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The primary purpose of thiEnd-use Study (EUSE to provide energy end use details for
residential and no#residential buildings in Southeast Alaska (Climate Zone 6), Smitat
Alaska (Climate Zone 7), Fairbanks/Interior (Climate Zonea8y the rural North/Northwest
Alaska Building upon this geographic stratificatiomis important to place building energy use
in context of statewide energgpnsumption athe regiond level. The AEA/EUS also provided
basic enelse energy and building benchmark information on severatinolding categories,
including street lighting and water/waste teratreatment infrastructure.ln conjunction with
AEA, the data was amalgamateddtmcument overall statewide energy use for residential and
non-residential buildings in Climate Zones86 water/wastewater infrastructure energy use, and
non-Residentilrural community buildings.

Specifically, the purposes of the AEA B¥gk Study are to

1 Provide baseline data on energy use in residential and nonresidential buildings through
statistical estimates of building energy consumption by “end-use” (e.g., heating, cooling,
lighting, etc.), stratified by building type, location, and other parammeter

1 Establish a framework for future ende studies.

This enduse datanay beused to:

1 Identify opportunities for energy efficiency measures.
1 Track changes over time in building and community energy use intensities and
greenhouse gas emissions.

The report presents information on residential, nonresidential energy-used data for
communities in the Railbelt and Southeast Alaska Rediotiser disaggregated by Climate
Zone The conclusions noted below are shown in greater detail in the conclgsiciien 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.

1 The average residence Railbelt and Southeast Alaska regions uses 269 MMBTUSs in
energy each yeaand total energy use & million MMBTUSs.



Residents of Railbelt and Southeast Alaska use about 80% of their total energy (in
MMBTUS) to heat their homes.

Single family detachedesidences 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 househoRailimelt and
Southeast Alaska, and oil is the primary fuel in Southeast Alaska.

Domestic hot water uses betweefo @nd 11% of energy in Raildelnd Southeast
Alaskan homes.

Electrical appliances use between 8% abib df all MMBTUs among respondent
households in Railbelt and Southeast Alabki&d 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 Higst energy intensity (KBTU#jtin space heating, domestic

hot water production and operating appliances.

Based on average energy use by variousregidential building types, Railbelt and
Southeast Al&s regions use over 29,974.000 MMBTUSs 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 servicdacilities have more energy intensithan any other type of baiing in
Climate Zones 6,,and8.

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 gyause for all fuel types, at 26%.

Lighting uses the largest proportion of energy (28%) in-mesidential buildings in all

three Climate Zones.

Lighting has the highest energy intensity of #tesidential end use, at 36% of all kBTUs.
Laundry services ihealthcare 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 nonresidential energy use is higher in more northerly Climate Zones, it
appears to be lower when energy intensity is measured.

Bethel is estimated to uaknostl1.3 million MMBTUs of energy per year.
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Oil is the primary heating fuel for Bethel residential use.

On average, Bethel residents use aln2&MMBTUs 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 hatlee highest energy intensity, at 335 kBTUs per square foot of
any building type.

Almost three quarters (@%6) of all energy used by noesidential buildings in Bethel is
used for heating, ventilation and -aonditioning.

Space heating is the dominargeuof energy in all building types except food service
buildings.

Together, the threeural 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.

Most (92%) of the almost 2000 ruren-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.

There does not appean 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 thaessaty or having
inadequate utilidor insulation results in significantly higher utility systems costs.

Communities who participated in the study used overBilion 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 switdbingeD street
lighting technology.

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 benefitthrernse of denominators.

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

ARIS (from AkWarm®© energy raters) was supplemented with survey data to provide a
comprehensive picture of residential energy.us

Survey research, combined with ansite/walkthrough methodologyappeardo be an
effective way of collecting ense energy data.

Energy Wise energy use data appeardda@ promising source of energnduse
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.



Theintent of the Alaska Energy Authorignd-useStudy (AEA/EUS]jsto:

1 Establishbaselineenergy consumptiodata related to power and heat usage

1 Develop a repeatable methodology that will allow AEA, project partners, or others to
measure changes in baseline energy useesaliateenergy efficienc measures over
time;

1 Guideenergy efficiencpolicy and programsor residential and noresidentialsectors of
Southeastlaska the Railbelt, and Rural Alaskand

1 Inform policy makers, AEA stakeholders, and other project partners on energy
consumption patterns in Alaska.

The energendusedata collected is intended to provide a snapshot of energyasa specific
time period to support planningfor energy efficiency programs.This report includes
information andfield datacollectionprotocolsused tocollect energgnd-usedata for residential
and nonresidential buildings in Alask®ue tothe urique energyghallenge# differentregions
of Alaska multiple data collectionmethodologiesvere utilized The methodology is further
described in Appendix A.

The EUS focuses on energy consumption in the residential andesaential building sectors
which are amondhe largest energy end users in Aladkee EUSalso exploreseveral non

building end usessuch astreet lighting and water/waste water treatment infrastructirgergy

end-usedatacombined to describe theverall energy use for

Residential and nomesidential buildings ilClimate Zone 68&;
Residential and nenesidential buildings iselected rural communities;
Rural nonresidential community buildings; and
Water/wastewatanfrastructureand street lighting

= =4 4 =2

Specifically, tb purposes of the AEEBnd-useStudy are to:

1 Provide baselinenergy uselatafor residential andhon-residentialbuildings through
statistical estimates of building energy consumption by “end us@ (e.g., heating, cooling,
lighting, etc.)stratified by buding type, location, and other parameteaad

1 Establish a framework for futusnd-usestudies.

! The sector analysis shows that then-residentialsector is the third largesnergy user.

% Climate Zones are defined in the Building Energy Efficiency Standards (BEES).



This end-usedata isintendedto:

1 Identify opportunitiesfor energy efficiency measures;

1 Track changes over time in building and community energy use itieshsand
greenhouse gas emissions by establishing a baselinerth plicated in future years;
and

1 Support the Alaska LegislatureanhievingAlaska’s 15% Energy Efficiency Goal.

In 2010 the Alaska Legislatureda@overnor passed HB306 that stated

“It is the intent of the legislature that the state achieve a 15 percent increase in energy efficiency on
a per capita basis between 2010 and 2020.”

For the purposes of this study, the researchers have interpretdé&dhegoal 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 lightingnd water/sewer facilitidsetween the base year of 2010 and the yeat 2020.

For the purposes of this goal, some small manufacturingigintdndustrial users are included as
part of the goal, butarge industrial users are ndtor the purposes of thigoal,ndustrial users
aredefined ashose that

1 Have commercial accounts with their electric utiléxd¢ludingindustrial, interruptible or
other vey large customer accountsy;

1 Would qualify for the Alask&ommercial Energy Audit Program

1 Federal hildings that werdncluded inthe End-use Study’s sampling for commercial
buildings are included in the goal

1 Military bases and military operationaviation fuel operations, and transportation fuel
operationsare excluded.

The Stateecognizethevalue 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@gress toward the goladsed on

1 Top down per capitalotal energy distributed in applicablesidential and non
residential sectors divided by total population (i.e. total electicsales divided by
population);



Top down per square fookotal energy distributed in applicable sectalisided by
square foageof built environment. This measug allows for changes in the number of
buildings andthe number of occupantger building overtime;

Bottom up per capitaSample buildingenergy end uses by sector and by region,
extrapolateacross entirstate, and divide yptal population;

Bottom upper square footSample building energy end uses by sector and region,
extrapolateacross entirstate, and divide by total square footage ot baWironment;
Average energy intensity measuremamtasure longitudinal changes in energy intensity
(BTU/df/year), normalized by heating degree daysselected buildings, by se¢tand

Sum of known savingsumall verified savings due to energy efficiency prograr@sce
this measure cannot captuemergy savings from neprogrammaticenergyefficiency
measures,it provides an incomplete picture of total energy savingtowever, the
measure isery accurate fahe verified sample

The 201 End-useStudy capturemeasures at thregional level, including
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Southeashlaska (Climate Zone 6)
SouthcentraRailbeltAlaska (Climate Zone 7)
Interior Railbelt Alaska (Climate Zone;&nd
Rural North and WesAlaska

In future yearsthe regionsmay be further sudlivided into the 11 energy regionmsnitored by

AEA.

This report § organized around major regions, building types, and independent stugles.
those interested in the methodological approadier to thehighly detailed, independent
implementation plan entittedEA EndUse Study Methodoldgy

The EUSs organizedri the following sections:

T

ResidentiaEnergyEnd-useResultsThis section describébe energyend-useresults for
BEESClimate Zone 6 (Southeast AK), B¢uthcentral), and 8 (Interior) favarious types
of residences;

NonResidential Enerdggnd-useResults This section describes the eneegytuseresults
for Climate Zons 6, 7, and ®r variousAlaskanon-residential buildings;

Rural Northand WestResults This sectiordescribsthe energyend-useresultsas found
in therural north and northnorthwest;

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



1 Independent Studied his section describ&sEA requestednidependent studie® assess
waterwastewaterandstreet lighing, and ruralnon-residential buildingenergy uses

1 Conclusions. This sections highlightsonclusions derived from the researchnmeaased
upon the available datand

1 Appendices This section include methodology summarydata sets, supplemental
analyses, and other informationgapportEUSconclusions

AEA relied on manyartners in the development of this studycluding the Alaska Housing
Finance Corporation (AHFC)the University of AlaskgdAnchorage Institute of Social and
Economic ResearcfiSER) Chugach Electric Association, Cold Climate Research Housing
Center (CCRHC), ResourceData Inc. (RDI), RurAL CAPR Alaska Native Tribal Health
Consortium (ANTHC), Alaska Village Electric Cooperati¢(®VEC), State ofAlaska school
districts, and staff from many Alaska city and tribal governmehite US Department of Energy
and Chugach Electric Association provided funding for this report.

AEA contractedWHPacificto design and implement the studynd teamed witlBrian Sylor
and Associate§€TG Energeticand Craciun Researdiroup.



This section summarizessidentialenergy uséor Climate Zons 6, 7 and 8 for the Railbelt and
Southeast Alaskdy end use, climate zoneregion and residence type. Alaska Retrofit
Information SystenfARIS datasets were used to calculatsidential enelse studyor heating

and domestic hot water use. This is a very rich source of HYAC 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 explorerntieisedata. Furthermore, the
ARIS data contains both pre and post retrofit fatehich provides a source of actual energy
savings and associated measures that camther analyzed

ARIS data currently does not contairdetailedinformation on lighting, apjpances, and other

“plug loads.” Therefore a supplemental survey was performed to provide additional data on
these end uses. Throughout the rest of this report, these end uses are coltefdivety toas
“appliance” end use8The 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 statisticathfid data. The aggregate results reported here
have been population weighted (pop wt) so that they are representative of the entiarestudy
population. For easy comparisanergy uséor all fuel typesvas converted into British Thermal

Units (BTUS}.

Note that all energy consumption data presented in this report is “site energy”, or the amount of

energy that is actually used or purchased by a facility. “Source energy” is not reported. Source
energy includes upstream energy conversion losses irpdher 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. Akkan transmission and distribution losses are approximately 12.9%.

“C2NJ iKAad SYyR MBENBRFAReEé> ROKSE ABWNB aadzYSR (2 0S5 NBLINBaASY.
stock, which has not participated in thecentive program.

° Appliances include all lighting, electrical and wmbectrical appliances and equipment not related to space
heating or hot water heating

® The British thermal unit is a traditional unit of energy based on the amount of energy needtegpol pound of
water from 39°F to 40°F. It eften used to measure the heat value of fuels and the power of heating and cooling
systems. A MMBTU is 1 million BTUs.



For every kWh of delivered (site) electricity, 3.65 kWh of source energy is consumed Upstream
In other words, the electricity supply system is only 27% efficient; 73% of the energptgoing
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 regiaisdel shows the population totals per climate
zone and residence type that were used for the population weighting.

Tablel: 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 Familipetached 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

Figurel shows the tota¢énergyused by residences in each of the climate zonesddrdfibelt
and Southeast Alaska (SEAK). On average, homes in the more terjenate Zones use less
energy than those itihe colder climate zone3he use of energy in Southcentdddiska (Railbelt,
Climate Zone 7) is slightly higher than energy usélimate Zone8. On average homesere 86
larger in Climate Zone 7 #h in Climate Zone 8.

"58NHzZ a®d3 YR ¢2NOSEfAYAS t & 4 2dNOSRAYIANEL blyRADYWAEA &AW
Energy Laboratory. Technical Report NREBAUP38617. June 2007.
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This section focuses on total energy use, which is shown in MMBEJats.collected for the
sanple of residential facilities in the region is generalized to the total number of residences. This
process of generalization is shown in most table headings in this report as “population weighted”

(pop wt). This allows for generalization to the total nioen 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.

Figurel: Total energy use/yr per home by climate zone for Railbelt & SEAK (pop weighted, MMBTU)
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Figure2 compares total energy use for all fuel types (includes bpulges coalfuel oil number
1 andfuel oil number 2(combined as “oil”), natural gas, propanejectricity,and appliance
fuels).

EAllnonSt SOGNAOAGE ol &SR FdzSt &a2dzNDSa (KIF G L2 g SndricityILIt Al y O
includes electricity used fapaceheating,domestic hot water and appliance energy use
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Figure2: Total annual energy use by fuel type for the Railbelt & Southeast (pop wt, % MMBTU)
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Figure3 compares stateiide total energy use by all fuel types for each climate zone within the
Railbelt and Southeast study areas. Clirdatee7 has by far the figest total energy use due to a
substantially larger population @h other climate zone3.otal Railbelt and Southeast residential
energy use within this study598.38 millionMMBTUs.

Figure3: Total annual energy seper home byfuel 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 ahajor energyuses ¢pace heating, domestic hot water, and
appliance energy usen MMBTUs for all climate zones for the Railbelt and Southeast regions

For this study appliance energy includeall electrical and notelectrical appliancesand
equipmentand lighting notdirectly 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 Climate7Zame 8.

Figure4: Total energy by major energy use per horbg Climate Zongpop wt, MMBTU)
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Table2 showspopulation weighted space heating, hot waaepliance and total energy use per
home for each of the residestypesand for eaclof the threeClimate Zons.
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Table2: Total annual energy use per home for major energy ubg<limate Zoneand residence type
for the Railbelt &Southeast, (pop wt, MMBTY

Climate Zone Total Space Heating | Domestic Hot| Appliance
Water

Climate Zones 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 Zoner 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 Zone3 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 Zone 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

Figure5 shows space heating, domestic hot water, and appliance energy uses for each region in
MMBTUs. Homes in theSoutheast regionse lesspace heating and domestic hot wageergy
than those irthe Railbelt while appliance energy has smaller differences.
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Figure5: Total energyuse per home for major energy uses bggion (pop wt, MMBTY
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Figure6 shows space heating, domestic hot water and appliance energy uses fesidacce
typefor all Climate Zons inthe Southeasind RailbeltThe figure showkighestenergy use by
familiesliving in single family detached residences and the lowest energy unsatifamily
residencesSingle family detached homes use the larglesblute and relative amount tital
energy to heat the honaad multifamily the leasfTherelativeamount ofenergyused to operate
appliances, including primary cooking and lighting, is approximately the same (be3vi€&%
in all types of residences.

Figure6: Total energy use per home for major energy uses by residence type (pop wtBWIM)
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Figure 7 shows similar datafor Climate Zons 6, 7 and &ndividually. There are statistically
significant differences; energy usdetween residendgpes. A similar pattern is shown all
three Climate Zons; home heatings the largest energy use (betweerB3%), single family
detachedesidences ugbe mostenergy, and multifamily residences the leasClimate Zones
and 8, mobile homes useome overall energy then singlamily attached homes, where in
Climate Zone/, single family attached homes use more than mobile homes.

Figure7: Total energy use per home for major energy usesrbgidence typeor CZ6, CZ7, andZ8
respectively (pop wt, MMBTY
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Figure 8 compares the average energy intensity per home area in kBfidd/#ach residence

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

Figure8: Total energyuse intensity for major energy uses ligsidencetype (ARIS, pop wt, kBTUAY
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Energy End Uses

Space heating, domestic hot watad appliance energy use wimgher broken down intend-
usecategories and suend-usecategories within those end uses. The space heating and domestic
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hot water energy consumption relied on ARIS data, while the data collection for the appliance
end uses was done througlstratified randonsurvey.Table3 expands the information on the
organization ofapplianceend-usecategories used for the Railbelt and Southeast residential study
by adding space heating and domehktit water.Some appliance sub endegswere combined

after analysisvhen andvhere appropriate.

Table3: Energy end use categories organization for the Railbelt and Southeast residential study

Major Use End Use Sub End Use
Space Heating Birch Spaceéleating, CoabpaceHeating, Electric
_ SpaceHeating, GaSpace Heating, Oill Space Heat
SpaceHeating Oil2 Space Heating, Oil Space Heating, Propane S

Heating, Spruce Space Heating

Domestic Hot Water | Birch DAV, Coal DHWElectric DHW, Gas DHW,Qill

Domestic Hot Water DHWOII2 DHWQIl DHW, Propane DHW, Spruce D

Heating

Interior Lighting Fluorescent, Incandescent.CFL, Small Halogen, Lg
Halogen
LEDQther Bulb

Exterior Lighting Fluorescent _ext, Incandescent_ex@FL_ext, Small

Halogen_ext, Large Halogen_ext, LED_ext
Other Bulb_ext

Major Appliances Refrigerator, Freezer, Dishwasher , Washer/ Dryer

Primary Cooking Oven, Stove, Microwave

OtherKitchen Coffee Maker, Electric Deep Fryer, Electric Fry Par

_ ~ | Equipment Electric Kettle, Slow Cooker, Toasleraster Oven
Appliance (electrical : - ,
and nonelectrical Entertainment TeIeV|S|_or_1, Gammg Console , DVD Player
appliances, VCR, Digital Video Recorder (DVR), Standalone C
equipment and Box . : : ,
lighting) Cable box with DVRMusic playing system, Satellite
Dish
Information Computer/ Office Equipment, Small Low Tech
Technology Electronics (e.g. radios, clocks, phones), Small Hig

Tech Electronics (e.g. cell chargers, tablets)
Seasonal Decorative | SeasonaDecorative Lighting

Lighting
Miscellaneous Garage door opener , Electric waterbed
Appliances Hot Tub, Waterwell pumps , Sewage lift pump

Sump pump , RV trickle charger, Engine Block Heg
Heat Trace/ Heat Tape, Electric Vehicle Charging
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Space heating and domestic hot water energy use was calculated using existing residential ARIS
data from 2008011. Average energy use intensities were calculated for all regjiomeste

Zones, and residence typesSpace heatingnd 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 araisingle 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 showT able4.

Table4: Annual space heating and hot water ergy use inensities for Railbelt, SEAX Rural
residential according (ARIS, kBTUjft

Region Climate | Residence Type | Space Domestic Hot
Zone Heating EUl | Water EUI
kBTU/fClyr | KBTU/fElyr
Railbelt 7 Mobile Home 1554 29.13
Single Family 119.7 16.99
Multi Family 1154 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 thmost prevalentuel type by intensity in the Railbelt followed by oil (oil number

1 and oil 2 are combined), while oil heatisgmost common irthe Southeast, followed by
spruce. Overall, the Railbelt uses more energy per square foot to heat the hontge th
Southeast.
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Figure9: Space heating energy use intensity for the Railbelt and Southeast by fuel type and region
(ARIS, urweighted, kBTU/ftlyr)
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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 Railbeuses more energy per squavetfto heat hotwater. As with space heating,
natural gas is the dominant fuel type in the Railbethile oil dominates the Southeast.
Electricity is a more common fuel type for hot water then for space heating, particularly in the
Southeast.

Figurel0: Domestic hot water energy use for the Railbelt and Southeast by fuel type and region (ARIS,
un-weighted, kBTU/f/yr)
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Figurel1lshows the breakdown of space heating by fuel type and residence typ€lionezé
Zones in the Railbeland Southeast regions. Multifamily and single family residence types most
heavily used natural gas as a space heating fuel while mobile homes awdyeulsed oil. For
multifamily homes on a MMBTU basis, 70% of space heating was attributed to natural gas use.

Figurell: Space heating energy use intensity for the Railbelt and Southeast by fuel type and residence
type (ARIS, unweighted, kBTU/ftlyr)
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Appliance Usgpliances, Equipment & Lighting

Appliance energy use accounts for 8% of total energy use for all fuelblyppes shown in
Figurel2, appliances consun@b% of total eledtity use®

o Appliances include all lightinglectrical and norelectrical appliances and equipment not related to space
heatingor hot water heating
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Figurel2: Applianceelectricalenergy use by major uses (pop wt, % MMBTU)
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Figurel3shows a further breakdown of total electricity use per home Hyeadind uses as listed

in Table3. 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%.

Figurel3: Total electricity use for the Railbelt and Southeast by end use (pop wt, % MMBTU)
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Focusing ow only on appliances;igurel4shows total ppliance energy by fuel typer home.

The majority of appliance energy is supplied by electri€¥grtain end uses can be powered by
electricity or others fuels (in most cases natural gas). These include primary cooking (ovens and
stoves), majoappliances (washers and dryers), and miscellaneous appliances (hot tubs).
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Figurel4: Total appliance energy use by fuel type (pop wt, % MMBTU)
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Figure15 shows total appliance energy use (all fuel types) per home for eacmepgind use
defined inTable2. Aggregating by fuel type shows major changelsardistribution 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.

Figurel5: Total appliance energy by end use (pop wt, % MMBTU)
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Figure 16 shows total appliance electricity use (this excluae$uelpowered ovens, stoves,
washer/dryers, and hot tubs) per home for each apgdi@md use asfileed in Table2. Primary

cooking (specifically ovens and stoves) relies equally on electricity and other fuel sources and
therefore makes up 26% of total appliaesergy use but only 16% total appliance electricity use.
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Figurel6: Total appliance electricity by end use (pop wt, % MMBTU)
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Major appliances aréne largesenergy consumingpplianceend use for alClimate Zons. This

is followed by primary cooking.Figure17 shows total appliance energy use (all fuel types) per
home by appliance end use for by residence type. Mobile homes havgdbsedeamary 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 appbkagiwergy by appliance end uses adttissate Zons

showed little variation.

Figurel7: Total appliancesnergyby end use by residence type (pop wt, MMBTU)
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Each end use is discussed in detail in the following seclibesenegy use for eacbnd-use
category is comprised of a number of sulal uses as shown Trable2. Survey datacollection

has provided extensive information on appliance saturations, use patterns and energy
consumptions of the specific appliancBse energy use is shown in detaiT ables.
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Table 5: Railbelt and Southeast appliance energy use by end use for &ithate Zoneand residence type (pop wt, MMBTU)

Interior | Exterior | Major Primary | Other Entertainment| Information | Seasonal| Miscellaneous Total
Lighting | Lighting | Appliances| Cooking | Kitchen Technology| Lighting | Appliances
Equipment
Climate Zones 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 Zone7 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 0.71 455| 27.29
Climate Zone3 1.17 0.68 6.70 5.86 0.48 2.50 2.14 0.04 291| 22.48
Mobile Home 0.76 0.40 5.65 5.82 0.44 3.30 1.90 0.20 254 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 Zons 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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The majorappliances category was the largest erenggumingend use for alClimate Zone

in the Railbelt and Southeastntributing to 31% of total appliance energy use and 37% of total
applance electricity userigure 18 shows the relative contribution of the four sub end uses
(refrigerators, freezers, washer/dryers, and dishwashers). Major appliance us@disidssl
Climate Zons andresidenceaypes followed a simildoreakdown.

Refrigerator use was the largest appliance use in this categtiry52% 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 respondergsagieed what fuel type was used for both their
washer and dryer. If unknowthe primary heating fudbr the homewas used as the default. On
average70% ofwasher/dryer energyasderived fromelectricity.

Figurel8: Major appliances energy use for the Railbelt and Southeast by sub end use (pop wt, %
MMBTU)

m Refrigerator
m Freezer
Dishwasher

m Washer/ Dryer

Other available characteristics on major appliances in the home include: number of
refrigerators/freezers, age of refrigerators/freezers, size of refrigerators/freezerf ag
dishwasher, dishwasher loads per week, energy star rating for all major appliances, and laundry
loads per week.

Primary cooking was the second largest energy end use @inalte Zons in the Railbelt and
Southeast, contributing t@7% of overall appliance energy use and 16% of totahmppl
electricity use Figurel9shows the relative contribution of the three sub end uses (ovens, stoves
and microwaves)Stoveuse was the largest appliance ushis category. Approximately %#®of
stoveenergy use was electricity based.
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Figurel9: Primary caking energy use for the Railbelt and Southeast by sub end use (pop wt, %
MMBTU)
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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/stovesives.

The average daily stouse as collected by the surveasvt.7%ours perdayfor the Railbelt and
SoutheastThe average weekly oven use was 5.4 hbhesunit energy consumption value used
was 1.&kWh/hr for electric ovenand 0.09 therms/hmof gas stovés

Entertainment

The entertainment category was the third largest energy end useGhnedke Zone for the
Railbelt and Southeast, contributing to 11% of overall appliance energy use and 15% of total
applance electricity useFigure20 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/homeenergysaver.pdf
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Figure20: Entertainment energy use for the Railbelt and Southeast by sub end use (pop wt, %
MMBTU)
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Figure21 shows the entertainment energy use by sub end use for each of the residence types.
Mobile homes had the largest energyingbe entertainmenéend-usecategory.

Figure21: Entertainment energy use for the Railbelt and Southeast by sub end use and residence type
(pop wt, % MMBTU)
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Other available characteristics entertainmentin the home include: number of televisions, type
of television, and hours of televisioseuper week:here was not significant variation in this end
use betweeg@limate Zons.
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Information Technology

The information technology category accounteddbout9% overall appliance energy use and
11% of total appliance electricity for the thi@kmate Zone in the Rilbelt and Southeast.
Figure 22 shows the relative contribution of the various sub end uses within this category.
Computers and other office equngnt were the largest energy sub end use of this category.
There was no significant variation in this end use betWdiemate Zons or residence types.

Figure22: Information technology energy use for the Railbelt and Southeastsifp end use (pop wt,
% MMBTU)
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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, muifunctioning devices, modems, copy machines, fax machines.
Available data for small low tech electronics includesiber of alarm clocks, wall clocks,
radios, and cordless telephones. Small high tech electronics include items such as IPods, mobile
phone chargersablets, etc.

Miscellaneous Appliances

Miscellaneous appliances accounteddioout12% overall appliance energy use and 8% of total
appliance electricity use for the thr€émate Zons in the Riilbelt and SoutheastFigure 23

shows the relative contribution of the varicgigbcategory endses 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 powef@ther 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 endetweerClimate

Zones or residence types.
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Figure23: Miscellaneous apliancesenergy use by sub end use (pop wt, % MMBTU)
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Interior Lighting

Interior lighting accounted for 6% of overall appliance energy use and 7% of total appliance
electricity use for the thre€limate Zons in the Rilbelt and Southeastrigure 24 showsthe
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 bgompact fluorescenbulbs (CFLs) at 11%. Survey respondents
were asked to categorically estimate the wattage of their incandescentThelli3FL bulb
wattage was assumed to be 13 watts.

Figure24: 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 f@etdghed the largest.
Proportionally, mobile homes had the greatest amount of CFL bulb energy usage.

Figure25: Interior lighting energy use by bulb type andlimate Zon€pop wt, % MMBTU)
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Other available characteristics on me 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 betweedBlimate Zons.

Exterior Lighting & Seasonal Decorative Lighting

Exterior lighting acounted for 2% of overall appliance energy use and seasonal decorative
lighting accounted for 1% for the thr€@imate Zone in the Rilbelt and Southeastigure26

shows the relative contribution of the various bulb types that were used for exterior lighting
combined with the total for seasonal decorative lightihgwrge halogen bulbs consumed the
largest amount of energy.
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Figure26: Exterior& seasonal lighting energy use by bulb type (pop wt, % MMBTU)
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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 oalseaso
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

Figure27 shows that “Other kitchen equipmerit(including coffee makers, deep fryers, electric
frying pans, electric kettles, slow cookers, toasters and toaster ovens) accounted for 2% of total
appliance energyse and 3% of tdtaapplianceelectrical 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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Figure27: Other kitchen equipment energy use by sub end use (puatp % MMBTU)
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Other available characteristics on other kitchen equipment include: number of coffeemakers/
toasters/toaster ovens, type of coffeemake
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This section summarizesn-residentialenergy uséor Climate Zones 6, 7 and 8 for the Railbelt
and Southeast Alashksy end use,climate zoneand building use. A detailed description of the
energy eneluse methodology is provided in the Methods sedecated in the appendiced his
includes detailed discussion of the available-remidential building data in the study region, the
sampling and survey approach used for this study, and detailed energyseeméliculation
methodologies.

All of the available parcel data and asee 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 nonresidential 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 categorieasshown inTable6). For each of these “strata”, a random set of buildings was

selected to be surveyed, to provide statistics on building characteristics and energy end use that
can be extrapolated to the entpepulation. Table6 summarizes key statistics on the survey
sample, and the population of buildings represented in each strata.
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Table6: Raibelt and Southeast nosriesidential building summary data

Survey Data Population Data
Building Type | Climate | Average Survey | Surveyed | Total Bldgs| Estimated
Zone SF/Bldg Total SF Buildings in Population SF
Population
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

Figure28 shows the total nomesidential building energy use for each of the Climate Zones in
the study areaSome light industrial facilities are included in the sresidential sample.
Facilities apporting large industrial enterprises are not includBge total number of buildings
and the norresidential square footage by Climate Zone is shown in AppendixtAl energy

36



use calculations use standard calculation protocols described in the metiyodettionalso
includedin 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 ah accounts for the largest percentage of-residential building

energy use.

Figure28: Total nonresidential energy use in the Railbelt and Southeast@ymate Zone
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Figure29shows similar data, but represents the averageesidential building energy intensity

(kBTU/ft?/year) for each Climate Zone and the entire study area. Climate Zone 8 is the most
extreme and buildings use the mesergy per square foot.
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Figure29: Average norresidential building energy intensity by Climate Zone
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Energy Use by Fuel Type

Figure30showsnon-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

Figure30: Total nonresidential building eergy use (MMBTU) by fuel type.
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Figure31shows similar data of fuel type by Climate Zone. Climate Zone 7 (Anchorage area) has
a large penetration afatural gas, while the other Climate Zones do not and rely on other fuel

types.
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Figure31: Fuel type by Climate Zone
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Figure32and Table7 show the total Railbelt and Southeast smesidential building energy use
broken down by building type (blue bars, read from left axis). Warehouse type buildings use the
largest amount of emgy. 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.

Figure32: Total building energy use and area by buiid type
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Table7: Total building energy use and area by building type

Building Type Total Energy Use, Estimated Building Area
MMBTU/year (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

Figure33shows 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. Healthcaes faliti
the second most energy intensive building type.

Figure33: Average building energy intensity by building type for all Climate Zones
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Figure 34 shows total building energy use by primary -@1s&¢ categories for all noasidential
buildings in the Railbelt and Southeast Alaska. Total annual energy consumption (MMBTU) and
percent of the total nonesidential energyse is shown. Heating accounts for just over 50% of
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the total building energy use, followed by interior lighting (23%), domestic hot water heating
(DHW), and office equipment.

Figure34: Total nonresidential energyend-useconsumptionin MMBTU/yr, Climate Zones 6, 7 and 8.
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Figure35shows similar total energy enuse data for each of the building types, aggregated for
Climate Zons 6,7 and 8. This shows how total energy-elsd consumption varies by building
type. In general, heating accounts for around 50% of total energy use in all buildingxtgyes
for healthcare and food service facilities, where laundry and cooking, reslyeatpresent

significant portions of total energy use.
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Figure35: Total nonresidential energy enduse consumption by building typgn MMBTU/yr, Climate
Zones 6, 7 and 8.
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Table8 shows average entse energy intensities (kBTU/SF/year) for each of the primary non
residential building types.

Table8: Average energy endse Intensity (kBTU/SF/yeafor nonresidential buildings for climate
zones 6, 7, and 8
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Food
service 20.1 182.7 55 06| 37.8| 0.1 3.1 0.1| 6.8 72.4 329.3
Healthcare 1.6 4.7 94 49.0| 25.3| 0.0 1.4 0.2| 8.8 42.6 145.6
Institutional 0.7 1.9 7.1 0.2| 15.7| 0.2 1.6 0.8 24.3 47.8 100.7
Lodging 1.9 6.8 13.4 47| 18.9| 0.0| 17| 0.6]| 137 49.7 113.7
Office 0.2 0.5 5.2 0.4| 19.6| 0.0 1.3 0.1| 9.8 44.4 81.9
Other 3.0 0.3 7.2 0.2| 24.7| 0.0 1.5 0.0| 34 54.6 96.7
Retall 4.1 1.3 5.9 0.1| 329| 0.0 3.1 0.2| 6.9 48.1 102.7
Service 6.9 0.3 5.9 0.4| 31.4| 0.0 4.0 0.3| 44 52.6 106.6
Warehouse 1.3 0.1 7.5 0.1| 18.8| 0.0 4.2 0.2| 3.2 52.5 89.7
Total 2.3 4.4 7.0 1.8| 22.6| 0.0 2.9 0.2 7.1 50.5 99.9
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Figure36 shows Climate Zone 6 Railbelt and Southeastresidential building energy use and

total building area (SF) broken down by building type (blue bars are MMBTUSs, red bars are SF).
Retail typébuildings use the largest amount of energy. The total building energy use correlates to
total building area for each building type.

Figure36: Total building energy use and area by building type for Climate Zone 6
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Figure37 shows Climate Zone 7 Railbelt and Southeastresidential building energy use and

total building area (SF) broken down by building type (blue bars are MMBTUSs, redd&is)a
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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Figure37: Total building energy use and area lilding type for Climate @ne 7
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Figure38shows Climate Zone 7 Railbelt and Southeastnesidential building energy use and

total building area (SF) broken down by building type (blue &eesVIMBTUS, 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.

Figure38: Total building energy use and area lbyilding type for Climate Zone 8
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Figure39shows total energy end use data for each of the building typéinate Zones.This

shows how total energy end use consumption varies by building type. In general, heating
accounts for arend 49% of total energy use in all building typesepfor 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 totaggnese in both Retail and
Office buildings for Climate Zone 6.

Figure39: Total nonresidential energy end use consumption by buildibgpe in MMBTU/yr, Climate

Zoneb
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Figure40shows total energy end use data for each of the building typéinate Zone7.This

shows how total energy end use consumption varies by building type. In general, heating
accounts for around 51% of total energg usall building typesxcepfor healthcare and food
service facilities, where laundry and cooking, respectively, represent significant portions of total
energy use.

45



Figure40: Total nonresidential energy end use consumption lagilding type in MMBTU/yr, Climate

Zone7
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Figure41shows total energy end use data for each dbufiding types for Climate Zon@ This

shows how total energy end use consumption varies by building type. In general, heating
accounts for anend 56% of total energy use in all building typesepfor healthcare and food
service facilities, where laundry and cooking, respectively, represent significant portions of total
energy use.

Figure41: Total nonresidential enegy end use consumptio by building type in MMBTU/yrClimate
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Table9 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 inthe detailed energy eruke spreadsheets provided as an electronic appendix to this
document.

Table9: Detailed energy intensity data (kBTU/SF/year) for the primary end uses for each building type
and climate zone
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Energy Emsk Detalils

The energy endise study has provided detailed information on a wide rahgpecific building

energy end uses and building characteristics. This provides a rich data set that can be mined and
explored to understand Alaskan noesidential building energy use, appliance and equipment
saturations, building characteristics, €ftis 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 kegeddta available in

the compleg results.

Figure 42 provides a breakdown of total nonresidential lighting energy by lighting
technology/lamp type. Fluorescent lighting (including T12, T8 and Tpdaaccounts 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 onhigng efficiency policy in the nonresidential sector.

Figure42: Total nonresidential lighting electricity use (kWh/year) by lamp type, Climate Zones 6, 7
and 8
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Figure43shows total computer and IT related energy consumption for nonresidential buildings.
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Figure43: Total nonresidential computer and IT electricity use (kWh/year), Climate Zones 6, 7 and 8
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Policymplications of Statistically Significant Differences in En
Use

Statewide energy policy is more easily drafted and applied to types of facilities that have similar
energy use patterns. Interventions may be far more difficult to promote and implement fo
facilities that have different energy use characteristics.

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 letatia(i.e.,
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 differenes 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 laynsirvices, 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 managingeesrtergy on a psguare

foot basis may be appropte for statewide implementation. Laundry services could receive
special consideration in certain climate zones.
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Tablel0: ClimateZones 6 7 and 8 Mean NoiRResidential Energy Use in MMBTUs/yr

Building Heating Hot water Food Office Laundry | Lighting | All end
Type ventilation | MMBTU* service, equipment | MMBTU | MMBTU uses
and ar cooking and and *hx MMBTU
conditioning refrigeration | information *
MMBTU MMBTU technology
MMBTU
Food 508.67 47.46 1326.56 355.74 3.08| 312.59| 2554.11
service
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

Tablel1l: ClimateZones 67 and 8 Mean No#Residential Energy Use in kBTUs per Square Foot/yr

Building HVAC | Hot Water Food Office Laundry | Lighting | All End
Type kBTUsqft| kBTUsqft Service, Equipment | kBTUsqft | kBTUsqgft| Uses
Cooking & & * kBTUsqft
Refrigeration | Information
kBTUsqft | Technology
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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Characteristicseafergy Use in thRé&sential Sample

The underlying energy endse study data contaimsany 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 rdate zone. Unlike the previous section, this information emphasizes
the average endse energy values for each type of building in theresiential sample. This

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

use baseline building specific data to plan program interventions and measure the effectiveness
of initiatives within each climate zone.

NofResidential Energy use by Climate Zone

Figure44shows that buildings in Climate Zone 8 use substantially more ethergluildings in
Climate Zones 6 or 7 when measured on a MMBTU basis.

Figure44: TotalNon-Residential Energy Use by Climate Zone in MMBTUs/yr
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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 thosen either Climate Zone 7 or &igure45). The differences appear to be attributable to
heating energy use.
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Figure45: Total Non-Residential Energintensity byClimate Zone in kBTU# %/yr
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Each Climate Zone has a different distribution of total energy kigeire 46 shows that the
amount of energy used for heating, ventilation anetairditioning is highest in Climate Zone 7.
Laundry is highest in Climate Zone 8. Hot water production, while a snethlbportion of

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

Figure46: Energy distribution in MMBTUs/yrClimate Zones 6, 7 and 8
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An analysis of energgtensity, measuring annual energy use by building square foot, shows a far

different picture of the distribution of energy usegure47). As wouldbe expected, the per
squarefoot energyrequirements for heating ateghest in Climate Zone 8. The psyuarefoot
energy requirements for lighting are highest in buildings in Climate Zone 7.

Detailed energy use data by Climate Zone is showahiel2andTablel3

Figure47: Energy intensity (kBTUSt %/yr) by use category and Climate Zone.
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Tablel12: Total energy use by Climate Zone, lallilding types, in MMBTUSs/yr.

Climate| HVAC Hot Food Service, Office Laundry | Lighting | All End

Zone | MMBTUs | Water Cooking & Equipment & | MMBTUs| MMBTUs| Uses
MMBTUs| Refrigeration Information MMBTUs

MMBTUs Technology
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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Table13: Total energy intensity by Climate Zenall building types, in KBTUfs /yr

Climate HVAC Hot Water Food Service, | Office Equipment Laundry Lighting All End Uses
Zone | kBTUs/fElyr | kKBTUs/fElyr Cooking & & Information KBTUs/Elyr | kBTUs/fElyr | kBTUs/flyr
Refrigeration Technology
KBTUs/fElyr KBTUs/fElyr
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 is most of Southeast Alaska, but includesesitiential 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.

In Climate Zone 6, healthcare facilities are by far the largest energy user wheredbwasheir
total MMBTU use.Figure 48 shows that their use is over 10 times that of “Other” buildings,
which include parking facilities, sports facilities, multijppse centers and other types of
facilities.

Figure48: Total Energy Use in MMBTUSs.yr, Climate Zone 6

12000.00

P 10860.18
[%2]
P
= 10000.00
s
= 8000.00
c
3
2 6000.00
>
S 4000.00
:cj Y 1274270 303052
= _ 204 70.1453.25 1609.56 1564.12
S 2000.00 ] 1304.7 — I S
2 Bl = L

0.00 - . . =

@ 2 > & 2 & RN
Q:s\(' \Qo‘ o b\(\ o‘{\‘c a Qg‘,@ Q}A\ &
N ®,§~ N S < &
<<00 \2\ \(\C’ @’b

54



When divided by the square footage of each building, energy use patterrfSginmé&49 shows
that retail and food service buildings become the most energy intensive buildings, and healthcare
facilities drop down considerably.

Figure49: Total Energy Irgnsity in kBTUKt %/yr, Climate Zone 6
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Lighting uses a higher proportion of the energy (41%) in buildings sampled in Climate Zone 6
than any other single use. Heating, ventilation anetairditioning use 24% of all of the energy,

and office equipment and information technology use an additit58. These are shown in
Figure 50

The energy intensity calculations, however, show a different perspective. When the total square
footage of each building is takénto 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 arwb@dgitioning are a smaller
portion of energ 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 basigs fexegfegure51).
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Figue 50: Distribution of Total energy use in MMBTUs/yr, Climate Zone 6.
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Figure51: Distribution on NonResidential Energy Use, kBTIfts?/yr Climate Zone 6.
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There is substantial variation in the overall distribution of energy use wrewdential buildings

in Climate Zone 6.Figure52 shows that heating, ventilation amdt-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 farare energy in food service facilities than in other types of
buildings.
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Figure52: Energy distribution in MMBTUSs/yr, Climate Zone 6.
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When examined on a paquarefoot 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 uncliamged (

53.
Figure53: Energy intensity (kBTUSt ?/yr) by use category, Climate Zone 6.
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Detailed information on energy use in Climate Zone 6 is showilitel4and Tablel5.
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Table14: Total energy use by Climate Zone by building typesMMBTUs/yr, Climate Zone 6.

Building HVAC Hot Food Service, Office Laundry | Lighting | All End

Type MMBTUs| Water Cooking & | Equipment & | MMBTUs| MMBTUs| Uses
MMBTUs| Refrigeration | Information rx MMBTUs

* MMBTUs Technology *
MMBTUs

Food serviceg 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

Tablel15: Total energy intensity by Climate Zone by building types, in kBfft/#yr, Climate Zone 6.

Climate Zone HVAC Hot Water | Food Service, Office Laundry Lighting All End Uses
kBTUs/flyr | kBTUs/fflyr | Cooking & | Equipment & | kBTUs/tlyr | kBTUs/fElyr | kBTUs/ftlyr
Refrigeration | Information **

kBTUs/Elyr | Technology

KBTUSs/Elyr
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 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 MMBTUSsKigure54).
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