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ACES-AK Technical Appendix

Figure TA.1

A. GHG Reduction Estimate Method

The method for estimating GHG reduction for the ACES-AK program involved the following major steps.

1. Assessing the heat pump adoption potential in each subregion community and setting heat

pump installation targets for each subregion.

2. Calculating the GHG emission reductions from the target heat pump installations numbers.

3. Comparing with a GHG emissions reference case.

These steps, methods and assumptions are discussed below.
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1. Assessing community potential and setting incentive targets

Gulf of Alaska communities are diverse and dispersed, ranging from a few hundred residents to Alaska’s

capital city, Juneau, with a population of 31,000. Many are isolated, without road connections, and they

have widely varying systems for electricity generation, and different heating and electricity costs.

However, they share a high reliance on oil for space heating.

Key factors influencing household uptake of heat pumps in the region were identified. Data from various

sources, including demographics, current heating systems, quality of housing, fuel and electricity costs,

electric generation sources, and access to heat pump contractors, were compiled for each of the 50

communities (see GHG emissions reduction spreadsheet for details). Additionally, interviews and

discussions with local experts and project advisors were conducted across the region. These insights

helped assess the barriers to adoption and the overall potential for heat pump uptake in each

community.

Communities were grouped into subregions based on their heat pump adoption potential and each

Subregion was assigned a specific target for increasing heat pump installations. These targets informed

program incentives.

a. Subregions with a high potential for heat pump adoption have 100% renewable/hydroelectricity,

low electric rates, high cost savings from heat pumps, high availability of installers, a larger

population size/consumer base allowing for cost-effective delivery of advisory services and heat

pump installations, or easy access to these hub communities. These are expected to have

relatively rapid rates of heat pump uptake. These were assigned a target of a 30% increase in

heat pump installations over the 5 year program.

b. Subregions of mid level potential for heat pump adoption include communities with a mix of

generation sources, moderate costs for electricity, and middle levels of savings from heat pump

installations. These include smaller communities without local heat pump installers. Some are in

the process of developing renewable, particularly hydro, energy sources. These were assigned a

target of a 25% increase in heat pumps over the 5 year program.

c. The subregion of lowest near-term heat pump adoption potential includes the communities in

the southern Kenai Peninsula with a colder winter climate, lower proportions of renewables in

the electric generation mix, higher electric rates, a large proportion of houses heating with less

expensive natural gas, little community experience with heat pumps, and fewer or no local heat

pump installers. This area is expected to have the slowest rate of uptake of heat pump

incentives, and was assigned a target of 15%.
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However, this region is important as a springboard for long-term uptake of heat pumps to reduce fossil

fuel space heating in Alaska’s population center, the greater Anchorage area, 200 miles to the north.

Rising natural gas prices and increases in renewable electricity generation are expected to make heat

pumps more attractive in this area in the longer term1; the ACES -AK program will contribute to setting

the stage for accelerating this shift by developing consumer experience with heat pumps and supporting

installer businesses.

Table TA.1 summarizes subregion heat pump adoption potential and incentive targets. More details can

be seen in the GHG Emissions Reduction spreadsheet.

Table TA.1 Subregions and targets

Subregion Population # of occupied
houses
heated with oil

5 year potential for
heat pump adoption
& project targets

# of heat pumps and
incentives

Kodiak 5,999 1,454 High 30% 437

Kenai 9,286 6,051 Low 15% 908

Chugach 6,753 2,386 Med. 25% 597

Sitka-Hoonah-Yak
utat

11,126 2,514 Med. 25% 629

Haines-Skagway 2,111 513 High 30% 154

Juneau 31,700 8,124 High 30% 2443

Petersburg-Wran
gell

4,879 787 Med. 25% 237

Ketchikan-Prince
of Wales

13,612 2,087 Med. 25% 702

Project Region
Total

85,456 24,653 - 6107

2. Calculating GHG emission reductions

1 https://www.uaf.edu/acep/projects/railbelt-decarbonization.php
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GHG emission reductions resulting from the installation of a heat pump were calculated for each

community using Analysis North’s Alaska Heat Pump Calculator (AHPC)2. The AHPC is designed to

evaluate the possible energy and cost savings from use of a ductless heat pump in a specific Alaskan

home or small building. It provides default values for a number of key variables for each community,

including heat loss, electric utility rates, fuel prices, and GHG emissions coefficients for various types of

fuels. It also provides a range of customizable inputs including building size, condition, and occupant

usage affecting energy use .3 The following procedure outlines how the AHPC was used in GHG emissions

reduction calculations:

a. Census housing data informed assumptions of the characteristics of an average house (outlined

in Table TA.2) for each community, which were used as inputs to the calculator.

b. Calculations were run twice for each community to account for the massive disparity in heating

energy consumption across the range of housing energy efficiency. The first run assumed an

older house with low energy efficiency (constructed pre-1980, 2x4 wall, R11 insulation, drafty,

and never retrofitted). The second run assumed a house of more modern (post 1980) standard

construction, reasonably air tight, with a 2x6 wall and R19 insulation. The proportion of each of

these types of houses in each area, estimated from regional housing data,4 was used to weight

the average GHG emissions reduction per heat pump installation in each community (see

attached GHG Emissions Reduction spreadsheet for more details).

c. The average GHG emissions reductions per heat pump for each community were averaged by

subregion and weighted by the number of oil-heated households in each community.

d. The average GHG emissions reduction per heat pump in each subregion was multiplied by the

target number of heat pump adoptions for that subregion to calculate the annual GHG emission

reduction for each subregion.

e. Annual GHG emissions reductions were totalled based on target heat pump install schedule

(detailed in the GHG emissions reduction spreadsheet) for the 2025-2030 GHG emissions

reduction figure, and the 2025-2030 figure was added to ‘20’ times the total annual GHG

emissions reductions for the 2025-2050 GHG emissions reduction figure.

3. Key Assumptions and inputs into AHP Calculator

This section describes the basic assumptions built into the Analysis North Alaska Heat Pump Calculator

(AHPC), and their application to our analysis. Further detail can be found in the calculator

documentation.5

5 Mini-Split Heat Pumps in Alaska: Heat Pump Calculator Algorithms and Data
4 https://www.ahfc.us/pros/energy/alaska-housing-assessment/2018-housing-assessment
3 Mini-Split Heat Pumps in Alaska: Heat Pump Calculator Algorithms and Data
2 https://heatpump.analysisnorth.com/
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Heat pump type. Calculations were based on the AHPCs default inputs for a simple single head minisplit

ductless heat pump, with an HSPF of 14.0 andMaximum Heat Output at 5 °F: 16,500 BTUs per hour.

With recent improvements in cold climate heat pumps these are conservative figures.

Alaska Heat Smart has evaluated over 500 Juneau homes to provide advice on heat pump installations,

and has gained experience with a wide range of building and heating system configurations. For the

purpose of this project, and for calculating GHG reduction, we assume that most installations will be of

ductless heat pumps involving a single indoor unit located in the main living space of the home.

This aligns with experience from similar programs elsewhere. In Efficiency Maine’s large Ductless Heat

Pump retrofit program, 85% of the retrofit installations involved one indoor unit. The ACES-AK program

will not be restricted to these equipment types, but additional incentives will not be provided for larger

or more complex installations. The AHPC’s assumed efficiency for ductless heat pumps is based on older

models and is conservative. Variations in types and configurations of heat pumps that are actually

installed as a result of the ACES - AK program are not expected to reduce estimated oil or GHG emission

reductions.

Heat pump efficiency. An average annual COP is calculated from a model incorporating temperature and

performance curves that combine manufacturer HSPF adjusted by Alaska performance measures. These

typically range from about 2.6 to 2.8 across the region. Typical Meteorological Year climate data was

used to drive an hourly heat loss model of the building.

Heat Loss. The AHPC estimates the building’s heat loss coefficient from the count of garage stalls, the

square footage of the floor area of the home, and the type of wall insulation, which is used as a proxy for

the overall thermal shell quality. Our project’s inputs to the calculator for floor area and type of wall

insulation are discussed in more detail below.

Heat Distribution Model. The calculator incorporates a simple thermal model that allows adjustments

for how much of the house a heat pump is expected to heat, and what proportion of the space heating

load it will provide. For the ACES-AK analysis, we assumed a single head mini split in a main living space;

inputs included the default of 45% of the house’s directly exposed to the heat pump, doors regularly kept

open to adjacent rooms, and a high tolerance for lower temperature (10 degree difference) in bedrooms.

Fossil Fuel emission factor. The AHPC uses the following coefficients for each type of fuel:

● #1 Oil - 137,452 BTU/gallon - 161.3 lbsCO2/MBTU

● Natural Gas - 103,700 BTU/ccf - 117.0 lbsCO2/MBTU

Table TA.2 Input Assumptions to the AHPC
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Electricity Emission Factor. Electricity - 3413 BTU/kWh; the AHPC provides a specific factor for each

electric utility, drawing from the statewide AkWarm database which recently updated the Pounds of CO2

/ kWh used for each electric utility in the state. The emissions factor is based on the entire generation

6

Home heating and energy factors Assumptions for GHG Calculations

Utility Rate Local Residential Utility Rate

Building Type Residential

Building Floor Area (Square Feet) Census Region Average

Size of Garage No Garage

Wall Construction (Factor of insulation efficiency) 2x4 - % of low energy efficiency housing (Drafty,
1980 construction & not retrofitted)
2x6 - % of standard & high efficiency housing

Existing Space Heating Fuel Type #1 Oil (most consistent available data)

Fuel Price Per Unit Community’s $/gal rate of #1 Oil

Efficiency of Existing Heating System 80% Efficiency

Auxiliary electricity use Standard Forced Air Furnace Fan

Heat Pump Type Singe Zone

Installed Cost of Heat Pump 0$

Heat Pump is Turned Off below this Outdoor
Temperature

-10 F (Modern Cold Climate Heat Pumps still
effective at temperatures below -13)

Percentage of the Home that is Openly Exposed
to the Heat Pump Indoor Units

46%; average based on AHPC default and
corroborated by AHS home assessments.

Tolerance for Cooler Bedroom and Back Room
Temperatures

Bedrooms can be as much as 10 degrees Cooler
than Main Spaces

Are Doors typically open to the Bedrooms and
Back rooms that do not have a Heat
Pump Indoor Unit?

Open Doors

Sales Tax Community Specific Sales Tax
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fuel mix of each utility. The pounds-CO2 / kWh is also applied to the heat pump electricity consumption

to offset a portion of the CO2 reduction resulting from saving fuel oil. Across the region these range from

100% hydro, to mixes of diesel and hydro, to larger, more efficient diesel generators, smaller less efficient

diesel generators, and mixed natural gas and hydro.

Models/Tools Used

The basic modeling tool used to develop the GHG emission reduction estimate was the Analysis North

Alaska Mini-split Heat Pump Calculator (AHPC).6 This web-based calculator was developed primarily by

Alan Mitchell (Analysis North) to estimate the performance and financial return of installing a mini-split

heat pump in a home in Alaska. Community-specific climate, fuel cost, and electric utility rate

information is available in the calculator for most communities in Alaska.7

These data are drawn from the same database used by the AKWarm energy modeling tool, developed by

the Alaska Housing Finance Corporation (AHFC) for use in energy design, retrofits, and certified audits,

including showing compliance with Alaska Housing’s Building Energy Efficiency Standard (BEES).8 Alaska

Heat Smart has compared the results of the AHPC to its own energy use assessments for more than 500

Juneau homes, and finds a close correspondence between modeled and measured results.

Measure Implementation Assumptions

● Assumed rate of measure implementation: See Section A.1. above.

● Implementation milestones: See Section 3C Work Plan and Timeline.

● Average annual household reduction in oil usage from adding a heat pump: 546.6 gallons.

● Heat pump equipment lifetime: 14 years.

● Capital cost assumption: average heat pump cost, installed, including electric: $8500

GHG Reduction Estimate Assumptions

The AHPC uses a variety of inputs (see Table TA.2) to determine how much energy in MBTUs it takes to

heat the home. We assumed #1 oil heating at 80% efficiency to heat a home of a certain square footage.

The calculator's heat pump model uses the inputs to calculate an efficiency of the heat pump which in

turn it uses to calculate how much energy the heat pump needs to heat the home. With that number (in

MBTU) it uses electricity generation source and efficiency data for the specific mix of generation sources

for each utility, and applies the emissions factors to calculate the emissions from electricity. Then it

subtracts those emissions from the emissions saved.

8 https://www.ahfc.us/efficiency/pro-builders/akwarm-energy-rating-software
7 https://analysisnorth.com/pages/projects.html
6 https://heatpump.analysisnorth.com/
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The Calculator also considers the electricity use of the oil heating system (fans/pumps/controls), and

accounts for the GHG emissions associated with that electricity. The GHG associated with electricity use

is based on the particular electric utility selected. The AkWarm project recently updated the Pounds of

CO2 / kWh used for each electric utility in the state, and those are the figures used in the Heat Pump

Calculator. The emissions factor is based on the entire generation fuel mix of each utility. The

pounds-CO2 / kWh is also applied to the heat pump electricity consumption to offset a portion of the

CO2 reduction resulting from saving fuel oil.

The AHP Calculator uses the following factors:

● Electricity - 3413 BTU/kWh; adjusted by the calculator for different generation mixes.

● #1 Oil - 137,452 BTU/gallon - 161.3 lbsCO2/MBTU

● Natural Gas - 103,700 BTU/ccf - 117.0 lbsCO2/MBTU

Reference Case Scenario (BAU)

ACES - AK calculations of GHG reductions are based on the assumption that CPRG measures are additive

to a reference case, which is the amount of oil burned for space heating that will be reduced by a typical

heat pump installation. Calculations show this to be 546.6 gallons per house annually.

Little information is available about current levels or rates of heat pump installations for most

communities in the project region, but given the barriers to heat pump adoption identified in Sections 1

and 2, including lack of information and trust in the technology as well as upfront costs, it is reasonable

to assume that in the absence of this ACES - AK Program, conversions from oil heat to heat pumps

through 2030 would continue at a slow pace for the region as a whole.

Current non-CPRG incentives for heat pumps are modest compared to those proposed by ACES - AK.

Several small electric utilities are providing $500 rebates for heat pumps, with low levels of uptake. The

30% tax credit for heat pumps is projected to perform similarly, since in order to benefit from it

homeowners have to come up with up-front payments. While there does exist a diversity of partial

funding incentives to help with heat pump purchases as documented in the project narrative in Section

1, most if not all are not sizable enough to propel a homeowner to action.

Both our BAU and CPRG program scenarios assume a relatively constant ratio between electricity rates

and oil prices over the project period. Electricity rates are assumed to stay relatively constant, but oil

prices are likely to be more volatile. If oil prices were to drop significantly, uptake of incentives and heat

pumps might be somewhat slower, although most residents are very aware of oil’s potential volatility,

particularly in the face of recent substantial increases. If oil prices were to climb, rates of heat pump

uptake are likely to increase, as occurred in Juneau with double digit oil price increases in winter 2023.

8



Climate Pollution Reduction Grant Application

Accelerating Clean Energy Savings Across Alaska’s Coastal Communities (ACES - AK)
Southeast Conference | Juneau, Alaska

Measure-Specific Activity Data

See Inputs to Alaska Heat Pump Calculator Table T.A.2

● Air-source heat pumps installed in houses currently heated primarily by oil: 6,107

● Annual reduction in oil usage for the average house: 546.6 gallons

B. GHG Emissions Reduced

The ACES-AK program of heat pump incentivization in coastal Alaska communities is projected to result

in the following total reductions in GHG emissions:

1. Annual GHG emission reductions:

a. 2025 through 2030:

Year 2025 2026 2027 2028 2029

Annual Reductions MTCO2e resulting
from each year’s measures

3871 9400 16,607 22,694 27,680

b. 2030 through 2050: 27,680 MTCO2e

2. Cumulative GHG emission reductions

a. 2025 through 2030: 80,253 MTCO2e

b. 2025 through 2050: 633,858.30 MTCO2e

C. GHG Emission Reduction Spreadsheet (spreadsheet attached)

All information in this technical appendix, as well as in Section 2 of the full project narrative, came from

data pulled from the GHG Emission Reduction Spreadsheet and its five tabs: Community Breakdown,

Region Breakdown, Subregion Breakdown, GHG Calculations, and Documentation.

● The Community Breakdown sheet includes data per community that fuels the Subregion

breakdown calculations of emissions reductions. Where data was unavailable at the community

level, data for the community’s census area (compiled in the Region Breakdown sheet) was used.

● The Region Breakdown sheet includes data on the census area regions that the communities fall

within. This data is used to supplement community data as described above.

● The Subregion Breakdown sheet compiles subregion average fuel savings and emissions

reductions per installation, and the incentives and cost breakdown for installations.

● The GHG Calculations sheet compiles the target heat pump installation numbers with the

project timeline, to calculate the total GHG emissions reduction potential for 2025-2030 and

2025-2050, as well as program cost effectiveness.

● The Documentation sheet outlines what each column in the sheets is and the data source or

calculation explanation.

9



Climate Pollution Reduction Grant Application

Accelerating Clean Energy Savings Across Alaska’s Coastal Communities (ACES - AK)
Southeast Conference | Juneau, Alaska

GHG Emission Reduction Spreadsheet, Community Breakdown tab

GHG Emission Reduction Spreadsheet, Subregion Breakdown tab
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