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Overview

We have constructed a simple but comprehensive village energy use model that includes space heating and transportation fuel use as well as electricity.  Because people in isolated remote northern communities pay about 2/3 of their overall energy bills for heat and transportation (WH Pacific et al. 2012), knowledge of overall energy demand by major end use is important when considering energy systems that can make the best use of efficiency and renewables as resources to offset costly fossil fuels.  Previous work (Devine & Baring-Gould 2004) provides community planners and policy makers with a good tool for estimating community electricity demand.  This paper builds on that work with an integrated model that can be used to estimate overall village energy usage based on a relatively small number of socioeconomic characteristics, such as population; number of residential, commercial and public facilities; housing and building stock characteristics; and transportation patterns and equipment types.  The Alaska Village Energy Model (AVEM) model uses the best available primary data from recent collection efforts, and can easily incorporate new data that may become available.
Methodology
We collected new primary data on transportation and building energy use via a field trip and in-person interviews with 55 households in five remote Alaska communities.  We conducted statistical analysis of 1) residential energy retrofit assessments made with the Alaska Housing Finance Corporation’s AKWARM model; 2) several hundred benchmarking assessments of rural nonresidential building energy use; and 3) data and estimates from the 2012 Alaska End Use Energy Study (WH Pacific et al. 2012).  We incorporated the existing Alaska Electric Load Calculator parameters as lookup tables to compute initial electric loads.  Finally, we developed the Alaska Village Energy Model (AVEM) as an Excel worksbook to incorporate all of this information and to project future energy use and cost under a variety of user-specified conditions. 

Table 1 shows general model parameters and Table 2 indicates the general level of engineering detail in the model, with four types of housing stock and available choices among methods to specify the how residential space heating intensity (kbtu/ft2) is determined.  Nonresidential buildings heating fuel usage is calculated as a linear function of nonresidential electric kWh, or as a function of nonresidential square feet. Local transportation fuel usage is calculated based on annual use per person or per vehicle (snowmachine, boat, and ATV/truck).  Air transportation to and from villages is not calculated. Electricity use is modeled as shown in Devine & Baring-Gould (2004).  

With a baseline established, the model also accepts anticipated future trends in population, building stock, space and water heat fuel use intensity, and index values for trends in vehicle miles per person and fuel per vehicle-mile. Electric loads can be projected by customer class or by adding specific new loads. Renewable supply sources such as wind can be included as negative loads.

In addition to calculating annual energy use for 30 years, the model also computes energy costs per person and by end use, with trends in future unit prices specified by the user. Greenhouse gas emissions are also calculated using user-specified values for dollars per ton of CO2.

Results

The AVEM model has been beta-tested by staff from the Alaska Energy Authority and can be used by local, regional, or state-level planners to explore options for reducing an entire community’s future dependence on diesel and gasoline.  The model is available to the public (Colt 2013). 
Conclusions

Despite a continuing lack of data on heating and transportation energy use in remote Alaska communities, it is possible to construct integrated models of the energy use by an entire community using existing data and estimated parameters.  Consideration of the entire energy system should allow for better utilization of efficiency as a resource and for more effective integration of intermittent renewable resources into the existing energy supply system.
Table 1. General parameters
[image: image1.emf]Community name

Populationpersons60                 

Start Year2012

Real discount rate% per yr4.0%

Heating degree days base 6516,000           

City for monthly HDD fractionsDillinghamsee "monthly  HDD" tab for choices

Population growth% per yr1.0%

Btu per gallon of fuel134,000         common values 134,000 (#1) 138,000 (#2)

residentialnonresidentialutility

Price of diesel fuel in Start Year$/gallon5.00              4.50              4.00              

Price of gasoline in Start Year$/gallon6.00              

Demonstration


Table 2. Display of residential space heat intensity setup showing multiple options for calculation

[image: image2.emf]house group

Hgroup1Hgroup2Hgroup3Hgroup4

label for groupsingle_oldsingle_newmultimobile

house_type (1=SF, 2=MF, 3=MH)1123

number of housing units15520

average square feetFT2/yr1,100            1,100            1,000            900               

Choose 1 method for space heat intensity kbtu/FT2

Choice of method (1, 2, 3, 4)1234

Enter required inputs for your method(s)

1Linear function of HDD

input: post-retrofit? (1=yes, 0=no)0100

lookups for linear functiond_multifamily0010

d_mobilehome0001

result of linear functionkbtu/FT2/yr95.473.983.5126.3

*or*

2kbtu per FT2 by direct entrykbtu/FT2/yr07500

(consult tables in equations tab)

*or*

3mmbtu per house per yearmmbtu/H/yr001000

(consult tables in equations tab)

*or*kbtu/FT2/yr0.00.0100.00.0

4engineering end use approach

End use baseboard heat per SqFtkbtu/FT2/yr40.0              30.0              20.0              50.0              

heater efficiency%75%75%75%75%

fuel input to heaterkbtu/FT2/yr53.3              40.0              26.7              66.7              

Space heat intensity chosen:kbtu/FT2/yr95.475.0100.066.7
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