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Overview

Many remote populations in Alaska are not currently connected to the Railbelt Electric Grid system that links Anchorage and Fairbanks and instead rely on local diesel generation for their electrical power needs. The costs associated with shipping diesel fuel to remote locations means higher operating expenses and an associated price premium.  Electricity prices in Alaskan villages have ranged from $0.11 to nearly $2 per kWh, with a median of $0.50/kWh. To assist these customers, the Alaska Energy Authority subsidizes the first 500 kWh of each residential customer’s monthly electricity use through the Power Cost Equalization Program (Alaska Energy Authority, 2013). Some have advocated extending the grid to these communities to increase convenience and reliability, foster economic growth, and perhaps reduce costs (Kohler, 2013), although others doubt the cost-effectiveness of this scheme (AIDEA, 2010).

In this paper, we evaluate the economics of remote grid access more formally by developing an optimization model that can determine the most cost-efficient system for delivering power to a set of remote load centers.  Our model accounts for differing generation costs across load centers and supplies and, importantly, allows for consideration of price uncertainty, sensitivity analysis, and scenario analysis to identify counterfactuals that would change the results.  This level of understanding is important for arguing either for or against grid extension projects.

Results from our model indicate that connecting rural villages to a central electric grid in Alaska is far too expensive to be justified on economic grounds.  In most cases, interties (microgrids connecting villages together without connection to the central state grid) are also not cost-effective. However, our analysis has successfully anticipated some of the cases where such ties are economical and have been built. 
Methods
The idea behind building transmission lines between communities (interties) is to take advantage of variation in  diesel generation costs among villages. If the differential between two communities is great enough, it will be cost-effective to build the additional infrastructure.
 In general, we construct an optimization model to solve the following problem:

Given a set of remote load centers at fixed locations and a finite set of potential locations for power substations connected by a network of potential transmission lines, minimize the total cost of power generation and delivery to remote villages, choosing the quantity of electricity generated at each node, the quantity of electricity transferred along each potential network edge, and the capacity of each transmission line, subject to power balancing constraints and capacity constraints at each node and capacity constraints on each wire within each time slice t.
That is, we minimize capital and generation costs of power supply, selecting which lines in a transmission network to construct, the capacities of these lines, whether to build substations, where to generate electricity, and how much power to send along each transmission line.  Our model accounts for each hour of a 24-hour daily demand profile.  (We use data for the month of January, which is the month with the highest peak load in most villages.)  The model also accounts for both fixed and variable capital costs of building new lines and generators.

We formulated our model as a mixed integer linear program (MILP), allowing us to solve the problem quickly using a MIP solver.  We use k-means analysis to cluster the villages and solve the problem cluster-by-cluster.
Village characteristics, energy usage, and cost data come largely from The Alaska Energy Gateway (Institute of Social and Economic Research, University of Alaska Anchorage, 2014).  The Alaska Energy Pathway report provided missing data and more detail, when needed (Alaska Energy Authority, 2010).
Results

By breaking up the problem into approximately 20 separate village clusters, we were able to reduce the problem to a more tractable size while also exploring different scenarios—e.g., villages relatively close to the railbelt, villages in a closely-knit cluster, and villages in more remote areas.  
In our baseline scenario, enough existing generation exists in each village to meet that village’s demand. In this scenario, the optimal solution is always to generate all the required electricity locally: no interties are proposed. This remains the case even if we account for the fact—by assuming a carbon tax of $40 per tonne of CO​2—that local diesel generation is somewhat more carbon-intensive than Alaskan grid electricity.
In an alternative scenario, we assumed that there was no existing generating capacity; that is, the electric system had to built from scratch. Even in this case, the optimal solution for most clusters was to generate power locally. However, there were a few cases where our algorithm suggested that it was economical to build interties; that is, for a community to generate enough power to supply its own requirements and those of a neighboring community. In almost all the cases we have considered so far, our model’s predictions match what has actually been done. For instance, our model suggests that is cost-effective to build a tie between Upper and Lower Kalskag. An intertie does actually exist between these two communities. Our model broadly accounts for differences in terrain by assuming a different cost of construction for interties for different clusters. However, it does not currently account for geographical barriers that might make specific ties prohibitively expensive. For instance, the model proposes that an intertie be built between Bethel and Napaskiak. However, these two communities are separated by the Kuskokwim River. An intertie actually exists between Bethel and Napakiak, which is farther away from Bethel than Napaskiak but is on the same side of the river. 
Conclusions
Initial runs of our models did identify pairs of communities where interties are economical. So far, these have more or less coincided with interties that already do exist. Future work includes a systemtic search of our dataset to identify more such connections, though we do not expect many more of these.

In no cases does our analysis suggest that a connection to the railbelt grid is economical. There may be other reasons to connect to the grid—to fulfil some inherent right to high-line access (much as the Rural Electrification Administration projects did in the Continental US in the 1930s), or to make use of natural gas generation on the North Slope (Alaska Grid, 2013).  However, our results confirm what can generally be concluded from an informal calculation—that most Alaskan interties are difficult to justify on cost-of-electricity grounds.
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� Another motivation for building interties is to create economies of scale, reducing the cost of electricity generation by sharing overheads among communities.  Our model currently does not dynamically adjust prices to account for these economies of scale.





