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Alaska Energy Authority End-Use Study 
Executive Summary 

Overview 
The primary purpose of this End-use Study (EUS) is to provide energy end use details for 

residential and non-residential buildings in Southeast Alaska (Climate Zone 6), Southcentral 

Alaska (Climate Zone 7), Fairbanks/Interior (Climate Zone 8), and the rural North/Northwest 

Alaska.  Building upon this geographic stratification, it is important to place building energy use 

in context of statewide energy consumption at the regional level.  The AEA/EUS also provided 

basic end-use energy and building benchmark information on several non-building categories, 

including street lighting and water/waste water treatment infrastructure.  In conjunction with 

AEA, the data was amalgamated to document overall statewide energy use for residential and 

non-residential buildings in Climate Zones 6-8, water/wastewater infrastructure energy use, and 

non-Residential rural community buildings.  

Specifically, the purposes of the AEA End-Use Study are to: 

¶ Provide baseline data on energy use in residential and nonresidential buildings through 

-

lighting, etc.), stratified by building type, location, and other parameters.  

¶ Establish a framework for future end-use studies. 

This end-use data may be used to: 

¶ Identify opportunities for energy efficiency measures. 

¶ Track changes over time in building and community energy use intensities and 

greenhouse gas emissions. 

The report presents information on residential, nonresidential energy end-use data for 

communities in the Railbelt and Southeast Alaska Regions further disaggregated by Climate 

Zone.  The conclusions noted below are shown in greater detail in the conclusions section of the 

report.  The conclusions are derived from data shown in the baseline study narrative tables and 

graphs and are presented in the order that they are presented in the report. 

Railbelt and Southeast Residential Energy Use 
¶ The average residence in Railbelt and Southeast Alaska regions uses 269 MMBTUs in 

energy each year, and total energy use of 59 million MMBTUs. 
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¶ Residents of Railbelt and Southeast Alaska use about 80% of their total energy (in 

MMBTUs) to heat their homes.  

¶ Single family detached residences use more energy than other types of residences.  

Multifamily residences use the least. 

¶ Natural gas is the primary fuel for home heating in 64% of households in Railbelt and 

Southeast Alaska, and oil is the primary fuel in Southeast Alaska. 

¶ Domestic hot water uses between 9% and 11% of energy in Railbelt and Southeast 

Alaskan homes. 

¶ Electrical appliances use between 8% and 10% of all MMBTUs among respondent 

households in Railbelt and Southeast Alaska, but consume 65% of all electrical energy. 

¶ The operation of major appliances such as refrigerators, freezers, washers and dryers is 

the largest single residential use of electrical energy in all the Climate Zones within 

Railbelt and Southeast Alaska (24% of electrical energy. 

¶ Mobile homes have the highest energy intensity (KBTU/ft2) in space heating, domestic 

hot water production and operating appliances.  

Railbelt and Southeast Non-residential Energy Use 
¶ Based on average energy use by various non-residential building types, Railbelt and 

Southeast Alaska regions use over 29,974.000 MMBTUs of energy each year.   

¶ It is important to estimate both the total energy use in MMBTUs and the energy intensity 

in kBTUs per square foot.   

¶ Food service facilities have more energy intensity than any other type of building in 

Climate Zones 6, 7, and 8.   

¶ Healthcare facilities have the second highest energy intensity, about one half that of food 

service buildings. 

¶ Heating accounts for just over 50% of total building energy used. 

¶ Primary cooking is the second highest energy use for all fuel types, at 26%. 

¶ Lighting uses the largest proportion of energy (28%) in non-residential buildings in all 

three Climate Zones.  

¶ Lighting has the highest energy intensity of non-residential end use, at 36% of all kBTUs. 

¶ Laundry services in healthcare facilities are a major use of energy.  

¶ Lighting is the highest use of energy in retail buildings, using over half of all of the energy 

consumed in MMBTUs.  

¶ While total non-residential energy use is higher in more northerly Climate Zones, it 

appears to be lower when energy intensity is measured.   

Energy use in rural Alaska 
¶ Bethel is estimated to use almost 1.3 million MMBTUs of energy per year.  



 

3 

¶ Oil is the primary heating fuel for Bethel residential use.  

¶ On average, Bethel residents use almost 250MMBTUs of energy each year in home 

heating, domestic hot water, and the operation of electrical appliances.  

¶ Space heating uses 72% of all energy among Bethel residences.  

¶ Operating major appliances, including refrigerators, freezers, washers and dryers, uses 

35% of all electrical energy in Bethel households.  

¶ Office buildings in Bethel use more energy and MMBTUs than any other type of facility. 

¶ Food service facilities have the highest energy intensity, at 335 kBTUs per square foot of 

any building type.   

¶ Almost three quarters (72%) of all energy used by non-residential buildings in Bethel is 

used for heating, ventilation and air-conditioning.  

¶ Space heating is the dominant use of energy in all building types except food service 

buildings.  

¶ Together, the three rural communities included in the rural study use about 107 

MMBTUs of energy per year.  

¶ Almost 90% of all energy used in the three communities is for space heating.  

¶ There are differences in the distribution of residential energy use between communities.  

¶ Non-residential heating requires more energy in MMBTUs (72%) than any other 

application.  

Rural Non-Residential community buildings 
¶ Most (92%) of the almost 2000 rural non-residential buildings examined in this study are 

heated with fuel oil 

¶ The building surge in rural Alaska during the 1980s suggests that many of the facilities 

may have inadequate insulation and weatherization.  

Water and sewer 
¶ There does not appear to be adequate data to measure the amount of energy used to 

operate rural water and sewer utilities.  

¶ Energy data is not readily available with the engineering and other operational staff.  

¶ Operating water and sewer utilities at higher temperatures than necessary or having 

inadequate utilidor insulation results in significantly higher utility systems costs.  

Street lighting 
¶ Communities who participated in the study used over 3.5 million kWh of energy to 

generate over 500,000 lumens of street lighting.   
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¶ High pressure sodium fixtures are clearly the most commonly used street lighting 

technology.  

¶ Smaller communities are using more incandescent street lighting instruments than larger 

communities.  

¶ There appears to be more interest among communities in switching to LED street 

lighting technology.  

Energy Use Trends by Sector 
¶ Industrial energy use comprises about half of all energy used in Alaska.  

¶ Statewide Energy use in Alaska appears to be declining.  

¶ The interpretation of changes in energy use may benefit from the use of denominators. 

¶ AEA should be cautious in selecting the time period that it will use in developing 

forecasts.  

Methods 
¶ ARIS (from AkWarm© energy raters) was supplemented with survey data to provide a 

comprehensive picture of residential energy use.  

¶ Survey research, combined with an on-site/walkthrough methodology, appears to be an 

effective way of collecting end-use energy data.  

¶ Energy Wise energy use data appears to be a promising source of energy end-use 

characteristics in rural Alaskan communities.  

¶ The State should carefully examine this baseline data to determine which variables are 

likely candidates to be included in a performance measurement system of overall 

statewide energy use.  
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Introduction 
The intent of the Alaska Energy Authority End-use Study (AEA/EUS) is to: 

¶ Establish baseline energy consumption data related to power and heat usage; 

¶ Develop a repeatable methodology that will allow AEA, project partners, or others to 

measure changes in baseline energy use and evaluate energy efficiency measures over 

time;  

¶ Guide energy efficiency policy and programs for residential and non-residential sectors of 

Southeast Alaska, the Railbelt, and Rural Alaska; and 

¶ Inform policy makers, AEA stakeholders, and other project partners on energy 

consumption patterns in Alaska. 

The energy end-use data collected is intended to provide a snapshot of energy use over a specific 

time period to support planning for energy efficiency programs.  This report includes 

information and field data collection protocols used to collect energy end-use data for residential 

and non-residential buildings in Alaska. Due to the unique energy challenges in different regions 

of Alaska, multiple data collection methodologies were utilized.  The methodology is further 

described in Appendix A. 

The EUS focuses on energy consumption in the residential and non-residential building sectors1 

which are among the largest energy end users in Alaska. The EUS also explores several non-

building end uses, such as street lighting and water/waste water treatment infrastructure.  Energy 

end-use data combined to describe the overall energy use for: 

¶ Residential and non-residential buildings in Climate Zones 6-82; 

¶ Residential and non-residential buildings in selected rural communities; 

¶ Rural non-residential community buildings; and 

¶ Water/wastewater infrastructure and street lighting.    

Specifically, the purposes of the AEA End-use Study are to: 

¶ Provide baseline energy use data for residential and non-residential buildings through 

end use ting, cooling, 

lighting, etc.); stratified by building type, location, and other parameters; and  

¶ Establish a framework for future end-use studies. 

                                                      

1
 The sector analysis shows that the non-residential sector is the third largest energy user.  

2
 Climate Zones are defined in the Building Energy Efficiency Standards (BEES).   
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This end-use data is intended to: 

¶ Identify opportunities for energy efficiency measures; 

¶ Track changes over time in building and community energy use intensities and 

greenhouse gas emissions by establishing a baseline that can be replicated in future years; 

and  

¶ Support the Alaska Legislature in achieving Alask  

 
In 2010 the Alaska Legislature and Governor passed HB306 that stated:  

 achieve a 15 percent increase in energy efficiency on 

 

For the purposes of this study, the researchers have interpreted the 15% goal in the following 

manner: 

Alaska shall achieve a 15 percent reduction in the amount of heating fuel and electricity used on a 

per capita basis in the residential and commercial building sectors, as well as public facilities such 

as street lighting and water/sewer facilities, between the base year of 2010 and the year 2020. 

For the purposes of this goal, some small manufacturing and light industrial users are included as 

part of the goal, but large industrial users are not.  For the purposes of this goal, industrial users 

are defined as those that: 

¶ Have commercial accounts with their electric utility (excluding industrial, interruptible or 

other very large customer accounts); or 

¶ Would qualify for the Alaska Commercial Energy Audit Program. 

¶ Federal buildings that were included in the End-use 

buildings are included in the goal.   

¶ Military bases and military operations, aviation fuel operations, and transportation fuel 

operations, are excluded.   

The State recognizes the value of efficiency improvements in all these excluded sectors and would 

like to set goals in future years with and for these sectors.    

AEA intends to measure progress toward the goal based on: 

¶ Top down per capita: Total energy distributed in applicable residential and non-

residential sectors, divided by total population (i.e. total electrical sales divided by 

population); 
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¶ Top down per square foot: Total energy distributed in applicable sectors, divided by 

square footage of built environment.  This measure allows for changes in the number of 

buildings, and the number of occupants per building, over time; 

¶ Bottom up per capita: Sample building energy end uses by sector and by region, 

extrapolate across entire state, and divide by total population;  

¶ Bottom up per square foot: Sample building energy end uses by sector and region, 

extrapolate across entire state, and divide by total square footage of built environment; 

¶ Average energy intensity measurement:  Measure longitudinal changes in energy intensity 

(BTU/sf/year), normalized by heating degree days, in selected buildings, by sector; and 

¶ Sum of known savings: Sum all verified savings due to energy efficiency programs.  Since 

this measure cannot capture energy savings from non-programmatic energy efficiency 

measures, it provides an incomplete picture of total energy savings. However, the 

measure is very accurate for the verified sample.   

The 2011 End-use Study captures measures at the regional level, including:  

¶ Southeast Alaska (Climate Zone 6);  

¶ Southcentral Railbelt Alaska (Climate Zone 7); 

¶ Interior Railbelt Alaska (Climate Zone 8); and  

¶ Rural North and West Alaska.   

In future years, the regions may be further sub-divided into the 11 energy regions monitored by 

AEA. 

AEA/EUS Report Organization 
This report is organized around major regions, building types, and independent studies.  For 

those interested in the methodological approach, refer to the highly detailed, independent 

implementation plan entitled AEA End-Use Study Methodology3.   

The EUS is organized in the following sections: 

¶ Residential Energy End-use Results. This section describes the energy end-use results for 

BEES Climate Zones 6 (Southeast AK), 7 (Southcentral), and 8 (Interior) for various types 

of residences; 

¶ Non-Residential Energy End-use Results.  This section describes the energy end-use results 

for Climate Zones 6, 7, and 8 for various Alaska non-residential buildings; 

¶ Rural North and West Results.  This section describes the energy end-use results as found 

in the rural north and north northwest; 

                                                      

3
 Copies of the AEA End-Use Study Methodology can be found in Appendix A or requested from AEA.  



 

8 

¶ Independent Studies.  This section describes AEA requested independent studies to assess 

water/wastewater, and street lighting, and rural non-residential building energy uses; 

¶ Conclusions.   This sections highlights conclusions derived from the research team based 

upon the available data; and 

¶ Appendices.  This section includes methodology summary, data sets, supplemental 

analyses, and other information to support EUS conclusions.  
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Southeast and Railbelt Alaska Residential Energy Use 

Introduction 
This section summarizes residential energy use for Climate Zones 6, 7 and 8 for the Railbelt and 

Southeast Alaska by end use, climate zone, region and residence type.  Alaska Retrofit 

Information System (ARIS) data sets were used to calculate residential end-use study for heating 

and domestic hot water use. This is a very rich source of HVAC and DHW data which provides 

significant data on building envelope, heating equipment, and other housing characteristics 

which can be used by future researchers to further explore the end-use data. Furthermore, the 

ARIS data contains both pre and post retrofit data4, which provides a source of actual energy 

savings and associated measures that can be further analyzed. 

ARIS data currently does not contain detailed information on lighting, appliances, and other 

 Therefore, a supplemental survey was performed to provide additional data on 

these end uses. Throughout the rest of this report, these end uses are collectively referred to as 

 end uses.5 The survey used a stratified random sampling approach for each residence 

type within each of the three climate zones in the study area. This defines the smallest unique 

strata for which the study provides statistically valid data. The aggregate results reported here 

have been population weighted (pop wt) so that they are representative of the entire study-area 

population. For easy comparison, energy use for all fuel types was converted into British Thermal 

Units (BTUs)6.   

energy includes upstream energy conversion losses in the power plant; transmission and 

distribution losses; and extraction, processing and transportation of fuels. This is particularly 

significant for electricity, which has significant losses in the power plant and in the transmission 

and distribution system. Alaskan transmission and distribution losses are approximately 12.9%. 

                                                      

4
 CƻǊ ǘƘƛǎ ŜƴŘ ǳǎŜ ǎǘǳŘȅΣ ǘƘŜ άǇǊŜ-ǊŜǘǊƻŦƛǘέ Řŀǘŀ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ !ƭŀǎƪŀƴ ƘƻǳǎƛƴƎ 

stock, which has not participated in the incentive program. 

5
 Appliances include all  lighting, electrical and non-electrical appliances and equipment not related to space 

heating or hot water heating 

6
 The British thermal unit is a traditional unit of energy based on the amount of energy needed to keep 1 pound of 

water from 39°F to 40°F. It is often used to measure the heat value of fuels and the power of heating and cooling 
systems. A MMBTU is 1 million BTUs. 
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For every kWh of delivered (site) electricity, 3.65 kWh of source energy is consumed upstream7. 

In other words, the electricity supply system is only 27% efficient; 73% of the energy going into 

power plants is not delivered to end users. 

Average energy use values calculated in this study were used to estimate total energy use for all 

residences in the Southeast and Railbelt regions. Table 1 shows the population totals per climate 

zone and residence type that were used for the population weighting.  

Table 1: Population totals per climate zone 

Strata Population 

Climate Zone 6 Total                27,777  

Single Family Detached            13,611  

Single Family Attached              1,389  

Multi Family              9,999  

Mobile Home              2,778  

Climate Zone 7 Total             159,451  

Single Family Detached            82,829  

Single Family Attached            12,745  

Multi Family            54,160  

Mobile Home              9,717  

Climate Zone 8 Total                33,595  

Single Family Detached            17,452  

Single Family Attached              2,685  

Multi Family            11,411  

Mobile Home              2,047  

Study-Area Total             220,823  

Single Family Detached         113,892  

Single Family Attached            16,819  

Multi Family            75,570  

Mobile Home            14,542  

Total Energy Use by Climate Zone & Fuel Type 
Figure 1 shows the total energy used by residences in each of the climate zones for the Railbelt 

and Southeast Alaska (SEAK). On average, homes in the more temperate Climate Zone 6 use less 

energy than those in the colder climate zones. The use of energy in Southcentral Alaska (Railbelt, 

Climate Zone 7) is slightly higher than energy use in Climate Zone 8. On average homes were 6% 

larger in Climate Zone 7 than in Climate Zone 8.  

                                                      

7
 5ŜǊǳΣ aΦΣ ŀƴŘ ¢ƻǊŎŜƭƭƛƴƛΣ tΦ ά{ƻǳǊŎŜ 9ƴŜǊƎȅ ŀƴŘ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ 9ƴŜǊƎȅ ¦ǎŜ ƛƴ .ǳƛƭŘƛƴƎǎΦέ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 

Energy Laboratory. Technical Report NREL/TP-550-38617. June 2007. 
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This section focuses on total energy use, which is shown in MMBTUs. Data collected for the 

sample of residential facilities in the region is generalized to the total number of residences.  This 

(pop wt). This allows for generalization to the total number of residences in Climate Zone 6 

(SEAK) and Climate Zones 7 and 8 (Railbelt Alaska).  There is insufficient data on total 

residential square feet within these regions to present total energy use on a per square foot basis. 

Figure 1: Total energy use/yr per home by climate zone for Railbelt & SEAK (pop weighted, MMBTU) 

 

Figure 2 compares total energy use for all fuel types (includes birch, spruce, coal, fuel oil number 

1 and fuel oil number 2 , natural gas, propane, electricity, and appliance 

fuels8).  

                                                      

8
 All non-ŜƭŜŎǘǊƛŎƛǘȅ ōŀǎŜŘ ŦǳŜƭ ǎƻǳǊŎŜǎ ǘƘŀǘ ǇƻǿŜǊ ŀǇǇƭƛŀƴŎŜǎ ƘŀǾŜ ōŜŜƴ ōǊƻƪŜƴ ƻǳǘ ŀǎ Ψ!ǇǇƭƛŀƴŎŜ CǳŜƭǎΩΦ Electricity 

includes electricity used for space heating, domestic hot water and appliance energy use. 
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Figure 2: Total annual energy use by fuel type for the Railbelt & Southeast (pop wt, % MMBTU) 

 

Figure 3 compares state-wide total energy use by all fuel types for each climate zone within the 

Railbelt and Southeast study areas.  Climate Zone 7 has by far the largest total energy use due to a 

substantially larger population than other climate zones. Total Railbelt and Southeast residential 

energy use within this study is 59.38 million MMBTUs. 

Figure 3: Total annual energy use per home by fuel type and CZ for the Railbelt & Southeast (pop wt, 
MMBTU) 
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Energy Uses by Climate Zone, Region and Residence Type 
Figure 4 shows the breakdown of major energy uses (space heating, domestic hot water, and 

appliance energy use) in MMBTUs for all climate zones for the Railbelt and Southeast regions. 

For this study, appliance energy includes all electrical and non-electrical appliances and 

equipment and lighting not directly related to space heating or the heating of domestic hot water. 

Appliance energy use across climate zones is very similar. Climate Zone 6 has significantly less 

space heating and domestic hot water energy use then Climate Zones 7 and 8.   

Figure 4: Total energy by major energy use per home by Climate Zone (pop wt, MMBTU) 

 

 

Table 2 shows population weighted space heating, hot water, appliance and total energy use per 

home for each of the residence types and for each of the three Climate Zones.  
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Table 2: Total annual energy use per home for major energy uses by Climate Zone and residence type 
for the Railbelt & Southeast, (pop wt, MMBTU) 

Climate Zone Total Space Heating Domestic Hot 
Water 

Appliance 

Climate Zone 6 202.23 157.80 22.88 21.54 

Mobile Home 193.61 146.83 25.31 21.47 

Multi Family 141.39 106.01 18.67 16.71 

Single Family Attached 163.12 121.86 21.46 19.79 

Single Family Detached 252.68 201.76 25.63 25.29 

Climate Zone 7 281.73 223.19 35.65 22.90 

Mobile Home 251.74 193.46 36.28 22.00 

Multi Family 177.20 134.08 26.39 16.74 

Single Family Attached 278.48 214.96 42.30 21.22 

Single Family Detached 354.10 286.20 40.61 27.29 

Climate Zone 8 264.21 215.01 26.72 22.48 

Mobile Home 308.49 266.09 21.40 21.00 

Multi Family 198.74 154.33 24.20 20.22 

Single Family Attached 246.14 191.81 30.07 24.26 

Single Family Detached 304.61 252.27 28.48 23.86 

All Climate Zones 269.07 213.72 32.69 22.66 

Mobile Home 248.63 194.78 32.09 21.76 

Multi Family 175.72 133.42 25.03 17.26 

Single Family Attached 263.79 203.57 38.63 21.59 

Single Family Detached 334.40 270.91 36.96 26.52 

 

Figure 5 shows space heating, domestic hot water, and appliance energy uses for each region in 

MMBTUs. Homes in the Southeast region use less space heating and domestic hot water energy 

than those in the Railbelt while appliance energy has smaller differences. 
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Figure 5: Total energy use per home for major energy uses by region (pop wt, MMBTU) 

 

 

Figure 6 shows space heating, domestic hot water and appliance energy uses for each residence 

type for all Climate Zones in the Southeast and Railbelt. The figure shows highest energy use by 

families living in single family detached residences and the lowest energy use in multifamily 

residences. Single family detached homes use the largest absolute and relative amount of total 

energy to heat the home and multifamily the least. The relative amount of energy used to operate 

appliances, including primary cooking and lighting, is approximately the same (between 8-10%) 

in all types of residences.  

Figure 6: Total energy use per home for major energy uses by residence type (pop wt, MMBTU) 
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Figure 7 shows similar data for Climate Zones 6, 7 and 8 individually. There are statistically 

significant differences in energy use between residence types. A similar pattern is shown in all 

three Climate Zones; home heating is the largest energy use (between 76-83%), single family 

detached residences use the most energy, and multifamily residences the least. In Climate Zone 6 

and 8, mobile homes use more overall energy then single family attached homes, where in 

Climate Zone 7, single family attached homes use more than mobile homes.  

Figure 7: Total energy use per home for major energy uses by residence type for CZ6, CZ7, and CZ8 
respectively (pop wt, MMBTU) 

 

 

146.8 
106.0 121.9 

201.8 

25.3 
18.7 21.5 

25.6 21.5 

16.7 
19.8 

25.3 

0 
50 

100 
150 
200 
250 
300 
350 

Mobile Home Multi Family Single Family 
Attached 

Single Family 
Detached 

 C
Z

6, 
a
n
n
u
a
l 
e
n
e
rg

y
 u

s
e
   

 (
M

M
B

T
U

/y
r)

 

Space Heating Domestic Hot Water Appliance 

193.5 
134.1 

215.0 
286.2 

36.3 

26.4 

42.3 

40.6 

22.0 

16.7 

21.2 

27.3 

0 

50 

100 

150 

200 

250 

300 

350 

Mobile Home Multi Family Single Family 
Attached 

Single Family 
Detached 

 C
Z

7, 
a
n
n
u
a
l 
e
n
e
rg

y
 u

s
e
   

 (
M

M
B

T
U

/y
r)

 



 

17 

 

Figure 8 compares the average energy intensity per home area in kBTU/ft2 for each residence 

type. Mobile homes have the largest average energy use intensity of the four residence types while 

the other three residence types are very similar. Space heating energy use intensity in particular is 

significantly larger for mobile homes then for other residence types. The space heating and 

domestic hot water energy use intensities for multifamily and single family attached homes both 

relied on the same housing type definition from the ARIS data (the ARIS database does not 

distinguish between these residence types).  Differences in intensities between the two are due to 

population difference in residence types across Climate Zones. 

Figure 8: Total energy use intensity for major energy uses by residence type (ARIS, pop wt, kBTU/ft2) 
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hot water energy consumption relied on ARIS data, while the data collection for the appliance 

end uses was done through a stratified random survey. Table 3 expands the information on the 

organization of appliance end-use categories used for the Railbelt and Southeast residential study 

by adding space heating and domestic hot water. Some appliance sub end uses were combined 

after analysis, when and where appropriate.  

Table 3: Energy end use categories organization for the Railbelt and Southeast residential study 

Major Use End Use Sub End Use 

Space Heating 

Space Heating Birch Space Heating, Coal Space Heating, Electric 
Space Heating, Gas Space Heating, Oil1 Space Heating 
Oil2 Space Heating, Oil Space Heating, Propane Space 
Heating,  Spruce Space Heating 

Domestic Hot Water 

Domestic Hot Water Birch DHW, Coal DHW, Electric DHW, Gas DHW,Oil1 
DHWOil2 DHW, Oil DHW, Propane DHW, Spruce DHW 
Heating 

Appliance (electrical 
and non-electrical 
appliances, 
equipment and 
lighting) 

Interior Lighting Fluorescent, Incandescent.CFL, Small Halogen, Large 
Halogen 
LED, Other Bulb 

Exterior Lighting Fluorescent _ext, Incandescent_ext,  CFL_ext, Small 
Halogen_ext, Large Halogen_ext, LED_ext 
Other Bulb_ext 

Major Appliances Refrigerator, Freezer, Dishwasher , Washer/ Dryer 

Primary Cooking Oven, Stove, Microwave 

Other Kitchen 
Equipment 

Coffee Maker, Electric Deep Fryer, Electric Fry Pan 
Electric Kettle, Slow Cooker, Toaster/Toaster Oven 

Entertainment  Television, Gaming Console , DVD Player  
VCR, Digital Video Recorder (DVR), Standalone Cable 
Box  
Cable box with DVR , Music playing system,  Satellite 
Dish 

Information 
Technology 

Computer/ Office Equipment, Small Low Tech 
Electronics (e.g. radios, clocks, phones), Small High 
Tech Electronics (e.g. cell chargers, tablets) 

Seasonal Decorative 
Lighting 

Seasonal Decorative Lighting 

Miscellaneous 
Appliances 

Garage door opener , Electric waterbed  
Hot Tub, Waterwell pumps ,  Sewage lift pump  
Sump pump , RV trickle charger, Engine Block Heater 
Heat Trace/ Heat Tape, Electric Vehicle Charging 
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Space Heating and Domestic Hot Water Use  
Space heating and domestic hot water energy use was calculated using existing residential ARIS 

data from 2008-2011. Average energy use intensities were calculated for all regions, Climate 

Zones, and residence types.  Space heating and hot water energy usage was available by 

individual fuel type consumption and included birch, spruce, coal, oil number 1, oil number 2, 

natural gas, propane and electricity. The ARIS database does not distinguish between a 

multifamily residence type and a single family attached residence type, so the same space heating 

and hot water energy use intensities were applied to both residence types from the survey. 

Differences in total space heating and hot water energy use for these two residence types depend 

on home size as collected from the survey. 

Energy intensity calculations are shown in Table 4. 

Table 4: Annual space heating and hot water energy use intensities for Railbelt, SEAK & Rural 
residential according (ARIS, kBTU/ft2) 

Region Climate 
Zone 

Residence Type Space 
Heating EUI 

Domestic Hot 
Water EUI 

kBTU/ft2/yr  kBTU/ft2/yr  

Railbelt 7 Mobile Home 155.4 29.13 

Single Family 119.7 16.99 

Multi Family 115.4 22.71 

8 Mobile Home 213.8 17.20 

Single Family 117.6 13.28 

Multi Family 105.2 16.49 

Southeast 6 Mobile Home 112.3 19.36 

Single Family 103.4 13.13 

Multi Family 79.2 13.95 

Rural 8 Single Family 79.7 21.68 

Multi Family 71.8 23.27 

 

Figure 9 shows space heating energy intensity per home area by fuel type for the Railbelt, 

Southeast, and the combined Railbelt and Southeast (ARIS data, not population weighted). 

Natural gas is the most prevalent fuel type by intensity in the Railbelt followed by oil (oil number 

1 and oil 2 are combined), while oil heating is most common in the Southeast, followed by 

spruce. Overall, the Railbelt uses more energy per square foot to heat the home than the 

Southeast. 
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Figure 9: Space heating energy use intensity for the Railbelt and Southeast by fuel type and region 
(ARIS, un-weighted, kBTU/ft2/yr ) 

 

Figure 10 shows the breakdown of domestic hot water heating by fuel type for the Railbelt, 

Southeast, and the Railbelt and Southeast combined (ARIS data, not population weighted). 

Overall, the Railbelt uses more energy per square foot to heat hot water.  As with space heating, 

natural gas is the dominant fuel type in the Railbelt, while oil dominates the Southeast.  

Electricity is a more common fuel type for hot water then for space heating, particularly in the 

Southeast.  

Figure 10: Domestic hot water energy use for the Railbelt and Southeast by fuel type and region (ARIS, 
un-weighted, kBTU/ft2/yr ) 
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Figure 11 shows the breakdown of space heating by fuel type and residence type for all Climate 

Zones in the Railbelt and Southeast regions. Multifamily and single family residence types most 

heavily used natural gas as a space heating fuel while mobile homes more heavily used oil. For 

multifamily homes on a MMBTU basis, 70% of space heating was attributed to natural gas use. 

Figure 11: Space heating energy use intensity for the Railbelt and Southeast by fuel type and residence 
type (ARIS, un-weighted, kBTU/ft2/yr ) 

 

Appliance Use - Appliances, Equipment & Lighting  
Appliance energy use accounts for 8% of total energy use for all fuel types; but, as shown in 

Figure 12, appliances consume 65% of total electricity use. 9 

                                                      

9
 Appliances include all lighting, electrical and non-electrical appliances and equipment not related to space 

heating or hot water heating 
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Figure 12: Appliance electrical energy use by major uses (pop wt, % MMBTU) 

 

Figure 13 shows a further breakdown of total electricity use per home by all the end uses as listed 

in Table 3.  The single largest use is for operating major appliances, such as refrigerators, freezers, 

washers and dryers (24%).  Space heating is the second largest application of electrical power at 

21%, and domestic hot water production is third at 14%. 

Figure 13: Total electricity use for the Railbelt and Southeast by end use (pop wt, % MMBTU) 

 

Focusing now only on appliances, Figure 14 shows total appliance energy by fuel type per home. 

The majority of appliance energy is supplied by electricity.  Certain end uses can be powered by 

electricity or others fuels (in most cases natural gas). These include primary cooking (ovens and 

stoves), major appliances (washers and dryers), and miscellaneous appliances (hot tubs). 
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Figure 14: Total appliance energy use by fuel type (pop wt, % MMBTU) 

 
Figure 15 shows total appliance energy use (all fuel types) per home for each appliance end use 

defined in Table 2. Aggregating by fuel type shows major changes in the distribution of end uses.  

While operating major appliances is still the largest end use (31%), primary cooking uses 

increased from 10% to 26% of all energy used. 

Figure 15: Total appliance energy by end use (pop wt, % MMBTU) 

 

Figure 16 shows total appliance electricity use (this excludes all fuel-powered ovens, stoves, 

washer/dryers, and hot tubs) per home for each appliance end use as defined in Table 2.  Primary 

cooking (specifically ovens and stoves) relies equally on electricity and other fuel sources and 

therefore makes up 26% of total appliance energy use but only 16% total appliance electricity use. 
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Figure 16: Total appliance electricity by end use (pop wt, % MMBTU) 

 

Major appliances are the largest energy consuming appliance end use for all Climate Zones. This 

is followed by primary cooking.  Figure 17 shows total appliance energy use (all fuel types) per 

home by appliance end use for by residence type. Mobile homes have the largest primary cooking 

and entertainment energy use. Single family detached homes have the largest major appliances, 

interior lighting and miscellaneous appliance energy use. Other end uses are very similar across 

residence types.  The breakdown of appliance energy by appliance end uses across Climate Zones 

showed little variation.  

Figure 17: Total appliance energy by end use by residence type (pop wt, MMBTU) 
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Each end use is discussed in detail in the following sections. The energy use for each end-use 

category is comprised of a number of sub end uses as shown in Table 2. Survey data collection 

has provided extensive information on appliance saturations, use patterns and energy 

consumptions of the specific appliances. The energy use is shown in detail in Table 5. 
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Table 5: Railbelt and Southeast appliance energy use by end use for each Climate Zone and residence type (pop wt, MMBTU) 

  Interior 
Lighting 

Exterior 
Lighting 

Major 
Appliances 

Primary 
Cooking 

Other 
Kitchen 
Equipment 

Entertainment  Information 
Technology 

Seasonal 
Lighting 

Miscellaneous 
Appliances 

Total 

Climate Zone 6 1.30 0.31 6.43 6.09 0.54 3.12 2.40 0.01 1.33 21.54 

Mobile Home 0.96 0.39 7.16 6.56 0.45 3.13 1.85 0.01 0.96 21.47 

Multi Family 1.59 0.49 4.45 4.32 0.57 2.47 1.67 0.00 1.15 16.71 

Single Family Attached 0.99 0.70 6.20 6.35 0.50 2.13 1.68 0.03 1.21 19.79 

Single Family Detached 1.18 0.13 7.77 7.27 0.54 3.69 3.12 0.02 1.55 25.29 

Climate Zone 7 1.29 0.36 7.24 5.96 0.47 2.47 1.86 0.37 2.88 22.90 

Mobile Home 0.74 0.43 5.95 7.99 0.48 3.39 1.84 0.01 1.18 22.00 

Multi Family 0.79 0.09 6.04 5.09 0.28 1.70 1.52 0.00 1.23 16.74 

Single Family Attached 1.27 0.49 7.59 6.56 0.39 2.90 1.72 0.00 0.30 21.22 

Single Family Detached 1.68 0.51 8.12 6.21 0.61 2.80 2.11 0.71 4.55 27.29 

Climate Zone 8 1.17 0.68 6.70 5.86 0.48 2.50 2.14 0.04 2.91 22.48 

Mobile Home 0.76 0.40 5.65 5.82 0.44 3.30 1.90 0.20 2.54 21.00 

Multi Family 0.88 0.55 5.53 6.42 0.46 2.58 2.01 0.01 1.78 20.22 

Single Family Attached 1.13 0.45 6.85 6.02 0.51 3.88 2.00 0.05 3.38 24.26 

Single Family Detached 1.42 0.84 7.56 5.48 0.49 2.14 2.27 0.05 3.61 23.86 

All Climate Zones 1.27 0.40 7.05 5.96 0.48 2.56 1.97 0.27 2.69 22.66 

Mobile Home 0.78 0.41 6.14 7.41 0.47 3.33 1.85 0.04 1.33 21.76 

Multi Family 0.91 0.21 5.75 5.19 0.35 1.93 1.61 0.00 1.31 17.26 

Single Family Attached 1.22 0.50 7.36 6.46 0.42 2.99 1.76 0.01 0.87 21.59 

Single Family Detached 1.58 0.51 7.99 6.22 0.58 2.81 2.25 0.52 4.05 26.52 
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Major Appliances 
The major appliances category was the largest energy-consuming end use for all Climate Zones 

in the Railbelt and Southeast, contributing to 31% of total appliance energy use and 37% of total 

appliance electricity use. Figure 18 shows the relative contribution of the four sub end uses 

(refrigerators, freezers, washer/dryers, and dishwashers). Major appliance use across individual 

Climate Zones and residence types followed a similar breakdown. 

Refrigerator use was the largest appliance use in this category, with 52% of all energy used.  

Washer/Dryers accounted for 21% of total major appliance energy use, using either electricity or 

natural gas as a fuel source. Survey respondents were asked what fuel type was used for both their 

washer and dryer. If unknown, the primary heating fuel for the home was used as the default. On 

average, 70% of washer/dryer energy was derived from electricity. 

Figure 18: Major appliances energy use for the Railbelt and Southeast by sub end use (pop wt, % 
MMBTU) 

 

Other available characteristics on major appliances in the home include: number of 

refrigerators/freezers, age of refrigerators/freezers, size of refrigerators/freezers, age of 

dishwasher, dishwasher loads per week, energy star rating for all major appliances, and laundry 

loads per week. 

Primary Cooking 

Primary cooking was the second largest energy end use for all Climate Zones in the Railbelt and 

Southeast, contributing to 27% of overall appliance energy use and 16% of total appliance 

electricity use.  Figure 19 shows the relative contribution of the three sub end uses (ovens, stoves 

and microwaves). Stove use was the largest appliance use in this category. Approximately 40% of 

stove energy use was electricity based.  
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Figure 19: Primary cooking energy use for the Railbelt and Southeast by sub end use (pop wt, % 
MMBTU) 

 

Other available characteristics on primary cooking in the home include: fuel type used for 

oven/stove, hours of oven/stove/microwaves use per week, number of ovens/stoves/microwaves. 

The average daily stove use as collected by the survey was 1.75 hours per day for the Railbelt and 

Southeast. The average weekly oven use was 5.4 hours. The unit energy consumption value used 

was 1.0 kWh/hr for electric ovens and 0.09 therms/hr for gas stoves10.  

Entertainment 
The entertainment category was the third largest energy end use in all Climate Zones for the 

Railbelt and Southeast, contributing to 11% of overall appliance energy use and 15% of total 

appliance electricity use.  Figure 20 shows the relative contribution of the various sub end uses 

within this category.  Television energy use was the largest component of this category.   

                                                      

10
 http://evanmills.lbl.gov/pubs/pdf/home-energy-saver.pdf 
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Figure 20: Entertainment energy use for the Railbelt and Southeast by sub end use (pop wt, % 
MMBTU) 

 

 

Figure 21 shows the entertainment energy use by sub end use for each of the residence types. 

Mobile homes had the largest energy use in the entertainment end-use category.  

Figure 21: Entertainment energy use for the Railbelt and Southeast by sub end use and residence type 
(pop wt, % MMBTU) 

 

Other available characteristics on entertainment in the home include: number of televisions, type 

of television, and hours of television use per week. There was not significant variation in this end 

use between Climate Zones. 
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Information Technology 

The information technology category accounted for about 9% overall appliance energy use and 

11% of total appliance electricity for the three Climate Zones in the Railbelt and Southeast.  

Figure 22 shows the relative contribution of the various sub end uses within this category.  

Computers and other office equipment were the largest energy sub end use of this category. 

There was no significant variation in this end use between Climate Zones or residence types. 

Figure 22: Information technology energy use for the Railbelt and Southeast by sub end use (pop wt, 
% MMBTU) 

 

The information technology category covers a wide range of electronics and other equipment. 

Available data for computer/office equipment includes: the number of desktop computers, 

monitors, laptops, printers, multi-functioning devices, modems, copy machines, fax machines. 

Available data for small low tech electronics includes number of:  alarm clocks, wall clocks, 

radios, and cordless telephones. Small high tech electronics include items such as IPods, mobile 

phone chargers, tablets, etc. 

Miscellaneous Appliances 

Miscellaneous appliances accounted for about 12% overall appliance energy use and 8% of total 

appliance electricity use for the three Climate Zones in the Railbelt and Southeast.  Figure 23 

shows the relative contribution of the various subcategory end uses within this category.  Hot 

tubs were the largest consumer of energy in this category, and included both electric and fuel 

powered hot tubs.  Approximately 55% of hot tubs were electric powered. Other Equipment 

accounted for 1% of total miscellaneous energy use and included trickle chargers, garage door 

openers and sump pumps. There was no significant variation in this end use between Climate 

Zones or residence types. 
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Figure 23: Miscellaneous appliances energy use by sub end use (pop wt, % MMBTU) 

 

Interior Lighting 
Interior lighting accounted for 6% of overall appliance energy use and 7% of total appliance 

electricity use for the three Climate Zones in the Railbelt and Southeast.  Figure 24 shows the 

relative contribution of the various bulb types that were used in the homes surveyed.  

Incandescent bulbs were the most prevalent lighting type, accounting for 48% of total lighting by 

energy (MMBTU), followed by compact fluorescent bulbs (CFLs) at 11%. Survey respondents 

were asked to categorically estimate the wattage of their incandescent bulbs. The CFL bulb 

wattage was assumed to be 13 watts. 

Figure 24: Interior lighting energy use by bulb type (pop wt, % MMBTU) 
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Figure 25 shows the interior lighting energy use by bulb type for each of the residence types. 

Mobile homes had the least interior lighting energy use and single family detached the largest. 

Proportionally, mobile homes had the greatest amount of CFL bulb energy usage.  

Figure 25: Interior lighting energy use by bulb type and Climate Zone (pop wt, % MMBTU) 

 

Other available characteristics on interior lighting include: number of bulbs of each type, hours 

on/off per bulb type, and type of incandescent bulb. There was no significant variation in this 

end use between Climate Zones. 

Exterior Lighting & Seasonal Decorative Lighting 
Exterior lighting accounted for 2% of overall appliance energy use and seasonal decorative 

lighting accounted for 1% for the three Climate Zones in the Railbelt and Southeast.  Figure 26 

shows the relative contribution of the various bulb types that were used for exterior lighting 

combined with the total for seasonal decorative lighting.  Large halogen bulbs consumed the 

largest amount of energy. 
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Figure 26: Exterior & seasonal lighting energy use by bulb type (pop wt, % MMBTU) 

 

Other available characteristics on exterior lighting include: number of bulbs of each type, hours 

on/off per bulb type, and type of incandescent bulb. Other available characteristics on seasonal 

decorative lighting include: number of light strands of each type (large incandescent, small 

incandescent, LED), type of light strand, hours on/off, months on/off.  

Other Kitchen Equipment 
Figure 27 Other kitchen equipment (including coffee makers, deep fryers, electric 

frying pans, electric kettles, slow cookers, toasters and toaster ovens) accounted for 2% of total 

appliance energy use and 3% of total appliance electrical use.  However, each appliance 

contributes to this total load.  Coffee makers are the largest sub category at 38%, followed by 

toasters at 29%. 
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Figure 27: Other kitchen equipment energy use by sub end use (pop wt, % MMBTU) 

 

Other available characteristics on other kitchen equipment include: number of coffeemakers/ 

toasters/toaster ovens, type of coffeemaker. 
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Southeast and Railbelt Alaska Non-Residential Energy 
Use 

Introduction 
This section summarizes non-residential energy use for Climate Zones 6, 7 and 8 for the Railbelt 

and Southeast Alaska by end use, climate zone, and building use. A detailed description of the 

energy end-use methodology is provided in the Methods section located in the appendices.  This 

includes detailed discussion of the available non-residential building data in the study region, the 

sampling and survey approach used for this study, and detailed energy end-use calculation 

methodologies.  

All of the available parcel data and assessor records were obtained and reviewed. Parcel data was 

not obtainable for all areas within the study. Furthermore, there is a lack of consistent descriptive 

data for non-residential buildings in the Railbelt and Southeast (e.g., building counts, building 

types, square footage, etc.). A stratified random sample of the Railbelt and Southeast Alaska was 

conducted. The study region was divided by Climate Zone and building type (9 primary building 

type categories as shown in Table 6

selected to be surveyed, to provide statistics on building characteristics and energy end use that 

can be extrapolated to the entire population.  Table 6 summarizes key statistics on the survey 

sample, and the population of buildings represented in each strata. 
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Table 6: Railbelt and Southeast non-residential building summary data 

 
Building Type 

 
Climate 

Zone 

Survey Data Population Data 

Average 
SF/Bldg 

Survey 
Total SF 

Surveyed 
Buildings 

Total Bldgs 
in  

Population 

Estimated 
Population SF 

Food service 6 5,866 76,259 13 111 651,135 

Healthcare  6 34,694 416,332 12 38 1,318,385 

Institutional 6 9,292 139,387 15 124 1,152,266 

Lodging 6 9,076 117,985 13 77 698,834 

Office 6 10,036 210,758 21 349 3,502,597 

Other 6 8,238 65,900 8 364 2,998,450 

Retail 6 22,394 425,477 19 349 7,815,341 

Service 6 7,929 142,715 18 134 1,062,434 

Warehouse 6 13,240 251,551 19 874 11,571,346 

Food service 7 7,750 131,747 17 579 4,487,148 

Healthcare  7 26,635 399,522 15 229 6,099,369 

Institutional 7 21,962 307,465 14 935 20,534,270 

Lodging 7 17,370 330,022 19 437 7,590,506 

Office 7 24,927 598,237 24 1,562 38,935,258 

Other 7 16,843 286,323 17 1,634 27,520,693 

Retail 7 18,562 464,038 25 1,782 33,076,629 

Service 7 10,646 180,980 17 977 10,401,027 

Warehouse 7 19,658 353,843 18 4,496 88,382,118 

Food service 8 5,147 87,504 17 136 700,032 

Healthcare  8 42,981 644,710 15 40 1,719,227 

Institutional 8 13,463 484,655 36 162 2,180,948 

Lodging 8 9,973 179,521 18 81 807,845 

Office 8 7,137 228,391 32 406 2,897,711 

Other 8 5,443 136,066 25 415 2,258,696 

Retail 8 11,323 283,087 25 398 4,506,745 

Service 8 8,422 218,981 26 152 1,280,197 

Warehouse 8 15,796 426,483 27 997 15,748,280 

Totals    525 17,838 299,897,483 

 

Energy Use by Climate Zone 
Figure 28 shows the total non-residential building energy use for each of the Climate Zones in 

the study area. Some light industrial facilities are included in the non-residential sample.  

Facilities supporting large industrial enterprises are not included. The total number of buildings 

and the non-residential square footage by Climate Zone is shown in Appendix A. Total energy 
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use calculations use standard calculation protocols described in the methodology section, also 

included in Appendix A. 

Climate Zone 6 generally corresponds to the Southeast, Climate Zone 7 to the Anchorage Area, 

and Climate Zone 8 to the Fairbanks area.  Climate Zone 7 contains the largest population of 

non-residential buildings and accounts for the largest percentage of non-residential building 

energy use. 

Figure 28: Total non-residential energy use in the Railbelt and Southeast by Climate Zone 

 

Figure 29 shows similar data, but represents the average non-residential building energy intensity 

(kBTU/ft2/year) for each Climate Zone and the entire study area. Climate Zone 8 is the most 

extreme and buildings use the most energy per square foot. 
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Figure 29: Average non-residential building energy intensity by Climate Zone 

 

Energy Use by Fuel Type 
Figure 30 shows non-residential building energy use by fuel type. Electricity accounts for 44% of 

building energy use. Natural gas is the next largest fuel source, accounting for 39% of building 

energy  

Figure 30: Total non-residential building energy use (MMBTU) by fuel type. 

 

Figure 31 shows similar data of fuel type by Climate Zone. Climate Zone 7 (Anchorage area) has 

a large penetration of natural gas, while the other Climate Zones do not and rely on other fuel 

types.  
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Figure 31: Fuel type by Climate Zone 

 

Energy Use by Building Type 
Figure 32 and Table 7 show the total Railbelt and Southeast non-residential building energy use 

broken down by building type (blue bars, read from left axis). Warehouse type buildings use the 

largest amount of energy. Also plotted is the total building area by building type (red bars read 

on right). The total building energy use correlates to total building area for each building type.  

Figure 32: Total building energy use and area by building type 
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Table 7: Total building energy use and area by building type 

Building Type Total Energy Use, 
MMBTU/year 

Estimated Building Area 
(SF) 

Foodservice 1,922,406 5,838,314 

Healthcare 1,329,890 9,136,981 

Institutional 2,402,436 23,867,483 

Lodging 1,034,281 9,097,185 

Office 3,714,242 45,335,566 

Other 3,170,122 32,777,839 

Retail 4,660,790 45,398,714 

Service 1,358,434 12,743,658 

Warehouse 10,381,152 115,701,744 

Total 29,973,753 299,897,483 

 

Figure 33 shows average energy intensity (kBTU/SF) for all Climate Zones by building type. Food 

service is the most energy intensive building type due to cooking energy. Healthcare facilities are 

the second most energy intensive building type.  

Figure 33: Average building energy intensity by building type for all Climate Zones 

 

 

Energy Use by End Use 
Figure 34 shows total building energy use by primary end-use categories for all non-residential 
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the total building energy use, followed by interior lighting (23%), domestic hot water heating 

(DHW), and office equipment. 

Figure 34: Total non-residential energy end-use consumption in MMBTU/yr, Climate Zones 6, 7 and 8. 

 

 

Figure 35 shows similar total energy end-use data for each of the building types, aggregated for 

Climate Zones 6, 7 and 8. This shows how total energy end-use consumption varies by building 

type. In general, heating accounts for around 50% of total energy use in all building types except 

for healthcare and food service facilities, where laundry and cooking, respectively, represent 

significant portions of total energy use. 
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Figure 35: Total non-residential energy end-use consumption by building type in MMBTU/yr, Climate 
Zones 6, 7 and 8. 

 

 

Table 8 shows average end-use energy intensities (kBTU/SF/year) for each of the primary non-

residential building types.  
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Figure 36 shows Climate Zone 6 Railbelt and Southeast non-residential building energy use and 

total building area (SF) broken down by building type (blue bars are MMBTUs, red bars are SF). 

Retail type buildings use the largest amount of energy. The total building energy use correlates to 

total building area for each building type.  

Figure 36: Total building energy use and area by building type for Climate Zone 6 

 

Figure 37 shows Climate Zone 7 Railbelt and Southeast non-residential building energy use and 

total building area (SF) broken down by building type (blue bars are MMBTUs, red bars are SF). 

Warehouse type buildings use the largest amount of energy. The total building energy use 

correlates to total building area for each building type. 
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Figure 37: Total building energy use and area by building type for Climate Zone 7 

 

Figure 38 shows Climate Zone 7 Railbelt and Southeast non-residential building energy use and 

total building area (SF) broken down by building type (blue bars are MMBTUs, red bars are SF). 

Warehouse type buildings use the largest amount of energy. The total building energy use 

correlates to total building area for each building type. 

Figure 38: Total building energy use and area by building type for Climate Zone 8 
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Figure 39 shows total energy end use data for each of the building types for Climate Zone 6.This 

shows how total energy end use consumption varies by building type. In general, heating 

accounts for around 49% of total energy use in all building types except for healthcare and food 

service facilities, where laundry and cooking, respectively, represent significant portions of total 

energy use. Interior Lighting makes up a significant portion of total energy use in both Retail and 

Office buildings for Climate Zone 6.  

Figure 39: Total non-residential energy end use consumption by building type in MMBTU/yr, Climate 
Zone 6 

 

Figure 40 shows total energy end use data for each of the building types for Climate Zone 7.This 
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Figure 40: Total non-residential energy end use consumption by building type in MMBTU/yr, Climate 
Zone 7 

 

Figure 41 shows total energy end use data for each of the building types for Climate Zone 8.This 

shows how total energy end use consumption varies by building type. In general, heating 

accounts for around 56% of total energy use in all building types except for healthcare and food 

service facilities, where laundry and cooking, respectively, represent significant portions of total 

energy use. 

Figure 41: Total non-residential energy end use consumption by building type in MMBTU/yr, Climate 
Zone 8 
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Energy Consumption Details by Climate Zone and Building Type 
Table 9 summarizes key energy intensity data (kBTU/SF/year) for each building type in each of 

the three climate zones covered. Note that more detailed data on specific energy end uses is 

available in the detailed energy end-use spreadsheets provided as an electronic appendix to this 

document. 

Table 9: Detailed energy intensity data (kBTU/SF/year) for the primary end uses for each building type 
and climate zone 
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Energy End-use Details  
The energy end-use study has provided detailed information on a wide range of specific building 

energy end uses and building characteristics. This provides a rich data set that can be mined and 

explored to understand Alaskan non-residential building energy use, appliance and equipment 

saturations, building characteristics, etc. This data can be used to inform policy, serve as the 

baseline to measure policy effectiveness (e.g., the penetration on energy efficient lighting 

products), etc. This section provides a brief summary of some of the key end-use data available in 

the complete results. 

Figure 42 provides a breakdown of total nonresidential lighting energy by lighting 

technology/lamp type. Fluorescent lighting (including T12, T8 and T5 lamps) accounts for nearly 

60% of the total lighting. Inefficient lamp types for which there are good energy efficiency 

upgrades available constitute approximately 51% of the total lighting energy, and presents a good 

opportunity for the state to focus on lighting efficiency policy in the nonresidential sector.  

Figure 42: Total non-residential lighting electricity use (kWh/year) by lamp type, Climate Zones 6, 7 
and 8 

 

 

Figure 43 shows total computer and IT related energy consumption for nonresidential buildings. 
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Figure 43: Total non-residential computer and IT electricity use (kWh/year), Climate Zones 6, 7 and 8 
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A statistical analysis of total energy use (not adjusted for the total population of buildings in the 

three Southeast and Railbelt Climate Zones) was performed at both the building level (i.e., total 

building energy use) as well as on an energy intensity basis (e.g., kBTU/SF).  These are shown as 

Table 10 and Table 11. When looking at total building energy use, there are statistically 

significant differences between climate zones and energy used to produce hot water, provide 

laundry services and total energy use.   

However, when looking at building energy intensity data, many of the statistical differences 

disappear. The amount of energy required for laundry services, measured in KBTU/ft2, is the 

only energy use category that maintains statistically significant differences between climate 

zones. This analysis suggests that a policy focused on managing end-use energy on a per-square-

foot basis may be appropriate for statewide implementation. Laundry services could receive 

special consideration in certain climate zones. 
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Table 10: Climate Zones 6, 7 and 8 Mean Non-Residential Energy Use in MMBTUs/yr 

Building 
Type 

Heating 
ventilation 

and air 
conditioning 

MMBTU 

Hot water 
MMBTU* 

 

Food 
service, 

cooking and 
refrigeration 

MMBTU 
 

Office 
equipment 

and 
information 
technology 

MMBTU 

Laundry 
MMBTU 

***  

Lighting 
MMBTU 

All end 
uses 

MMBTU 
*  

Food 
service 

508.67 47.46 1326.56 355.74 3.08 312.59 2554.11 

Healthcare 1394.21 330.95 267.74 2000.69 9590.82 2493.70 16078.12 

Institutional 761.36 266.26 35.86 169.42 1.59 592.17 1826.66 

Lodging 717.38 157.89 128.09 185.18 54.76 785.54 2028.83 

Office 689.42 126.28 11.05 140.39 5.90 400.12 1373.16 

Other 689.07 39.44 30.84 97.83 1.61 464.90 1323.69 

Retail 902.88 88.54 289.50 92.72 1.08 1896.03 3270.75 

Service 523.34 44.78 227.91 76.54 7.20 532.70 1412.47 

Warehouse 894.35 39.03 31.38 103.42 1.18 798.39 1867.75 

Total 776.36 118.80 247.02 303.05 811.00 896.02 3152.25 
*ANOVA significant at .05, ** significant at .01, ***significant at .001  

 

Table 11: Climate Zones 6, 7 and 8 Mean Non-Residential Energy Use in kBTUs per Square Foot/yr 

Building 
Type 

HVAC 
kBTUsqft 

Hot Water 
kBTUsqft 

Food 
Service, 

Cooking & 
Refrigeration 

kBTUsqft 

Office 
Equipment 

& 
Information 
Technology 
kBTUsqft 

Laundry 
kBTUsqft 

*  

Lighting 
kBTUsqft 

All End 
Uses 

kBTUsqft 

Food 
service 93.14 9.59 211.60 139.83 0.73 64.82 519.71 

Healthcare 75.42 17.18 9.09 69.64 27.95 75.14 274.41 

Institutional 63.99 15.97 2.88 23.21 0.18 57.06 163.29 

Lodging 81.36 11.60 11.26 32.69 5.41 176.41 318.73 

Office 83.77 7.05 1.61 31.01 1.17 45.68 170.29 

Other 84.39 6.80 2.85 29.32 0.55 54.13 178.04 

Retail 70.77 4.78 244.22 17.56 0.17 302.14 639.64 

Service 69.88 10.06 4.47 14.88 0.77 69.08 169.13 

Warehouse 68.24 3.87 1.60 8.22 0.22 52.96 135.11 

Total 76.44 9.13 57.01 37.87 3.33 102.67 286.46 
*ANOVA significant at .05, ** significant at .01, ***significant at .001  
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Characteristics of Energy Use in the Non-Residential Sample 
The underlying energy end-use study data contains many more details that are available to be 

analyzed and processed to inform Alaskan energy policy.  The following sections present data on 

energy use within each climate zone. Unlike the previous section, this information emphasizes 

the average end-use energy values for each type of building in the non-residential sample. This 

data is not generalized to the total population, but allows policy makers and program planners to 

use baseline building specific data to plan program interventions and measure the effectiveness 

of initiatives within each climate zone. 

Non-Residential Energy use by Climate Zone 

Figure 44 shows that buildings in Climate Zone 8 use substantially more energy than buildings in 

Climate Zones 6 or 7 when measured on a MMBTU basis.  

Figure 44: Total Non-Residential Energy Use by Climate Zone in MMBTUs/yr 

  

 

However, when energy intensity is measured by dividing the total energy use by the square 

footage of the building, the pattern is reversed. Buildings in Climate Zone 6 use more energy 

than those in either Climate Zone 7 or 8 (Figure 45). The differences appear to be attributable to 

heating energy use. 
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Figure 45: Total Non-Residential Energy Intensity by Climate Zone in kBTUs /ft 2/yr  

 

 

Each Climate Zone has a different distribution of total energy use. Figure 46 shows that the 

amount of energy used for heating, ventilation and air-conditioning is highest in Climate Zone 7.  

Laundry is highest in Climate Zone 8.  Hot water production, while a small overall portion of 

total energy use, is the only single use that shows statistically significant differences between 

Climate Zones. 

Figure 46: Energy distribution in MMBTUs/yr, Climate Zones 6, 7 and 8 
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An analysis of energy intensity, measuring annual energy use by building square foot, shows a far 

different picture of the distribution of energy use (Figure 47). As would be expected, the per-

square-foot energy requirements for heating are highest in Climate Zone 8. The per-square-foot 

energy requirements for lighting are highest in buildings in Climate Zone 7. 

Figure 47: Energy intensity (kBTUs /ft 2/yr ) by use category and Climate Zone. 

 

 

Detailed energy use data by Climate Zone is shown in Table 12 and Table 13. 

Table 12: Total energy use by Climate Zone, all building types, in MMBTUs/yr. 

Climate 
Zone 

HVAC 
MMBTUs 

Hot 
Water 

MMBTUs 
 

Food Service, 
Cooking & 

Refrigeration 
MMBTUs 

Office 
Equipment & 
Information 
Technology 
MMBTUs 

Laundry 
MMBTUs 

Lighting 
MMBTUs 

All End 
Uses 

MMBTUs 

6 620.20 57.00 238.12 382.61 216.81 1030.85 2545.59 

7 855.17 194.48 230.60 140.30 123.38 929.67 2473.60 

8 849.63 96.54 275.30 406.98 2227.57 715.58 4571.60 

Total 776.36 118.80 247.02 303.05 811.00 896.02 3152.25 

*ANOVA significant at .05, ** significant at .01, ***significant at .001  
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Table 13: Total energy intensity by Climate Zone, all building types, in kBTUs/ft 2/yr  

Climate 
Zone 

HVAC 
kBTUs/ft

2
/yr  

 

Hot Water 
kBTUs/ft

2
/yr  

 

Food Service, 
Cooking & 

Refrigeration 
kBTUs/ft

2
/yr  

Office Equipment 
& Information 

Technology 
kBTUs/ft

2
/yr  

Laundry 
kBTUs/ft

2
/yr  

Lighting 
kBTUs/ft

2
/yr  

All End Uses 
kBTUs/ft

2
/yr  

6 57.56 6.38 113.68 64.97 3.39 82.44 328.42 

7 83.92 11.99 26.52 18.00 2.12 159.02 301.57 

8 87.66 8.72 32.59 32.29 4.67 59.02 224.95 

Total 76.44 9.13 57.01 37.87 3.33 102.67 286.46 

*ANOVA significant at .05, ** significant at .01, ***significant at .001  

Climate Zone 6 non-residential energy use 

Climate Zone 6 is most of Southeast Alaska, but includes non-residential buildings in Haines and 

Kodiak.  The decision to include these two areas in Climate Zone 6 was made to account for the 

similarity in the air maritime climate. 

Overall Energy Use in All Buildings 

In Climate Zone 6, healthcare facilities are by far the largest energy user when measured by their 

total MMBTU use. Figure 48 

which include parking facilities, sports facilities, multipurpose centers and other types of 

facilities. 

Figure 48: Total Energy Use in MMBTUs.yr, Climate Zone 6 
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When divided by the square footage of each building, energy use patterns shift. Figure 49 shows 

that retail and food service buildings become the most energy intensive buildings, and healthcare 

facilities drop down considerably. 

Figure 49: Total Energy Intensity in kBTUs/ft 2/yr , Climate Zone 6 

 

 

Distribution of Total Energy Use 

Lighting uses a higher proportion of the energy (41%) in buildings sampled in Climate Zone 6 

than any other single use. Heating, ventilation and air-conditioning use 24% of all of the energy, 

and office equipment and information technology use an additional 15%.  These are shown in 

Figure 50. 

The energy intensity calculations, however, show a different perspective. When the total square 

footage of each building is taken into account, the proportion of energy required for lighting 

drops from 41% to 24%. Energy required to operate office and information technology 

equipment increases from 15% to 20%. Heating, ventilation and air-conditioning are a smaller 

portion of energy use when examined on a per square foot basis, decreasing from 24% of total 

energy use to 17% of energy use on a per square foot basis per year (see Figure 51). 

746.57 

180.70 199.86 

297.00 

144.09 
195.31 

833.21 

197.81 
160.67 

0.00 

100.00 

200.00 

300.00 

400.00 

500.00 

600.00 

700.00 

800.00 

900.00 

T
o

ta
l E

n
e

rg
y 

In
te

n
si

ty
 in

 k
B

T
U

s
/f

t
2 /

yr
 



 

 

56 

 

Figure 50: Distribution of Total energy use in MMBTUs/yr, Climate Zone 6. 

 

 

Figure 51: Distribution on Non-Residential Energy Use, kBTUs /ft 2/yr  Climate Zone 6. 

 

There is substantial variation in the overall distribution of energy use in non-residential buildings 

in Climate Zone 6.  Figure 52 shows that heating, ventilation and air-conditioning require the 

largest amount of energy in office buildings. Food service buildings, on the other hand, devote a 

smaller portion of their MMBTUs to this energy use.  As would be expected, food service, 

cooking and refrigeration require far more energy in food service facilities than in other types of 

buildings. 
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Figure 52: Energy distribution in MMBTUs/yr, Climate Zone 6. 

 

 

When examined on a per-square-foot basis, the energy used for lighting retail spaces decreases, 

and the amount of energy for food service, cooking and refrigeration increases dramatically. The 

amount of energy required for heating office space, however, remains largely unchanged (Figure 

53). 

Figure 53: Energy intensity (kBTUs /ft 2/yr ) by use category, Climate Zone 6. 

 

 

Detailed information on energy use in Climate Zone 6 is shown in Table 14 and Table 15. 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

D
is

tr
u

b
u

tio
n

 in
 E

n
e

rg
y 

U
se

 i
n

 
M

M
B

T
U

s/
yr

 

Lighting MMBTUs 

Laundry MMBTUs 

Office Equipment & 
Information Technology 
MMBTUs 
Food Service, Cooking & 
Refrigeration MMBTUs 

Hot Water MMBTUs 

HVAC MMBTUs 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

E
n

e
rg

y 
In

te
n

s
ity

 in
 k

B
T

U
s/f
t

2 /
yr

 

Lighting kBTUsqft 

Laundry kBTUsqft 

Office Equipment & 
Information Technology 
kBTUsqft 
Food Service, Cooking & 
Refrigeration kBTUsqft 

Hot Water kBTUsqft 

HVAC kBTUsqft 



 

 

58 

 

 

Table 14: Total energy use by Climate Zone by building types, in MMBTUs/yr, Climate Zone 6. 

Building 
Type 

HVAC 
MMBTUs 

Hot 
Water 

MMBTUs 
*  

Food Service, 
Cooking & 

Refrigeration 
MMBTUs 

Office 
Equipment & 
Information 
Technology 
MMBTUs 

Laundry 
MMBTUs 

***  

Lighting 
MMBTUs 

All End 
Uses 

MMBTUs 
*  

Food service 253.68 30.72 1073.49 1119.81 2.67 262.33 2742.70 

Healthcare 1182.12 258.66 245.46 2362.99 2340.85 4470.09 10860.18 

Institutional 360.93 59.48 21.78 190.10 0.61 671.90 1304.79 

Lodging 547.37 82.68 123.23 29.41 22.46 648.10 1453.25 

Office 838.37 31.60 12.80 114.22 12.96 599.60 1609.56 

Other 371.90 15.82 9.54 58.60 2.07 365.46 823.39 

Retail 940.19 39.09 711.08 60.70 1.02 1278.45 3030.52 

Service 373.07 33.37 3.92 85.49 16.15 408.26 920.26 

Warehouse 510.59 12.57 38.78 48.75 1.32 952.12 1564.12 

Total 620.20 57.00 238.12 382.61 216.81 1030.85 2545.59 

*ANOVA significant at .05, ** significant at .01, ***significant at .001  

Table 15: Total energy intensity by Climate Zone by building types, in kBTUs /ft 2/yr , Climate Zone 6. 

Climate Zone HVAC 
kBTUs/ft

2
/yr  

 

Hot Water 
kBTUs/ft

2
/yr  

 

Food Service, 
Cooking & 

Refrigeration 
kBTUs/ft

2
/yr  

Office 
Equipment & 
Information 
Technology 
kBTUs/ft

2
/yr  

Laundry 
kBTUs/ft

2
/yr  

**  

Lighting 
kBTUs/ft

2
/yr  

All End Uses 
kBTUs/ft

2
/yr  

Food service 55.40 7.17 165.94 460.95 0.63 56.48 746.57 

Healthcare 51.29 5.39 8.30 31.48 30.86 53.38 180.70 

Institutional 52.47 7.02 2.41 52.95 0.16 84.84 199.86 

Lodging 62.52 11.94 16.25 6.26 2.69 197.34 297.00 

Office 73.58 3.92 1.45 22.31 0.68 42.15 144.09 

Other 64.86 5.47 2.45 59.69 0.93 61.92 195.31 

Retail 50.66 2.98 691.70 31.56 0.17 56.13 833.21 

Service 55.03 13.50 1.35 16.23 0.70 110.98 197.81 

Warehouse 51.23 2.32 2.80 7.70 0.18 96.44 160.67 

Total 57.56 6.38 113.68 64.97 3.39 82.44 328.42 
*ANOVA significant at .05, ** significant at .01, ***significant at .001  

Climate Zone 7 Non-residential energy use 

Climate Zone 7 is the region that incorporates much of Southcentral Alaska. Its climate is slightly 

cooler than that in Climate Zone 6.  

Buildings in Climate Zone 7 showed the same basic pattern of energy use as those in Climate 

Zone 6. Healthcare facilities and retail buildings appeared to have the highest overall energy use, 

measured in MMBTUs (Figure 54). 






































































































































































