or if the utility’s
rate is above or close to the 52.5 cent program maxi-
mum rate.

However, because of the state’s role in funding PCE,
which makes it a de facto ratepayer, the state has an
incentive to invest in alternative energy that lowers
the cost of the PCE program. In addition to direct
financial benefits, alternative energy and energy effi-
ciency displacing diesel fuel reduces the risks of fuel
spills and greenhouse gas emissions.

Wind power will not completely displace diesel,

but it can reduce fuel consumption. For example,

in 2007 Kotzebue reduced diesel consumption by
100,000 gallons, saving the community an estimated
$450,000. Kotzebue now gets 7% of its energy from
wind and hopes to reach 20% in the next several
years. Similarly, the fuel cost per kWh is 25% less
than it would have otherwise been in the five com-
munities served by wind projects in Tooksok Bay
and Kasigluk.

Ultra-Low-Sulfur-Diesel

In response to health concerns related to chemical
and particulate matter in diesel exhaust, the Environ-
mental Protection Agency (EPA) enacted stringent
standards for new diesel engines and fuels'.

EPA rules currently mandate the use of ultra-low
sulfur diesel (ULSD) for on-highway mobile sources
with diesel engines such as automobiles. Similar
rules will take effect for construction equipment, lo-
comotives, boats, and ships, and similar off-highway
equipment in 2010. The rule for stationary engines
applies to new, modified, or reconstructed internal
combustion engines used for power generation and
to industrial pumps starting with model year 2011

Under the EPA rules for Alaska, rural areas can
continue to use uncontrolled-sulfur-content diesel for
all uses and are not required to carry multiple grades
of fuel until 2010. However, as of June 1, 2010 all
areas of Alaska, rural and urban, will begin the tran-
sition to ULSD for highway and non-road, locomo-
tive, and marine diesel fuel.

As noted above, the new EPA USLD rules will not
be implemented for all fuels and for mobile, station-
ary, on- and off-road uses simultaneously. There-
fore, compliance can occur gradually in concert with
the regulation dates. These would require additional
fuel segregation by use, or the shift can be made at
the earliest compliance date for all fuel uses to avoid
additional storage costs. ULSD is usually more
expensive per gallon so there would be higher fuel
costs for the one-time shift to ULSD. To deter-
mine the lowest cost option for rural households, an
analysis was completed®. It found that the cost is
lower to make one rapid transition, because the cost
of segregating relatively small quantities of ULSD

is higher than using ULSD for all uses, even before
the required transition date for that use. However,
the study concluded that even an efficient and rapid
transition to ULSD will incur significant costs for ru-
ral households in the study area, on the order of $190
per household per year or roughly $16 per month.

1. Much of the following text is taken directly from a report published by the Alaska Department of Environmental Conser-
vation. Available at: http://www.dec.state.ak.us/air/anpms/as/ulsd/cost_rpt.pdf

2. Study completed by Northern Economics
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Carbon Tax or
Carbon Cap and Trade

According to 2005 Energy Information Administra-
tion (EIA) figures, Alaska consumes 40% more fuel
per capita than any other state and more than three
times the national per-capita average. This is due to
a number of factors including Alaska’s remoteness;
cold climate; scattered communities and population;
limited road system and resulting dependence on air
-and fefty travel; status as a major world air cargo
hub; and oil production, transportation and refin-
ing. As a result, measures to decrease greenhouse
gas (GHG) emissions such as cap and trade, carbon
taxes, or other remedies can be expected to impact
Alaska residents and businesses especially hard.

According to the International Panel on Climate
Change, the most important naturally occurring
GHGs associated with this phenomenon are water
vapor (H,0), carbon dioxide (CO,), methane (CH,),
and nitrous oxide (N,0O). To address these issues,
in 1999 the U.S. Department of Transportation the
created the Center for Climate Change and Fore-
casting (CCCF), and numerous investigations into
addressing transportations climate change impacts
were initiated. According to the U.S. Environmental
Protection Agency’s Transportation GHG Emis-
sion Report, CO, accounted for 85% of the radiative
forcing effect of all human-produced GHGs in the
United States in 2003. This proportion is higher for
transportation sources, with CO, representing about
96% of the sector’s GWP-weighted emissions. In
2003, U.S. transportation sector derived all but 1%
of its energy from fossil fuels, 97% of which was
petroleum.

According to an Alaska Department of Environmen-
tal Conservation (DEC) 2008 report, the principal
source of Alaska’s GHG emissions is residential,
commercial, and industrial (RCI) fuel use, account-
ing for 49% of total state gross GHG emissions in
2005. Nearly 85% of the RCI fuel use emissions are
contributed by the industrial fuel use subcategory,
approximately 42%. Based on estimates of emis-
sions from large facilities, the oil and gas industry
appears to be a key industrial source of greenhouse
gas emissions.

Transportation sources accounted for approximately
37% of the gross GHG emissions in Alaska, with
jet fuel consumption the largest share. Commercial
aviation accounts for 96% of aviaton’s contribution;
international aviation as a sub-division of commer-
cial aviation appears to be a large GHG emission
source and may account for roughly 60% of the
emissions from aviation sources, largely due to the
role of international cargo at the Anchorage Interna-
tional Airport. In 2006, NASA and FAA conducted
a joint workshop with atmospheric and aviation
experts on the impacts of aviation on climate change
and priorities for future research. They concluded
that the effects of aircraft emissions on the current
and projected climate of the planet may be the most
serious long-term environmental issue facing the
aviation industry.

Alaska Department of Environmental Conservation
green housegas emission estimates are given in Mil-
lion Metric Tons of CO, equivalents (MMtCO2¢) in
Table 1 (on the following page). Industry and trans-
portation account for over 80% of Alaska’s estimated
GHG emissions. Eity production and residential and
commercial uses each account for approximately 7%
each.
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Table 1. Source Group [MrTCOZe
Electricity Production
Electricity Production - Title WV 218
Electricity Production - Mon-Title 1.02
Total Electricity Production 3.2
Residential & Commercial
Residential & Commercial - Title V Municipal 0.012
Residential & Commercial - Title V' Other 0.0a7
Residential & Commercial - Non-Tride W 3 B8
Total Residential & Municipal 3.9
Industrial
Industrial - Title ¥ Mining |03
Industrial - Title W Oil & Gas 1526
Industrial - Title V¥ Seafood |0.1s
Industrial - Title W Other 1737
Industrial - Mon-Title 7426
Total Industrial 24.6
Transportation
Transportation - Aviation -Commercial - Domestic 454
Transportation - Aviation -Commercial - International 765
Transportation - Aviation -Commercal 12.236
Transportation - Aviation -General Aviation 02479
Transportation - Aviation -Military 0.2477
Transportation - Aviation 127
Transportation - Marine Vessels 2.4
Transportation - On-Road VYehides 3.6
Transportation - Rail & Other 0.12
Total Transportation 18.8
Waste Management
Waste Management - Title ¥ 0.019
Waste Management - Non-Title V 0881
Total Waste Management 1
Industrial Processes 0.3
Military - Title W 0.97
Agriculture 0,05
Total Gross Emissions L2182

Source: EIA, http://www.eia.doe.gov/oiaf/1605/coefficients.html.
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In order to reduce greenhouse gas emissions, a
national carbon tax or a carbon cap and trade pro-
gram may be created in the near future. Both systems
would effectively increase the cost of using fossil
fuels, although the cost of all fossil fuels will not
increase by the same amount. The tax will be on the
carbon dioxide released when the fossil fuel is used.
As a result, low-carbon-intensive fuels like natural
gas will be taxed about half as much as coal. (Table
2 on the previous page shows the carbon content of
fossil fuels)

A carbon tax or a cap and trade system would in-
crease the cost of using fossil fuel energy, increasing
the economic benefits of renewable energy projects.
The actual increase of the benefits of renewable en-
ergy projects is dependent on the size of the carbon
tax and the type of fossil fuel replaced.

Net Metering

Net metering is a policy whereby consumers who
own small renewable energy facilities such as wind
or solar power systems can use their own generation
to offset their consumption over a billing period.
They do this by allowing their electric meters to turn
backwards when they generate electricity in excess
of their demand. This offset means that customers
receive retail prices for the excess electricity they
generate. Net metering is currently offered in 42
states plus the District of Columbia. Net metering is
being considered by the RCA (Docket R-06-5), and
by the Alaska Legislature under (HB 288). Concerns
have been raised in Alaska regarding the burden

that a mandated net metering program could create
for small utilities with high fixed costs and a small
customer base.

As an alternative to net metering, Golden Valley
Electric Association instituted the Sustainable Natu-
ral Alternative Power (SNAP) program in 2004,

a voluntary program that links renewable energy pro-
ducers with other individuals on the GVEA grid who
are willing to pay a premium for that power. SNAP
producers pay to install their own renewable power
systems and feed that power onto the grid. They

are paid a premium for this ‘green’ power by vol-
untary contributions from other GVEA ratepayers.
At the end of 2008, there were 27 renewable energy
producers and 574 members contributing a total of
$36,120 annually.

Land Use

Land use policy in Alaska is primarily addressed at
the local government level and, among other things,
can dictate the placement of buildings and homes
within a community. Indentifying energy efficient
land use policy can be one way to reduce the energy
needs of a community. For example, in urban com-
munities, land use policy can promote sprawl by lack
of zoning or zoning for single use and low density
neighborhoods. This sprawl creates increased de-
pendency on automobile use and results in increased
energy use.

In rural Alaska, land use policy can be used to
encourage building placement that increases energy
efficiency by increasing the potential for and benefits
of cogeneration. Building a community facility near
a cogeneration power plant enables use of waste
heat and reduces the energy lost during the transmis-
sion of the heat, whether through hot water lines or
through a direct heating loop.

Transportation

The transportation industry is a relatively large
sector of the Alaska economy. Tourism and interna-
tional air cargo are both fuel intensive industries that
are part of the transportation sector. Also, the cost of
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transportation increases the cost of living in Alaska
because of the state’s remoteness. Alaska is remote
from global markets and population centers, and
communities and industries are remote from markets
and population centers within the state, thus requir-
ing greater use of air transportation. This remote-
ness increases the cost of getting goods and people
to and from the state, making the Alaska economy
especially susceptible to transportation energy price
increases.

Alaska’s transportation policy can affect energy use
by promoting either energy substitutes or energy
compliments. Energy substitutes would decrease
the demand for transportation energy. For example,
state transportation policy can be used to reduce the
amount of fuel used for transportation by promoting
public transportation systems. An example would
be a commuter rail line or increased bus service
between the Valley and Anchorage that would allow
commuters to switch from personal automobiles to
far less fuel intense public transport.

Roads, railroads and airports are all energy compli-
ments but it is likely that energy prices and use drive
demand for energy infrastructure, not vice versa.

It is important understand the role energy plays in
transportation and to pursue transportation policy
that is responsive to changes in energy markets.

According to John Horsley, Executive Director,
American Association of State Highway and Trans-
portation Officials (AASHTO), transportation pro-
duces 33% of CO2 emissions with highways produc-
ing 72% of transportation’s share. Transportation
will need to do its part to address climate change.
Some of this fuel use reduction will occur through
fleet fuel efficiency improvements. Federal legisla-
tion passed in 2007 called for increased Corporate
Average Fuel Economy (CAFE) mandate of 35 miles

per gallon (mpg) by 2020. AASHTO’s Vision Report
calls for doubling the CAFE standard by 2020 to 42
mpg. Europe today averages 40 mpg versus the US
at 21 mpg.

In addition to increasing fuel efficiency, the policy
goal is to reduce the vehicle miles traveled (VMT)
growth rate by 50% (instead of 2.2% growth annu-
ally, reduce VMT growth to 1% annually). A policy
combining 35 mpg fuel efficiency and 50% cut in
VMT results in highway transportation emissions
below current levels by 2030. To reduce VMT, the
goal nationally is to double transit ridership from 10
billion to 20 billion by 2030. The highway fund-
ing reauthorization is expected to increase transit
funding 70% from $10.3 billion to $17.3 billion

by 2015. In addition to increasing transit use, fed-
eral policy will be directed at increasing walking
and biking trips, increasing telecommuting/on-line
shopping, and adopting supportive land use policies
that accommodate one-third of new development
through infill of central cities and older suburbs. Mr.
Horsley concludes that one third of transportation’s
contribution to emission reductions will be shaped
by reauthorization investments and policies and two
thirds will come from federal, state, and local energy
policies, local land use policies, the effect of higher
fuel prices, and new technologies.

The Low Income Home
Energy Assistance Program

The Low Income Home Energy Assistance Program
(LIHEAP) is designed to help low income house-
holds offset the high cost of home heating. The
State’s LIHEAP block grant is administered by the
Department of Health and Social Services (DHSS)

and the Division of Public Assistance.
0



Policies with Energy Implications

Prior to the spring of 2008, Alaska operated the
federally funded LIHEAP program, which capped
income at 150% of the poverty income guidelines.

In May of 2008, the State Legislature created the
Alaska Heating Assistance Program (AKHAP) for
households with income between 150% and 225% of
the poverty income guidelines.

In 2008 Alaska provided 13,620 households with
LIHEAP financial assistance. The average heating
assistance benefit was $756 in 2005. Alaska will
receive $23.6 million in Federal LIHEAP funding in
FY2009, up from $16.9 the previous year (Campaign
for Home Energy Assistance, http://www.liheap.org/
liheap%20fact%20sheet/ AK/liheap-AK.pdf).

AHFC Weatherization
Program

For years the Alaska Housing and Finance Corpora-
tion (AHFC) has provided free weatherization as-
sistance to low income households. Households that
meet the income requirements are assessed to deter-
mine the weatherization measures to be performed
on the home. The weatherization improvements are
done by one of 15 state designated housing authori-
ties.

In 2008 the State Legislature approved $200 million
for the weatherization program, and the program’s
income requirements were expanded from 60% of
median income to 100% of median income. Prior-
ity is given to the elderly, the disabled, young chil-
dren, and families under 60% of median income. A
household may not participate in both the AHFC
weatherization program and energy rebate program
(described in the next section). The tremendous
popularity of this program has led to bottlenecks and
waiting lists because of a scarcity of trained contrac-

tors to do the work, as well as a shortage of trained
energy raters.

AHFC Home Energy
Rebate Program

The AHFC home energy rebate program assists
homeowners in making the best energy-efficiency
improvements for their home. The Home Energy
Rebate program has no income requirements and fo-
cuses on owner-occupied homes. Homeowners pay
for certain energy-efficiency improvements and are
rebated a portion of the cost for doing so.

To participate, a homeowner pays an energy rater to
make an initial assessment of the home. The hom-
eowner completes work on measures chosen from
the Improvement Options Report and then requests
a follow-up energy assessment. AHFC will issue a
rebate for some of the costs of improvement. The
amount of the rebate is determined by the points
and step increase in the home’s energy rating, not to
exceed actual expenditures supported by receipts.
These rebates are for up to $10,000. The program
may also supply a $7,500 rebate on qualified, new 5
Star Plus homes.

Particulate Matter Regulation

According to the Environmental Protection Agency
(EPA), Particulate Matter (PM) is a “mixture of ex-
tremely small particles and liquid droplets” that can
cause health problems when inhaled. Fine Particu-
late Matter (PM2.5) is less than 2.5 micrometers in
diameter. PM2.5 is a product of combustion, primar-
ily caused by burning fuels. Examples of PM2.5
sources include power plants, vehicles,
wood-burning stoves, and wildland fires. The EPA
recently increased the stringency of the PM2.5 stan-
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dard by lowering the previous 24-hour standard of
65 pg/m3 to 35 pg/m3.

The U.S. Environmental Protection Agency recent-
ly announced that it intends to classify Fairbanks
and Juneau as nonattainment areas. This clas-
sification will force local officials to respond by
restricting the use of wood-burning stoves. Winter
inversions often leave the air stagnant, allowing
PM2.5 to accumulate in the air. If the level of
PM2.5 reaches a certain point, the community will
temporarily restrict the use of all woodstoves ex-
cept those that burn wood pellets. The new PM2.5
regulations could significantly increase the cost

of heating in these communities because residents
will not be able to rely on low-cost wood stoves.

Renewable Energy Fund

In 2008 the Alaska Legislature established a Re-
newable Energy Grant Fund through the passage
of HB 152. The legislation authorized the Alaska
Energy Authority to distribute renewable energy
grants and set out procedures to be followed to
award those grants. The bill also established a
state heating assistance program in addition to the
federal heating assistance program, and it estab-
lished an Alaska Renewable Energy Task Force of
legislators.

HB 152 promised AEA $50 million annually

for the next five years to fund renewable energy
projects. An additional $50 million was authorized
during a legislative special session for FY09.

Renewable Energy Fund grants are available to
electric utilities, independent power producers,
governments and government agencies (eg, tribal
councils). AEA may recommend grants for fea-
sibility studies, reconnaissance studies, energy
resource monitoring, and/or work related to the de-

sign and construction of an eligible project. Grants
will be awarded based the following criteria:

1. Cost of energy per resident in the affected
project area relative to other areas

2. The type and amount of matching funds and
other resources an applicant will commit to
the project

3. A statewide balance of grant funds to assure
funding is made available for feasible projects
in all regions of the State

4. Project feasibility (technical and economic)

5. Project readiness

6. Success in previous phases of project
development

7. Economic benefit to the Alaska public

8. Other Alaska public benefit (such as ability to
use technology in other parts of Alaska)

9. Sustainability

10. Local Support

Energy Research Fund

At this time, no state funding is available for energy
research in Alaska. The Alaska Energy Authority
currently has no mandate or capability to engage

in energy research. The Renewable Energy Fund
legislation does not allow for funding of any emerg-
ing technologies, and funding is explicitly limited to
projects utilizing proven, existing technologies. This
limits Alaska’s ability to utilize emerging technolo-
gies and become a leader in energy development. It
is particularly crippling in a state with very different
conditions than are found elsewhere in the U.S. in
terms of environment, population density, and the
isolated nature of the transmission system.

Applied research is designed to solve existing prob-
lems, to develop recommendations that can be used
to improve practices, and to help decision and policy
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makers toward effective choices by defining a
clear path forward.

According to the National Science Foundation,
Alaska currently ranks 46th among states in terms
of funding spent on R&D, and it has no significant
mechanism for funding energy research at the
state, regional, or local level. The creation of an
Alaskan R&D or emerging technology fund would
put the state in a better position to receive the
increase in federal R&D dollars for clean energy
development that President-elect Obama is now
proposing.
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Given the high cost of fuels and energy across
much of Alaska, many new projects to develop
local resources will be starting across the state over
the coming years. Each of these projects will have
its own set of needs and development plans. This
information will help agencies determine what
authorizations are required for a project to progress
from conception through construction to operational
phase. The specific permits necessary will depend
on many variables, and may come from a wide
assortment of agencies. Land owners and regulating
agencies have the authority to determine what is
needed. The developer has the responsibility to
work with them all to aquire the proper permits for
the project.

Each project will need site control, which is
achieved by specific authorization from the land
owner. Projects can be on private, native, municipal,
state, or federal lands. Often they cross land
ownership boundaries necessitating permission from
more than one land owner. Hydrokinetic projects

in rivers or in the ocean also require permission
from the agency that owns the submerged land. In
addition, navigation or other access issues need

to be addressed. In Alaska, subsurface owners
rights predominate over the surface owner’s rights,
but impacts on the surface owner must still be
addressed. There may be different authorizations
for different phases of the life of the project. These
authorizations often come in the form of permits,
leases, or rights of way with stipulations that govern
use.

In addition to site control, the use and activities that
are part of the project often require the developer

to go through other regulatory processes and obtain
further authorizations. These other regulatory
requirements may control the use of the land and
resources or even the sale of power. There may be
requirements for the actual physical construction

and operations or for management of the camp for
the construction crew. Activities during the resource
and environmental assessment stage may require
different authorizations. Sometimes permitting
requirements for larger projects can be coordinated,
but often each agency must follow its own regulatory
process. Some authorizations are dependent on
others, such as the overall umbrella requirement

to first obtain a consistency review under the

Alaska Coastal Management Program (when the
project is related in the coastal district boundaries).
Authorizations for experimental projects are short
term in nature and will not carry any preference
right, implied or otherwise, toward a long term
authorization.

Specific regulations govern how an application

and subsequent authorization is treated by the
nature of the applicant. For instance, with some
authorizations, a licensed public utility may have
different process and fee requirements than an
independent power producer. This is important to
understand as it may have longer term implications
in the event that the project developer intends to
transfer ownership or operation in the future. If the
proposed transferee does not qualify under the same
terms and conditions of the original authorization, a
totally new authorization process would be required.

Some authorization processes are driven by strict
timelines. A majority of the authorizations will take
some time to obtain. It is essential that the project
developer understand the probable timelines to
obtain the necessary authorizations. Entities seeking
permits are encouraged to start early by working
with the authorizing agencies to reduce the chance of
project delays at critical junctures. Many agencies
are under large workloads, and it is rare that the
agencies can drop the permits they are working on
in order to expedite an individual request. Energy
projects funded through grants do not guarantee that
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a project can get all authorizations. Grants do not set
agency authorization-processing timelines.

The project developer may need to gather data or
conduct studies that will be used to determine the
appropriate stipulations on given authorizations.
Some of the federal processes require environmental
or environmental impact assessments which can
take a significant amount of time. Most state and
federal regulatory processes require a public process
with a chance for the public to provide input into
the decision-making process. Most public agencies
also have some form of option for affected parties
to appeal decisions. Agencies try to make sound
decisions that will withstand challenge and thus not
delay projects. It is in the project developer’s best
interest to cooperate fully in providing required
information to the respective agencies. Developers
need to schedule these resource assessments and
review periods into their proposed timelines.

Because of the complexity of the permitting
requirements, and the diversity of resource
development projects, it is best to start working
with the agencies early in order to understand the
potential authorizations that are needed and the
appropriate timing for applications to be submitted.
Professional permitting and project consultants will
contract for this type of work and help a developer
acquire the necessary approvals. Most agencies have
a specific contact who can explain what is needed or
provide contacts with the appropriate entities.

The following is a list of some of the agencies

that should be contacted to determine issues of

land ownership or required authorizations. Many
agencies offer a centralized public service center,
the best initial contact point. Note that this does not
include a list of all the potential land owners, nor
does it break down each agency that may require
more than one type of authorization.

Alaska Department of Environmental
Conservation

Alaska Department of Fish and Game
Alaska Department of Natural Resources
Regulatory Commission of Alaska

U.S. Army Corps of Engineers

Bureau of Land Management

U.S. Coast Guard

U.S. Environmental Protection Agency
Federal Aviation Administration

Federal Energy Regulatory Commission
U.S. Forest Service

U.S. Fish and Wildlife Service

Whether project developers are operating in the
Coastal Zone or not, two websites provided by the
Division of Coastal and Ocean Management under

the Department of Natural Resources provide helpful
information and diagnostic tools for determining when
various agencies should be contacted.

Additional Resources
Coastal Project Questionnaire: http://dnr.alaska.gov/
coastal/acmp/Projects/pcpq3a.html

Agency contacts in regions of the state: http://dnr.
alaska.gov/coastal/acmp/Contacts/PRCregcont.html
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Diesel Efficiency and Heat Recovery

AEA Program Manager: Lenny Landis (771-3068)

New Powerhouse New generators in
in Tuluksak. Tuluksak.

TECHNOLOGY SNAPSHOT: DIESEL EFFICIENCY

Most rural Alaskan communities generate the major

Resource Distribution . . . -
portion of their power with fuel oil

Nearly 180, consuming more than 2,500 MWh of

Number of communities impacted ;
electrical energy annually

Technology Readiness Commercial

Environmental Impact Reduction of fuel use and related emissions

Typical payback of 3 to 5 years depending on
Economic Status technology used and specific application per
community
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Rural Alaska relies heavily on diesel engine
technology as the main energy source for producing
electricity. This reliance is not likely to change
significantly in the immediate future. Hybrid

and standby diesel generation is still required

to augment almost all rural renewable electrical
energy sources. In addition, the development of
renewable and alternative energy sources for the
production of electricity is typically a multi-year
project, while diesel

Introduction

Over the last six years, deployment of modern
diesel technology in rural community diesel
powerhouses has been documented to increase the
usable electrical energy generated from a gallon of
diesel fuel by 20% - 30%. Installation of monitored
heat recovery systems from both traditional water
jacket systems and new exhaust stack heat recovery
systems can increase the fuel conversion efficiency
of diesel powerhouses by another 20% - 35%.

The deployment

efficiency can usually
be implemented in a
much shorter time.
For this reason, diesel 60% -
efficiency is one of 509%
the most cost-effective
strategies with the
shortest payback.
Diesel efficiency can
almost immediately 20%

40% —
30% —

e (LI

Increased Fuel Efficiency With New Powerhouses

of automatic,
load sensing
switchgear with
data acquisition and
remote monitoring
capabilities has
lowered the
maintenance and
] operational costs
in powerhouses
recently constructed

by the Alaska
rural, grid-isolated, 0% " T P Y e L Energy Authority
Alaskan communities &‘ﬁ@ @‘“*:9&@& &ﬁ @i&\i@«:@‘;ﬁ *’ﬁ@"@ «%‘9\:@*& *p-vf & (AEA) in rural
while renewable and o € villages.

alternative energy
resources are developed.

Recent advances in diesel engine efficiency,
automated generator controls, heat recovery,

and continuous operations and maintenance
techniques have made possible diesel fuel efficiency
improvements of more than 50% in old, sometimes
obsolete, rural powerhouses.

The Alaska Village Electric Cooperative (AVEC),
with 53 member villages, has also reported similar
increases in fuel efficiency as documented by
communities that have taken advantage of AEA’s
Energy Cost Reduction grant program.

The following charts illustrate general estimates of
the typical distribution of the fuel energy used in
diesel electric power generation.
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Technology Overview of Generator Fuel Efficiency and Heat Recovery

Old Technology

80% Wasted

New Technology
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Technology Overview of Generator Fuel Efficiency and Heat Recovery

Increases in diesel generation efficiency can generally be found in three broad areas.
1. Increasing the amount of electricity (kW) produced per gallon of diesel consumed by the generator
engine
2. Recovering heat from the engine water jacket cooling system and, if applicable, from the engine exhaust
stack
3. Minimizing losses in the electrical distribution system

A more detailed breakdown with categories, related technologies, and potential gains is shown in the
following graphic.

Cateqaories Technelogy Efficiency Gains

|
i iF
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Latest Diesel Engine and Powerhouse Control Technologies

Diesel Engine Controls

Tighter control over the fuel systems provided by electronic fuel injection, electronic speed governors, and
electronic engine controllers has boosted the usable kWh per gallon of diesel. Efficiency improvements of
10% - 15% over the older mechanically governed engines have been achieved in over 25 rural powerhouses

upgraded by AEA.
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Heat Recovery Technologies

A significant portion of fuel oil used in rural
Powerhouse Switch gear Controls Alaskais for space heating. Recovery of wasted

heat from diesel generation has great economic

Advances in powerhouse switchgear control for the potential for remote Alaskan communities. Typical
automatic dispatch of the most efficient generator or applications for heat recovery are environmental
combination of generators to closely match changes space heat for community buildings and augmented
in the village load demand throughout the day have electric power generation. The most efficient use of
allowed efficiency increases of an additional waste heat is to use it directly as heat. This avoids
10% - 20%. efficiency losses that occur when heat is transformed

to another kind of energy. The recovered heat can
be used for space heating, domestic hot water, or

for tempering municipal water supplies to prevent
freezing and facilitate treatment. The efficiency

of recovering waste heat for augmenting electrical
power production is lower than that for heating;
however, it can be attractive and economical in some
places since electrical power is needed year round

as opposed to space heating, which is usually only
needed during the cold seasons.

These next two graphics are computer screen captures
of the Supervisory Control And Data Acquisition
(SCADA) interface utilized in modern powerhouses.
Notice that this one is a diesel-hydro hybrid.
Programmable switchgear controls facilitate more
efficient coordination with renewable and alternative
energy sources of electrical power like diesel/hydro
and diesel/wind hybrid power systems.

Additional benefits of new switchgear
* Automatic recovery from power outages
* Automatic dispatch of available alternative
energy sources
* Data acquisition, historical data downloads
for utility planning, energy engineering and

Heat recovery may use one or all of the diesel
generator’s waste heat sources including the exhaust
stack, jacket water, and charge air. Waste heat
recovery using jacket water heat and/or charge air
heat directly for heating is a mature and proven

research o ) technology. Over a quarter of rural village diesel
*  Remote mon.ltorlng for faster, more efficient generators have already been equipped with jacket
troubleshooting

water heat recovery systems. Charge air heat has

Recently, the reliability and automation of a been recovered for heating in a select number of

new diesel/hydro hybrid system was put to a communities.

real-world test when an anomaly occurred in a

community’s electrical distribution system. The Water Jacket Heat Recove ry
hydro was supplying the full community load when

a momentary distribution fault tripped the hydro For rural Alaska, the technologies most applicable
off line in the early morning. Within seconds the are systems that use recovered heat directly, as
powerhouse controls started the diesel generators the end product. Modern high-efficiency heat
and restored power to the town. Within minutes exchangers, super-insulated heat piping, high-

the controls restarted the hydro, paralleled it with efficiency electric pumps, modern electronic BTU
the most efficient diesel generator, then cooled meters, and variable speed radiator fan motor

and shutdown the diesel generator. Without the controllers maximize the utilization of heat available
intervention of an operator and in a short period from the diesel engines. Waste heat recovery for
of time, the community was fully back on clean, space heating is a common, proven design. The
efficient hydro. associated design and maintenance procedures are

well understood in the Alaskan power industry. For
this reason, water jacket heat recovery for space
heating is considered a mature technology in Alaska.
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Exhaust Stack Heat Recovery

Heat recovery from the diesel engine exhaust stack
is a proven and cost-effective technology in larger
power plants. Recent technological improvements
have made exhaust stack heat recovery feasible

and economical in midsize engines, which are

most representative of the engines in rural Alaska.
These advances in exhaust stack heat recovery have
boosted recovered heat and reduced the hazards and
maintenance burdens typical of the older systems.
At this time, only one production diesel generator in
Alaska, apart from the University of Alaska diesel
test bed, is known to employ an exhaust stack heat
recovery system for heating applications. This is

a relatively large 5 MW power plant at a mining
site. No heat recovery performance data for that
installation was readily available for this publication.

The reasons why diesel stack exhaust heat recovery
is not considered more often in rural Alaska include
the high capital and maintenance costs, as well as the
potential for excessive exhaust system corrosion and
soot build up. The risk of the heat recovery system
causing generator failure and higher maintenance
costs often outweighs the value of recovered energy.
Advances in exhaust heat exchanger design and
operational strategies have reduced the probability of
corrosion and soot problems. The coming mandate
for the use of low sulfur fuel oils will also reduce
corrosion risk.

Recently, the University of Alaska Center for Energy
and Power conducted an experimental study to
investigate the economic effect and feasibility of
employing exhaust heat recovery techniques on a
midsized diesel engine. Based on the study results,
the diesel exhaust heat recovery strategy appeared to
cause no critical problems to engine performance nor
to increased maintenance frequency.

The payback time for this exhaust heat recovery
system is estimated to be less than three years for
a fuel price of about $3 per gallon, with engine
operation of eight hours per day. Study results
and performance of existing exhaust heat recovery

Heat Recovery Technologies

systems on large diesel engines in industrial level
applications show exhaust heat for heating to be a
mature and proven technology, ready for adoption.
Performance and economic results will differ for
each project. Influential factors, including power
plant load pattern, heating load characteristics,

and existing heating system infrastructures will
also vary accordingly. For this reason, it may

be necessary to analyze the specific generating
system to be retrofitted, before the installation of an
exhaust heat recovery system. As a rule of thumb
for rural Alaska, before exhaust stack heat recovery
is considered, it is recommended that the diesel
generator capacitity exceed 400 kW and that the
community have a year-round population above 700
residents.

Heat to Electricity Technology

There are promising methods for waste heat to
electric power conversion: organic Rankine cycle
(ORC), Kalina cycle, exhaust gas turbine, and direct
thermoelectric conversion systems. The organic
Rankine cycle and Kalina cycle systems may be
preferred because of their availability, ease of
installation, and efficiency. For years, engine heat
recovery for power generation has been applied to
very large power plants and marine engines. Many
heat recovery power systems have capacities over a
megawatt, including combustion engines powered by
natural gas, coal, and petroleum-based fuels.

The performance of the waste power system is
relatively sensitive to exhaust temperature and the
energy content of the heat sources. For midsized
engines, technologies for converting waste heat

to electrical power are still in the research and
development stage and not yet considered mature
technologies. Their feasibility is highly dependent
on the fuel cost. Current research and development
groups include engine manufacturers and power
plant companies. The University of Alaska

Center for Energy and Power is also assessing the
performance of heat-to-electricity technologies from
several manufacturers.

Most existing ORC systems are used in geothermal
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Other Diesel Efficiency Technologies

applications and range in size from about 250 kW
to multi-MW. ORC systems for engine waste heat
applications have similar capacity. Commercially
tested Kalina cycle systems are not common, with
only a few in production and almost all of the units
in multi-MW capacity. Successful Kalina cycle
systems are much larger than a megawatt and would
not necessarily scale down to be effective systems
on the midsized diesel engines employed in rural
Alaska. For many years, small scale, organic
Rankine cycle systems were used successfully

in some Trans Alaska Pipeline systems. The
manufacturer presently produces only large scale
systems. Kalina cycle systems based on ammonia
are rare, and commercially available options are not
of a scale suitable for Alaskan village generators.

The performance of the thermal-to-power conversion
systems is sensitive to the properties of heat source,
heat sink, working fluid, and energy intensity. For
example, resources with similar power capacities may
require different systems in order to obtain optimum
system performance. Therefore, each prospective
installation site will require an individual analysis to
insure appropriate operation.

Distribution System Efficiency
Upgrades

How the electrical energy is delivered to the load

or customer can have a significant impact on the
efficiency of the system. The use of newer, more
efficient transformers and more flexible power
distribution systems that allow easier balancing of the
village loads can increase the efficiency of delivered
power 3% - 6%.

Electrical loads on the distribution system must be
reasonably balanced to obtain the greatest efficiency
from the generation system. Loads shift seasonally
and annually as new loads and buildings are added
or removed. The generation system must be
monitored and the distribution system loads adjusted
appropriately. Distribution systems may need
upgrading if appropriate load shifting adjustments
cannot be made.

The voltage of the distribution system can have a
significant effect on line losses. An older system
design utilizing 208, 480, and 4160 voltages

becomes inefficient when the system is expanded

to accommodate a growing community’s new
subdivisions and projects. Newer transformers more
efficiently convert between voltages. Power factor can
be a significant issue in rural communities where long
underground runs have small loads.

Fuel Boosters

Fuel boosters have not yet been proven under

the harsh, varying conditions in remote Alaskan
powerhouses. The Alaska Energy Authority suggests
test bed studies through the University of Alaska
Center for Energy and Power and pilot testing in rural
powerhouses.

Operations and Maintenance

The ability a community has and the methods it

uses to maintain and operate its powerhouse have

a significant impact on efficiency. Keeping diesel
generation systems operational and maintained has

a direct influence on the energy produced for each
gallon of diesel fuel consumed. Operator training,
spare parts availability, automatic system monitoring,
data trending, and data analysis, along with prompt
maintenance and repair are key factors in keeping
efficiency and performance high.

The previous charts document variations in diesel
efficiency due to operation and maintenance practices.

Village 1 received a new powerhouse upgrade

in 2000. Efficiency immediately improved from
previous years. Notice the decline in the years
directly after 2000. This is due to the fact that
the utility was unable to consistently operate and
maintain the powerhouse. In 2005, maintenance
assistance was provided via the Circuit Rider
program. Efficiency improved and then again
declined when the proper operations and
maintenance were not continued.
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Village 1 -- Annual Average kWh/Gallon

12 Inconsistent Maintenance (sporadic
repairs, generators out of service for
long periods).
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Village 2 -- Annual Average kWh/Gallon

Low Level Maintenance (timely repairs,
general engine decline, system de-
tuned).

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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Annual Fuel Savings from New Powerhouses
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This chart presents powerhouse efficiency as a
percentage of improvement. The new Rural Power
System Upgrade project improved efficiency by
>26%. Over time, the powerhouse lost nearly 10%
of the improved efficiency from lack of proper
routine maintenance.

Improvement to the operation of existing diesel
systems is a short-term opportunity for almost every
rural community. As such it should be an area of
immediate focus. If Rural Power System Upgrades
and Circuit Rider maintenance were fully funded
across a five year period, a significant amount of fuel
oil could be saved. If a portion of the funds from the
Circuit Rider maintenance program savings were

set aside, local communities or regional associations
could continue the Circuit Rider from the reserves,
and the efficiency gains could be sustained.

If proper routine maintenance is performed on the 31
powerhouses that have already been upgraded, and if
the 62 remaining powerhouses in communities AEA
assists are upgraded and properly maintained, over
800,000 gallons of fuel per year will be saved.
Another fuel-saving measure that could be effected
immediately is to get existing heat recovery systems
operating properly. While a number of Alaskan
communities have some type of waste heat recovery
system, a substantial number of those systems

are not functional. Available records show that

if all existing waste heat recovery systems were
operational, an estimated 2,917,099 gallons of fuel
could be saved annually. Assuming a $3.00 per
gallon fuel cost, that translates to over $8,751,298.
These numbers are impressive, reinforcing the value
of supporting heat recovery systems. It would take
only a fraction of this annual savings to get all of
these systems back up and running effectively.

Generator Efficiency

Since technologies for increasing the kWh per

gallon of diesel burned are mature and commercial
generator engine and powerhouse controls are in
production, all utilities should consider the feasibility
of using them to reduce the cost of electrical power
in rural Alaska. Routine maintenance and operations
can have a significant impact on efficiency.

Waste Heat

Since technologies for recovering heat from jacket
water and exhaust gases are mature and commercial
heat recovery devices are in production, all utilities
should consider the feasibility of employing

jacket water and exhaust heat recovery for heating
applications.

Heat to Electricity

More research is needed to evaluate the suitability
of organic Rankine cycle and Kalina cycle systems
for use in most small Alaska utilities. These
technologies may be suitable for use in Alaska’s
larger power generating plants that operate on fuel
oil, but they should first be demonstrated via a pilot
project or the diesel testbed at the University of
Alaska.

Implementation

The following table provides rough preliminary
construction estimates for various types of diesel
efficiency upgrade projects in rural Alaska.

AEA’s Rural Power System Upgrade (RPSU)
program is well suited to rapid implementation

of diesel efficiency technologies in rural Alaskan
communities. The RPSU program also offers
technical and emergency assistance to over 130
isolated, rural villages, and has a longstanding
relationship with the Alaskan rural utilities and local
native organizations. The program has upgraded
32 rural village power systems over the last eight
years, primarily using Denali Commission funding.
This program replaces obsolete, inefficient diesel
powerhouses with regulatory-compliant facilities
that employ new diesel and control technology.
These improvements have increased diesel fuel
efficiency by 20% - 50%, saving hundreds of
thousands of gallons of fuel to date.

With proper funding, RPSU has the resources in
manpower, engineering support, and construction
management capacity to build five new powerhouses
and to upgrade an additional five powerhouses every
year.
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Diesel Efficiency Project

Type

Rough Construction
Estimate

Semiannual Circuit Rider

$5,000 - $15,000

Semi annual on site training and technical assistance

Repair an Existing Heat
Recovery System

$25,000 - $50,000

Analyze, repair, upgrade and install BTU meter and monitoring
controls

Installation of a SCADA
System

$10,000 - $50,000

Remote monitoring capable SCADA system in a satisfactorily
functioning powerhouse

Install a Water Jacket
Heat Recovery System

$180,000 - $250,000

For suitable powerhouse, modify existing cooling, install heat
exchanger, BTU monitoring, and arctic pipe to nearby heat
receptor.

Exhaust Stack Heat
Recovery

$500,000 - $750,000

For suitable powerhouses with greater than 400kWh average
demand and a nearby heat receptor.

Powerhouse Upgrade

$800,000 - $1.2million

Powerhouse structure requires substantial remodel and
installation of heat recovery system

Powerhouse Module

$1.2milllion - $1.5million

Retire existing powerhouse and replace with a prefabricated
module

Complete Powerhouse

$2million-$3.5million

New powerhouse and heat recovery system with some
distribution improvements

Recommendations

The next steps include:

* Identify and correlate funding sources for stable multi-year budget for the program
» Ramp up the current RPSU Program for five plus new powerhouses and five plus upgrades per year
» Evaluate new technologies and support field testing of promising techniques that will increase fuel

efficiency

* Add fuel efficiency parameter to evaluation process for new powerhouses
* Reevaluate powerhouses replaced over the last eight years for new technology efficiency

upgrades
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Case Study

The City of Ouzinkie was able to save substantial
amounts of diesel fuel and stabilize its rising energy
costs with the combined efforts of community, state
and federal agencies. The City of Ouzinkie, Denali
Commission, DCCED Community Development
Block Grant Program, and Alaska Energy Authority’s
Rural Power System Upgrade Program all worked
cooperatively on Ouzinkie’s successful and notewor-
thy diesel hybrid project.

Before the Project

The City of Ouzinkie has historically been plagued
with unreliable power, unpredictable outages, and
numerous consumer complaints. Customers routine-
ly replaced damaged electronic equipment and appli-
ances due to power quality problems. The outdated
powerhouse equipment was far past its designed
useful life. The plant consisted of two inefficient
diesel power generators, obsolete manual controls,
and an unreliable hydroelectric system. The system
required constant operator intervention to maintain

a marginal level of operation. The existing power-
house structure was in relatively good condition and
consisted of steel construction with concrete floors.
The dam, penstock, and turbine building were in
average condition.

The City’s water reservoir, dam, and penstock serve
a dual purpose. They supply the community with
potable water and provide the energy needed to turn
the hydroelectric turbine. When the water level
behind the reservoir becomes low due to freezing
temperatures or low precipitation, the operator must
shut off the hydroelectric and revert fully redundant
to expensive diesel generation.

The obsolete methodology used for the hydro load
and frequency stabilization wasted nearly a third of
the potential energy of the hydro. A diesel engine
was routinely operated with the hydroelectric turbine

to provide backup power just in case the hydro went
offline. The trade-off for a small increase in reli-
ability was a significant increase in diesel fuel costs.
The diesel generators’ sizes were mismatched for
community load and for operation with the hydro.

Above: Old Ouzinkie powerhouse. Below: City of Ouzinkie
reservoir.
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Successful Rural Power System Upgrade for

the City of Ouzinkie

Project Scope

The project goal was to stabilize the cost of electrical
energy in the community while improving the reli-
ability and safety of the systems. This was accom-
plished by completely rebuilding the diesel power-
house and renewing the hydroelectric system. The
diesel powerhouse structure was sound, but a small
addition of a control room was added for the safety
of the operators and the reliability and life of the
new electronic switch gear and control equipment.
The cooling radiators were replaced and relocated
outside. The diesel fuel and cooling piping were
consolidated. The old, single-wall, bulk diesel fuel
tank was replaced with a double-wall intermediate
tank outside the plant. A new day tank with auto fill
controls was installed. An automated communica-
tions link between the diesel generator switch gear
and the hydro facility was established. The turbine
and generator were refurbished.

The two old 60kW and 200kW generators were
replaced with new 40kW, 100kW, and 155kW diesel
generators. All three have automatic paralleling and
load sharing capabilities in any combination with
each other and with the hydroelectric turbine. The
modern switchgear automatically dispatches the
most efficient generator.

The new powerhouse switchgear and controls can
bring the system from blackout to full diesel to die-
sel/hydro combination to full hydro. The system will
select the most fuel efficient combination of diesel
and hydro power all the way to full hydro (diesel off)
operation.

Project Result

Though not fully complete, the project has already
substantially lowered the community’s diesel fuel
consumption, increased power reliability and quality,
and increased the efficiency of the water resource.

The community’s utility manager, Tom Quick,
recently reported that last year the community ex-
pended over $18,900 in diesel fuel at a cost of $2.76
per gallon. This year they have only spent $4,900 at
a current cost of $3.56 a gallon. Port Lions, a nearby
community, is reportedly paying over $8.00 a gallon
for diesel. Mr. Quick believes that keeping commu-
nity energy cost stable has prevented egress of the
local population.

Recently, the reliability and automation of the new

Above: The City s new powerhouse building.
Below: The new powerhouse equipment.
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Case Study

diesel/hydro hybrid system was put to a real world
test when an anomaly occurred in the rural commu-
nity’s electrical distribution system. The hydro was
supplying the full community load when a momen-
tary distribution fault tripped the hydro off-line in
the early morning. Within seconds the powerhouse
controls started the diesel generators and restored
power to the town. Within minutes the controls re-
started the hydro, paralleled it with the most efficient
diesel generator, and then cooled and shutdown the
diesel generator. Without the intervention of an
operator in a short period of time the community was
back on clean, efficient hydro.

Remaining Items

Few items still remain to be completed:

To provide long-term efficiency, reliability, and
safety, replacement of the controls and switch gear

at the hydro turbine building, addition of a reservoir
level sensor and surveillance camera, and installation
of a reliable communication link to the dam reser-
voir. Future plans include waste heat recovery from
the diesel powerhouse and electrical distribution
improvements.

Continuing Efforts

With the partnership of the Denali Commission and
other agencies, Alaska Energy Authority’s Rural
Power System Upgrade Program continues to assist
rural communities to achieve results similar to those
of Ouzinkie.

King Cove, Pelican, Gustavus, and Larsen Bay have
similar hydro and diesel electric systems. AEA is
currently working closely with these communities
to maximize their use of renewable hydro resources
and minimize their use of diesel fuel.
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Diesel Efficiency Workgroup

In June 2008 a Diesel Efficiency Workgroup formed to focus on reducing diesel fuel consumption in rural com-
munities through generation and distribution efficiency measures. The group also reviewed the suitability of
available technology for use in rural Alaska, and verified the capital costs and debt service assumptions, along
with long term operation and maintenance costs. The structure and output of the task group is represented in the

following graphic.

Team Input Product
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Efficiency (End-Use)

AEA Program Manager: Rebecca Garrett (771-3042)

TECHNOLOGY SNAPSHOT: ENERGY EFFICIENCY

Resource Distribution

The cheapest unit of energy is the one unused.
Increase efficiency and conserve in order to lower
the cost of energy.

Number of communities impacted

Resource potential exists throughout the state.
Energy conservation and efficiency are ongoing
projects that are changing and developing constantly.

Technology Readiness

Mature — energy efficiency requires more mind-set
than technology. The most important infrastructure
will be an educated public.

Education and marketing are valuable components
of end-use energy management.

Environmental Impact

End-use efficiency also requires proper design to
consider user needs and comfort. Proper disposal of
old equipment is necessary. The result is a reduction
of energy used, the amount of fuel used, and related
emissions.

Economic Status

The rate of return for conservation and efficiency
is extremely high. This is a necessary step to take
before any kind of new infrastructure is considered.
That said, payback depends on energy efficient
measures.

This section describes end-use conservation, existing programs to promote end-use
conservation measures, and other sources of information on end-use conservation for

rural Alaska.

@




Introduction

Alaskans do for energy end-use control. This
reduction in demand will lead to a lowering in
energy supply development cost.

The goal of energy conservation and efficiency

is to decrease the amount of energy used, without
sacrificing comfort. Examples of energy efficiency
policy or best practices are building codes, appliance
and equipment standards, and efficiency mandates.
Energy efficiency also means operating and
maintaining facilities or homes in the most efficient
manner, by adding insulation, maintaining boiler
systems, or testing the air flow.

Energy efficiency should be viewed as an
investment, in which an initial cost is weighed
against a subsequent reduction in expected energy
use. Costs may continue to rise, but high costs can
be mitigated by energy efficiency. Increased end-use
energy efficiency will bring net economic benefits to

. Alaskan homes and businesses.
Alaska has traditionally focused on energy supply as

opposed to efficiency. Many Alaskan communities
rely on diesel generation. When diesel prices are
low, conservation tends to literally slip out the
window.

Energy conservation focuses on where the energy
goes. The red area in the figure below highlights
sectors on the demand side of the Alaskan energy
flow.

Energy efficiency and renewable energy are twin
pillars of a sustainable energy policy. Becoming
more energy efficient is seen as one solution to
common, critical problems such as energy security,
global warming, and fossil fuel depletion. Good
energy conservation policy is primary when
addressing these critical issues. The reduction of
demands of infrastructure should be the first thing

| Alaska's Energy Flow 2006 - Trillion Btu
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Existing Conditions

Major Organizations and
Programs

The list below provides an overview of entities that
promote energy efficiency in rural Alaska.

Alaska Housing Finance Corporation (AHFC)
http://www.ahfc.state.ak.us/

Alaska Energy Authority (AEA)
http://www.akenergyauthority.org/

Cold Climate Housing Research Center (CCHRC)

http://www.cchrc.org/

Alaska Craftsman Home Program
http://www.alaska.net/~achp/

Alaska Building Science Network
http://www.absn.com/

Cooperative Extension Service
http://www.uaf.edu/ces/

Weatherization Assistance Program Providers
overview: http://www.alaskacdc.org/
e.g.: http://www.ruralcap.com/

Table 1: Climate Zones for Alaska

S ) a a
IECC zones HDD Rgnge BEES Climate Regions HDD" Range
for Alaska (IECC) (BEES)
Zone 6 7200 - 9000 Region 1 7000-10,700
Zone 7 9000 -12,600 Region 2 8600-13,500

Zone 8uhan

12,600 -16,800

Region 3&4 — Fairbanks Borough

11,300-17,700

Zone 8y

12,600 -16,800

Region 3&4 — non-urban Inferior,
Southwest. & Northwest

11,300-17,700

Zone 9

16,800 -21,000

Region 5 — Arctic Slope

16,900-20,300

(76)




Alaska Housing Finance Corporation

Alaska Housing Finance Corporation efficiency
programs address residential energy conservation,
low-cost loans for energy-efficient structures,
technical assistance, and weatherization.

Home Energy Improvement Program

In May 2008 the Alaska legislature appropriated
$300 million to AHFC for three programs to help
Alaskans reduce energy bills and make their homes
more energy efficient. The three programs are:

1. Home Energy Rebate Program

The program allows homeowners who make their
own energy efficiency improvements to receive

a rebate for some or all of their expenditures. It
requires a home energy rater to evaluate homes
before and after the improvements. The rebates
cover the cost of ratings up to $500 and cover the
cost of improvements up to $10,000.

2. Second Mortgage Program for Energy
Conservation

The program allows borrowers to apply to AHFC for
financing to make energy improvements on owner-
occupied properties. If the Home Energy Rebate
Program does not fully cover energy efficiency
improvements, the Second Mortgage for Energy
Conservation program enables AHFC to loan up to
$30,000 to qualified borrowers.

3. Weatherization Program

The Weatherization Assistance Program (WAP)
enables low-income families to permanently reduce
their energy bills by making their homes more
energy efficient.

During the last 30 years, the U.S. Department of
Energys (DOE) Weatherization Assistance Program
has provided weatherization services to more than
5.6 million low-income families.

By reducing the energy bills of low-income families
instead of offering aid, weatherization reduces
dependency and liberates funds for spending

on more pressing family issues. On average,
weatherization reduces heating bills by 32% and
overall energy bills by $358 per year at current
prices. This spending in turn spurs low-income
communities toward job growth and economic
development.

Residential Energy Efficiency

AHFC also published minimum insulation
requirements for buildings in Alaska based on the
International Energy Code (IECC) 2006 Sections
402.1 through 402.3. IECC describes the prescriptive
method for compliance and establishes minimum
thermal envelope insulation requirements for
buildings in general. AHFC encourages builders

to exceed these minimums. For this reason, AHFC
published a list of Alaska-specific amendments to the
IECC 2006 and the ANSI/ASHRAE Standard 62.2-
2004, Ventilation and Acceptable Indoor Air Quality
in Low-Rise Residential Buildings, (ASHRAE 62.2-
2004). These amendments shall be limited to new
construction only.

AHFC established 5 new IECC climate zones and
assigned a zone to each Alaskan community based on
heating degree day ranges (Table 1).
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Alaska Energy Authority (AEA) promotes energy
conservation in Alaska through several programs.

As an equal participant in the State Energy Program
(SEP), AEA is able to offer small technical assistance
grants that help communities get a handle on supply
and demand side management and seek funding for
implementation. AEA promoted the Village End
Use Efficiency Measures Program (VEUEM) and is
seeking to implement the Alaska Energy Efficiency
Program and Policy Recommendations for the future
of their end use programs.

The final “Alaska Energy Efficiency Program and
Policy Recommendations” report was completed
by Information Insights, Inc. for the Cold Climate
Housing Research Center in June 2008. The report
was funded by the Alaska Energy Authority and
the Alaska Housing Finance Corporation. It is

a comprehensive review and analysis of energy
efficiency policies and programs in the State

of Alaska. With primary emphasis on Railbelt
communities, the review focuses on programs
that address end-use energy consumption in space
heating and electrical needs of residential and
commercial users.

The report outlines energy efficiency measures that
can be rolled into the Alaska State Energy Plan and
implemented immediately. These energy efficiency
measures, undertaken at low cost, pay back initial
investment in a matter of months or a few years and
provide long-term cost savings.

Alaska Energy Authority (AEA)

Alaska Rural Energy Plan

The Alaska Rural Energy Plan published in 2004
by AEA identified and widespread opportunities
for reducing costs of power and heat. After a
preliminary screening analysis that identified end-
use efficiencies as a potential source of economic
benefits for rural households, Section 4 of the 2004
Alaska Rural Energy Plan examined end-use energy
efficiency in rural Alaska households and rural
schools in communities that are eligible for Power
Cost Equalization (PCE) Funding. The objective
of the study was “to evaluate the costs and benefits
of end-use energy efficiency systems that are
suitable for rural Alaska and determine the extent
to which these systems could potentially reduce
the cost or improve the reliability of electricity

for rural communities” and, to review program
implementation alternatives with the goal of
maximizing program effectiveness.

Thereby the study distinguished between the
engineering economic potential (avoided cost

if adopted) and market potential (estimate of
participants) of end-use energy efficiency measures.
The study makes this distinction to account for the
fact that despite extremely favorable engineering
economics, customers may not purchase the most
economic alternative.

The Alaska Rural Energy Plan also addresses

some utilities concern that “in low or no-growth
markets with adequate generation capacity, a large
investment in energy efficient light bulbs may have
adverse effects by noticeably reducing demand and
causing generating plants to operate lower on their
fuel efficiency performance curve”.

As an example, an annual $224 savings per
household in rural Alaska could be achieved by
switching to fluorescents light bulbs, assuming seven
incandescent bulbs that would be replaced with small
compact fluorescents.
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Alaska Energy Authority (AEA)

Village End-Use Energy Efficiency
Program

Community impact is exactly what Alaska Energy
Authority (AEA) is considering when coming up
with the Village End-Use Efficiency Measures
(VEUEM) program. Communities are selected
based on recently having received or being about to
receive a Rural Power System Upgrade (RPSU) or
other energy infrastructure project. The intent is to
reduce usage and properly size new power systems.
This covers both demand and supply side issues.

The village end-use energy efficiency program
performs energy efficiency upgrades on rural
Alaskan community buildings. AEA, with funding
from the Denali Commission, works with villages
to help them achieve energy savings by replacing
or installing energy-efficient lighting, switch boxes,
motion sensors, set back thermostats, weather
stripping, and low mass boilers.

The program helps communities to achieve
significant progress toward energy efficiency.

In Phase I, the average grant fund per village was
$37,771 with a total program grant fund of $642,116.
Significant in-kind contributions from the local
school districts helped expand the reach of this
program. Full Phase I reports can be found here:

http://www.akenergyauthority.org/
programsalternativeVEUM.html

The figure below provides a community overview
of finished (Phase I, blue) and ongoing (Phase I1 &
111, black & red) projects. Additional communities
will be included in the program if funding becomes
available.
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Case Study: Koyuk

The community of Koyuk participated in Phase I of
the village end-use energy efficiency program. In total,
5 community buildings and 7 teacher housing units
received energy efficiency upgrades. The city-owned
buildings got retrofitted with 93 linear fluorescent
fixtures with T8 lamps and electronic ballasts, and
seven compact fluorescent light bulbs were installed.
The pre-retrofit energy use for all lighting was 14,852
watts. The energy use for all lighting post-retrofit

is projected at 10,550 watts. This equals an energy
reduction of 29% or 4,302 watts. The estimated annual
savings under different assumptions are shown in the
table below.

The potential cost savings of energy conservation
and efficiency is extremely difficult to get a handle
on. During a time of rising fuel costs, efficiency
may simply keep costs stable while actually reducing
usage. Energy conservation and efficiency should
always be looked at in usage numbers as opposed to
cash payback.

In small communities, the economy of scale is at
stake. If the school is the largest electric user in the
community and they reduce their usage by 30%, the
utility must still recover their fixed costs from the last
fuel delivery and pay for employees. The community
may experience a rate increase. However, exploring
both supply and demand side efficiency opportunities
can reduce any community-wide impact.

Hours Per Day / Electrical Savings | Avoided Diesel | Avoided Diesel
250 Days Per Year Use Costs

4 Hours $1,570 315 Gallons $589

7 Hours $2,748 552 Gallons $1,031

10 Hours $3,926 788 Gallons $1,473
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Alaska Energy Efficiency Program and Policy Recommendation

The “Alaska Energy Efficiency Program and
Policy Recommendations” report was completed
by Information Insights, Inc. for the Cold Climate
Housing Research Center in June 2008. The report
was funded by the Alaska Energy Authority and
the Alaska Housing Finance Corporation. Itis a
comprehensive review and analysis of the energy
efficiency policies and programs in the State of
Alaska. The review focuses on programs that
address end-use energy consumption in space
heating and electrical needs of residential and
commercial users, with primary emphasis on Railbelt
communities.

The need for such a report was recognized because
demand side management (energy efficiency
measures) and conservation are often overlooked by
decision makers in favor of supply side solutions,
which offer constituents new projects and funding
opportunities. The report states that supply side
solutions are necessary in Alaska, but efficiency
measures should be step one in any energy plan.
Efficiency measures are the best way to decrease
demand and save money.

The report outlines energy efficiency measures
which can be rolled into the Alaska State Energy
Plan and implemented immediately. These energy
efficiency measures can be undertaken at low cost,
paying back initial investment in a matter of months
or a few years, and, they would provide long-term
cost savings.

The report also points out, that using energy more
efficiently does not necessarily mean seeing a
decreased level of service. With advances in
technology and simple changes in behavior,
significant savings can be realized without
compromising level of service.

The authors evaluated possible policy
recommendations based on:

. Return On Investment (ROI)
. Benefit/Cost Analysis (B/C)

. Carbon Reduction
. Present Value of Savings (PVS)
. Ease of Implementation

These recommendations are broken out into nine
categories:

State Leadership

Funding Energy Efficiency Programs
Public Education and Outreach
Collect Baseline Data

Existing Residential Buildings

New Residential Construction
Existing Commercial Buildings
New Commercial Construction
Public Buildings

WX n bk DN =

The report also provides a preliminary budget
for costs of implementing and maintaining
recommended energy efficiency programs and
policies.
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Other Organizations

The Cold Climate Housing Research Center tests
new building technologies in Alaska.

The Alaska Craftsman Home Program, Inc. educates
Alaskans in energy-efficient building technology
specifically for northern regions and their diverse
climatic zones.

The Alaska Building Science Network promotes
energy efficiency as an essential component of
durable, safe, and affordable housing in Alaska.

Cooperative Extension Service of the University of
Alaska Fairbanks operates the Energy and Housing
Program. This program focuses on providing the best
possible housing technology information to Alaskan
home owners and builders.

There are five weatherization assistance program
providers in Alaska and fifteen regional housing
authorities. Each provider is responsible for a
specific Alaskan region. The program providers are:

RurAL CAP

Tanana Chiefs Conference

Interior Weatherization, Inc.

Alaska Community Development Corp.
Municipality of Anchorage

Conclusions and Recommendations

The future of Alaska demands that every resident
get the most energy out of each unit purchased.
Energy efficiency has the highest return on
investment of any energy source. The environmental
implications are extremely high as well. Many
facility owners and operators tend not to think about
their usage, yet it is the easiest and fastest way

to keep costs down. End-use efficiency can keep
energy prices stable while reducing the need for new
supply-side infrastructure, or providing the extra
time to build that infrastructure. Careful project
design can mitigate comfort issues that may arise
from new lighting systems and different building
controls.

The technology is mature, but constantly evolving.
Owners and operators must keep current on the
changes. Before implementing changes they

must assure proper testing has been completed.
Conservation has a strong future in slowing the
advancement of global warming by reducing or
displacing production of greenhouse gases from the
electricity sector.

Efficiency and conservation easily become a way
of living. Constant education and outreach will be
required to reinforce good habits. Safe removal
and disposal (recycling) of old equipment should
be ongoing. Much like the Federal Government
does through mandatory reductions and use of
alternatives, the State of Alaska should lead all of
Alaska by example.
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Beaver Washeteria - Public buildings
such as washeterias afford

opportunties for energy projects, particu-
larly space heating from biomass

or waste heat recovery from diesel en-
gines. The community of Tanana, for
example, installed two cordwood boilers
in 2007 to heat their washeteria.
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HYDROELECTRIC POWER GENERATION

AEA Program Manager: Douglas Ott (771-3067)

TECHNOLOGY SNAPSHOT: HYDROELECTRIC

Installed Capacity (Worldwide)

654,000 MW

Installed Capacity (Alaska)

Approximately 423 MW

Resource Distribution

Resource potential exists throughout many areas of the state, with
most developed projects in the southeast and southcentral portions
of the state; Alaska has 40% of U.S. untapped hydropower (192
billion Kwh energy potential)

Number of communities/
population impacted

100+ (potentially +80% of Alaska’s population)

Technology Readiness

Commercial (mature)

Environmental Impact

Requires proper design to mitigate impacts to downstream aquatic
life, downstream water quality, and recreational uses

Economic Status

Unit costs are variable and site specific. Where found to be
economic, hydroelectric installations provide reliable, inexpensive
renewable energy
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Introduction

Alaska has enjoyed a long and rich history with
hydroelectric power. By 1908, southeast Alaska
alone had over 30 developed water power sites with
a capacity of 11,500 kW. The vast majority, built
by private developers, provided power for industrial
operations, mainly for the gold mining works in
Juneau and on Douglas Island. Today hydropower
in Alaska provides 24%' of the statewide electrical
power. Major developers include the State of Alaska
and public and privately owned utilities. These
power plants have proven to be long-term, reliable,
and relatively inexpensive sources of power.
Hydropower installations have the reputation for
being robust and durable, operating successfully at
some sites for more than a century. Hydropower’s
low operation and maintenance costs coupled

with long lifetimes result in stable power rates. In
Alaska, hydropower is currently the largest and most
important producer of electricity from a renewable
energy source. With increased interest in replacing
fossil-fuel-powered generation with renewable
energy resources, the statewide inventory of installed
hydropower capacity will continue to expand.

Technology Overview

Hydroelectric power is the generation of electric
power from the movement of water flowing from a
higher to a lower elevation. In contrast, hydrokinetic
technology (covered in a separate technology chapter
in this report) is a pre-commercial technology that
uses river current to generate electric power. A
hydroelectric facility requires a dependable flow of
water and a reasonable height of fall of water, called
the head. In a typical installation, water is fed from
a reservoir through a conduit called a penstock into a
hydraulic turbine. The pressure of the flowing water
on the turbine blades causes the shaft to rotate. The
rotating shaft is connected to an electrical generator,
which converts the shaft motion into electrical
energy. After exiting the turbine, water is discharged
to the river in a tailrace.

Genator

Hydroelectric Dam

Long Distance
Power Lines

Figure 1.
Typical High-Wall Reservoir Hydroelectric Dam Structure.

Source: Army Corp of Engineers

Turbine Blades

Figure 2.
Cross section of hydraulic turbine
generator.

Source: Army Corp of Engineers
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Technology Overview

Before a hydroelectric power site is developed,
engineers must assess how much power will be
produced when the facility is complete. They also
review the natural conditions that exist at each
site: surface topography, geology, river flow, water
quality, and annual rainfall and snowfall cycles.

Extensive studies are conducted to evaluate the site’s

environmental conditions, land status and other
factors that may influence the configuration of the
hydro plant and the equipment selection.

A given amount of water falling a given distance
will produce a certain amount of energy. The head
and the discharge at the power site and the desired
rotational speed of the generator determine the type
of turbine to be used. The greater the head, the
greater the potential energy to drive turbines. More
head or faster flowing water means more power.
The steep mountains, abundant rain and snow, and
relatively mild winter temperatures in Southeast and
Southcentral Alaska provide the ideal hydrologic
conditions for hydroelectric power.

South Fork Drainage, Prince of Wales
Island, Southeast Alaska.

Source: Alaska Energy Authority, 2008.

To find the theoretical horsepower (the measure of
mechanical energy) from a specific site, this formula
is used:

THP =(Q x H)/11.81
where: THP = theoretical horsepower
Q = flow rate in cubic feet per
second (cfs)
H = head in feet
11.81 = a constant

A more complicated formula is used to refine the
calculations of this available power. It takes into
account losses in the amount of head due to friction
in the penstock and variations due to efficiency
levels of mechanical devices used to harness the
power. To determine how much electrical power can
be produced, the mechanical measure (horsepower)
must be converted into electrical terms (Watts). One
horsepower is equal to 746 watts (U.S. measure).

Impulse and reaction turbines are the two most
commonly used types. Other types of turbines
include fixed pitch propeller and crossflow (also
called the Ossberger or Banki turbines). Each has
a specific operating range in terms of hydraulic
head and power output. In order to optimize the
power output and reduce capital costs, the specific
turbine to be used in a power plant is not selected
until all operational studies and cost estimates are
complete. The turbine selected depends largely on
site conditions.

A reaction turbine is a horizontal or vertical wheel
that operates with the wheel completely submerged,
a feature that reduces turbulence. In theory, the
reaction turbine works like a rotating lawn sprinkler,
where water at a central point is under pressure and
escapes from the ends of the blades causing rotation.
Francis or Kaplan turbines are reaction machines that
utilize both hydraulic pressure and kinetic energy to
create rotating shaft work. Reaction turbines are the
type most widely used in Alaska.
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Technology Overview

An impulse or Pelton-type turbine is a horizontal

or vertical wheel that converts the fluid’s change in
potential energy (hydraulic head) into kinetic energy
by water striking its buckets or blades to make the
extractable rotating shaft work. Pelton or Turgo
impulse turbines may have single or multiple nozzles
that accelerate flow to produce high velocity jets

that impinge on a set of rotating turbine buckets to
transfer their kinetic energy. The wheel is covered
by a housing, and the buckets or blades are shaped
so they turn the flow of water about 170 degrees
inside the housing. In contrast to a reaction turbine,
the fluid contained in the impulse turbine does not
completely fill all available void space, and the
turbine operates at ambient pressure. After turning Source: Bureau of Reclamation, 2005.
the blades or buckets, the water falls to the bottom of
the wheel housing and flows out.

Cutaway of Impulse Turbine

Source: Bureau of Reclamation, 2005.
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Technology Overview

Low-Head Hydropower

A low-head dam is one with a water drop of less
than 65 feet and a generating capacity less than
15,000 kW. Large, high-head dams can produce
more power at lower cost than low-head dams, but
construction of large dams may be limited by lack
of suitable sites, by environmental considerations, or
by economic conditions. The key to the usefulness
of low-head units is their lower capital costs and

the ability to satisfy local power needs with the
available resource.

Run-of-the-River

Run-of-the-river hydro facilities use the natural flow
and elevation drop of a river to generate electricity.
Facilities of this type are optimally built on rivers
with a consistent and steady flow.

Power stations on rivers with great seasonal
fluctuations require a large reservoir in order

to operate during the dry season. In contrast,
run-of-the-river projects do not require a large
impoundment of water. Instead, some of the water
is diverted from a river and sent into a pipe called
a penstock. The penstock feeds the water downhill
to the power station’s turbines. Because of the
difference in elevation, potential energy from the
water upriver is transformed into kinetic energy
and then to electrical energy. The water leaves the
generating station and is returned to the river with
minimal alteration of the existing flow or water
levels. With proper design, natural habitats are
preserved, reducing the environmental impact.

Run-of-the-river power plants typically have a

weir or diversion structure across the width of the
river. This weir contains an intake structure, often
consisting of a trash rack, an intake screen, and
de-sanding elements to conduct the water into the
penstock. These installations have a small reservoir
behind the diversion to keep the intake flooded and
reduce icing problems.

The output of the power plant is highly dependent
on the drainage basin hydrology. Spring breakup
will create a lot of energy, while flow diminishment
during winter and dry seasons will create relatively
little energy. A run-of-the-river power plant has

little or no capacity for energy storage, and so cannot
coordinate the output of electricity generation to
match consumer demand. Most run-of-the-river
applications are small hydro.

Small, Mini, and Micro
Hydropower

Small hydro is the development of hydroelectric
power on a scale that serves a community or an
industrial plant. The definition of a small hydro
project varies, but a generating capacity of up to 10
MW is generally accepted as the upper limit of what
is termed small hydro. Small hydro can be further
subdivided into mini hydro, usually defined as less
than 1,000 kW, and micro hydro, which is less than
100 kW. Micro hydro applications might serve

for single families or small enterprises, while mini
hydros might be appropriate for small communities.

A small hydro plant might be connected to a
conventional electrical distribution network

as a supplemental source of renewable energy.
Alternatively, a small hydro project might be built
in an isolated area that would be uneconomic to
serve from a network, or in areas where there is
no electrical distribution network. Small hydro
projects usually have minimal reservoirs and civil
construction work, consequently a relatively low
environmental impact.

A large and growing number of companies offer
standardized turbine generator packages in the
approximate size range of 200 kW to 10 MW. These
water-to-wire packages simplify the planning and
development of the site, since one vendor looks after
most of the equipment supply.
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Non-recurring engineering costs are minimized,
and development cost is spread over multiple
units, so the cost of such systems is improved.
While synchronous generators capable of isolated
plant operation are often used, small hydro plants
connected to an electrical grid system can use
economical induction generators to further reduce
installation cost and to simplify control and
operation.

Micro hydro plants may use purpose-designed
turbines or industrial centrifugal pumps connected
in reverse to act as turbines. While these machines
rarely have optimum hydraulic characteristics when
operated as turbines, their low purchase cost makes
them attractive for micro hydro class installations.

Regulation of small hydro generating units may
require water to be spilled at the diversion to
maintain the downstream stream habitat. Spilling
will also happen when the natural flow exceeds the
hydroelectric system capacity, since the project will
generally have no reservoir to store unused water.
For micro hydro schemes feeding only a few loads,
a resistor bank may be used to dissipate excess
electrical energy as heat during periods of low
demand. In a sense this energy is wasted, but the
incremental fuel cost is negligible so economic loss
is minor.

Since small hydro projects may have minimal
environmental and licensing procedures, the
equipment is usually in serial production. Civil
works construction is also limited. The small size of
equipment also makes it easier to transport to remote
areas. Fore these reasons, small hydro projects may
reduce development time.

Small hydro and mini hydro can be used as
alternative energy sources in off-grid communities
with small loads. Small hydro tends to depend

on small water turbines fed directly by rivers and
streams. When compared with other renewable
energy alternatives like wind and solar, run-of-the-

Technology Overview

river hydroelectric generators are able to deliver a
relatively consistent electric supply throughout the
day.

Run-of-the-river hydroelectric generators in Alaska
do not provide the same seasonally consistent
electric supply that larger hydroelectric projects

do. This is a result of the seasonal changes in the
flows of Alaska rivers, with diminished flow rates
during the winter months. The dams and reservoirs
of larger hydroelectric projects provide for energy
storage, holding water to be used to generate
electricity when flows are lower. Unfortunately,
most Alaska electric loads are highest during the
winter, the same time that river flow (and the electric
power generation capability of small and run-of-
the-river hydro) is at its lowest. This lowers the
amount of run-of-the-river hydro capacity that can
be installed without significant amounts of excess
capacity in the summer.

Conventional Hydroelectric
Storage Projects

When suitable hydraulic heads are not present

or when power needs are substantial, dams are
constructed across rivers to store water and create
hydraulic head to drive the turbomachinery. Dams
typically last for 50 to 100 years and so, are
constructed of durable materials like reinforced
concrete, roller-compacted concrete, earth, and
crushed rock. Smaller dams may be constructed of
steel or timber crib design. They vary substantially
in terms of height and storage volume, depending
upon local topography. There are several design
approaches used for concrete dams, including solid
and hollow, gravity and arch geometries.
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In addition to the actual dam structure, there are a
number of other major design considerations. For
example, the penstock inlet manifold (usually with
screens to keep debris and fish from entering the
turbine) and the discharge or tailrace system must
be designed to maintain the hydraulic head and
minimize the effects of sedimentation, silt, and ice
build-up. Substantial effort goes into the design
of the dam spillway to safely direct extreme flows
downstream of the dam when the available reservoir
storage is inadequate to contain it.

Where the topography allows, several successful
design concepts are available to help mitigate the
environmental impacts of conventional storage
hydropower projects. In regions with high-elevation
natural lakes, lake taps may be utilized to feed a
power tunnel bored in rock to carry water to the
downstream powerhouse. This approach reduces the
need to construct a dam; the tunnel serves in place
of the penstock; and the lake is utilized as a natural
storage reservoir. At other sites, natural barrier
waterfalls can facilitate licensing of upstream hydro
development through their function as fish migration
barriers. Fish protection and passage facilities

and eco-friendly turbines can also be designed to
mitigate fisheries impacts of hydroelectric facility
construction. In order to be constructible, all

hydro projects must pass rigorous assessment.
Environmental effects must be determined.
Mitigation measures, compliance monitoring,

and environmental follow-up programs must be
established.

A strong attribute of conventional hydropower

is the dispatchability that results from the ability
to control the rate of power production through
storage and release of water contained behind the
dam. Given the general increase in electrification
that is occurring worldwide, the demand for using
hydropower reservoirs for both base-load and
peaking applications is rising. Other factors may
also lead to increased interest in conventional
hydropower. The variable nature of other renewable
energy sources like wind and solar makes pairing

with hydro energy storage an attractive option for
integrated supply systems.

Additionally, the scale of energy production
attainable with hydroelectric storage lends it to
connection with large electrical grids to displace
conventional fossil fuel-based power sources with
clean, non-carbon-based power. Fuel switching to
inexpensive hydropower may be possible in some
situations for home heating and (someday) for plug-
in hybrid cars.

Power Creek Hydro project
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Potential Reduction in Cost of Energy

The Alaska Division of Energy published the
Rural Hydroelectric Assessment and Development
Study in 1997. The study developed a database

of existing and potential hydroelectric projects in
Alaska. At that time, a total of 1,144 potential
hydroelectric sites were screened, resulting in two
potential projects with positive net benefits. These
two projects, and another two that were close to
potential positive net benefits were subjected to
additional engineering review.

In 2007 Crimp, Colt, and Foster updated the capital
cost estimates in the hydroelectric project database
to year 2005 dollars.> The estimated capital cost per
installed kW in 2005 dollars ranged from $1,500 to
$250,000 (mean = $25,800). Annual operation and
maintenance (O&M) costs for each hydro project
were also estimated for the project’s screening
process in the earlier study, generally equal to 3% of
capital cost. Project viability was re-screened under
pessimistic, mid-case, and optimistic scenarios.

The high capital cost of hydro (both absolute and
especially on a per kW basis for smaller projects)
is the chief impediment to its economic feasibility.
This cost tends to decrease over time as the
original capital costs are paid down from power
sales revenue and the low O&M cost features of
hydropower prevail, however, higher fuel prices in
the 2007 analysis, relative to those considered in
1996, were sufficient to propel several projects into
the ranks of potentially feasible projects.

As part of the state energy plan process, a new
screening of available hydro site studies and
investigations was conducted by AEA. Utilizing a
team of hydropower experts (the Hydro Technology
Working Group) as a sounding board, this team
took a fresh look at potential hydro sites closest to
existing communities and used a variety of high
level screens to identify the sites most viable for
further investigation. See the Hydro Technology

Working Group Recommendations found later in
this narrative). The data identified from this process
have been incorporated into the energy plan’s master
database of energy technologies. Though not all
sites are economic at today’s fuel prices, some 99
sites have been identified in this screening as having
potential for future hydro development. Further
information on these sites is available upon request.
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CASE STUDIES

The State of Alaska studied, built, or considered

building several large hydroelectric facilities in the

early 1980s, when state coffers were flush and oil

prices were high. With the low natural gas prices of

the late 1980s and 1990s, it appeared that many of

these hydroelectric projects were uneconomical with

a cost/benefit ratio under 1. These projects may now
have net benefits with the recent increase in prices.

As a.result of the large upfront capital costs of these k

eenmg for their economlc viability

opon t, developer,
o"v.Er Cost
z: or, and banker
throug'h' fts _ﬂ@iéfs_ Iiyidumary bodies
- also ﬁtmg tensions when assessmg
ct feasnblhty Yet, large infrastructure pr




Case Study:

Four Dam Pool

The Four Dam Pool projects are four
hydroelectric facilities (dams and lake tap projects)
built by the State of Alaska in the early 1980s

in Kodiak, Valdez/Glennallen, Ketchikan, and
Wrangell/Petersburg. The State paid for a portion
of the dams, and it provided loans through the
Power Development Revolving Loan Fund for the
remainder of the cost. The total cost for the project
in 2007 dollars is estimated at $811 million: $493
million in state funding, and $318 million in grants
and loans.*

Facility Name Communities Served
Swan Lake Ketchikan

Tyee Wrangell and Petersburg
Terror Lake Kodiak

Solomon Gulch Valdez and Glennallen

The projects were originally owned by the State of
Alaska, Alaska Power Authority, with electricity
sold to local utilities through Power Sales
Agreements. In January 2002, AIDEA loaned up

to $82 million to the utilities to acquire the dams
from AEA: $77 million for the dams and up to $5
million to construct an intertie between the Swan
Lake hydroelectric project and the Lake Tyee
hydroelectric project to move surplus energy from
Wrangell/Petersburg to Ketchikan.” The Swan-
Tyee Intertie is expected to cost over $100 million
when construction is completed in 2009. The Alaska
legislature provided for non-payment or forgiveness
of a non-current loan owed to the AEA upon closing
of the bond sale; this was the outstanding balance of
the original loans.®
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Case Study: Bradley Lake Hydroelectric Project

The Bradley Lake hydroelectric project was
constructed by the Alaska Power Authority on the
Kenai Peninsula near Homer, Alaska. The Alaska
legislature appropriated $168 million for what was
estimated to be a $245 million project. The project,
which cost over $300 million (including reserve fund
balances, of $479 million 2007 dollars), went into
commercial operation in 1991. The project includes
a concrete-faced and rock-filled gravity dam, 610
foot long, 125 foot high, and a 3.5-mile power tunnel
and steel-lined penstock. The project transmits
power to the state’s main grid via two parallel 20-
mile transmission lines. Homer Electric Association
under contract with AEA now operates the project.
Bradley Lake serves Alaska’s Railbelt from Homer to
Fairbanks as well as the Delta Junction area.’

The power from Bradley Lake is shared among the
Railbelt utilities via the intertie, according to a formal
sharing agreement.

Utility Share of Bradley Lake Share
Chugach Electric Association 30.4%
Anchorage Municipal Light and Power 25.9%
Homer Electric Association 12.0%
Matanuska Electric Association 13.8%
Seward Electric Utility 01.0%
Golden Valley Electric Association 16.9%

Also in Southcentral Alaska, the Eklutna hydroelectric
facility was brought on line in 1955 by the federal
government. In 1994 it was taken over by Anchorage
Municipal Light & Power. As the cheapest energy
source connected to the Railbelt energy grid, it
currently produces power at a rate of a few cents per
kWh.

The Cooper Lake hydroelectric facility is owned and
operated by Chugach Electric Association. It began
operation in 1960 and was recently relicensed by the
Federal Energy Regulatory Commission.

A number of smaller hydroelectric projects owned by

individual utilities are located across the state, mostly
in Southeast Alaska. There are also some very small
private facilities, most of which are owned by fish

processors.

A list of the larger facilities serving utilities follows:

Facility

Annex Creek
Beaver Falls
Black Bear Lake
Blind Slough
Blue Lake
Bradley Lake
Chester Lake
Cooper Lake
Dewey Lakes
Eklutna

Falls Creek
Goat Lake
Gold Creek
Green Lake
Humpback Creek
Kasidaya Creek
Ketchikan

King Cove
Lake Dorothy
Larsen Bay
Pelican
Petersburg
Power Creek
Purple Lake
Salmon Creek
Silvis

Skagway
Snettisham
Solomon Gulch
South Fork Black Bear
Swan Lake
Tazimina
Terror Lake
Tyee

Total

Installed Capacity (MW)

3.6
54
4.5
2

6
126
1
16.7
0.9
30
0.8
4
1.6
18.6
1.3
3
4.2
0.85
14.3
0.4
0.7
2

6
3.9
6.7
2.1
1

78
12

22.4
0.8
20
20

423.35 MW
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Case Study: Southeast Alaska

Hydroelectric generating facilities and diesel
generators provide a significant portion of the

electric power generation in Southeast Alaska. The
state and the federal government, as well as certain
communities and utilities have developed existing
hydroelectric generating plants in Southeast Alaska.
Hydroelectric facilities provide the majority of the
power requirement in Juneau, Ketchikan, Sitka,
Petersburg, Wrangell, Skagway, Haines, Metlakatla,
Craig, and Klawock.®? The largest in Southeast Alaska
is the Snettisham hydroelectric facility, providing
80% of the power used by Juneau and Douglas. Built
by the USCOE in the 1979s, and sold to the State of
Alaska in 1998, Snettisham is operated by Alaska
Electric Light and Power under contract with AIDEA.

In some communities the hydroelectric facilities

are capable of providing electricity in excess of the
community load. In response, electric customers in
these communities are replacing or supplementing
diesel space and water heating systems with electric
once. If enough customers convert to electric

heating, the surplus electric capacity will dissipate
and diesel generators will be needed to meet the load
requirements. One method of addressing this issue

is interruptible electric space and water heating when
reservoir levels are low or electric use is high during
the winter. During low water years in Sitka, the utility
has had to ask people to heat with wood or diesel’
while it interrupts electric service to electric heaters.'
Transmission line damage from avalanches disrupted
the flow of hydroelectric power from the Snettisham
hydro project to Juneau for six weeks in 2008. During
this period, power was restored using back-up diesel

gener.ation at roughly 5x the power sales rate of Snettisham Hydroelectric facility. Above: Long Lake;
Snettisham hydropower. Below: Outside view of the Snettisham Hydroelectric
facility.

&



Case Study: South Fork Prince of Wales Island

Many communities on Prince of Wales Island
are electrically intertied and are supplied power
primarily from the Black Bear Lake hydro project
(BBL)."" However, over the last 10 years system
load growth fully utilized the capacity and energy
available from BBL. Supplemental diesel-powered
generation was required to meet this increased
demand. To minimize dependency on high-

cost diesel-generated energy, Alaska Power &
Telephone Company began investigating renewable
resource energy sources on the island. Research
led to the selection of South Fork enhanced by its
close proximity to existing roads and power and
communication lines servicing BBL,as the most
feasible project.

South Fork Impoundment.

With grant/loan assistance from the Denali
Commission and the Alaska Energy Authority,
construction of this 2 MW run-of-the-river
hydroelectric project began in the spring of 2004 and
came on line December 2005. AP&T was the general
contractor of the project, securing necessary permits,
providing engineering design, and constructing the
project with their own work force and seasonal labor.

The South Fork hydroelectric facility has already
accumulated over 1,000 hours of operation,
supplementing the BBL facility. The power plant
controls were incorporated into the BBL SCADA
system, enabling plant operators to remotely monitor
and control the new facility. While South Fork has
limited storage capacity, it will significantly reduce
the energy requirement from BBL, enabling BBL to
maintain water in storage for low rainfall periods.
This will significantly reduce the area’s dependence
on diesel-generated energy.
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Three hydropower projects are now under
construction in Alaska. Falls Creek near Gustavus

is being built by Gustavus Electric Company,
Kasidaya Creek, between Haines and Skagway, by
Alaska Power and Telephone Company, and Lake
Dorothy by Alaska Electric Light and Power."?
FERC licenses have also been issued for hydropower
projects at Reynolds Creek and Mahoney Lake, and
soon to be issued for Whitman Lake.

Recent Grant Applications

AEA sought interest in study and development

of alternative and renewable energy projects
through three different grant application cycles

in 2008. Applications for hydropower project
development and construction have been received
for 64 projects. Requested grant funds total $159.8
million for facilities costing $3.35 billion in capital
costs. Because the applications are currently under
review and funds requested exceed grant funds
available, not all applications will receive the
amount requested. However, this information is an
indication of the current level of interest in hydro
development in Alaska.

Chakachamna Hydroelectric
Project

The Chakachamna hydroelectric project is currently
under study by TDX Power. Located on the
western side of Cook Inlet, the project would entail
a lake tap, 12-mile power tunnel, and a 40-mile
transmission line extension to provide 330 MW of
energy to the Railbelt grid at 1600 MWh annually.
Originally studied by the Alaska Power Authority in
the 1980s, the project as currently envisioned would
divert water from the Chakachatna River to the
McArthur Drainage Basin.

Susitna Hydroelectric Project

The hydroelectric potential of the Susitna River
has been studied over many decades.!® The initial
studies were done by the Bureau of Reclamation
in the early 1950s; in the 1970s , studies by the
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Corp of Engineers reconfirmed the feasibility of
Susitna River hydropower development. In 1980
the Alaska Power Authority (now Alaska Energy
Authority) was commissioned a review of studies
to date and a comprehensive feasibility study to
determine whether hydropower development on

the Susitna River was a viable option.'* Based on
these and other studies and the urging of the Alaska
Legislature, the AEA submitted a FERC license
application in 1983. The license application was
amended in 1985 for the construction of a two-dam,
three phase construction project. The estimated cost
of that project was $5.9 billion.

Arriving at a plan for bond financing was found to be
difficult for a project of this scale, one which was to
be constructed in phases over a 20-year time period.
Cash payment of a portion of the construction costs
was proposed as a means of reducing power costs to
customers. '

As a result of the high cost of the project, the
relatively low cost of gas-fired electrical generation
in the Railbelt, and the effect on the state budget

of the declining price of oil in the early 1980s, the
project was terminated by the Board of Directors
of the Power Authority in March 1986. At that
point, approximately $227 million had been
appropriated to the project from FY79-FY86 ($382
million 2007 dollars) and $145 million had been
spent. Extensive field work, biological studies, and
activities to support the FERC license application
were conducted with these funds. Though the
conclusion reached in 1986 was that the impacts of
the project were manageable, the license application
was withdrawn. The project data and reports

were archived to be available for reconsideration
sometime in the future.

More recently the Alaska Energy Authority was
authorized $2.5 million in funding to perform a
Susitna Hydro Feasibility Study and Cost Estimate
as part of the FY 2009 Alaska capital budget. Two
distinct tasks were identified in the legislation. First,
the 1984 cost estimate for construction of the Susitna
hydro project using current construction and design

technology will be reviewed and updated ($1.5
0
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million). This renewed analysis will produce four
alternatives of development for the project, with
energy output and costs.

Second, a Railbelt wide integrated resource and
transmission study will consider the four incremental
Susitna development alternatives, in conjunction
with other Railbelt wide generation projects

(1.0 million). The analysis will make use, to the
maximum extent possible, of the phased project
development considered in 1984, but key to the
analysis will be new assessment of long-term
Railbelt load growth, and matching the project the
realistic future Railbelt needs.

This integrated resource plan will yield an
economic plan for construction of power
generators, transmission lines, and fuel aggregation
infrastructure to meet the capacity, energy and
reliability needs of the Railbelt over the next 50
years. The plan will include creation of a diversified
power portfolio, and robust transmission system by
year 10 that can supply reliable postage stamp rate
power for all Railbelt utilities. The Susitna project
will be a key economic element in the creation of
this plan.

According to a November 2008 presentation to the
Alaska Energy Authority, the two dam configuration
of the Susitna hydro project would be capable of
producing approximately 7 million MWh annually.'¢

Hydro Technology Work Group
Recommendations

The hydro technology work group met several times
during the summer and fall of 2008. The work
group membership consisted of consulting engineers,
resource managers, interested citizens, and AEA
personnel. Assistance was provided in selecting the
steps in the hydro resource screening and evaluation.
The working group provided peer review and
validation of preliminary screening results. Specific
recommendations of the group included the
following:

e Hydro projects do not le