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Overview
Remote rural communities in Alaska rely on fossil fuels for almost their entire energy usage. Energy costs in many isolated villages in Alaska more than quadrupled in the last decade, threatening the viability of these communities. This case study describes energy economic analysis conducted in 2011 for the Chaninik Wind Group (CWG), a collaborative between four Native Alaska Yup’ik villages. CWG utilizes substantial local wind resources to reduce energy costs and achieve local economic development. The four villages built small-scale smart grids incorporating wind power with existing diesel generation to offset fuel for electricity generation and space heating needs. CWG is the first organization in Alaska to develop high-penetration wind-diesel smart grid systems for remote isolated grids. Given that space heating is the largest household energy expense in rural Alaska, sizing renewable energy capacity to increase economies of scale and produce excess electricity for space heating to displace fuel oil usage can potentially make economic sense. This is especially important for rural winddiesel installations. Wind is not a firm source of power and at times production can exceed the available load depending on the wind energy system capacity. In those circumstances, using the “excess” wind for heat via electric boilers, ceramic thermal stoves, or other electric heating devices avoids having to curtail or “dump” production.
Methodology
We developed IRECOS, the Isolated Renewable Energy Economic Simulator, an energy dispatch model simulating the integration of high penetration renewables into small isolated energy grids. We fitted Weybull distributions to local wind data to account for stochasticity in the wind resource. Interviews with utility managers and project engineers offered detailed maintenance and operations schedules as well as associated costs for diesel and wind turbine operations. Based on these observations, we estimate the incremental cost of adding wind power to the existing diesel power generation. The cost structure assessment then informs post project changes to the electric utility’s rates as well as changes to the energy subsidy provided to rural communities through Alaska’s Power Cost Equalization (PCE). We use IRECOS to estimate potential energy cost savings to households adopting ceramic thermal stoves for heating their homes. We made the following assumptions:
· 10% line loss
· 100% availability
· 100% collection rate
· All excess electricity is sold in form of heat to residents and the community at 8 cents/kWh
· Electric heat is metered separately from electricity
· Residential electric heat is provided in 30 of the 100 households of the case study community (limited heat sink dependent on number of stoves and seasonal demand for heat)
· Community electric heat is used to heat water for the washeteria/school (unlimited heat sink) 
· The utility has one electric rate that is based on the remaining revenue requirement after heat sales are realized. 
· Costs are modeled based on real fuel and non-fuel costs observed in the case study community and estimated wind turbine costs described below. 
· Residential households consume 1,000 gallons of stove fuel per year and consume 500kWh/month on average
· 2011 retail price for stove fuel: $5.55/gal
· 2011 diesel price for utility: $4.55/gal
Results
The heat rate roughly equals the incremental cost of wind power which we estimate to be $0.075/kWh, consisting of $0.029/kWh for operations and routine maintenance, and $0.045 for repair and replacement. For the case study community, this price is equal to half of the 2011 energy equivalent stove fuel price. 
In order to investigate the sensitivity of the subsidy to the amount of renewable (non-firm) energy production, we show four scenarios (see Table) including diesel-only operation, and three installed nameplate wind capacity scenarios of 100kW, 300kW, and 500kW, respectively. 


We used IRECOS to run 1,000 iterations within two simulation runs. Based on the above assumptions, the wind-diesel system in our case study community would generate on average more than twice what it produced as a diesel-only utility, 2,000,000 kWh instead of 900,000 kWh. Since wind-diesel systems of this size are capable of reducing fuel costs substantially, the cost of power is estimated to drop by ten percent, outweighing the increase in non-fuel costs. Since PCE levels are calculated based on the average cost (cost of power divided by all firm and non-firm power generated), PCE levels would drop from 54 cents/kWh for the diesel-only utility, to 15 cents/kWh in scenario 4. The effective electricity rate for residential customers consuming less than 500kWh/month, under the current PCE formula would increase from 17 cents under the diesel-only to 39 cents/kWh in scenario 4. Assuming heat is sold at 8 cents/kWh, residential customers owning electric stoves would cut their heating bills by $500 annually. Considering the household budget for energy, the decrease in PCE would outweigh the reduction in heating costs. Under the current PCE subsidy allocation formula, residents of communities harnessing wind for residential heating purposes would see an increase in their energy costs of up to 12 percent, warranting revision of the PCE allocation.
Conclusions
· High penetration wind-diesel systems can displace significant amounts of fuel and result in energy cost reductions but also require foresight to manage changing rate and subsidy structures. Our analysis shows that the current subsidy structure may create disincentives for communities to invest in renewable energy.
· The new wind-diesel, smart grid systems have the potential to markedly reduce community energy costs, but they are also more complex and will operate efficiently only if well maintained—which requires a skilled workforce.
· Savings realized through use of renewable energy offer opportunities for investment in building local human capacity which can improve self reliance.
· Technology solutions that reduce reliance on fossil fuels can improve local self-sufficiency and cultural viability and contribute to stronger regional economies.
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Wind capacity, kW            100             300             500 

Generation

Renewables generation, kWh0(0%)278,363(27%)835,149(56%)1,391,980(69%)

Diesel generation, kWh899,840(100%)735,313(73%)655,997(44%)630,823(31%)

Total generation, kWh899,8401,013,6761,491,1462,022,803

Consumption

Electricity sold,kWh809,552(100%)809,552(90%)809,552(61%)809,552(45%)

Heat sold, kWh0(0%)92,340(10%)525,931(39%)1,005,857(55%)

Total kWh sold809,552901,8921,335,4831,815,409

Costs

Fuel cost, $/kWh sold0.470.280.170.12

Non-fuel cost, $/kWh sold0.230.210.140.10

Wind cost, $/kWh sold0.080.080.08

Rates

Heat rate, $none0.080.080.08

Avg. electric rate,$0.700.560.540.54

-final PCE level, $0.540.360.220.15

Effective rate, $0.170.200.320.39

Residential customer energy costs

Electricity, $9981,1911,9442,360

Heat, $5,5505,5505,0864,970

Total6,5486,7413%7,0307%7,33012%

Total community fuel displacement

Generation, galnone29,29834,50136,115

Residential space heating, galnone2,4136,9678,696

Community water heating, galnone2738,33120,561

Total fuel displacement, gal031,98449,79965,372

Scenario 1Scenario 2Scenario 3Scenario 4

Diesel-onlyWind-dieselWind-dieselWind-diesel










