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Abstract—Sharp increases in the price of distillate fuel have led to 
wider economic opportunities for local renewable energy 
resources in the over 180 rural Alaskan communities that are 
served by electrical microgrids isolated from larger population 
centers.  Between 2002 and 2007 the median price of diesel fuel 
for utility power generation in rural Alaska increased by 72% to 
$0.71/l ($2.70/gal).  During this period the median unsubsidized 
residential cost of power increased by 20% to $0.468/kWh.  The 
Alaska Rural Energy Plan, based on 2002 fuel costs, indicated 
widespread opportunities for cost-saving measures from end use 
efficiency, diesel generation efficiency, diesel combined heat and 
power, and wind energy.  This paper assesses economics of small 
hydroelectric, wind-diesel, and biomass-fired combined heat and 
power under a range of future oil price assumptions. 
 
Index terms—Alaska, biomass, hydropower, renewable, wind 
energy. 
 

I. INTRODUCTION 
IESEL is the dominant energy source for the 180 rural 
Alaskan communities that are not connected to the state’s 

central “Railbelt” grid served by natural gas or the hydro-
supplied grids in Kodiak, Valdez, and larger southeast Alaska 
communities.  Diesel is an effective power, heating, and 
transportation fuel with a well-developed infrastructure for 
supply and storage, a reliable network of equipment suppliers, 
and a relatively low initial cost of installation. 
 Between 2002 and 2007, however, the median price of 
diesel fuel has increased by 72% to $0.71/l ($2.70/gal) in rural 
communities that receive subsidy under the State of Alaska’s 
Power Cost Equalization (PCE) program (1).  This sharp 
increase has hit rural communities particularly hard (2). 
 The Alaska Rural Energy Plan (3), based on 2002 fuel 
costs, indicated widespread opportunities for cost-saving 
measures from end use efficiency, diesel generation 
efficiency, diesel combined heat and power, and wind energy.  
Renewable energy resources, available in some form 
throughout Alaska (4), hold potential for displacing diesel 
fuel, reducing and stabilizing energy costs, stimulating local 
economic development, reducing fuel spills, and decreasing 
air pollution and greenhouse gas emissions.  However, 
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renewable projects generally have higher up-front capital costs 
and may be risky due to immature technology and special 
operations and maintenance (O&M) requirements. 
 This paper assesses economics of small utility-scale 
hydroelectric, wind-diesel, and biomass-fired combined heat 
and power systems under a range of future oil price 
assumptions.  Although geothermal power holds promise as an 
energy source in numerous locations, it is not assessed here 
due to lack of consistent resource data. 
 

II. COMMON ASSUMPTIONS AND METHODS 

A. Diesel Fuel Price 
 We developed price projections for diesel fuel delivered to 
rural Alaska communities by starting with the U.S Department 
of Energy Information Administration Annual Energy Outlook 
(EIA AEO) 2007 (5) price projections for crude oil and 
assuming that the cost to refine and deliver fuel to individual 
rural communities would follow historical patterns.4  
 We adjusted the basic projection by adding $0.013/l 
($0.05/gal) to account for the long run price premium 
associated with ultra-low sulfur diesel fuel anticipated to be 
required in rural Alaska going forward from 2010.5 
 In addition, we adjusted the mid and high crude oil price 
projection of EIA AEO 2007 to take into account potential 
carbon taxes over the 2008-2040 time horizon.  We assumed 
the technology accelerator payment (TAP) of $12 per tonne of 
CO2 equivalent escalated at 5% above inflation from the 
Bingaman-Specter Low Carbon Economy Act of 2007 (co-
sponsored by Senators Stevens and Murkowski) (6) in the mid 
case.  This adds $0.029/l ($0.11/gal) in 2008 rising to $0.053/l 
($0.20/gal) in 2020.  In the high case, we assumed the carbon 
tax price projection from the MIT Future of Coal study, which 
starts with a $32 per tonne of CO2 equivalent escalated at 4% 

 
4 We simplified the relationship between the cost of crude oil and the cost 

of diesel fuel delivered as 
Rural Alaska Community Utility Diesel Fuel Price = constanta x crude 
oil price + constantb 

5 We note that the current price premium (2007) for ultra low sulfur diesel 
compared to diesel in the rural Alaska market may be on the order of 20 cents 
per gallon.  In light of the relatively low current volumes compared to higher 
volumes in 2010+ after ultra-low sulfur diesel is required in rural Alaska, we 
took a conservative approach and used EPA’s assumption that the conversion 
to ultra-low sulfur diesel would permanently add 5 cents per gallon to the cost 
of diesel fuel. 
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above inflation beginning in 2015 (7).  This adds $0.066/l 
($0.25/gal) in 2015 rising to $0.122/l ($0.46/gal) in 2030. 

We developed separate price projections for each of 152 
communities in the PCE program for which complete data was 
available in fiscal year 2006.  Aggregate average cost per 
gallon of diesel fuel delivered to PCE communities in 2005$ 
for each fuel scenario is summarized in Table I. 
 In addition, based on historical patterns in remote rural 
Alaska communities, we assumed that the avoidable cost of 
heating oil would be 30 cents per gallon higher than the price 
of utility diesel fuel. 
 

TABLE I 
AGGREGATE AVERAGE PRICE OF DIESEL FUEL DELIVERED TO 

UTILITIES IN PCE COMMUNITIES (2005$) 
Oil Price 
Scenario  2010 2020 2030 2040 

Low $/liter 0.526 0.415 0.415 0.415 
 $/gal 1.990 1.570 1.570 1.570 
Mid $/liter 0.594 0.597 0.668 0.761 
 $/gal 2.250 2.260 2.530 2.880 
High $/liter 0.663 0.893 1.009 1.144 
 $/gal 2.510 3.380 3.820 4.330 
 

B. Other Assumptions 
 Table II summarizes other assumptions that apply to the 
biomass, hydro and wind system analyses.  Electrical load for 
each community (kWh per year) is based initially on the last 
published PCE statistics for 2006 (1), then assumed to 
increase by 1.5 % per year.  Construction of potential biomass, 
hydro, or wind systems is assumed to be complete by 2010.  
Plant costs are assumed to be incurred in 2010, while other 
costs and savings are assessed over the 30-year period of 
2011-2040.  The assumed real rate of interest is 3%, consistent 
with project life-cycle cost assessment methodology in the 
Energy Cost Reduction grant program administered by Alaska 
Energy Authority for the Denali Commission (8). 
 We calculated benefit/cost ratios as follows:  Cost is defined 
as the capital cost of the alternative in 2010.  Benefit is the net 
present value (NPV) of all incremental net cash flows that 
occur from 2011 to 2040.  Each incremental net cash flow is 
the cash flow cost of avoided diesel minus the cash flow cost 
of the alternative.  The net can be computed year by year 
(essentially an avoided cost approach).  Or the NPV of all 
incremental annual diesel costs minus the NPV of all 
incremental annual alternative costs can be computed 
(essentially a comparison of one incremental system cost to 
another).  Both methods yield the same numerical result. 
 The capital cost and performance of diesel systems are 
assumed to be low and high, respectively.  We assumed no 
replacement costs for existing or future diesel generators over 
the planning period.  Diesel generation efficiency is assumed 
to be 4.0 kWh/liter (15 kWh/gal) with the expectation that 

efficiency will improve over the planning period from the 
current median of 3.5 kWh/liter (13.1 kWh/gal) as existing 
units are replaced by advanced electronic fuel injected 
generators with more sophisticated controls. 
 

TABLE II 
GENERAL ASSUMPTIONS 

Real interest rate 3 percent 
Analysis period Project completed in 2010.  Other 

costs incurred for 30 years, 2011-
2040.  

Diesel generation 
capital cost 

0  (Cost of diesel generation 
equipment not included in analysis) 

Diesel O&M cost Pessimistic:  $0.01/kWh 
Mid-Case:  $0.02/kWh 
Optimistic:  $0.03/kWh 

Diesel generation 
efficiency 

4.0 kWh/liter (15 kWh/gallon) 

Load growth 1.5 % per year 
 
 We established three overall system cost and performance 
scenarios relating to how greatly assumptions favor renewable 
energy development—pessimistic (the least favorable to 
renewables), mid-case, and optimistic (the most favorable to 
renewables).  Non-fuel diesel O&M costs vary from $0.01 to 
$0.03/kWh among the three scenarios. 
 

III. BIOMASS COMBINED HEAT AND POWER 

A. Wood resource 
Major sources of biomass in Alaska are wood, fish 

processing and harvest residue, and municipal solid waste.  In 
terms of energy resource potential, wood is the state’s most 
abundant biomass resource.  The U.S. Forest Service estimates 
that there are 4.81 million hectares (11.87 million acres) of 
land in Alaska not reserved in parks and wilderness areas 
capable of producing at least 1.38 cubic meters per hectare-
year (20 cubic feet per acre-year) of wood.  Thus, assuming an 
average higher heating value of the average Alaska species 
mix at 7.98 GJ/m3 (204,000 Btu/CF), Alaska forests are 
capable of producing at least 52.97 million GJ/yr (48.4 trillion 
Btu/yr)—equivalent to approximately 1.32 billion liters (350 
million gallons) of #2 diesel per year, or 12 times the annual 
diesel consumption for power generation in rural Alaska 
communities (1) (9) (10). 
 Clearly, there are important constraints to the use of wood 
for energy, including accessibility and conflicting land uses.  
In relatively sparsely populated areas with substantial wood 
resources such as interior Alaska, however, wood is currently 
an important local fuel and holds substantial promise for 
expanded use. 
 For this analysis we considered 56 communities 
participating in the PCE program judged to have access to 
significant productive forestland available for fuelwood 
harvest. 
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B. Assumptions 
1) Wood System Cost and Performance 
Currently there are no wood-fired power plants operating in 
Alaska.  All of the state’s solid fuel (coal)-fired plants serve 
the Anchorage-Fairbanks grid or military bases and have 
installed capacities greater than 20 MW.  Two large wood-
fired plants associated with pulp mills in Sitka and Ketchikan 
ceased operation in the 1990s. 
 Average yearly power generation in the 56 communities 
assessed for wood-fired power ranges from 12 to 2,217 kW 
and has a mean of 190 kW and a median of 58 kW.  
Commercially proven and available systems suitable for 
wood-fired power production, especially in the lower portion 
of this range, are currently limited (11). 
 Technology options for small-scale wood-fired combined 
heat and power (CHP) that have been considered in rural 
Alaska include a gasifier-fed reciprocating engine-genset 
described by LaRoux et al (12), conventional Rankine cycle 
supplied with steam from a woodchip-fed pile burner 
(Adamian) (13) or fluidized bed combustor (Strandberg) (14), 
and an organic Rankine cycle (ORC) supplied by heat from a 
chip-fired combustor with thermal oil heat transfer (Chena 
Power) (15). 
 Estimated system cost for these systems is graphed against 
installed capacity (Fig. 1).  System cost is expressed in current 
dollars by adjusting for inflation.  Additionally, the cost of the 
ORC system is modestly adjusted upward by considering bid 
costs for a sawmill waste-fired district heating system under 
construction in Craig, Alaska (16).  ORC system cost appears 
to track well with the fluidized bed Rankine system, while the 
pile burner Rankine system estimate is considerably lower.  
The gasifier system is estimated to cost less than one-third of 
the other systems. 
 Base case generic wood CHP system cost in Anchorage is 
estimated here by a regression of system cost on installed 
capacity using modeled fluidized bed Rankine systems greater 
than 600 kW and ORC systems less than 600 kW: 
 

System Cost =  -0.17 (Installed Capacity)2 
       +3,345 (Installed Capacity) 
       +1,000,000 

 
 Base case cost is adjusted upwards for each community to 
account for substantially higher cost of construction in rural 
Alaska based on work by Foster (Table III) (17).  The 
pessimistic and optimistic cases are set at 1.2 and 0.8 times the 
base case cost respectively. 
2) Wood System Operation and Maintenance Cost 
Wood system O&M costs are incurred for wood fuel and non-
fuel items, including operation and management personnel, 
parts and supplies, and electricity.  Fig. 2 shows non-fuel 
O&M as a function of installed capacity for the pessimistic, 
mid-case, and optimistic scenarios. 
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Fig. 1.  Comparison of estimated wood-fired CHP system capital cost from 
other studies. 
 
 The pessimistic scenario is based on Strandberg’s fluidized 
bed combustor (FBC) model, which assumes significant 
expenditures for staff, parts, and parasitic power requirements.  
Whereas the service life of the generic system assessed here is 
assumed to be 20 years, Strandberg’s model assumes a 30-
year life on the FBC equipment.  The optimistic scenario is 
based on Natural Resource Canada’s RETScreen Biomass 
Heating Project Model (18) with operation expenses added for 
ORC parts and operation.  The mid-case scenario is simply an 
average of the pessimistic and optimistic O&M cost at any 
given installed capacity (Table IV). 
 

TABLE III 
CAPITAL COST MULTIPLIERS USED FOR SCALING UP WOOD-

FIRED CHP PLANT COST FROM FOSTER (17) 
 
Region 

 
Capital Cost Factor 

Anchorage 1.00 
Aleutian/Pribilof Islands 1.22 
Arctic Slope 1.55 
Bristol Bay 1.20 
Northwest Arctic 1.50 
Metlakatla 1.16 
Norton Sound 1.49 
Southeast 1.10 
Interior 1.31 
Yukon-Kuskokwim 1.39 

 
 Wood fuel cost for the pessimistic scenario, $63/m3 
($150/cord), assumes that wood will be harvested, transported, 
processed, and stored for fuel purposes only.  The optimistic 
scenario cost, $21/m3 ($50/cord), assumes that wood fuel will 
consist chiefly of sawmill waste or harvest subsidized by other 
operations, such as wildfire mitigation or wildlife habitat 
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improvement.  Fuel wood is assumed to be a species mix of 
primarily spruce with a higher heating value of 7.98 GJ/m3 
solid wood (18 MMBtu/cord) or 20.89 GJ/dry tonne (18 
MMBtu/dry ton). 
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Fig. 2.  Comparison of estimated wood-fired CHP system non-fuel O&M cost 
from other studies. 
 
3) Other Wood System Assumptions 
Wood system electrical generation capacity is sized at average 
electrical load at the first year of operation.  In year 20 the 
system is replaced and resized at the average year 21 load.  
System capacity factor and availability (average 
generation/installed capacity) is assumed to be 85% 
throughout the analysis period. 
 Efficiency of converting fuel to electrical energy is assumed 
to be 15%.  The pessimistic scenario assumes no heat recovery 
above existing diesel heat recovery.  The optimistic scenario 
assumes that an additional 20% of the fuel energy will be 
converted into thermal energy uses that displace diesel, such 
as a community district heating system, greenhouses, or an 
absorption chilling system for cold storage.  Additional costs 
of the heat recovery system, such as the pipe loop, are not 
included.  The mid-case scenario assumes 10% additional heat 
recovery. 
 Wood power feasibility is not assessed for communities 
with existing hydroelectric projects. 

A. Results 
 Appendix tables I-III and figs. 1-3 present capital cost 
estimates and benefit/cost ratios for the wood-fired CHP 
assessment.  Under the pessimistic scenario and low diesel 
prices, there are no communities that have a benefit/cost ratio 
in excess of 1.0. 
 Under the medium scenario and mid diesel prices, seven 
relatively large communities have a benefit/cost ratio in excess 
of 1.0—Aniak, Dillingham, Fort Yukon, Galena, Hoonah, 

Tok, and Yakutat.  Three communities have a benefit/cost 
ratio above 2.0—Galena, Tok, and Yakutat. 
 Under the optimistic scenario and high diesel prices, 46 
communities have a benefit/cost ratio in excess of 1.0.  Of 
these, 37 communities have a benefit/cost ratio above 2.0.  
Under these conditions only very small communities, such as 
Lime Village and Stony River, appear uneconomic for wood 
CHP. 
 

TABLE IV 
WOOD-FIRED SYSTEM COST AND PERFORMANCE ASSUMPTIONS 
 Pessimistic Mid-

Case 
Optimisti

c 
Capital cost 
multiplier 120% 100% 80% 
O&M Cost ($/yr)    

Slope ($/kW-yr) 294.40  170.46  46.52 
Constant ($)     105,573    63,846  22,118 

Fuel to electricity 
efficiency 15% 15% 15% 
CHP efficiency 15% 25% 35% 
Wood Fuel Cost 
($/m3 ($/cord)) 63 (150) 42 (100) 21 (50) 
 

B. Discussion 
 Economics of wood-fired combined heat and power favor 
larger communities with high diesel prices.  However, even in 
moderately populated communities, wood CHP is widely 
economic if either diesel prices are high or system cost and 
performance is consistent with the optimistic assumptions. 
Adequate supply of wood fuel remains an issue, however, 
especially in larger communities or in locations with less 
productive and abundant forest resources.  We graphed annual 
fuel requirements for wood CHP in 16 Interior communities 
against sustained yield wood production roughly estimated 
from Tanana Chiefs Conference (TCC) timber inventories (19) 
(Fig. 3).  Sustained yield wood production is estimated by 
assuming that that the relatively productive areas classified by 
TCC as “timberland” are capable of producing at least 1.38 
m3/ha-yr (20 cf/A-yr) of wood, consistent with the definition 
of timberland by the U.S. Forest Service. 
 Results show that productive capacity exceeds fuel 
requirement in all cases.  However the proportion of 
requirement to capacity is greatest in Bettles, lightly populated 
but located near northern tree line, and Ft. Yukon, which has a 
moderate wood resource but is relatively large.  Conversely, 
wood supply does not appear to be an issue in medium-sized 
Tanana. 
 Dillingham, the largest community that we considered for 
wood energy (not shown in Fig. 3), is located at the western 
tree line and has generally less productive forests.  Supply 
may be an important constraint in such locations unless a 
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viable program for short rotation woody crops or other 
supplementary fuel is established. 
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Fig. 3.  Wood fuel requirement for power production for selected interior 
Alaska communities. 
 

IV. HYDROPOWER 

A. Resource 
 We considered 115 distinct hydro projects that could serve 
PCE communities.  The projects were listed in the AEA hydro 
project database in 1996 and a capital cost was determined for 
each project at that time by independent engineering 
consultants (20). The capacity of the sites ranges from 25 kW 
to 10 MW (mean = 715 kW) and the annual energy output 
ranges from 79,000 kWh to 44 million kWh (mean = 3 million 
kWh).  Annual output estimates are based on individual plant 
factors—also generated for the 1996 study—ranging from 
about 14% to 99% (average of all values = 44%). 

B. Assumptions 
 We updated the 1996 capital cost estimates to year 2005 
dollars using the wholesale price index for construction 
machinery manufacturing (21).  The pessimistic capital cost 
estimate is 1.2 times the base estimate and the optimistic 
capital cost assumption is 0.8 times the base estimate.  In 
many—but not all—cases, relevant transmission costs are 
included in the capital cost estimate for a project. The 
estimated capital cost per installed kW in year 2005 dollars 
ranges from $1,500 to $250,000 (mean = $25,800).  Annual 
O&M costs for each hydro project were also estimated for the 
1996 study, generally equal to 3% of capital cost. 
 
C. Results 
 Appendix tables I-III and figs. 1-3 present capital cost 
estimates and benefit/cost ratios for the hydropower 
assessment.  Under the most pessimistic set of assumptions 
(low avoided diesel prices, $.01/kWh avoided diesel O&M 
cost, high hydro capital cost), only 1 project – Gustavus Falls 

– has a benefit/cost ratio greater than 1.0. The next best project 
has a ratio of only 0.76. 
 Under the baseline assumptions (medium-priced diesel, 
$.02/kWh avoided diesel O&M, base hydro capital cost), 
seven projects have a B/C ratio greater than 1.0.  Two of these 
projects are in Cordova, which already serves most of its load 
with hydro. While this analysis is based on a comparison of 
hydro resources to remaining diesel generation, the 
comparison may not be a feasible match due to operating 
constraints. Under baseline assumptions an additional five 
projects have a B/C ratio greater than 0.75. These projects are 
in Cordova, Rowan Bay (serving Kake) and 
Ambler/Shungnak. 
 Under the most optimistic set of assumptions (high avoided 
diesel prices, 23 projects serving 12 distinct communities have 
a B/C ratio greater than 1.0.  Of these, several projects – 
serving Unalaska, Gustavus, Chitina, Whale Pass, Cordova, 
Kake, and possibly Bethel – have B/C ratios of greater than 
2.0.  An additional nine projects – including some serving 
Hoonah, Ouzinkie, and possibly Elfin Cove – have a B/C ratio 
between 0.8 and 1.0. 

D. Discussion 
 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.  The higher fuel prices used in this 
analysis, relative to those considered in 1996, are sufficient to 
propel several projects into the ranks of potentially feasible 
projects.  Great care must be taken when interpreting these 
results, however. In particular, since hydro sites are at fixed 
locations, an accurate assessment of required transmission 
must be made before a true determination of feasibility is 
possible. However, the good news is that the list of candidate 
projects deserving of further scrutiny is significantly longer 
than it was ten years ago. 
 

V. WIND ENERGY 

A. Resource 
 We reviewed the wind resource of study communities using 
the Alaska Energy Authority’s most recent wind resource 
reconnaissance estimate for wind class within 1 mile of the 
community and western Alaska wind duration curves for each 
wind class (3 – 7).   In order to take into account local site 
development distances, we included $200,000 for a line 
extension from the wind farm to the local diesel power plant. 
 
 Roughly 75% of the PCE communities appear to be within 
1 mile of a wind resource of class 3 or higher.  However, it 
appears that only roughly 50% of those communities have a 
demand that is large enough to support the installation of the 
smallest utility scale turbine (65 kW) deployed in Alaska. 
 

Tanana 

Bettles 

Ft. Yukon
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B. Assumptions 
1) Wind Turbine Performance 
 We reviewed the performance of two turbine types in this 
reconnaissance study:  a 65 kW and a 225 kW turbine – 
representing the low and high range of the turbines that have 
operational experience in rural Alaska.  The annual hourly 
output of these turbines was estimated using the western 
Alaska wind duration curves for each wind class.  The 
estimated annual hourly output for each wind turbine type for 
each wind class was de-rated to reflect system losses and 
turbine availability.  We used three turbine output de-rating 
scenarios (70%, 83% and 92%) and included the resulting net 
turbine output assumptions in the pessimistic, medium and 
optimistic scenarios respectively.  The resulting net turbine 
capacity factor on the 225 kW Vestas turbine ranges from 
20.8% to 24.7% to 27.4% for a wind power class 5 regime. 
 We ran a number of HOMER (National Renewable Energy 
Laboratory software simulation program) simulations for each 
of the turbine types and a sample of typical village load 
profiles and local diesel generator resources to estimate the 
penetration of the wind resource relative to the total demand 
requirements under low, medium and high penetration 
scenarios.  The low penetration wind case did not include any 
wind energy storage.  The medium penetration cases included 
a dump load to provide heat during periods when the wind 
resulted in excess electricity production.  The medium 
penetration cases also included additional costs for design, 
engineering, and controls.  The high penetration cases 
included battery storage and associated costs.  Based on the 
results of the HOMER model runs, we concluded that the 
potential incremental benefit of medium or high penetration 
might be 2 cents per kWh for systems where the cost of 
electricity might be in the 22-32 cents per kWh range.  As a 
result of the small incremental benefit for the additional cost 
and complexity of the medium and high penetration scenarios, 
we limited our reconnaissance level analysis to a low 
penetration case for the villages, optimizing the type (65 or 
225 kW) of turbine and the number of turbines (1 to 15).6 
 
2) Wind System Benefit 
 The wind benefits were calculated as a function of:  1) the 
price of fuel times the quantity of fuel displaced by net wind 
generation, 2) gallons of fuel displaced = kWhs displaced 
divided by 15 kWh per gallon aggregate long run diesel 
generator set efficiency, and 3) variable diesel O&M avoided 
cost. 
 
3) Wind System Cost Assumptions 
 See Table V for a summary of wind system cost 
assumptions.  In addition, for each wind-diesel hybrid system, 
 

6 Based on the HOMER model runs on typical village load profiles and 
diesel gen-sets, wind resources were estimated to displace on the order of 12-
18% under low penetration assumptions (no dump load or battery storage). 

we included $290,000 - $295,000 to cover engineering, 
controls and line extensions to connect and integrate the wind 
turbines with the diesel power plant. 
 

TABLE V 
COST ASSUMPTIONS FOR WIND POWER SYSTEMS 

Rating  $/kW 
(installed) 

$/kW 
(replace) 

O&M 
($/year) 

Life 
(years) 

65 kW 3,846 2,615 7,500 24 
225 kW 2,761 1,739 15,000 207 
 
C. Results 
 Appendix tables I-III and figs. 1-3 present capital cost 
estimates and benefit/cost ratios for the wind energy system 
assessment.  Under the pessimistic assumption set and mid 
diesel prices, six communities have a benefit/cost ratio in 
excess of 1.0 – Point Hope, Unalaska, Bethel, Cordova, Cold 
Bay and Kaktovik. 
 Under the medium assumption set and mid-case diesel 
prices, eight communities have a benefit/cost ratio in excess of 
1.0 and another 10 communities have a benefit/cost ratio from 
0.75 up to 1.0.  Two communities, Point Hope and Unalaska, 
have a benefit/cost ratio in excess of 2.0. 
 Under the optimistic scenario and high diesel prices, 31 
communities have a benefit/cost ratio in excess of 1.0 and 
another 19 communities have a benefit/cost ratio from 0.75 up 
to 1.0. 
 
D. Discussion 
 Three key variables drive the wind economics:  wind 
resource, community size and the cost of fuel to be avoided. 
 A large community with a high cost of delivered fuel with a 
site for wind turbines that can harvest a class 4 or above wind 
regime appears to be an attractive candidate under a range of 
future scenarios.  The larger a community is, then the greater 
the likelihood that it can take advantage of larger more 
efficient wind turbines. 
 Small communities with a high cost of delivered fuel and 
wind regimes of class of 5 or above remain attractive 
candidates for wind, but as the size of the community drops 
below a threshold of 350 people even the relatively small 
65kW wind turbine becomes a relatively large electrical 
generator to efficiently integrate with an existing diesel 
system. 
 
 Given the high cost of diesel fuel in rural Alaska, wind 
appears to be an attractive alternative for a number of medium 
to large villages with access to a good wind resource within a 
short distance from the community. 
 

 
7 We assumed slightly shorter service life for refurbished turbines. 
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VI. CONCLUSIONS 
 There is widespread economic potential for hydro, wind and 
biomass energy development in rural Alaska under the right 
conditions—high diesel fuel prices and reasonable renewable 
energy system cost and performance.  Although diesel prices 
cannot be controlled or anticipated effectively, a number of 
measures can be taken to improve the prospects for successful 
projects: 
 

1. One or more biomass-fired CHP systems should be 
developed and demonstrated in location(s) that are 
accessible to skilled operators and researchers on a 
day-to-day basis.  If gasification systems can be 
demonstrated to work reliably with reasonable O&M 
costs, they hold considerable promise in rural Alaska, 
given their compatibility with existing diesel systems. 

 
2. Land management plans and business arrangements 

should be developed to ensure that wood can be 
harvested efficiently in a manner consistent with 
community goals and other values.  Short term 

planning may focus on providing fuel for community 
heating using proven technology. 

 
3. Potential hydroelectric projects near the twelve 

communities identified in this paper should be 
assessed further.  Analysis should focus on updating 
estimates of energy production and capital costs, 
including transmission, in the context of other non-
hydro alternatives. 

 
4. Hydro resources in other locations throughout the state 

should be systematically inventoried and assessed. 
 

5. Wind energy project development should focus on 
gaining economy of scale through coordinated 
deployment in larger communities and regions.  
Public and utility partners should assess system 
losses, turbine availability, and O&M costs in 
existing projects in a systematic manner.

 
 

APPENDIX 
 

APPENDIX TABLE I 
BIOMASS CHP SYSTEM COST AND BENEFIT/COST RATIO 

 Pessimistic Mid-Case Optimistic 

  Diesel Price  Diesel Price  Diesel Price 

Community Low Medium High Low Medium High Low Medium High 

 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 
Allakaket, Alatna     1,992  (1.99) (1.55) (0.93) 1,660 (0.63) 0.08 1.09     1,328  1.41  2.52 4.12 

Ambler     2,750  (1.95) (1.67) (1.42) 2,292 (0.22) 0.23 0.63     1,834  2.36  3.07 3.70 

Angoon     2,354  (3.58) (2.60) (1.23) 1,962 (1.34) 0.26 2.48     1,569  2.02  4.54 8.04 

Aniak     3,257  (3.06) (1.96) (0.36) 2,714 (0.73) 1.07 3.66     2,171  2.77  5.60 9.69 

Anvik     1,874  (2.19) (1.95) (1.65) 1,562 (1.22) (0.84) (0.35)     1,249  0.23  0.84 1.61 

Beaver     1,835  (2.01) (1.75) (1.41) 1,529 (1.01) (0.60) (0.04)     1,223  0.47  1.12 2.01 

Bettles, Evansville     1,998  (2.36) (2.09) (1.78) 1,665 (1.22) (0.79) (0.28)     1,332  0.48  1.17 1.98 

Central     1,879  (2.16) (2.01) (1.86) 1,566 (1.16) (0.91) (0.67)     1,253  0.34  0.74 1.11 

Chistochina     1,377  (2.70) (2.37) (1.90) 1,148 (1.64) (1.10) (0.35)    918  (0.06) 0.79 1.98 

Chitina     1,545  (2.45) (2.14) (1.72) 1,288 (1.36) (0.85) (0.17)     1,030  0.29  1.08 2.16 

Chuathbaluk     1,868  (1.91) (1.75) (1.54) 1,557 (1.15) (0.89) (0.55)     1,246  (0.00) 0.41 0.94 

Circle     1,794  (2.16) (1.94) (1.62) 1,495 (1.37) (1.00) (0.50)     1,196  (0.18) 0.40 1.19 

Coffman Cove     1,774  (2.98) (2.38) (1.54) 1,478 (1.52) (0.55) 0.81     1,182  0.66  2.19 4.34 

Crooked Creek     1,736  (1.98) (1.82) (1.62) 1,446 (1.23) (0.98) (0.64)     1,157  (0.10) 0.30 0.82 

Dillingham   11,547  (5.57) (3.91) (1.76) 9,622 (1.66) 1.05 4.52     7,698  4.21  8.47 13.96 

Eagle, Eagle 
Village 

    2,071  (2.48) (2.06) (1.49) 1,726 (1.28) (0.59) 0.34     1,381  0.54  1.62 3.08 

Elfin Cove     1,507  (2.29) (1.92) (1.37) 1,255 (1.23) (0.63) 0.27     1,004  0.36  1.30 2.72 

Fort Yukon     3,388  (2.90) (1.85) (0.37) 2,823 (0.36) 1.35 3.74     2,259  3.45  6.14 9.92 

Galena     6,965  (3.63) (1.74) 1.05 5,804 (0.09) 2.98 7.51     4,643  5.23  10.06 17.21 
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 Pessimistic Mid-Case Optimistic 

  Diesel Price  Diesel Price  Diesel Price 

Community Low Medium High Low Medium High Low Medium High 

 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 
Grayling     1,921  (2.24) (1.93) (1.50) 1,601 (1.19) (0.68) 0.00     1,281  0.38  1.18 2.26 

Healy Lake     1,671  (1.98) (1.90) (1.80) 1,392 (1.41) (1.28) (1.12)     1,114  (0.56) (0.36) (0.11) 

Holy Cross     1,976  (2.29) (1.94) (1.47) 1,647 (1.15) (0.58) 0.18     1,317  0.56  1.45 2.65 

Hoonah     4,003  (4.29) (2.64) (0.29) 3,336 (0.94) 1.74 5.56     2,669  4.09  8.32 14.34 

Hughes     1,664  (1.81) (1.70) (1.54) 1,386 (1.16) (0.98) (0.72)     1,109  (0.18) 0.11 0.52 

Huslia     2,231  (2.33) (1.79) (1.04) 1,859 (0.73) 0.15 1.35     1,487  1.66  3.04 4.94 

Kake     2,713  (3.81) (2.62) (0.95) 2,261 (1.23) 0.71 3.42     1,809  2.64  5.70 9.98 

Kaltag     2,024  (2.32) (1.97) (1.52) 1,687 (1.11) (0.54) 0.19     1,350  0.71  1.61 2.77 

Kokhanok     1,704  (2.08) (1.76) (1.31) 1,420 (0.89) (0.37) 0.35     1,136  0.89  1.71 2.85 

Koliganek     1,697  (2.17) (1.72) (1.03) 1,414 (1.05) (0.32) 0.80     1,132  0.62  1.77 3.53 

Koyuk     2,470  (2.76) (2.26) (1.64) 2,059 (1.07) (0.25) 0.74     1,647  1.47  2.75 4.32 

Lime Village     1,642  (1.73) (1.63) (1.49) 1,368 (1.09) (0.94) (0.71)     1,094  (0.14) 0.10 0.47 

Manley     1,480  (2.41) (2.20) (1.91) 1,233 (1.53) (1.18) (0.72)    986  (0.21) 0.34 1.07 

Marshall     2,349  (2.69) (2.24) (1.70) 1,957 (1.13) (0.41) 0.47     1,566  1.20  2.35 3.73 

McGrath     3,375  (3.14) (2.51) (1.80) 2,813 (0.76) 0.27 1.42     2,250  2.80  4.44 6.25 

Mentasta     1,806  (2.19) (1.94) (1.59) 1,505 (1.38) (0.98) (0.41)     1,204  (0.17) 0.46 1.36 

Minto     1,706  (2.86) (2.36) (1.67) 1,422 (1.52) (0.70) 0.42     1,137  0.50  1.78 3.55 

Naukati     1,597  (2.70) (2.30) (1.75) 1,331 (1.58) (0.94) (0.05)     1,065  0.09  1.10 2.51 

Northway, 
Northway Village 

    2,099  (3.33) (2.50) (1.34) 1,749 (1.36) (0.01) 1.86     1,399  1.59  3.71 6.66 

Nulato     2,286  (2.48) (1.98) (1.34) 1,905 (0.89) (0.09) 0.97     1,524  1.49  2.76 4.42 

Port Alsworth     1,816  (2.08) (1.57) (0.81) 1,514 (0.59) 0.24 1.47     1,211  1.65  2.96 4.89 

Red Devil     1,758  (1.82) (1.75) (1.65) 1,465 (1.28) (1.16) (1.01)     1,172  (0.47) (0.28) (0.04) 

Ruby     2,256  (2.17) (1.63) (0.89) 1,880 (0.43) 0.44 1.64     1,504  2.17  3.55 5.44 

Russian Mission     2,079  (2.49) (2.14) (1.71) 1,733 (1.26) (0.70) (0.01)     1,386  0.57  1.45 2.55 

Shungnak     2,886  (2.00) (1.42) (0.65) 2,405 (0.12) 0.81 2.07     1,924  2.68  4.16 6.14 

Slana     1,477  (2.27) (2.13) (1.99) 1,231 (1.30) (1.08) (0.85)    985  0.15  0.49 0.86 

Sleetmute     1,863  (1.91) (1.75) (1.55) 1,552 (1.16) (0.91) (0.58)     1,242  (0.03) 0.37 0.89 

Stony River     1,769  (1.84) (1.74) (1.62) 1,475 (1.27) (1.12) (0.93)     1,180  (0.43) (0.20) 0.12 

Takotna     1,724  (1.98) (1.81) (1.58) 1,437 (1.26) (0.99) (0.62)     1,150  (0.17) 0.25 0.83 

Tanana     2,426  (2.62) (2.01) (1.18) 2,021 (0.91) 0.09 1.44     1,617  1.66  3.23 5.36 

Tatitlek     1,594  (2.37) (1.98) (1.45) 1,328 (1.06) (0.43) 0.44     1,062  0.91  1.90 3.27 

Tenakee Springs     1,554  (2.37) (1.81) (0.91) 1,295 (1.20) (0.28) 1.17     1,036  0.56  2.01 4.30 

Tetlin     1,528  (2.45) (2.16) (1.75) 1,273 (1.42) (0.94) (0.28)     1,019  0.13  0.89 1.93 

Tok     7,344  (5.22) (3.09) (0.06) 6,120 (1.18) 2.27 7.19     4,896  4.86  10.31 18.06 

Upper Kalsag     2,525  (2.65) (2.27) (1.87) 2,105 (1.18) (0.58) 0.08     1,684  1.01  1.96 3.01 

Whale Pass     1,508  (2.49) (2.23) (1.88) 1,257 (1.56) (1.13) (0.55)     1,005  (0.15) 0.52 1.43 

Yakutat     4,776  (4.46) (2.41) 0.62 3,980 (0.81) 2.52 7.43     3,184  4.66  9.91 17.65 
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APPENDIX TABLE II 

HYDROELECTRIC SYSTEM COST AND BENEFIT/COST RATIO 

 Pessimistic Mid-Case Optimistic 

  Diesel Price  Diesel Price  Diesel Price 

Community Low Medium High Low Medium High Low Medium High 

 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Allakaket, Alatna  7,977 (0.37) (0.33) (0.26) 6,648 (0.44) (0.39) (0.30) 5,318 (0.54) (0.47) (0.37) 

Ambler 10,944 0.31 0.73 1.36 9,120 0.44 0.95 1.71 7,296 0.64 1.27 2.22 

Bethel 28,626 0.60 0.91 1.35 23,855 0.78 1.14 1.67 19,084 1.04 1.50 2.16 
Bettles, Evansville 12,247 (0.39) (0.35) (0.30) 10,206 (0.45) (0.40) (0.35) 8,165 (0.55) (0.49) (0.42) 
Brevig Mission 21,146 (0.46) (0.44) (0.41) 17,622 (0.55) (0.53) (0.49) 14,097 (0.69) (0.66) (0.61) 
Chenega 1,366 (3.04) (2.83) (2.59) 1,138 (3.58) (3.34) (3.05) 911 (4.40) (4.10) (3.73) 
Chignik 13,771 0.18 0.36 0.63 11,476 0.24 0.46 0.78 9,181 0.33 0.61 1.01 
Chitina 429 0.48 1.11 2.01 357 0.70 1.45 2.53 286 1.02 1.97 3.32 
Dillingham 52,911 0.04 0.36 0.82 44,093 0.11 0.49 1.04 35,274 0.21 0.68 1.37 
Elfin Cove 4,941 0.13 0.29 0.52 4,118 0.18 0.37 0.65 3,294 0.26 0.50 0.85 
Elim 6,180 (0.45) (0.43) (0.40) 5,150 (0.54) (0.51) (0.48) 4,120 (0.67) (0.64) (0.59) 
Galena 35,640 (0.40) (0.34) (0.27) 29,700 (0.46) (0.40) (0.31) 23,760 (0.56) (0.48) (0.37) 
Hoonah 12,106 0.16 0.31 0.47 10,088 0.24 0.41 0.61 8,071 0.35 0.56 0.81 
Kake 7,865 0.15 0.63 1.31 6,554 0.27 0.84 1.67 5,243 0.44 1.17 2.20 
Kaltag 10,764 (0.44) (0.41) (0.37) 8,970 (0.53) (0.49) (0.44) 7,176 (0.65) (0.61) (0.54) 
Kiana 9,342 0.03 0.19 0.42 7,785 0.06 0.25 0.53 6,228 0.12 0.36 0.70 
Kobuk 10,944 0.31 0.73 1.36 9,120 0.44 0.95 1.71 7,296 0.64 1.27 2.22 
Manley 2,966 (0.44) (0.40) (0.35) 2,472 (0.52) (0.47) (0.41) 1,978 (0.64) (0.58) (0.51) 
Nome 12,202 (0.21) (0.03) 0.23 10,168 (0.21) 0.00 0.31 8,135 (0.22) 0.05 0.43 
Nulato 14,786 (0.44) (0.41) (0.37) 12,322 (0.52) (0.48) (0.43) 9,858 (0.64) (0.60) (0.53) 
Old Harbor 7,542 (0.24) (0.08) 0.14 6,285 (0.26) (0.07) 0.20 5,028 (0.29) (0.05) 0.29 
Point Hope 25,326 (0.41) (0.37) (0.30) 21,105 (0.49) (0.43) (0.35) 16,884 (0.60) (0.53) (0.43) 
Port Heiden 13,771 0.18 0.36 0.63 11,476 0.24 0.46 0.78 9,181 0.33 0.61 1.01 
Shungnak 10,944 0.31 0.73 1.36 9,120 0.44 0.95 1.71 7,296 0.64 1.27 2.22 
Tanana 13,329 (0.25) (0.10) 0.11 11,107 (0.26) (0.08) 0.16 8,886 (0.29) (0.07) 0.24 
Togiak 3,248 (0.17) (0.13) (0.09) 2,706 (0.19) (0.16) (0.10) 2,165 (0.23) (0.19) (0.12) 
Twin Hills 3,248 (0.17) (0.13) (0.09) 2,706 (0.19) (0.16) (0.10) 2,165 (0.23) (0.19) (0.12) 
Unalaska 1,559 0.76 2.53 5.08 1,300 1.24 3.36 6.42 1,040 1.96 4.61 8.44 
Whale Pass 807 0.38 1.03 1.91 673 0.59 1.36 2.42 538 0.90 1.87 3.19 
White Mountain 12,247 (0.38) (0.33) (0.27) 10,206 (0.44) (0.39) (0.31) 8,165 (0.54) (0.47) (0.37) 
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APPENDIX TABLE III 

WIND ENERGY SYSTEM COST AND BENEFIT/COST RATIO 

 Pessimistic Mid-Case Optimistic 

  Diesel Price  Diesel Price  Diesel Price 

Community Low Medium High Low Medium High Low Medium High 

 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Akiachak $1,619 0.06  0.22  0.43 $1,079 0.24 0.47 0.76 $1,079 0.34  0.58 0.89 
Akiak $1,079 (0.04) 0.10  0.26 $1,079 (0.01) 0.13 0.29 $540 0.05  0.25 0.47 

Alakanuk $1,079 (0.02) 0.15  0.36 $1,079 0.10 0.30 0.55 $1,079 0.15  0.35 0.60 
Aniak $1,619 0.09  0.39  0.82 $1,619 0.17 0.49 0.94 $1,079 0.29  0.69 1.25 
Bethel $16,767 0.67  1.20  1.98 $13,973 0.96 1.61 2.54 $13,041 1.16  1.85 2.85 

Brevig Mission $540 0.03  0.20  0.39 $540 0.14 0.33 0.54 $540 0.19  0.38 0.59 
Chefornak $540 0.12  0.35  0.64 $540 0.19 0.43 0.74 $540 0.24  0.48 0.79 

Chevak $1,079 0.12  0.34  0.60 $1,079 0.28 0.54 0.85 $1,079 0.35  0.61 0.92 
Cold Bay $1,079 0.74  1.14  1.72 $1,079 1.04 1.53 2.21 $1,079 1.17  1.67 2.37 
Cordova $2,795 0.48  1.09  1.95 $1,863 0.77 1.54 2.62 $1,863 1.06  1.91 3.11 

Craig $932 (0.02) 0.40  1.01 $932 0.17 0.67 1.39 $932 0.34  0.90 1.70 
Dillingham $6,521 0.20  0.62  1.14 $5,589 0.41 0.90 1.52 $4,658 0.58  1.13 1.82 

Eek $540 (0.04) 0.13  0.31 $540 0.02 0.19 0.38 $540 0.07  0.23 0.43 
Elim $540 0.09  0.29  0.51 $540 0.26 0.50 0.75 $540 0.33  0.57 0.82 

Emmonak $932 0.20  0.52  0.90 $1,619 0.12 0.32 0.56 $1,619 0.21  0.42 0.67 
Gambell $1,079 0.16  0.36  0.60 $540 0.43 0.75 1.11 $540 0.62  0.97 1.37 
Golovin $540 0.12  0.26  0.39 $540 0.17 0.31 0.44 $540 0.21  0.35 0.48 

Goodnews Bay $540 (0.09) 0.05  0.23 $540 (0.02) 0.14 0.33 $540 0.02  0.18 0.37 
Hooper Bay $1,619 0.11  0.30  0.54 $1,079 0.27 0.53 0.84 $1,079 0.43  0.72 1.05 

Huslia $1,079 0.02  0.18  0.40 $540 0.16 0.40 0.72 $540 0.28  0.54 0.89 
Kake $932 0.16  0.63  1.27 $1,619 0.08 0.36 0.76 $1,619 0.13  0.41 0.81 

Kaktovik $932 0.92  1.38  1.85 $1,619 0.52 0.78 1.05 $1,619 0.71  1.01 1.31 
Kaltag $540 (0.04) 0.13  0.34 $540 0.04 0.23 0.47 $540 0.08  0.27 0.51 

Kasigluk $540 (0.01) 0.19  0.44 $540 0.06 0.28 0.55 $540 0.11  0.32 0.59 
Kiana $1,079 0.13  0.31  0.52 $1,079 0.19 0.37 0.58 $1,079 0.23  0.41 0.62 

King Cove $1,079 0.14  0.39  0.71 $540 0.36 0.72 1.18 $540 0.54  0.94 1.45 
Kipnuk $1,079 0.12  0.45  0.93 $1,079 0.17 0.50 0.98 $540 0.35  0.83 1.52 

Kivalina $540 0.19  0.38  0.62 $540 0.37 0.60 0.88 $540 0.52  0.78 1.09 
Kotlik $1,079 0.20  0.42  0.71 $1,079 0.31 0.56 0.88 $1,079 0.36  0.61 0.93 

Kotzebue $7,452 0.39  0.73  1.13 $6,521 0.63 1.03 1.49 $5,589 0.84  1.30 1.81 
Koyuk $1,079 (0.04) 0.12  0.32 $1,079 0.00 0.16 0.36 $540 0.06  0.29 0.57 

Kwethluk $1,079 0.12  0.32  0.58 $1,079 0.16 0.36 0.62 $540 0.27  0.55 0.91 
Kwigilligok $540 0.06  0.26  0.53 $540 0.21 0.45 0.76 $540 0.28  0.53 0.85 

Marshall $540 0.26  0.54  0.87 $540 0.33 0.61 0.94 $540 0.40  0.68 1.00 
Mekoryuk $540 0.11  0.32  0.57 $540 0.16 0.38 0.63 $540 0.22  0.43 0.68 

Mountain Village $1,079 0.24  0.50  0.79 $1,079 0.40 0.68 1.01 $1,079 0.47  0.76 1.08 
Naknek $8,384 0.11  0.53  1.08 $7,452 0.27 0.75 1.39 $6,521 0.47  1.01 1.74 

Napaskiak $540 0.08  0.29  0.58 $540 0.23 0.48 0.83 $540 0.36  0.64 1.02 
New Stuyahok $540 0.06  0.34  0.72 $540 0.22 0.54 1.00 $540 0.35  0.71 1.22 

Noatak $1,079 0.26  0.42  0.61 $1,079 0.43 0.61 0.84 $1,079 0.47  0.65 0.88 
Nome $10,247 0.21  0.58  1.03 $8,384 0.40 0.85 1.38 $7,452 0.60  1.09 1.68 

Noorvik $1,619 0.11  0.26  0.43 $1,079 0.29 0.49 0.72 $1,079 0.42  0.64 0.89 
Nuiqsut $1,863 0.06  0.40  0.87 $1,863 0.24 0.65 1.19 $1,863 0.32  0.73 1.27 
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 Pessimistic Mid-Case Optimistic 

  Diesel Price  Diesel Price  Diesel Price 

Community Low Medium High Low Medium High Low Medium High 

 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Installed 
Cost 

(1000$) B/C Ratio 

Nunapitchuk $1,079 (0.01) 0.19  0.44 $1,079 0.12 0.36 0.66 $1,079 0.19  0.44 0.75 
Old Harbor $540 (0.01) 0.24  0.59 $540 0.04 0.29 0.65 $540 0.08  0.33 0.69 

Pilot Station $1,079 0.05  0.22  0.42 $1,079 0.10 0.28 0.48 $1,079 0.15  0.33 0.53 
Point Hope $932 1.01  1.76  2.76 $932 1.48 2.37 3.56 $932 1.90  2.88 4.20 

Point Lay $1,619 0.28  0.60  1.04 $1,079 0.54 0.98 1.57 $1,079 0.74  1.22 1.88 
Port Alsworth $540 0.16  0.41  0.77 $540 0.20 0.45 0.81 $540 0.24  0.48 0.84 

Quinhagak $1,079 (0.03) 0.14  0.36 $1,079 0.09 0.30 0.55 $1,079 0.14  0.35 0.60 
Ruby $1,079 0.10  0.26  0.48 $540 0.24 0.47 0.78 $540 0.37  0.62 0.96 

Sand Point $1,863 0.52  0.98  1.65 $932 0.98 1.67 2.67 $932 1.27  2.04 3.15 
Savoonga $1,079 0.08  0.28  0.50 $1,079 0.13 0.33 0.55 $540 0.25  0.53 0.84 

Scammon Bay $540 0.24  0.53  0.89 $540 0.45 0.80 1.23 $540 0.64  1.03 1.50 
Selawik $932 0.48  0.82  1.22 $1,619 0.29 0.50 0.76 $1,619 0.37  0.59 0.85 

Shaktoolik $540 (0.11) 0.03  0.20 $540 (0.01) 0.17 0.37 $540 0.09  0.28 0.51 
Shishmaref $1,079 0.00  0.19  0.40 $1,079 0.05 0.23 0.45 $540 0.10  0.35 0.63 

Shungnak $1,079 0.22  0.44  0.73 $1,079 0.26 0.48 0.78 $1,079 0.31  0.53 0.82 
St. Mary's $932 0.22  0.54  0.90 $932 0.47 0.84 1.28 $1,619 0.25  0.46 0.72 

St. Michael $1,079 0.00  0.16  0.35 $1,079 0.05 0.21 0.40 $1,079 0.09  0.26 0.45 
St. Paul $2,795 0.45  0.94  1.66 $1,863 0.83 1.51 2.51 $1,863 1.05  1.78 2.86 

Stebbins $1,079 0.05  0.22  0.44 $540 0.17 0.41 0.71 $540 0.30  0.57 0.90 
Tanana $540 0.19  0.48  0.87 $540 0.38 0.73 1.18 $540 0.55  0.93 1.44 

Teller $540 (0.01) 0.10  0.20 $540 0.12 0.24 0.36 $540 0.23  0.37 0.50 
Togiak $932 0.21  0.65  1.25 $1,619 0.12 0.40 0.77 $1,619 0.18  0.47 0.85 

Toksook Bay $1,079 0.14  0.35  0.59 $540 0.29 0.56 0.88 $540 0.45  0.75 1.10 
Tuntutuliak $540 0.09  0.31  0.61 $540 0.24 0.51 0.87 $540 0.34  0.62 1.00 
Unalakleet $1,863 0.20  0.53  0.97 $932 0.45 0.94 1.58 $932 0.67  1.21 1.92 

Unalaska $7,452 0.80  1.69  2.95 $6,521 1.13 2.15 3.60 $5,589 1.53  2.69 4.35 
Upper Kalsag $540 0.22  0.46  0.71 $540 0.32 0.56 0.83 $540 0.39  0.64 0.90 

Wainwright $1,863 0.41  0.88  1.52 $1,863 0.49 0.97 1.61 $1,863 0.58  1.06 1.70 
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WIND ENERGY SYSTEM COST AND BENEFIT/COST RATIO 
 

 
Appendix Fig. 1.  Benefit-cost ratio of hydro, wind, and wood-fired power in rural Alaska communities assuming low oil prices and pessimistic renewable 
energy system cost and performance scenarios. 
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Appendix Fig. 2.  Benefit-cost ratio of hydro, wind, and wood-fired power in rural Alaska communities assuming medium oil prices and mid-case renewable 
energy system cost and performance scenarios. 
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Appendix Fig. 3.  Benefit-cost ratio of hydro, wind, and wood-fired power in rural Alaska communities assuming high oil prices and optimistic renewable energy 
system cost and performance scenarios. 
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