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Improvements to the Alaska Greenhouse Gas Emission Inventory

Introduction and Background

Global climate change is impacting Alaska. In Alaska, reported adverse impacts resulting from
global warming include (Hassol, 2004):

= Increased coastal erosion and displacement of coastal communities;
= Melting of arctic tundra and taiga resulting in the damage of Alaska’s infrastructure;

= Warmer summers resulting in insect infestations, more frequent and larger forest
fires, and the alteration of Alaska’s boreal forests;

= Decrease in arctic ice cover resulting in loss of habitat and prey species for marine
mammals;

= Changes in terrestrial and oceanic species abundance and diversity resulting in the
disruption of the subsistence way of life, among other adverse impacts.

The United Nation’s Intergovernmental Panel On Climate Change reported that global climate
change and the greenhouse effect have been linked to a steep rise in the atmospheric
concentration of greenhouse gases (GHG) such as carbon dioxide (CO;), methane, (CH,), nitrous
oxide (N20), and synthetic halocarbons (chlorofluorocarbons, hydrofluorocarbons,
perfluorocarbons, halons and sulphur hexafluoride) (IPCC, 2007). For further information on the
science relied upon by the IPCC linking the accumulation of greenhouse gases in the earth’s
atmosphere and global climate change refer to the Intergovernmental Panel on Climate Change
(IPCC) website at www.ipcc.ch/ipccreports/ar4-wgl.htm (IPCC, 2007a).

Congress is debating several bills pertaining to climate change. Should legislation be enacted,
mandatory GHG reduction targets could be established across the nation. Some states have
already established statewide goals for reductions. In Alaska, Governor Palin established an
executive sub-cabinet to consider the numerous aspects of climate change. This includes
examining opportunities to reduce GHG emissions consistent with Alaska’s best interest. This
inventory of greenhouse gas emissions will be used by the Climate Change Sub-Cabinet as a
foundation to explore opportunities to reduce emissions.

This summary report on Alaska’s greenhouse gas emissions is a refinement to a February 2007
report entitled, “Alaska Greenhouse Gas Inventory and Reference Case Projections 1990-2020”
prepared for Alaska by the Center for Climate Strategies (CCS) The CCS report contained the
first comprehensive inventory and forecast of the State’s GHG emissions from 1990 to 2020.
This summary provides refined information on emissions from industrial and aviation sources
and presents an update of the original CCS report.


http://www.ipcc.ch/ipccreports/ar4-wg1.htm

Overview of Alaska Greenhouse Gas Emissions Updates

The Alaska Department of Environmental Conservation’s (ADEC) GHG emission inventory
refinements result from two discrete efforts. ADEC worked to refine emission estimates for the
industrial and transportation source groups, the two largest emission sources in the initial report
(see Table 1) and concurrently reviewed the initial report for errors and areas needing
clarifications. ADEC wanted to determine how GHG emissions were distributed between sources
within these broad categories. ADEC’s analysis of industrial sources took a first look at the
emissions generated by specific subcategories of facilities. ADEC modifications to the
transportation category involved an analysis of aviation emissions, a major GHG source in
Alaska.

Industrial Source Refinements

To further identify industrial source contribution to the total GHG emissions, ADEC
calculated emissions for Alaska’s large industrial facilities. These facilities require an
Operating permit by the State of Alaska which implements requirements of Title V of the
federal Clean Air Act’. The operating permit has reporting requirements for fuel use and
storage. Using the reported fuel use numbers, ADEC calculated GHG emission estimates
for the larger permitted sources and then summarized the emissions into source
categories. The results of the analysis showed Alaska industries with the highest
greenhouse gas emission estimates are those engaged in the energy production and
energy delivery business. This would mean Alaska’s oil and gas companies and the
energy utilities providing power to Alaskan households.

Transportation Source Refinements

ADEC’s additional refinement to Alaska’s transportation source emission estimates
reveal commercial aviation emits the largest quantity of GHGs in the transportation
category. Further, the air freight industry at the Anchorage International Airport (AlA)
appears to be a major source of GHGs. The international air cargo industry strategically
refuels at AlA to take advantage of favorable jet fuel prices. That fuel is primarily burned
outside the state. A cursory analysis of the international flights in Anchorage suggests
the international aviation market is a dominant component of the commercial aircraft
emissions and may be contributing up to 60% of the total aviation GHG emissions in
Alaska.

CCS Report Updates

ADEC contracted with E.H. Pechan & Associates, a member of the CCS team, to address
concerns with the original CCS report. The CCS report was based on a template CCS
used for a number of state greenhouse gas inventories that were developed concurrently.
The formatting and methods used by CCS led ADEC to request clarification on a number
of the report’s conclusions, charts, and graphs. ADEC asked for additional information
on data sources and definitions CCS used, pointed out discrepancies and typos, and
provided other comments to the contractor during the spring and summer of 2007. The
contractor provided a final update of the CCS report to ADEC in July 2007. Table 1

! Title V of the Clean Air Act governs emissions of air pollution from facilities emitting 100 tons or more per year
of a criteria air pollutant (e.g. sulfur dioxide, carbon monoxide, particulate matter, nitrogen oxide) or 10 tons per
year of a hazardous air pollutant (e.g. benzene, mercury, formaldehyde).



below provides an updated summary of GHG emissions estimated by CCS for Alaska by
source group for the years 1990-2020 (Roe et al., 2007). Reported green house gas
emission estimates are in Million Metric Tons of CO2 equivalents (MMtCO2e).

Table 1. Alaska Historical and Reference Case GHG Emissions by Source (Roe et al, 2007)

Source Group 1990 | 2000 | 2005 | 2010 | 2020
Electricity Production 2.6 3.1 3.2 3.6 3.7
Residential & Commercial 3.8 4.3 3.9 3.9 4.2
Total Industrial® 20.6 22.8 24.6 26.4 30.6
Transportation 15.1 16.8 19.0 19.6 20.5
Industrial Processes 0.05 0.2 0.3 0.5 0.7
Waste Management 0.6 0.9 1.0 1.2 1.7
Agriculture 0.05 0.05 0.05 0.06 0.07
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5

Comparison of ADEC and CCS Results for Industrial Sources

The ADEC analysis of industrial sources and the initial CCS GHG emission inventory
found similar results. Within the industrial category, ADEC’s total emission estimates for
the industrial category were nearly the same as the total industrial source estimates in the
original report. The methods to calculate these numbers were different, and the similarity
in results provides some confidence in the magnitude of emissions reported. Further, both
reports found the Residential-Commercial-Industrial (RCI) category had the highest
GHG emission estimates. The RCI category includes Alaskan industries combusting,
refining, storing and transporting the most fossil fuel. This makes sense as the primary
greenhouse gas pollutants, carbon dioxide and methane, are released in the processing
and combustion of fossil fuels.

The following table summarizes the results from the CCS report and ADEC refinements. The
numbers reflect general estimates and are derived from different methods. The intent of the table
and associated chart is to allow some comparison of the magnitude of contribution from differing
source categories. Estimates are for 2005 except for the Title V estimates which are for 2002.
Since the Title V emission sources do not encompass the full range of industrial emitters within
the state, the 2002 Title V emission estimates are identified as subcategories of the overall 2005
emission estimates from the CCS report. This provides some indication of the magnitude of the
Title V source subcategories within the broader source groups. However, it should be duly noted
that the Title V source emissions in 2005 will not be exactly the same as what was emitted in
2002.

% Total Industrial combines the Industrial (Non-Fossil Production) and Fossil Fuel Industry emission estimates from
the CCS report.



Table 2. Breakdown of 2005 Emissions by Source Category
(Applying ADEC refinements and July 2007 CCS Updates)

Source Group MMTCO.e
Electricity Production
Electricity Production - Title V 2.18
Electricity Production - Non-Title V 1.02
Total Electricity Production 3.2
Residential & Commercial
Residential & Commercial - Title V Municipal 0.012
Residential & Commercial - Title VV Other 0.007
Residential & Commercial - Non-Title V 3.881
Total Residential & Commercial 3.9
Industrial
Industrial - Title V Mining 0.017
Industrial - Title V Oil & Gas 15.26
Industrial - Title V Seafood 0.16
Industrial - Title V Other 1.737
Industrial - Non-Title V 7.426
Total Industrial 24.6
Transportation
Transportation - Aviation - Commercial - Domestic 4.59
Transportation - Aviation - Commercial -International 7.65
Transportation - Aviation - Commercial 12.236
Transportation - Aviation - General Aviation 0.2479
Transportation - Aviation -Military 0.2477
Transportation - Aviation 12.7
Transportation - Marine Vessels 2.4
Transportation - On-road Vehicles 3.6
Transportation - Rail & Other 0.12
Total Transportation 18.8
Waste Management
Waste Management - Title V 0.019
Waste Management - Non-Title V 0.981
Total Waste Management 1
Industrial Processes 0.3
Military - Title V 0.97
Agriculture 0.05

Total Gross Emissions 52.82
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Figure 1. GHG Emission Percentages from CCS and ADEC Estimates

The remainder of this executive summary elaborates further on ADEC’s efforts to refine the
GHG emission inventory. In addition, the report’s appendices provide more in-depth detail on

this work.




ADEC Refinements to the CCS Greenhouse Gas Emission Inventory

The release of the CCS GHG El in February 2007 was met with keen interest. The report
provided a first look at GHG emissions in Alaska. However, the report’s summation of emissions
from broad source categories did not allow for emission estimates from specific subcategories
within transportation and industry sectors. In March 2007, the Trustees for Alaska requested
ADEC require large emitters of GHGs to quantify and report their emissions. In responding to
the Trustees for Alaska, ADEC committed to refine the GHG emission estimates for major
industrial and transportation sources in Alaska. The following section summarizes the results of
ADEC’s efforts.

ADEC Refinements to the Industrial Emission Estimates

ADEC staff identified the Alaskan industries having the potential to emit the greatest amount of
GHGs through its permit program records. ADEC permits these major sources of traditional air
pollutants through state laws that are designed to implement the Title V provisions of the federal
Clean Air Act. A Title V operating permit requires a facility to report the fuel stored and used in
its processes. ADEC gathered fuel data for 2002 for all Title V' permitted facilities. Using a
conversion factor that converts fuel volumes into GHG emissions, ADEC calculated GHG
emissions for these sources based on actual fuel throughput. The total 2002 GHG emissions for
the Title V sources were 20.63 MMtCO2e. The Title V greenhouse gas emission estimates by
company are presented in Table 2.

ADEC assigned each company with a Title V permit to one of seven categories: electricity
production, oil & gas development, seafood processing, mining, military, municipal, and “other”.
Table 3 provides the total GHG emissions by category. The category having the largest GHG
emissions was oil & gas with 15.26 MMtCO2e of the total 20.63 MMtCO2e from Title V
facilities (the total for all industrial was 24.6 MMtCO2e). Figure 2 shows a breakdown of the
Title V emissions by category. The complete ADEC report, “Title V Greenhouse Gas Emission
Inventory for Alaska,” is found in As shown, the oil and gas source category was
accountable for the largest percentage of GHG emissions from a single sector at 73% of Title V
sources and 29% of all statewide emissions.

One of the major improvements to the industrial estimates as refined by ADEC is that the Title V
source emissions were calculated based on fuel consumed. The original CCS method relied on
fuel sales, which could include fuels stored at Alaska’s terminal port facilities and fuels
transported in pipelines. These fuels were not necessarily consumed in Alaska. Therefore, the
CCS greenhouse gas emission inventory may overestimate the amount of fuel consumed in-state
by Title V facilities and the industrial source category. Further differences between the ADEC
and CCS estimates are examined in the appendices. Although the methodologies used by ADEC
and CCS were different, the overall results were similar. Both methods conclude that industries
in Alaska combusting, refining, storing and transporting fuel had the highest GHG emission
estimates.



Table 2. Greenhouse Gas Emission Inventory Results for Title V Sources in Alaska, 2002

Alaska’s Title V GHG % of Total ADEC CCS
Permittee/Company Name Emissions Title V Source Category Source Category
(MMtCOy) | Emissions (Roe et al., 2007)
Agrium US Inc 1.737 8.424 Other Industrial (nff)*
Alaska Electric Light & Power 0.002 0.009 Electricity Production Electricity Production
Alaska Power & Telephone 0.008 0.040 Electricity Production Electricity Production
Alaska Railroad Corporation 0.007 0.032 Other Residential/Commercial
Alyeska Pipeline Service Co. 0.637 3.090 Oil & Gas Industrial (nff)
Alyeska Seafoods Inc. 0.017 0.084 Seafood Processing Industrial (nff)
Anchorage Water & Municipal Residential/Commercial
Wastewater Utility 0.001 0.003
Aurora Energy LLC 0.294 1.425 Electricity Production Electricity Production
Bethel Utility Corporation 0.031 0.150 Electricity Production Electricity Production
BP Exploration (Alaska) Inc. 10.666 51.713 Oil & Gas Industrial (nff)
Capitol Disposal 0.019 0.092 Other Residential/Commercial
Chugach Electric Association 1.070 5.186 Electricity Production Electricity Production
City & Borough of Yakutat 0.005 0.023 Municipal Residential/Commercial
City of Ketchikan 0.010 0.049 Municipal Residential/Commercial
ConocoPhillips Alaska Inc 2.405 11.660 Oil & Gas Industrial (nff)
Cook Inlet Pipe Line Company 0.009 0.042 Oil & Gas Industrial (nff)
Copper Valley Electric Assoc. 0.034 0.164 Electricity Production Electricity Production
Cordova Electric Cooperative 0.008 0.037 Electricity Production Electricity Production
Flint Hills Resources Alaska 0.349 1.692 Oil & Gas Industrial (nff)
Forest Qil Corporation 0.012 0.060 Oil & Gas Industrial (nff)
Golden Valley Electric Electricity Production Electricity Production
Association 0.686 3.325
Halliburton Energy Services 0.005 0.026 Oil & Gas Industrial (nff)
Icicle Seafoods Incorporated 0.010 0.048 Seafood Processing Industrial (nff)
Kennecott Greens Creek Mining Industrial (nff)
Mining Co. 0.015 0.071
Kotzebue Electric Association 0.014 0.069 Electricity Production Electricity Production
Marathon Oil Company 0.029 0.141 Oil & Gas Industrial (nff)
Nome Joint Utility System 0.018 0.088 Electricity Production Electricity Production
Nushagak Electric Cooperative 0.012 0.060 Electricity Production Electricity Production
Peter Pan Seafoods 0.016 0.077 Seafood Processing Industrial (nff)
Teck Cominco Alaska, Inc. 0.153 0.743 Mining Industrial (nff)
Tesoro Alaska Petroleum Co. 0.349 1.690 Oil & Gas Industrial (nff)
Trident Seafoods 0.056 0.271 Seafood Processing Industrial (nff)
UniSea, Inc. 0.040 0.196 Seafood Processing Industrial (nff)
University of Alaska 0.107 0.518 Municipal Residential/Commercial
UNOCAL 0.746 3.618 Oil & Gas Industrial (nff)
US Air Force 0.584 2.833 Military Industrial (nff)
US Army 0.388 1.879 Military Industrial (nff)
Westward Seafoods, Inc. 0.025 0.119 Seafood Processing Industrial (nff)
XTO Energy, Inc. 0.052 0.251 Oil & Gas Industrial (nff)
Total Emissions 20.625 100%

® nnf = CCS non-fossil fuel related industrial sources includes GHG emissions associated with fuel consumed by the

fossil fuel production industry.




Table 3. Title V GHG Emissions & Percentages by ADEC Source Category

Total GHG Emissions % of Total Title V
ADEC Source Category (MMtCOy) GHG Emissions

Electricity Production 2.18 11%
Military 0.97 5%
Mining 0.017 1%
Municipal 0.012 1%

Oil & Gas 15.26 73%
Other 1.76 8%
Seafood 0.16 1%

Totals 20.63 100%

Electricity

Production
11%

Seafood
1%

Military Mining
Other 506 1%
8%
Municipal

1%

O Electricity Production
B Military

O Mining

O Municipal

B Oil & Gas

O Other

B Seafood

Oil & Gas
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Figure 2. Title V GHG Emission Percentages by ADEC Source Category



ADEC Refinements to the Aviation Emission Estimates

The CCS report found the aviation subcategory accounted for the largest share of greenhouse gas
emissions from Alaska’s transportation sources. The CCS GHG El results for Alaska’s
transportation sources are summarized in Table 4 (Roe et al., 2007).

Table 4. CCS Greenhouse Gas Emission Estimates for

Alaska’s Transportation Sources (MMtCO,) (Roe et al., 2007).

Source Group 1990 2000 2005 2010 2020
Aviation 7.2 10.6 12.7 13.0 12.9
Marine Vessels 4.4 2.4 2.4 2.6 3.0
On-road Vehicles 3.4 3.7 3.6 3.9 4.4
Rail & Other 0.08 0.08 0.12 0.13 0.14
Totals 15.1 16.8 18.8 19.6 20.5

Aviation activity is commonly categorized into three types of operations: commercial, general,
and military aviation. Commercial aviation includes both international and domestic flights
carrying passenger, cargo or both. General aviation includes operations by private aircraft and
fleets. Military aviation includes only those operations occurring on Alaska’s military bases.
Based on the initial CCS results, ADEC was interested in which of these types of aircraft
operation (commercial, general, military) contributes the most GHG emissions in Alaska.
Further, ADEC wanted to determine what portion of the commercial aircraft emissions were
from international, versus domestic, flights.

In July 2007, ADEC’s contractor estimated GHG emissions from Alaska’s commercial, general
and military aviation source groups for the years 1990-2005. Table 5 summarizes the results. Of
the three subcategories, commercial aviation is by far the largest generator of GHG emissions.

Based on the allocation of aviation emissions into the three subcategories of operation, ADEC
was able to turn its attention to the question of international and domestic flight operations.
International flights frequently stop in Alaska for fuel. That fuel is then combusted within and
outside of the state as the aircraft flies to its final international destination.

ADEC performed a cursory analysis to determine the contribution of international flights to
aviation’s GHG emissions. Based on personal communications with the Aircraft Service
International Group, the primary provider of fuel to Ted Stevens Anchorage International Airport
(AlA), approximately 92% of the fuel delivered to the airport is for international flights (pers.
comm. to J. Murphy, 2007). Further, data showed that AIA consumes nearly 67% of jet fuel in
Alaska. Based on this, ADEC’s rough estimates show international flights consuming the
majority of all jet fuel sold in Alaska.

Table 6 allocates the percent contribution of greenhouse gas from commercial, general and
military aircraft in Alaska in 2005. Table 6 also includes a breakdown of domestic and
international commercial flights. Figure 3 shows the aviation emissions by subcategory including
the estimated split between domestic and international commercial flights. For the complete
analysis of aviation emissions, refer to



Table 5. Alaska Aviation Emissions Allocated by Subcategory

GHG Emissions from Aircraft, (MMtCO2e)

General
Year | Commercial Aviation Military
1990 6.6403 0.1394 0.2982
1991 6.5813 0.1233 0.2968
1992 5.6815 0.0978 0.2269
1993 5.6549 0.0854 0.2574
1994 6.0970 0.1018 0.2632
1995 6.5190 0.1073 0.2419
1996 7.1662 0.1120 0.1919
1997 8.1289 0.1609 0.2455
1998 8.4779 0.1832 0.2260
1999 9.4222 0.2280 0.2304
2000 10.0342 0.1967 0.2506
2001 9.3592 0.1961 0.2283
2002 10.6094 0.2172 0.2237
2003 11.1310 0.2226 0.2309
2004 11.6539 0.2303 0.2603
2005 12.2360 0.2479 0.2477
2006 12.2413 0.2480 0.2478
2007 12.2466 0.2481 0.2480
2008 12.2520 0.2482 0.2481
2009 12.2573 0.2483 0.2482
2010 12.2626 0.2484 0.2483
2011 12.2338 0.2479 0.2477
2012 12.2051 0.2473 0.2471
2013 12.1764 0.2467 0.2465
2014 12.1478 0.2461 0.2460
2015 12.1192 0.2455 0.2454
2016 12.0726 0.2446 0.2444
2017 12.0261 0.2437 0.2435
2018 11.9799 0.2427 0.2426
2019 11.9338 0.2418 0.2416
2020 11.8879 0.2409 0.2407




Table 6. Alaska Aviation Emissions Allocated by Subcategory for 2005,
Including Domestic and International Commercial Flights

GHG Emissions by Aviation Subcategory, MMtCO2e (%)
Commercial
Year Domestic | International | General Aviation Military
2005 4.59 (36%) 7.65 (60%) 0.25 (2%) 0.25 (2%)

Estimated Aviation Subcategory Percent Contributions
to Total Aviation Greenhouse Gas Emissions
for Calendar Year 2005

Military
2%

General Aviation

0,
2% Domestic

Commercial

O General Aviation
O Military

International

36% @ Domestic Commercial
B International Commercial

Commercial
60%

Figure 3. Aviation Subcategory Emission Percentages




Center for Climate Strategies (CCS) Report Update of July 2007

The February 2007 CCS report was the first comprehensive inventory and forecast of Alaska’s
GHG emissions. The report covered the years 1990 to 2020. The CCS greenhouse gas emission
estimates were primarily based on statewide fuel sales data. The data represents all fuel sold in
Alaska and does not differentiate fuels transported and burned out-of state with fuels burned in-
state. CCS quantified emissions for the six greenhouse gases: carbon dioxide (CO,), methane,
(CHy), nitrous oxide (N20), hydrofluorocarbons, perfluorocarbons, and sulphur hexafluoride. All
GHG emission estimates were converted to million metric tons of CO, equivalent (MMtCOze).
CCS also grouped GHG emission estimates by the following source categories: Electricity
Production; Residential & Commercial; Industrial (non-fossil fuel production); Transportation;
Fossil Fuel Industry; Industrial Processes; Waste Management; and Agriculture.

Following the release of the CCS report, ADEC contracted with E.H. Pechan & Associates (a
member of the CCS team) to make further edits and corrections to the original report. The
second edition of the CCS report was published in July 2007 and can be found in its entirety in
(Roe et al., 2007). Table 7 provides the updated summary of GHG emissions
estimated by CCS for Alaska by major source group for the years 1990-2020 (Roe et al., 2007).
The primary corrections made were to the transportation source group emissions, which were
updated for both the aviation and rail subcategories.

Table 7. Alaska Historical and Reference Case GHG Emissions by Source (Roe et al, 2007)

Source Group 1990 | 2000 | 2005 | 2010 | 2020
Electricity Production 2.6 3.1 3.2 3.6 3.7
Residential & Commercial 3.8 4.3 3.9 3.9 4.2
Total Industrial® 20.6 22.8 24.6 26.4 30.6

Industrial | 15.7 19.6 21.6 23.5 28.5

(fuel combustion, transport, storage)
Industrial | 4.9 3.2 3.0 2.9 2.1

(fugitive methane release)

Transportation 15.1 16.8 19.0 19.6 20.5
Industrial Processes 0.05 0.2 0.3 0.5 0.7
Waste Management 0.6 0.9 1.0 1.2 1.7
Agriculture 0.05 0.05 0.05 0.06 0.07
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5

Note: All green house gas emission estimates are in Million Metric Tons of CO, equivalents (MMtCO,e).

* One point of confusion with the CCS report has been the difference between the “non-fossil fuel production” and
“fossil fuel” industry categories. Both of these categories are industrial, but one deals with emissions from the
combustion of fuel (“non-fossil fuel production™) while the other estimates the methane emissions released during
the extraction of a fossil fuel resource from the earth (“fossil fuel industry”). To clarify the total emissions
associated with industrial activities, ADEC combined the “fossil fuel” industry numbers with the industrial source
category to provide an overall picture of industrial emissions.



Results and Findings
The major findings of the Alaska Greenhouse Gas Inventory and Projection report are as follows:

e In 2005, total GHG emissions for Alaska were 52.8 million metric tons of gross carbon
dioxide equivalent (MMtCO,e), (gross emissions exclude carbon sinks, such as forests). This
is an amount equal to about 0.7% of total United States gross GHG emissions. (According to
EPA’s Energy CO2 Emissions by State, emissions from the combustion of fuel in Alaska are
about the same as Connecticut, Nevada, and North Dakota. Alaska’s emissions are about
half of Washington’s emissions from fuel combustion, even though Washington has nearly
10 times Alaska’s population.)

e The principal source of Alaska’s GHG emissions is residential, commercial, and industrial
(RCI) fuel use, accounting for 49% of total state gross GHG emissions in 2005. Nearly 85%
of the RCI fuel use emissions are contributed by the industrial fuel use subcategory. The
industrial subcategory accounts for around 41.5% of the gross GHG emissions in Alaska.

e Transportation sources accounted for approximately 36.5% of the gross GHG emissions in
Alaska.

e Jet fuel consumption accounted for the largest share of the transportation GHG emissions in
Alaska.

e Alaska’s gross GHG emissions increased 13% from 1990 to 2000, while national emissions
rose by 14% during this same time period.

e Based on refined estimates of emissions from large facilities, the oil & gas industry appears
to be a key industrial source of greenhouse gas emissions in Alaska.

e Commercial aviation accounts for 96% of aviation’s contribution to GHG emissions in the
transportation source category.

e International aviation, as a sub-division of commercial aviation, appears to be a large GHG
emission source and may account for roughly 60% of the emissions from aviation sources.

e Cars and trucks and other “mobile” sources account for around 7% of total emissions in
Alaska. The percentage can be much higher in other states.

e Alaska’s electricity production accounts for about 6% of Alaska’s total GHG emissions.
Power generation is a major source of greenhouse gas emissions for many states.

This refined emission inventory provides a baseline for manmade GHG emissions in Alaska.
Identifying the source categories and associated GHG emissions allows for an exploration and
deliberation of policy choices that could stem the growth or reduce the quantity of future
emissions as part of an overall state strategy on climate change.



Because the inventory is focused only on manmade sources of GHGs, readers should understand
the inventory does not represent total comprehensive statewide emissions. There are natural
sinks and sources of carbon dioxide and methane including what is sequestered in frozen tundra,
ice caps, and oceans and what is emitted during forest fires and natural biological digestion of
organic materials.

Furthermore, this effort was not designed to undertake a forecasting of future emission rates that
may be associated with various growth scenarios for Alaska. Though possibly very important to
policy choices as a state strategy is developed, these projections were outside the scope of this
initial effort.

Recommendations for Future Work

The development of greenhouse gas emission inventories is new to ADEC and improvements
can always be made to better characterize the sources of emissions. These baseline estimates of
greenhouse gas emissions in Alaska provide a foundation to better identify and prioritize
greenhouse gas sources. Future policy needs may warrant development of more refined emission
estimates for specific source categories. If this occurs, ADEC may initiate development of a
more detailed GHG EI for Alaska.

Any future efforts to develop a more detailed GHG ElI for Alaska may include:

e The development of a standardized protocol to incorporate the inventory of green house
gases into our existing emission inventory work;

e The collection of additional data and improvement to emission factors;

e The continued identification and correction of data gaps in the original February 2007 report;

e Continued refinement of estimates for large source categories such as power generation, oil
and gas, and transportation, including more analysis on the impacts of commercial passenger
and cargo flights;

e Calculation of fugitive emissions of GHG associated with energy production and transport of
the fuel to markets;

e Analysis of the contribution of natural sources of GHG

As climate change impact scenarios and policy needs evolve, there may also be a need to
calculate future emissions for various scenarios of interest. The 2010 and 2020 reference case
emission projections from the initial February 2007 report provide a starting point. As projection
needs are determined, ADEC may initiate additional inventory efforts to provide the data needed
for policy decisions.

Alaska is moving ahead in developing a climate change strategy. ADEC welcomes feedback on
this emission inventory report and the development of the Alaska Climate Change Strategy.



Appendix A

Greenhouse Gas Emission Inventory for Title VV Sources in the State of Alaska



Appendix A

Greenhouse Gas Emissions Inventory

For
Title V Sources
In the State of Alaska

Prepared by: Air Non-Point Mobile Source Section
Air Quality Division
Department of Environmental Conservation
State of Alaska
410 Willoughby Avenue, Suite 303
Juneau, Alaska 99801
(907) 465-5176

January 7, 2008



Table of Contents

1.0 o100 [0 od o] o TP 1
1.1 Title V GHG El ODJECHIVES.....c.eeiieeiecic ettt 2
2.0 =71 To T LSS 3
2.1  Greenhouse Gas EMISSION INVENTOIY .......cccviiiiieieiie e 3
2.2 Emission EStimate Method .........ccviieiieiie st 3
2.3 Title V ACHIVILY DALa .......ccuveiiiieie ettt st 4
2.4 Title V EMISSION FACIOIS ....eoiiiie ettt sneenne e 4
24.1 Title V Weighted Emission Factors & Global Warming Potential......................... 5

2.5  Title V GHG Emission Total (Example Calculation)...........cccooeiiiniiiiiiinniccseen, 6
2.6 Title V Stationary SOUICE GrOUPINGS. ....cccverueiiereerieaiesteesieseesseesseseesseessesseesseessesseesseens 7
2.7  Comparison of ADEC & CCS GHG El Methods..........cccccvririieiiiniinniee s, 7
2.7.1 CCS GHG EI ACHIVIY DAla.......ccviiviiiiiiieieieiesie e 8
2.1.2 CCS GHG EI Emission Factors & GWP ..o 8

2.8  Data Quality Control & Quality ASSUIANCE ........eeeueieerreerieeiesieesiesieseesieseesseeseesseesseens 9
28.1 Data Quality CONEIOL..........cooiiieiie e e 9
2.8.2 Data QUAlILY ASSUFANCE ......ecveeieerieitiesieesieseesiee e seesteesaesseestaessesseessaessessaesseessennes 10

3.0 RESUIES ...ttt bttt b e e nne s 10
3.1  Discussion of Title V GHG El RESUILS.........ccoiiiiiiiiiicieeeee s 14
3.2  Comparing the ADEC and CCS GHG EIl RESUILS .......cceeiiiriiiiriieienieeee e 14
4.0 CONCIUSIONS.....cuiitiitiiti ettt bbbttt e bbb bbbt b e re et e e e e 15
4.1  Greenhouse Gas Emissions, Fossil Fuels & Carbon..........cccccovviiiieieiiciee 15
4.2 Future Climate Change Work by ADEC for Alaska ...........cccceveviveveiieniensee e 16
421 Develop Detailed Greenhouse Gas Emission Inventory for Alaska..................... 16
4.2.3 Greenhouse Gas Emission Projection SCENArios ........cccccvevveeeereeresieesieenieseennnans 16

5.0 BIDHOGIaAPNY ..o e 17

List of Tables
Table 1. Alaska Historical and Reference Case GHG Emissions by Sector.................ccoeene ... 1

Table 2. ADEC’s Greenhouse Gas Emission Inventory Results for Title V Sources in Alaska...11
Table 3. Title V GHG Emissions & Percentages by ADEC Source Category.......c.ccovevvevverieannnns 12
Table 4. Title V GHG Emissions & Percentages by CCS Category...........cccoccvievieenvenenn.nnn 13
Table 5. Comparison of ADEC and CCS GHG EI Results by Source Category..................... 14

List of Figures

Figure 1. Title V GHG Emission Percentages by ADEC Source Category..........co.vvivenerennnn. 12

Figure 2. Title V GHG Emission Percentages by CCS Source Category............coovevvevnennnn. 13



List of Abbreviations

AAC Alaska Administrative Code

AD Activity Data

ADEC Alaska Department of Environmental Conservation
AQD Air Quality Division

Btu British Thermal Units

CAA Clean Air Act

CCS Center for Climate Strategies

CH, Methane

CO, Carbon Dioxide

EF Emission Factor

El Emission Inventory

EIA Energy Information Administration

EPA Environmental Protection Agency

FAA Federal Aviation Administration

GHG Greenhouse Gas

GWP Global Warming Potential

IPCC Intergovernmental Panel on Climate Change
MMBtu Million British Thermal Units

MMtCOy Million Metric Tons Carbon Dioxide Equivalents
N.O Nitrous Oxide

QA Quality Assurance

QC Quality Control

SCC Standard Classification Code

SGIT State Greenhouse Inventory Tool

Acknowledgements: ADEC and the Air Quality Division wish to acknowledge and thank John
Murphy for his work involving the Title V' greenhouse gas emission inventory data compilation
and analysis which he conducted during the summer of 2007.



1.0 Introduction

In February 2007, the Center for Climate Strategies (CCS) completed a report for Alaska entitled
“Alaska Greenhouse Gas Inventory and Reference Case Projections 1990- 2020” (Roe et al.,
2007). The CCS report contained the first comprehensive inventory and forecast of Alaska’s
GHG emissions from 1990 to 2020. The report quantified GHG emissions by the following
sources in Alaska: Electricity Production; Residential & Commercial; Industrial (non-fossil fuel
production); Transportation; Fossil Fuel Industry; Industrial Processes; Waste Management; and
Agriculture. Six types of greenhouse gases (GHG) were quantified: carbon dioxide (CO,),
methane, (CH,), nitrous oxide (N»0), hydrofluorocarbons, perfluorocarbons, and sulphur
hexafluoride. Total emissions were quantified for each of the six GHG and converted to million
metric tons of CO; equivalent (MMtCO.e)based on their respective global warming potential.
Not all six GHG were quantified for each source.

Table 1 provides a summary of GHG emissions, estimated by CCS, for Alaska by source for the
years 1990, 2000, 2005, 2010, and 2020 (Roe et al., 2007). The GHG emission estimates for
2010 and 2020 were based on projected energy consumption for each source and various
assumptions stated in the report.

Table 1. Alaska Historical and Reference Case GHG Emissions by Source (Roe et al, 2007).

Source Group 1990 2000 2005 2010 2020
Electricity Production 2.6 3.1 3.2 3.6 3.7
Residential & Commercial 3.8 4.3 3.9 3.9 4.2
Industrial (non-fossil fuel production)” 15.7 19.6 21.6 23.5 28.5
Transportation 15.1 16.8 19.0 19.6 20.5
Fossil Fuel Industry” 4.9 3.2 3.0 2.9 2.1
Industrial Processes 0.05 0.2 0.3 0.5 0.7
Waste Management 0.6 0.9 1.0 1.2 1.7
Agriculture 0.05 0.05 0.05 0.06 0.07
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5

Note: All GHG emissions are in Million Metric Tons of CO, equivalents (MMtCO,e).

The CCS report concluded that, in 2005, activities in Alaska accounted for approximately 52.1
million metric tons (MMt) of gross GHG emissions, an amount equal to 0.7% of total United
States gross GHG emissions (Roe et al., 2007). The CCS report concluded that industrial (non-
fossil fuel production) and transportation sources accounted for approximately 41.5% and 36.5%
of the gross GHG emissions in Alaska, respectively. The CCS industrial (non-fossil fuel
production) source group includes industries in Alaska which combust, transport and store fossil

* The CCS source groups “non-fossil fuel production” and “fossil fuel” industry categories are both “industrial”.
One deals with emissions from the combustion of fuel (the “non-fossil fuel production” source group) while the
other estimates the methane emissions released during the extraction of a fossil fuel resource from the earth (the
“fossil fuel industry” source group). In the executive summary, ADEC combined the “fossil fuel” industry numbers
with the industrial source category to provide an overall picture of industrial emissions.



fuel. ADEC’s Title V! GHG EI further defines greenhouse gas emissions as they relate to
specific industries within this source group and within Alaska’s energy sector. The complete
CCS report (Roe et al., 2007) is found at www.climatechange.alaska.gov/doc-links.htm.

The release of the CCS report in 2007 was met with much interest by industry and the public in
Alaska. The report provides a foundation of information on GHG emissions in Alaska. The
reports broad emission source categories did not define the relative impacts of source sub-
categories; such as the contribution of oil and gas extraction within the industrial source sector.
Following the release of the CCS report, the Trustees for Alaska requested that the Alaska
Department of Environmental Conservation (ADEC) require emitters of significant amounts of
GHG emissions in Alaska to quantify and report those emissions and fuel usage. ADEC, in its
response to the Trustees for Alaska, indicated that the Department would work to develop a more
detailed GHG emission inventory during 2007.

1.1 Title V GHG EI Objectives

The primary objectives of this study were to:

- Conduct a greenhouse gas emissions inventory (GHG EI) for carbon dioxide, methane
and nitrous oxide released from fossil fuels combusted at Title V stationary sources in
Alaska.

- Quantify a portion of Alaska’s energy sector greenhouse gas contributions.
- Compare these findings to conclusions stated in the CCS report (Roe et al., 2007).

ADEC’s Division of Air Quality permitting program is responsible for issuing air quality
operating permits under authority of the Federal Clean Air Act (CAA) and state law. Under this
authority, ADEC issues permits for Alaska’s major stationary sources, also known as Title V
sources under the CAA, according to Alaska Administrative Code (AAC) found at 18 AAC 50
Article 3- Major Stationary Source Permits.

ADEC maintains a database called AIRTOOLS. AIRTOOLS was custom designed and built to
help manage ADEC’s Title V facility data associated with air permitting, compliance, and
emission inventory. AIRTOOLS contains emission rates and fuel used by specific Title V
facilities in Alaska. These data are reported to ADEC as required under their Title V permit or to
meet federal requirements for emission reporting. ADEC routinely conducts emission
inventories based on these reported emissions for regulated air pollutants. Inventoried pollutants
include carbon monoxide, sulfur oxides, nitrogen dioxide, ozone and particulate matter. The
results of the emission inventories are reported to the U.S. Environmental Protection Agency
(EPA) every three years.

" “Title \/” refers to the section of the Clean Air Act regulating the permitting of large stationary sources of air
pollution.
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ADEC reviewed the CCS report (Roe et al., 2007) and identified GHG emission estimates of
public interest that could be refined using ADEC’s existing data. The AIRTOOLS Title V fuel
data were used in ADEC’s GHG inventory refinements to estimate GHG emissions for Alaska’s
major industrial sources. This is ADEC’s first attempt to conduct a GHG EI for Alaska’s major
stationary sources. ADEC did not estimate greenhouse gas emissions from Alaska’s minor
stationary sources, transportation sources, agricultural sources and biogenic emissions (e.g. forest
fires, methane released from tundra & taiga) in this inventory.

2.0 Methods

This section attempts to define terms, equations, methods, assumptions and quality assurance
procedures used by ADEC to develop the GHG inventory of Title V stationary sources. The
methods used in conducting this GHG EI were primarily derived from the Intergovernmental
Panel on Climate Change’s (IPCC’s) 2006 Guidelines for National Greenhouse Gas Inventories,
Volume 1, General Guidance and Reporting; and VVolume 2, Energy (IPCC, 2006, www.ipcc-
nggip.iges.or.jp/public/2006gl/index.htm).

2.1 Greenhouse Gas Emission Inventory

A greenhouse gas emission inventory will define pollutant and source types, source location, and
emission volumes. The report will include a description of the methods and data sources used to
prepare the estimates. By identifying source type, one can determine if emissions are dominated
by a particular industry, process or activity. This allows for prioritization of controls when
developing possible future control strategies. Estimating greenhouse gas emissions also allows
ADEC to determine how Alaska’s GHG contribution compares to other states and countries.

ADEC refinement of the CCS GHG EI covers major stationary sources (Title V permits) in
Alaska for the year 2002. The greenhouse gases quantified in this report are carbon dioxide
(CO,), methane (CH,4) and nitrous oxide (N20). Synthetic halocarbons (chlorofluorocarbons,
hydrofluorocarbons, perfluorocarbons, halons and sulphur hexafluoride) are not covered in this
report but may be included in future GHG EI work for Alaska.

2.2 Emission Estimate Method

ADEC’s method to estimate emissions follows the IPCC’s TIER 1 guidelines. “The Tier 1
method is fuel-based, since greenhouse gas emissions from all sources of combustion can be
estimated on the basis of the quantities of fuel combusted and average emission factors” (IPCC,
2006, Volume 2). This method combines information on fuel consumption, called activity data,
with emission factors which quantify greenhouse gas emissions per unit fuel consumed (IPCC,
2006, Volume 2). Tier 1 emission factors are available for all relevant greenhouse gases. The
basic equation is:
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GHG Emissions (MMtCOg) = Activity Data (Fuel Consumption) * Emission Factor
(AD) (EF)

Greenhouse gas emission totals for each Title V facility were quantified in million metric tons of
CO; equivalents (MMtCOy). Activity data is the total amount of fuel (e.g. coal, gasoline,
natural gas, diesel, etc.) consumed by each Title V facility. Emission factors are equivalent to
the mass (usually in pounds) of carbon dioxide, methane or nitrous oxide emitted per unit of fuel
consumed. The collection and use of activity data and emission factors are described in more
detail below.

2.3 Title V Activity Data

All activity data or fuel data were obtained from the ADEC’s AIRTOOLS database. Fuel data
for each Title V facility in Alaska was downloaded from the AIRTOOLS database for the year
2002. Activity data is expressed in the amount of fuel consumed by each facility in gallons of
diesel, distillate, oil, gasoline, liquid petroleum, jet naptha; tons of coal; or cubic feet of natural
or process gas. Common terms and definitions of fuels are necessary for states and countries to
consistently describe emissions from fuel combustion activities. The definitions for the various
fuel types used in ADEC’s Title V GHG EI were taken from the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories, Volume 2, Energy, pages 1.12-16 (IPCC, 2006).

AIRTOOLS’ Title V activity data includes fuels stored at Alaska’s terminal port facilities and
fuels transported in pipelines. For example, Title V activity data includes fuels stored at Tesoro
Alaska Petroleum Company’s Anchorage Terminals | & Il and fuel transported in the Kenai
Pipeline Facility. By calculating emissions for only those facility sources burning fuel on site,
we can avoid the drawback of the CCS report where the emission calculations included all fuel
sold, which may include fuel that is merely stored and transported. The CCS method may lead to
an overestimate of the GHG El results for any given facility or source. AIRTOOLS Title V
activity data does not account for any greenhouse gas destruction, capture, storage, or
sequestration that may occur during facility processes.

2.4 Title V Emission Factors

“An emission factor is a representative value that attempts to relate the quantity of a pollutant
(e.g., greenhouse gases such as CO,, CH,4, N0) released to the atmosphere with an activity
associated with the release of that pollutant (e.g., consumption of fossil fuels). These factors are
usually expressed as the weight of pollutant divided by a unit weight or volume (e. g., pounds of
CO; emitted per gallon of diesel burned or pounds of N»0 per ton of coal burned). Emission
factors facilitate estimation of emissions from various sources of air pollution” (EPA, 1995).

The EPA and the U.S. Department of Energy’s Energy Information Administration (EIA)
provide emission factors for CO, CH4, N20 and other air pollutants based on the type of fuel
burned and industrial process. ADEC obtained emission factors for each type of fuel burned at



all Title V facilities from EPA’s AP-42 (EPA, 1995) and from the EIA website (see
www.eia.doe.gov/oiaf/1605/coefficients.html).

Emission factors are available for every type of existing fuel and most industrial processes and
are organized by Source Classification Codes (SCC). Examples of typical emission factors for
burning of natural gas in a internal combustion engine with a gas turbine (SCC Code 20200201)
are the following (EPA, 1995):

- 120 Ibs. CO,/1000 cu.ft. (120 pounds of CO, released per thousand cubic feet of gas burned)
-0.0086 Ibs. CH,/1000 cu.ft
-0.003 Ibs. N20/1000 cu.ft

2.4.1 Title V Weighted Emission Factors & Global Warming Potential

Individual emission factors for each greenhouse gas (CO, CHg, N20) can be multiplied by the
amount of fuel consumed at an individual facility to calculate the amount (pounds) of an
individual gas released. ADEC used a weighted emission factor, based on the global warming
potential of each greenhouse gas, in order to convert individual greenhouse gas emissions into
total greenhouse gas emissions in million metric tons of CO, equivalents (MMtCOy). The
generally accepted authority on global warming potentials is the IPCC.

“Global warming potentials (GWPs) are used to compare the abilities of different
greenhouse gases to trap heat in the atmosphere. GWPs are based on the radiative
efficiency (heat-absorbing ability) of each gas relative to that of carbon dioxide (CO,), as
well as the decay rate of each gas (the amount removed from the atmosphere over a given
number of years) relative to that of CO,. The GWP provides a construct for converting
emissions of various gases into a common measure, which allows climate analysts to
aggregate the radiative impacts of various greenhouse gases into a uniform measure
denominated in carbon or carbon dioxide equivalents” (IPCC, 2001).

Global warming potentials for CO, CH,, N,0 were obtained from the IPCC website
(www.eia.doe.gov/oiaf/1605/gwp.html).

- Carbon Dioxide GWP=1
- Methane GWP= 23
- Nitrous Oxide GWP= 296

GWPs standardize the heat-absorbing ability of each greenhouse gas to carbon dioxide. Methane
is 23 times more effective than carbon dioxide at trapping heat in the earth’s atmosphere.

Nitrous oxide is 296 times more effective than carbon dioxide at trapping heat in the earth’s
atmosphere. ADEC used GWPs to convert greenhouse gas emissions to MMtCOy using the
following equation:

MM1tCOge = Title V Fuel Consumption (AD) * Weighted EF
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Where the Weighted EF = [CO.EF + (23* CH4EF) + (296* N,0EF)]

Using the example above, the burning of natural gas in an internal combustion engine with a gas
turbine results in the following weighted emission factor:

Weighted EF = [CO,EF + (23* CH4EF) + (296* N,0EF)]
= [120 + (23* 0.0086) + (296 * 0.003)]
Weighted EF = 121.0858 pounds of CO,. emitted per thousand cubic feet of gas burned
The weighted emission factor was then multiplied by the amount of fuel consumed at its

respective Title V facility to calculate MMtCOy emissions.

2.5 Title V GHG Emission Total (Example Calculation)

For further clarification, a sample calculation for estimating total greenhouse gas emissions, in
MMtCOg, from an individual Title V facility is shown below. The following example is for an
oil & gas platform which burns natural gas in an internal combustion engine with a gas turbine.

MMtCOg = Title V Fuel Consumption (AD) * Weighted EF

=(217,123.2 thousand cubic feet natural gas) * (121.0858 [bs.COz¢)
thousand cubic feet

= (26,290,536.37 Ibs. COz) * (metric ton) * (million metric ton)
(2204.6 Ibs.) (1 x 10° metric tons)

= 0.011925 MMtCO

Each Title V facility in Alaska can burn more than one type of fuel or burn the same type of fuel
at multiple locations. For each Title V facility, total GHG emissions (MMtCO,) were calculated
using the following formula (IPCC, 2006):

Total Emissions (MMtCOz¢) = 3 Emissions (MMtCOze)  fuel
fuels

For example, if in 2002 a Title V facility used a combination of diesel, natural gas and gasoline
then the sum of their total emissions would be equal to:

T0t8.| EmiSSIOnS (MMtCOZe) = MMtCOZe' diesel + MMtCOZe’ gas, + MMtCOZe, gasoline



2.6 Title V Stationary Source Groupings

The IPCC 2006 Guidelines assemble greenhouse emissions into five main sectors: 1) Energy;
2) Industrial Processes; 3) Agriculture, Forestry and Other Land Use; 4) Waste; 5) Other (IPCC,
2006, Volume 1). According to the IPCC, fuel combustion in stationary sources falls into the
energy sector classification (IPCC, 2006, Volume 2).

“The energy sector is mainly comprised of exploration and exploitation of primary
energy sources; conversion of primary energy sources into more useable energy forms in
refineries and power plants; transmission and distribution of fuels; use of fuels in
stationary and mobile applications. The energy sector is usually the most important
sector in greenhouse gas emission inventories, and typically contributes over 90 percent
of the CO, emissions and 75 percent of the total greenhouse gas emissions in developed
countries” (IPCC, 2006).

Within the IPCC energy sector there are multiple source categories (refer to IPCC, 2006
Guidelines, Volume 2, Energy, Tables 2.1 & 2.16). Source categories provide a mechanism for
grouping individual emission sources and comparing GHG contributions between source types.

ADEC analyzed fuel combusted at Title V stationary sources. Under IPCC guidelines,
combustion of fossil fuels at Title V facilities would be grouped into the energy sector. ADEC
did not use the IPCC source categories. Instead, ADEC grouped individual Title V facilities into
six categories: 1) Electricity Production; 2) Oil & Gas; 3) Seafood; 4) Military; 5) Municipal; 6)
Other. These source categories are familiar to people living in Alaska and are representative of
Alaska’s major industries. The individual Title V companies and their estimated GHG emissions
for 2002 are presented by ADEC source category in Section 3.0, Table 2.

ADEC also grouped the Title V GHG EI results by the same source categories used in the CCS
GHG EI which they refer to as sector groupings (Table 1) (Roe et. al., 2007). This was done in
order to compare ADEC and CCS results. ADEC grouped most Title V facilities into the CCS
Industrial (non-fossil fuel®) category as presented in Section 3.0, Table 2. The individual Title V
facilities and their estimated GHG emissions for 2002 are also presented by CCS source category
in Section 3.0, Table 2.

2.7 Comparison of ADEC & CCS GHG EI Methods

A primary objective of this report included comparing the findings from the ADEC
modifications to conclusions stated in the CCS GHG EI (Roe et al., 2007). In order to compare
the results of the two efforts, it is necessary to know what methods were used by CCS, how these
methods differed from ADEC, and how the results were categorized. This section provides a

® It is important to note that the CCS Industrial non-fossil fuel source category includes fuels consumed by the fossil
fuel production industry during the exploration and acquisition of fossil fuels such as oil and gas. Therefore, most
Title V facilities involved in the transportation, exploration and acquisition of oil and gas (e.g., BP Exploration,
Conoco Phillips Alaska, Tesoro) can be grouped into the Industrial non-fossil fuel category.



brief description of the methods used by the CCS when conducting its GHG EI (Roe et al., 2007)
for Alaska. The methods employed by CCS for conducting its GHG EI were taken from EPA’s
Emission Inventory Improvement Program “State Greenhouse Gas Inventory Tool (SGIT)”,
Chapters 1-14 (EPA, 2004).

Both the ADEC and CCS (Roe et al., 2007) GHG EI quantified carbon dioxide, methane and
nitrous oxide released from fossil fuels combusted at stationary sources in Alaska. The literature
sources used by the two inventories for fuel data, emission factors and GWP were different. The
following sections describe the activity data and emission factors employed in the CCS GHG El
(Roe et al, 2007) to provide a basis for comparing the results and conclusions of the two
inventories.

2.7.1 CCS GHG El Activity Data

EPA’s SGIT methods for estimating emissions of CO, from fossil fuels includes the following
six steps: (1) obtain the required energy data; (2) estimate the total carbon content in fuels; (3)
estimate the total carbon stored in products; (4) calculate net potential carbon emissions; (5)
estimate the carbon oxidized from energy uses; and (6) convert net carbon emissions to units of
metric tons of carbon equivalent (EPA, 2004).

The CCS GHG EI (Roe et al., 2007) used historical energy data (1990-2005) obtained from
EIA’s websites (http://tonto.eia.doe.gov/dnav/pet/pet_cons_prim_dcu_SAK_a.htm; and
http://www.eia.doe.gov/emeu/states/state.html?q_state_a=co&q_state=ALASKA).

EIA fuel sales represent statewide fuel sales volumes for Alaska. These fuel statistics are less
specific than the ADEC Title V fuel data. EIA fuel sales data are not facility specific and
represent all of the fuel sold in Alaska including some fuels transported and combusted out of
state. EIA groups fuel sales by the following consumers of fuel: residential, commercial,
industrial, transportation and electric power (Table 1).

All of ADEC’s fuel or activity data were obtained from ADEC’s AIRTOOLS database and are
specific for an individual Title V facility. Use of the AIRTOOLS database allowed ADEC to
calculate GHG emissions only for those sources that combusted fuel at the facility. This is a
significant difference with the CCS inventory whose calculations may have included fuel stored
and transported by Alaskan industries.

2.7.2 CCS GHG El Emission Factors & GWP

In the CCS GHG EI (Roe et al., 2007), EIA fuel sales data were converted to million British
Thermal units (MMBtus) using the heat content of each fuel (see SGIT Chapter 1, Tables 1.4-2
and 1.4-3) (EPA, 2004). These data were multiplied by the appropriate carbon content
coefficient (Ibs Carbon/MMBtu) to estimate the total carbon content that could be released from
fuels consumed in Alaska (SGIT Chapter 1, Tables 1.4-4 and 1.4-5) (EPA, 2004). Pounds of
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carbon were then converted to MMtCO,.. The CCS GHG EI (Roe et al., 2007) grouped
emission estimates using the same source categories as listed in the EIA database (Table 1).

The CCS GHG EI (Roe et al., 2007) used different global warming potentials (GWP) and
different emission factors than ADEC to estimate total greenhouse gas emissions. The CCS
GHG EI employed 21 and 310 for the GWP of CH,4 or N0, respectively. ADEC employed 23
and 296 for the GWP of CH, or N0, respectively when calculating MMtCO,.. Between the time
CCS and ADEC conducted their inventories, the IPCC published new GWP for greenhouse
gases explaining the difference in reported global warming potentials.

The CCS GHG EI employed the heat content and carbon content of fuels to estimate pounds of
carbon emitted per million Btu of each type of fuel sold in Alaska. ADEC used EPA’s AP-42
(EPA, 1995) and EIA emission factors specific for each fuel or industrial process to estimate
MMtCOy (EIA website). The emission factors used in the CCS GHG EI for CH,4 and N0 were
taken from the IPCC (IPCC, 1997). ADEC’s GHG emission totals were also grouped by
different sources as explained in Section 2.6.

The different fuel data, different GWP, different emission factors and different source groups
employed in the ADEC and CCS GHG El resulted in quantifiably different results. However,
some of the conclusions reached by both the ADEC and CCS GHG ElI are similar. The results of
ADEC’s GHG El are presented and discussed in Section 3.0. Conclusions are presented in
Section 4.0.

2.8 Data Quality Control & Quality Assurance

This section describes some of the quality control (QC) and quality assurance (QA) procedures
used by ADEC during the development of the GHG EI to improve transparency, consistency,
comparability, completeness, and accuracy.

2.8.1 Data Quality Control

A QA/QC plan was not developed by ADEC prior to data acquisition and analyses for the Title
V GHG EI beyond basic guidelines to document data sources and double check calculations. The
activity data and emission factors used in the ADEC Title V GHG EI data and calculations were
compiled, analyzed, and performed by staff hired to conduct this effort. The documentation
provided related to the inventory development effort included no specific written references for
the emission factors used other then that they were obtained from EPA’s AP-42 and the EIA
website. All activity data were obtained from ADEC’s AIRTOOLS database. Title V facility
operating reports which populate the AIRTOOLS database are checked by ADEC staff for
completeness and compliance with permit terms and conditions. Further, spot checks are
performed on calculations.



2.8.2 Data Quality Assurance

The emission factors that were used by the ADEC staff person for the Title V GHG EI were
reviewed by other staff in the ADEC’s Division of Air Quality. Not all emission factors could be
verified by their reference source for their applicability or accuracy. Most verified emission
factors were found to be applicable; however, some emission factors were not accurate. The
activity data was not checked internally by ADEC for accuracy or completeness. The
calculations for estimating total GHG emissions were spot checked for accuracy and found to be
correct.

3.0 Results

The results of ADEC’s Title V GHG ElI results are presented in Table 2. Alaska’s Title V
facilities for 2002 are presented by alphabetical order in Column 1. Greenhouse gas emission
estimates (MMtCO,) for each company having a Title V permit in Alaska are presented in
Column 2. The percentage contributions of each company’s Title V facilities relative to the total
GHG emission estimate for Title V sources in Alaska are presented in Column 3. Each company
having a Title V permit was also grouped into one of the ADEC and CCS source categories as
presented in Columns 4 and 5.
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Table 2.Greenhouse Gas Emission Inventory Results for Title V Facilities in Alaska, 2002

Alaska’s Title V GHG % of Total ADEC CCS
Permittee/Company Name Emissions Title V Source Category Source Category
(MMtCOy) | Emissions (Roe et al., 2007)
Agrium US Inc 1.737 8.424 Other Industrial (nff)*
Alaska Electric Light & Power 0.002 0.009 Electricity Production Electricity Production
Alaska Power & Telephone 0.008 0.040 Electricity Production Electricity Production
Alaska Railroad Corporation 0.007 0.032 Other Residential/Commercial
Alyeska Pipeline Service Co. 0.637 3.090 Oil & Gas Industrial (nff)
Alyeska Seafoods Inc. 0.017 0.084 Seafood Processing Industrial (nff)
Anchorage Water & Municipal Residential/Commercial
Wastewater Utility 0.001 0.003
Aurora Energy LLC 0.294 1.425 Electricity Production Electricity Production
Bethel Utility Corporation 0.031 0.150 Electricity Production Electricity Production
BP Exploration (Alaska) Inc. 10.666 51.713 Oil & Gas Industrial (nff)
Capitol Disposal 0.019 0.092 Other Residential/Commercial
Chugach Electric Association 1.070 5.186 Electricity Production Electricity Production
City & Borough of Yakutat 0.005 0.023 Municipal Residential/Commercial
City of Ketchikan 0.010 0.049 Municipal Residential/Commercial
ConocoPhillips Alaska Inc 2.405 11.660 Oil & Gas Industrial (nff)
Cook Inlet Pipe Line Company 0.009 0.042 Oil & Gas Industrial (nff)
Copper Valley Electric Assoc. 0.034 0.164 Electricity Production Electricity Production
Cordova Electric Cooperative 0.008 0.037 Electricity Production Electricity Production
Flint Hills Resources Alaska 0.349 1.692 Oil & Gas Industrial (nff)
Forest Oil Corporation 0.012 0.060 Oil & Gas Industrial (nff)
Golden Valley Electric Assoc 0.686 3.325 Electricity Production Electricity Production
Halliburton Energy Services 0.005 0.026 Oil & Gas Industrial (nff)
Icicle Seafoods Incorporated 0.010 0.048 Seafood Processing Industrial (nff)
Kennecott Greens Creek Mining Industrial (nff)
Mining Co. 0.015 0.071
Kotzebue Electric Association 0.014 0.069 Electricity Production Electricity Production
Marathon Oil Company 0.029 0.141 Oil & Gas Industrial (nff)
Nome Joint Utility System 0.018 0.088 Electricity Production Electricity Production
Nushagak Electric Cooperative 0.012 0.060 Electricity Production Electricity Production
Peter Pan Seafoods 0.016 0.077 Seafood Processing Industrial (nff)
Teck Cominco Alaska, Inc. 0.153 0.743 Mining Industrial (nff)
Tesoro Alaska Petroleum Co. 0.349 1.690 Oil & Gas Industrial (nff)
Trident Seafoods 0.056 0.271 Seafood Processing Industrial (nff)
UniSea, Inc. 0.040 0.196 Seafood Processing Industrial (nff)
University of Alaska 0.107 0.518 Municipal Residential/Commercial
UNOCAL 0.746 3.618 Oil & Gas Industrial (nff)
US Air Force 0.584 2.833 Military Industrial (nff)
US Army 0.388 1.879 Military Industrial (nff)
Westward Seafoods, Inc. 0.025 0.119 Seafood Processing Industrial (nff)
XTO Energy, Inc. 0.052 0.251 Oil & Gas Industrial (nff)
Total Emissions 20.625 100.00

* nnf = CCS non-fossil fuel related industrial sources includes GHG emissions associated with fuel consumed by the

fossil fuel production industry.
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The individual companies with Title V permits were grouped by their respective ADEC source
category and the total greenhouse gas emissions by category were summed as shown in Column
2, Table 3. Three companies (Agrium US Inc., Alaska Railroad Corporation and Capitol
Disposal) that did not readily fit in the six specific categories were grouped into the “Other”
source category. The percentages of greenhouse gas emissions for each source category were
rounded to the nearest 1% and summed as shown in Column 3, Table 3. These percentages were
then charted in Figure 1.

Table 3. Title V GHG Emissions & Percentages by ADEC Source Category.

Oil & Gas
73%

Total GHG Emissions % of Total Title V
ADEC Source Category (MMLtCOy) GHG Emissions
Electricity Production 2.18 11%
Military 0.97 5%
Mining 017 1%
Municipal 012 1%
Oil & Gas 15.26 73%
Other 1.76 8%
Seafood 0.16 1%
Totals 20.63 100%
Electricity
Seafood Production
1% 11%

Military Mining
Other 5% 1%
8%
Municipal

1%

O Electricity Production
B Military

O Mining

O Municipal

B Oil & Gas

O Other

B Seafood

Figure 1. Title V GHG Emission Percentages by ADEC Source Category.
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ADEC’s Title V GHG EI results were also grouped using the CCS source categories taken from
Table 2, Column 5. Grouping the ADEC Title V GHG ElI results by CCS source group allows us
to compare the results of both inventories. The total greenhouse gas emissions by CCS category
were summed as shown in Column 2, Table 4. The percentages of greenhouse gas emissions for
each source category were rounded to the nearest 1% and summed as shown in Column 3, Table
4. These percentages were charted in Figure 2.

Table 4. Title V GHG Emissions & Percentages by CCS Source Category.

Total GHG Emissions % of Total
CCS Source Category (MMtCOy) GHG Emissions
Electricity Production 2.18 11%
Industrial (nnf) 18.30 88%
Residential/Commercial 0.15 1%
Totals 20.63 100%
Electricity
Production

Residential/Com 11%

1%

O Electricity Production
B Industrial (nnf)

O Residential/Commercial

Industrial (nnf)
88%

Figure 2. Title V GHG Emission Percentages by CCS Source Category.
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3.1 Discussion of Title V GHG El Results

The ADEC estimate for total greenhouse gas emissions for Title V facilities in Alaska for the
year 2002 was found to be 20.625 MMtCOy (Table 2). Again, these emission estimates are for
CO,, CHsand N20 only. Some of the individual companies with permitted Title V sources that
had the highest greenhouse gas emission estimates were BP Exploration (10.67 MMtCOy),
Conoco Phillips (2.405 MMtCOy), Agrium US (1.737 MMtCO,), Chugach Electric Association
(1.070 MMtCO4) and UNOCAL (0.746 MMtCOx).

The ADEC source categories (Table 3) contributing the highest percentage of the total
greenhouse gas emissions were Oil & Gas (73%), Electricity Production (11%), Other (8%) and
the Military (5%). Agrium US, Alaska Railroad Corporation and Capitol Disposal were grouped
into the “Other” source category.

The Title V CCS source categories (Table 4) contributing the highest percentage of the total
greenhouse gas emissions were industrial non-fossil fuels (88%) and electricity production
(11%). Again, it is important to note that the CCS industrial non-fossil fuel source category
includes fuels consumed by the industry during the transportation, storage, exploration and
acquisition of fossil fuels. Therefore, most Title V facilities involved in the exploration and
acquisition of oil and gas (e.g., BP Exploration, Conoco Phillips Alaska) were grouped into the
industrial non-fossil fuel category. The fossil fuel production source group in the CCS report is
defined by fugitive emissions (e.g. methane releases) that result from the extraction and
refinement of fossil fuels, primarily coal and oil.

3.2 Comparing the ADEC and CCS GHG EI Results

The results of the ADEC Title V 2002 GHG EI and CCS GHG EI (Roe et al., 2007) are
compared in Table 5 by year and source group. As shown in Table 5, the CCS GHG emission
estimates for the years 2000 and 2005 (Table 1) (Roe et al., 2007) are greater than ADEC’s Title
V 2002 emission estimates for the three source groups (Table 4).

Table 5. Comparison of ADEC and CCS GHG EI Results by Source Category.

Reference & Year Electricity Production Industrial (nnf) | Residential/Commercial
@ccs, 2000 3.1 MMtCOye 19.6 MMtCO5 4.3 MMtCOye
ADEC, 2002 2.18 MMtCOy, 18.3 MMtCO 0.15 MMtCO»
@ccs, 2005 3.2 MMtCOy 21.6 MMtCOg 3.9 MMtCOy

Note (1): Center for Climate Strategies Reference is Roe et al., 2007.

The source group contributing the highest GHG emissions in both inventories was the industrial
(non-fossil fuel) category which includes fuels stored, transported and consumed by the fossil
fuel production industry and others during the transportation, storage, exploration and acquisition
of fossil fuels. Unlike the CCS inventory, ADEC was able to distinguish between fuels
consumed or combusted in-state versus fuels transported and consumed out-of-state. Further,
ADEC did not estimate emissions for minor industrial sources included in the fuel consumption
numbers used in the CCS inventory. This likely explains why ADEC estimates for industry are
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slightly smaller than the CCS inventory. In either report however, those industries responsible
for the acquisition, transportation and storage of fossil fuels (e.g. Conoco Phillips, BP
Exploration, Tesoro Alaska Petroleum Company) had the higher emission estimates.

The differences between the ADEC and CCS GHG EI estimates are primarily due to the
different literature sources used for fuel data, emission factors and GWP. Although the

methodologies used by ADEC and CCS while conducting their respective GHG EI were
somewhat different, the overall results were similar. The ADEC Title V and CCS GHG
emission inventories:

- primarily used fuel data to estimate greenhouse gas emissions in Alaska.

- used different fuel data, different emission factors and different global warming
potentials to estimate greenhouse gas emissions from stationary sources in Alaska.

- grouped the emission sources differently

- ADEC was able to distinguish between fuels combusted in Alaska and fuels transported
and combusted elsewhere.

However, both emission inventories found that the industries in Alaska combusting, refining,
storing and transporting the most fuel had the highest GHG emission estimates.

4.0 Conclusions

This section discusses some of the major findings of the ADEC Title V GHG EI with respect to
the CCS GHG EI conclusions (Roe et al., 2007). Recommendations for possible future
greenhouse gas emission inventory work in Alaska are also presented in this section.

4.1 Greenhouse Gas Emissions, Fossil Fuels & Carbon

Both the ADEC Title V and CCS GHG emission inventories found that those industries in
Alaska combusting, refining, storing and transporting the most fossil fuel had the highest GHG
emission estimates. Those industries in Alaska with the highest greenhouse gas emission
estimates can be group into what the IPCC considers the “energy sector” (IPCC, 2006). Alaska’s
energy sector includes those industries which rely on fossil fuels.

The CCS inventory coupled with ADEC’s Title V inventory refinements allows us to consider
emission contributions by industry or source category. The inventories can help us identify and
prioritize which emission sources should be addressed first and what technologies might be
applied to control greenhouse gases before they are released into the atmosphere. The most
current technologies for carbon dioxide capture and storage are presented in the IPCC Special
and Technical reports (http://www.ipcc.ch/ipccreports/special-reports.htm) (IPCC, 2005). The
CCS inventory based greenhouse gas emission estimates on historical and current fossil fuel
reserves in Alaska with projections for future growth. Projections help determine impacts of
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population growth and development on emissions and help determine effectiveness of future
controls.

4.2 Future Climate Change Work by ADEC for Alaska

The development of greenhouse gas emission inventories is new to ADEC and improvements
can always be made to better characterize the sources of emissions. These baseline estimates of
greenhouse gas emissions in Alaska provide a foundation to better identify and prioritize
greenhouse gas sources. Future policy needs may warrant development of more refined emission
estimates for specific source categories. If this occurs, ADEC may initiate development of a
more detailed GHG EI for Alaska. This section presents some recommendations for future GHG
El work for Alaska.

4.2.1 Develop Detailed Greenhouse Gas Emission Inventory for Alaska

If future policy determines a need for more refined emission estimates ADEC may initiate
development of a more detailed GHG EI for Alaska. This work may include developing a
standardized ‘Greenhouse Gas Emissions Inventory Protocol’ for Alaska. ADEC may create or
adopt a standardized protocol for conducting GHG EI that would be open for comment from
EPA, industry stakeholders and the public. The methods for conducting the GHG EI would be
standardized and open to public comment to provide consistency and transparency so that the
industry and the public know where the data came from and how it was analyzed. Future GHG
El work could include providing emission estimates for all IPCC sectors in Alaska.

4.2.2 Greenhouse Gas Emissions from Non-Title V Industrial Sources
During 2007, ADEC developed emission estimates for the largest industrial facilities, those that
require a Title V operating permit. These large sources are not the only industrial facilities
operating within the state. Other smaller facilities operate, many under pre-approved emission
limit permits, general permits, minor permits, or owner requested limit permits. ADEC staff
began work to characterize the GHG emissions from these sources, but did not have complete
data to calculate their total contribution to GHG emissions. Additional data and work is needed
to define their contribution to the overall emissions with any certainty.

4.2.3 Greenhouse Gas Emission Projection Scenarios

In the CCS report, reference case emission projections are included for 2010 and 2020. These
projections are a starting point for looking at future emission impacts, but emission projections
could be made for many future scenarios. To aid in development of climate change policies,
ADEC may need to develop future emission estimates based on specific scenarios of interest.
These emission projections would need to be based on a transparent set of assumptions and well
documented to support the needs of policy makers.
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1.0 Introduction

In February 2007, the Center for Climate Strategies (CCS) completed a report for Alaska entitled
“Alaska Greenhouse Gas Inventory and Reference Case Projections 1990- 2020” (Roe et al.,
2007). The CCS report contained the first comprehensive inventory and forecast of Alaska’s
Greenhouse Gas (GHG) emissions from 1990 to 2020. The report quantified GHG emissions by
the following sources in Alaska: Electricity Production; Residential & Commercial; Industrial
(non-fossil fuel production); Transportation; Fossil Fuel Industry; Industrial Processes; Waste
Management; and Agriculture. Six types of greenhouse gases (GHG) were gquantified: carbon
dioxide (CO;), methane, (CHy,), nitrous oxide (N20), hydrofluorocarbons, perfluorocarbons, and
sulphur hexafluoride. Total emissions were quantified for each of the six GHG and converted to
million metric tons of CO, equivalent (MMtCO.e) based on their respective global warming
potential. Not all six GHG were quantified for each source.

Table 1 provides a summary of GHG emissions, estimated by CCS, for Alaska by source for the
years 1990, 2000, 2005, 2010, and 2020 (Roe et al., 2007). The GHG emission estimates for
2010 and 2020 were based on projected energy consumption for each source and various
assumptions stated in the report.

Table 1. Alaska Historical and Reference Case GHG Emissions by Source (Roe et al, 2007).

Source Group 1990 2000 2005 2010 2020
Electricity Production 2.6 3.1 3.2 3.6 3.7
Residential & Commercial 3.8 4.3 3.9 3.9 4.2
Industrial (non-fossil fuel production)” 15.7 19.6 21.6 23.5 28.5
Transportation 15.1 16.8 19.0 19.6 20.5
Fossil Fuel Industry” 4.9 3.2 3.0 2.9 2.1
Industrial Processes 0.05 0.2 0.3 0.5 0.7
Waste Management 0.6 0.9 1.0 1.2 1.7
Agriculture 0.05 0.05 0.05 0.06 0.07
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5

Note: All GHG emissions are in Million Metric Tons of CO, equivalents (MMtCO,e).

The CCS report concluded that, in 2005, activities in Alaska accounted for approximately 52.1
million metric tons (MMt) of gross GHG emissions, an amount equal to 0.7% of total United
States gross GHG emissions (Roe et al., 2007). The CCS report concluded that industrial (non-
fossil fuel production) and transportation sources accounted for approximately 41.5% and 36.5%
of the gross GHG emissions in Alaska, respectively.

* The CCS source groups “non-fossil fuel production” and “fossil fuel” industry categories are both “industrial”.
One deals with emissions from the combustion of fuel (the “non-fossil fuel production” source group) while the
other estimates the methane emissions released during the extraction of a fossil fuel resource from the earth (the
“fossil fuel industry” source group). ADEC has combined the “fossil fuel” industry numbers with the industrial
source category to provide an overall picture of industrial emissions.



The release of the CCS report in 2007 was met with much interest by industry and the public in
Alaska. The report provides a foundation of information on GHG emissions in Alaska. The
reports broad emission source categories did not define the relative impacts of source sub-
categories; such as the contribution of international cargo flights within the transportation source

group.

1.1 Aviation GHG EI Objectives

The CCS GHG ElI for Alaska (Roe et al., 2007) found that aviation sources accounted for the
largest share of greenhouse gas emissions originating from Alaska’s transportation sources. For
the aviation source group, GHG emission estimates for 1990 to 2002 were based on SGIT
methods and historical jet fuel consumption data obtained from EIA (Roe et al., 2007). The CCS
GHG El results for Alaska’s transportation sources are summarized in Table 1.

Table 2. CCS Greenhouse Gas Emission Estimates for
Alaska’s Transportation Sources (MMtCO,.) (Roe et al., 2007)

Source Group 1990 2000 2005 2010 2020
Aviation 7.2 10.6 12.9 13.0 12.9
Marine Vessels 4.4 2.4 2.4 2.6 3.0
On-road Vehicles 3.4 3.7 3.6 3.9 4.4
Rail & Other 0.08 0.08 0.12 0.13 0.14
Totals 15.1 16.8 19.0 19.6 20.5

As shown in Table 1, CCS found that aviation fuel consumption accounts for the largest share of
Alaska’s transportation GHG emissions. CCS estimated that emissions from aircraft increased
by about 59% from 1990-2002 and were approximately 64% of total transportation emissions in
2002 (Roe et al., 2007). CCS projected that the GHG emissions from aviation sources would
increase by 15% between 2002 and 2020 (Roe et al., 2007).

A key uncertainty regarding GHG emissions from aircraft is the consumption of bunker fuels.
Bunker fuel consumption is primarily associated with international air flights and should not be
included in the state inventory because much of it is actually consumed out of state; however,
data were not available for CCS to subtract this consumption from total aviation fuel estimates
(Roe et al., 2007).

Aviation activity is commonly categorized into three types of operations: commercial, general,
and military aviation. Commercial aviation includes both international and domestic flights
carrying passengers, cargo, or both. General aviation includes operations by private aircraft and
fleets. Military aviation include only those operations occurring on Alaska’s military bases.
Commercial, general, and military aviation aircraft include turbojet, piston and turboprop aircraft
which use a combination of jet fuel, bunker fuel and aviation gasoline. Jet fuel includes both jet
naphtha and jet kerosene fuels.

Based on the initial CCS results, ADEC was interested in gaining some perspective on the

distribution of GHG emissions in Alaska for the three types of aircraft operation (commercial,
general, military) and what portion of these emissions are attributable to domestic flights versus
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international flights. In July 2007, ADEC had its contractor, E.H. Pechan & Associates (a
member of the CCS team), conduct an analysis to attribute GHG emissions (MMtCO,) to
Alaska’s commercial, general and military aviation source groups. Further, ADEC built upon
this effort using available data from the CCS report, the EIA, and the Anchorage International
Airport to estimate GHG emissions (MMtCO2e) attributable to international flights into and out
of the Anchorage International Airport. This information provides context for the relative
contribution on domestic and international flights to overall GHG emissions. The methods and
results of the E.H. Pechan and ADEC jet fuel analyses are presented and discussed in this report.

2.0 Methods and Analysis

This section describes the methods used by E.H. Pechan & Associates and ADEC staff in their
respective analyses of GHG emissions from the aviation source category.

2.1 E.H. Pechan & Associates’ Analysis of Jet Fuel Methods

The methods used by E.H. Pechan & Associates in allocating Alaska’s aviation CO2 equivalent
(CO2e) emissions among the three aviation subcategories—commercial aviation, general
aviation, and military aviation are described in a memo to ADEC, dated July 23, 3007, as
follows:

Step 1: Locate activity data for Alaska that identifies these subsectors. Ideally, the
activity data that would be used to calculate this breakdown would be fuel consumption,
since the greenhouse gas emissions are calculated directly from the fuel consumption
data. However, the fuel consumption data available for Alaska from the Department of
Energy (DOE) Energy Information Administration (EIA) only breaks the fuel
consumption down by fuel type—aviation gasoline and jet fuel. The aviation gasoline is
used by aircraft with piston engines, which are almost exclusively found in the general
aviation subsector. However, the general aviation sector also includes a significant
number of aircraft with turbine engines. Thus, the jet fuel consumption must be split
among all three aviation subsectors.

The Federal Aviation Administration (FAA) provides information on aircraft operations
which are broken down by the commercial, general aviation, and military sector (FAA,
2007). (Note: the current version of the data available on this site differs for some years
and some operation types from the data used in the Alaska report which was also used to
perform these allocations.) Each aircraft operation represents a single takeoff or landing
by an aircraft. These data were totaled for Alaska by year of operation and are shown in
Columns B through I of the AK Aviation Breakdown.xls spreadsheet (E.H. Pechan &
Associates, July 2007). This spreadsheet is available upon request from ADEC.

Step 2: Develop an appropriate emission factor in terms of operation for the three

different operation types. These emission factors, expressed in terms of metric tons of
CO2e emissions per operation, were developed separately for commercial, general
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aviation, and military operations based on national fuel emissions by subsector and
national operations by subsector. The COZ2e emissions data were available for 1990,
1995, and 1998 through 2005 (EPA, 2006 and EPA, 2007). Emissions for the
intermediate years were calculated by interpolation. The national operations data by
subsector were calculated for the nation based on the same FAA operations data base as
that used for Alaska in Step 1 (FAA, 2007). The resulting emission factors by year and
subsector are shown in Columns K through M of the spreadsheet (E.H. Pechan &
Associates, July 2007), with the emission factor calculations shown on the sheet of the
spreadsheet labeled CO2equiv EV calcs.

Step 3: Estimate Alaska Aviation COZ2e emissions by subsector. Columns N through Q
of the spreadsheet (E.H. Pechan & Associates, July 2007) show the CO2e emissions by
aviation subsector calculated by multiplying the emission factors from Columns K
through M by the corresponding airport operations reported in Columns B through I.
This calculation was only performed for the years with sufficient data to calculate the
emission factor (i.e., 1990 through 2005).

Step 4: Calculate fraction of aviation emissions by subsector. The emissions data for
each subsector in Columns N through P (E.H. Pechan & Associates, July 2007) were
divided by the total estimated Alaska aviation emissions for the year from Column Q.
The resulting fractions of emissions for each of the three aviation subsectors by year are
shown in Columns R through T. The fractions from 2005 were then copied for all
remaining years, 2006 through 2020.

Columns U through X show the actual aviation emissions calculated for Alaska’s
greenhouse gas inventory (Roe et al., 2007). These were calculated by fuel type with the
total Alaska aviation CO2e emissions shown in Column'Y.

Step 5: Allocate Alaska aviation emissions by subsector. The total Alaska aviation
emissions shown in Column Y were multiplied by the fractional values by subsector from
Columns R through T (E.H. Pechan & Associates, July 2007). This results in an
allocation of Alaska’s aviation emissions by the commercial, general aviation, and
military subsectors, as shown in Columns Z through AB.

The results of the E.H. Pechan & Associates analysis for allocating greenhouse gas contributions
from commercial, general and military aircraft in Alaska are presented in Table 3 for the years
1990-2005.



Table 3. Alaska’s Aviation Greenhouse Gas Emissions by Source Group (MMtCO,),
(E.H. Pechan & Associates, 2007).

Year Commercial | Gen. Aviation Military Totals

1990 6.6403 0.1394 0.2982 7.077938
1991 6.5813 0.1233 0.2968 7.001441
1992 5.6815 0.0978 0.2269 6.006258
1993 5.6549 0.0854 0.2574 5.997745
1994 6.0970 0.1018 0.2632 6.461931
1995 6.5190 0.1073 0.2419 6.868201
1996 7.1662 0.1120 0.1919 7.470163
1997 8.1289 0.1609 0.2455 8.535375
1998 8.4779 0.1832 0.2260 8.887077
1999 9.4222 0.2280 0.2304 9.880595
2000 10.0342 0.1967 0.2506 10.48151
2001 9.3592 0.1961 0.2283 9.783601
2002 10.6094 0.2172 0.2237 11.05033
2003 11.1310 0.2226 0.2309 11.58445
2004 11.6539 0.2303 0.2603 12.14447
2005 12.2360 0.2479 0.2477 12.73165

2.2 ADEC Analysis of the Contribution of International Flights

ADEC staff used the following approach in analyzing the international component of
commercial aviation GHG emissions in Alaska:

1. Data was gathered on the amount of fuel consumed at the Ted Stevens Anchorage
International Airport (AlA) and the proportion of the fuel that is delivered for
international flights. It was assumed that the vast majority of international flights
would transit from AIA.

e The AlA reports that in 2005 nearly 903,000,000 gallons of Jet fuel were
consumed (AIA, 2006).

e According to discussions with Aircraft Service International Group, the
primary provider of fuel to AIA nearly 92% of the fuel delivered to the airport
was for international flights (pers. comm. to J. Murphy, 2007).

2. Given these data, ADEC calculated the amount of jet fuel consumed in international
flight from AIA.
e 810,000,000 gallons of Jet fuel were consumed in international flights

3. Staff then converted the volume of jet fuel consumer into heat content. It was
assumed that Jet A has a heat content of approximately 135,000 Btu per gallon.



e The Btu content of the Jet A consumed by international flights in 2005 is
approximately 109.35 trillion Btus.

4. Staff then calculated the proportion of jet fuel consumed in international flights using
the heat content of the fuel used in international flights from AlA to the total heat
content of jet fuel statewide. The Energy Information Administration reports in 2005
that 181 trillion Btus of jet fuel were consumed in Alaska statewide (EIA 2005).

e International flights consume 60.38% of all jet fuel sold in the state.

5. Staff then calculated an estimate of GHG emissions from international flights. The
initial CCS reported GHG emission estimates were based on the Btus of fuel
consumed in state. If international flights are theoretically responsible for 60.38% of
the Btus of fuel consumed in state this should translate directly to the emissions.

e CCS estimated the statewide MMtCO2e emissions from the consumption of
Jet Fuel in 2005 were 12.67 MMtC02e. Thus, if 60.38% of fuel (and Btus)
are consumed by international flights out of Anchorage, then 7.65 MMtCO2e
were emitted from international flights in 2005.

While this analysis of international flights is cursory at best, it does provide some insight into the
relative magnitude of these flights to the overall emissions from aviation sources.

Table 3 allocates greenhouse gas contributions from commercial, general and military aircraft in
Alaska in 2005, including a breakdown of domestic and international commercial flights. Figure
1 shows a breakdown of the aviation emissions by operational subcategory including the
domestic and international commercial flight breakdown.

Table 4. Alaska Aviation Emissions Allocated by Subcategory for 2005,
Including Domestic and International Commercial Flights

GHG Emissions by Aviation Subcategory, MMtCQO2e (%)
Commercial General
Year Domestic | International Aviation Military
2005 | 4.59 (36%) | 7.65 (60%0) 0.25 (2%) 0.25 (2%)
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Figure 1. Aviation Subcategory Emission Percentages

3.0 Discussion of Results

The results of the E.H. Pechan & Associates’ analysis of aircraft emissions in Alaska indicate
that the commercial aircraft source group contributed the greatest amount of greenhouse gas
emissions for the years 1990-2005. In deriving these estimates, the contractor allocated all CO,
emissions from bunker fuels to the commercial aircraft source group. This may over allocate
greenhouse gas emissions to the domestic commercial aircraft source group for Alaska because
bunker fuel is used in international flights and by general and military aviation aircraft as well.
The results of ADEC’s additional rough estimation of the international flight contribution to the
commercial aircraft sector shows that international flights are a major consumer of jet fuel sold
in Alaska and thus appear to be a significant emitter of greenhouse gas emissions.

4.0 Conclusions

The greenhouse gas emission estimates for aviation source groups in Alaska, provided by E.H.
Pechan & Associates, provide some additional insight about the types of aircraft operations
(commercial, general, military) in Alaska that contribute to GHG emissions. The commercial
aviation subcategory is by far the largest contributor to overall aviation GHG emissions.



ADEC’s cursory analysis and rough estimation of the international flight contribution to the
commercial aviation sector indicates that this subcategory of flights is likely a significant emitter
of greenhouse gases. The air freight industry uses Anchorage as a major stopping point for global
shipping to take advantage of favorable jet fuel prices to support strategic re-fueling on their
international routes. While international flights commonly re-fuel in Alaska that fuel is then
primarily burned outside the state. At this time, these international emissions are being included
in Alaska’s overall emission inventory as ADEC does not have sufficient information to
determine the quantities of fuel burned within Alaskan airspace.

Additional data and improved methods would be helpful to future greenhouse gas emission
estimates for Alaska’s aviation sources. In particular, future efforts should ideally attempt to
include:

e Alaska specific fuel data (activity data) for each airport and military base in Alaska. Alaska
specific aviation fuel data are required to further define how much and what type of aviation
fuels (gasoline, bunker fuel, jet fuel) are being used by the commercial, general, military
aviation source groups.

e A breakdown of the number and types of planes and their engines, as well as the amount and
type of each fuel used by each plane, within the commercial, general and military aircraft
source group.

e A more refined method for determining how much fuel is being combusted during in-state
flights versus out-of-state and international flights for each source group.

e Fuel specific emission factors for aviation fuels and documented literature references for
these factors and estimation methods.
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Prologue to
Alaska Greenhouse Gas Inventory and Reference Case Projections, 1990-2020
by
Alaska Department of Environmental Conservation
Division of Air Quality

The Alaska Greenhouse Gas Inventory and Reference Case Projections, 1990-2020, prepared by
the Center for Climate Strategies, February 2007 for the Alaska Department of Environmental
Conservation takes a first comprehensive look at all potential anthropogenic sources of
Greenhouse Gas (GHG) emissions in the state.

Although the range of sources and their individual contributions to GHG emissions remains
imprecise, this report helps us start to focus on where the major contributors are and what the
future may hold in terms of growth in emissions.

The Center for Climate Strategies found that as of 2005 there are likely over 50 million metric
tons (MMt) of gross GHG emissions generated from Alaskan sources. Over 40% of these
emissions result from burning carbon based fuels at industrial sources (this value does not
include the direct methane emissions from oil, coal and natural gas extraction and production —
these are presented separately in the report as “fossil fuel industry””). Also a major finding of the
report is that nearly 40% of the state-wide greenhouse gas emissions come from the
transportation sector, mostly from jet fuel consumption. Of the remaining 20%, about 7% is
non-combustion related emissions from the fossil fuel industries, an equal amount from
electricity consumption/generation (for all uses) and the remaining 7% or so is divided nearly
equally between commercial and residential (non-electrical) energy needs.

The report projects that by 2020, GHG emissions will increase 42% above 1990 levels to over 60
metric tons per year. By 2020 most of our electricity will still be generated by natural gas, yet
the researcher’s project that added capacity will primarily come from clean wind and
hydropower sources, with wind closely matching petroleum sources and surpassing coal-based
electricity generation.

The report provides very valuable information. It also raises a desire to peer deeper into this
work to better understand the make-up of large groupings such as industrial and transportation
sectors. DEC intends to pursue additional work to more fully understand the source types and
magnitude of contributing sectors of our communities, businesses and industries. For example,
the transportation sector calculations used the total volume of jet fuel sold in Alaska. A
significant portion of that jet fuel is burned in route to other international cities, not in the skies
above Alaska. We simply need to better understand the breakdown of this and other sectors if the
inventory is going to be highly useful to Alaskans. This additional knowledge will also help to
project a range of future outcomes, including worst and best case scenarios.

A per capita look at GHG emissions is a way to make comparisons between different parts of the
country and around the world. Yet, in Alaska per capita measurements tell us little about
individual contribution. Because Alaska is sparsely populated, but contains large natural
resource based export industries, the per capita ratio of GHG emissions is not a reflection of
personal use or lifestyle as it may be in other states.

DEC is grateful for the work that the Center for Climate Strategies and their associates were able
to accomplish for Alaska through a unified effort of the Western Regional Air Partnership. The
report provides a first insightful look at this important topic for Alaskans.



Alaska
Greenhouse Gas Inventory and

Reference Case Projections, 1990-2020

Center for Climate Strategies
July 2007

Principal Authors: Stephen Roe, Randy Strait Alison Bailie, Holly Lindquist, Alison Jamison

CCS

CEMNTER FOR CLIMATE STRATEGIES



Final Alaska GHG Inventory and Reference Case Projection
CCS, July 2007

[This page intentionally left blank.]



Final Alaska GHG Inventory and Reference Case Projection
CCS, July 2007

Executive Summary

The Center for Climate Strategies (CCS) prepared this report for the Alaska Department of
Environment Conservation (ADEC) under an agreement with the Western Governors’
Association. The report contains an inventory and forecast of the State’s greenhouse gas (GHG)
emissions from 1990 to 2020.

Alaska’s anthropogenic GHG emissions and sinks (carbon storage) were estimated for the period
from 1990 to 2020. Historical GHG emission estimates (1990 through 2005) were developed
using a set of generally-accepted principles and guidelines for state GHG emission estimates,
with adjustments by CCS to provide Alaska-specific data and inputs when it was possible to do
so. The initial reference case emission projections (2006-2020) are based on a compilation of
various existing projections of electricity generation, fuel use, and other GHG-emitting activities,
along with a set of transparent assumptions.

Table ES-1 provides a summary of historical (1990, 2000 and 2005) and reference case
projection (2010 and 2020) GHG emissions for Alaska. Activities in Alaska accounted for
approximately 52.1 million metric tons (MMt) of gross® carbon dioxide equivalent (CO.e)
emissions in 2005, an amount equal to about 0.7% of total U.S. gross GHG emissions. Alaska’s
gross GHG emissions grew at about the same rate as those of the nation as a whole (gross
emissions exclude carbon sinks, such as forests). Alaska’s gross GHG emissions increased 13%
from 1990 to 2000, while national emissions rose by 14% during this period.

Figure ES-1 illustrates the State’s emissions per capita and per unit of economic output. On a per
capita basis, Alaskans emit about 79 metric tons (Mt) of COe in 2005, higher than the national
average of 24 MtCO.e/yr. The higher per capita emission rates in Alaska are driven by emissions
from the fossil fuel industry and transportation sectors, which are much higher than the national
average. As in the nation as a whole, per capita emissions in Alaska have changed relatively
little, while economic growth exceeded emissions growth throughout the 1990-2005 period
(leading to declining estimates of GHG emissions per unit of state product). From 1990 to 2005,
emissions per unit of gross product dropped by 40% nationally, and by 23% in Alaska.

The principal source of Alaska’s GHG emissions is residential, commercial, and industrial (RCI)
fuel use, accounting for 49% of total State gross GHG emissions in 2005. Nearly 85% of the RCI
fuel use sector emissions are contributed by the industrial fuel use subsector. The next largest
contributor to total gross GHG emissions is the transportation sector, which accounted for 37%
of the total State gross GHG emissions.

As illustrated in Figure ES-2 and shown numerically in Table ES-1, under the reference case
projections, Alaska’s gross GHG emissions continue to grow, and are projected to climb to 61.5
MMtCO.e per year by 2020, 44% above 1990 levels. As shown in Figure ES-3, emissions
associated with RCI fuel use are projected to be the largest contributor to future emissions
growth, followed by emissions from the transportation sector. Estimates of carbon dioxide

! Excluding GHG emissions removed (e.g., CO, sequestered) in forestry and other land uses.
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sequestered in Alaska’s managed forests are -1.4 MMtCO,/yr (“managed forests” consist of the
coastal maritime forests in Alaska; see Appendix H).

Emissions of aerosols, particularly “black carbon” (BC) from fossil fuel combustion, could have
significant climate impacts through their effects on radiative forcing. Estimates of these aerosol
emissions on a CO,e basis were developed for Alaska based on 2002 data and 2018 projected
data from the Western Regional Air Partnership (WRAP). Estimated BC emissions for the year
2002 were a total of 3.0 MMtCO,e, which is the mid-point of a range of estimated emissions (1.9
—4.0 MMtCO.e). Based on an assessment of the primary contributors, it is estimated that BC
emissions will decrease by 2018 after new engine and fuel standards take effect in the onroad
and nonroad diesel engine sectors. Details of this analysis are presented in Appendix | to this
report. These estimates are not incorporated into the totals shown in Table ES-1 below because a
global warming potential for BC has not yet been assigned by the Intergovernmental Panel on
Climate Change (IPCC).

Some data gaps exist in this analysis, particularly for the reference case projections. Key tasks
for future GHG inventory work in Alaska include review and revision of key emissions drivers.
These include electricity, fossil fuel production, and transportation fuel use growth rates and
future electricity generation source mix, which will be major determinants of Alaska’s future
GHG emissions. In addition, emission estimates from sources that have not yet been estimated
should be investigated. These include emissions of associated CO, in the oil and gas industry.
Details on recommendations for future work are provided in the appendix for each sector.

Alaska Department of iv Center for Climate Strategies
Environmental Quality www.climatestrategies.us




Final Alaska GHG Inventory and Reference Case Projection
CCS, July 2007

Table ES-1. Alaska Historical and Reference Case GHG Emissions, by Sector®

(Million Metric Tons CO.e) 1990 2000 2005 2010 2020 Explanatory Notes for Projections
Electricity Production 2.6 3.1 3.2 3.6 3.7
Coal 0.4 0.8 0.6 0.6 0.6 See electric sector assumptions
Natural Gas 1.9 1.9 2.1 2.1 2.1 in appendix
Qil 0.3 0.5 0.6 0.9 1.0
Net Exported Electricity 0 0 0 0 0
Residential/Commercial 3.8 4.3 3.9 3.9 4.2
Coal 0.8 0.8 0.7 0.7 0.7 Based on USDOE regional projections
Natural Gas 1.8 2.2 1.9 1.9 21 Based on USDOE regional projections
Qil 1.2 1.3 1.3 13 1.4 Based on USDOE regional projections
Wood (CH,4 and N,O) 0.01 0.01 0.02 0.02 0.02 Based on USDOE regional projections
Industrial (Non-Fossil Prod.) 15.7 19.6 21.6 23.5 28.5
Coal 0.00 0.001 0.001 0.001 0.001 Based on USDOE regional projections
Natural Gas 13.2 17.3 18.5 19.9 24.4 Based on USDOE regional projections
Qil 24 24 3.1 3.6 4.1 Based on USDOE regional projections
Wood (CH4 and N,O) 0.01 0.00 0.00 0.00 0.00  Based on USDOE regional projections
Transportation 15.1 16.8 19.0 19.6 20.5
Aviation 7.2 10.6 12.9 13.0 12.9 FAA aircraft operations forecasts
DEC commercial marine inventory
Marine Vessels 4.4 2.4 2.4 2.6 3.0 growth factors
Onroad Vehicles 34 3.7 3.6 3.9 4.4 WRAP inventory VMT projections
Historical trends and USDOE regional
Rail and Other 0.08 0.08 0.12 0.13 0.14  projections
Fossil Fuel Industry 4.9 3.2 3.0 2.9 2.1
Historical trends and DNR natural gas
Natural Gas Industry 0.2 0.4 0.5 0.4 0.4 production forecasts
Historical trends and DNR oil production
Oil Industry 4.7 2.8 2.5 2.4 1.7 forecasts
Coal Mining (Methane) 0.01 0.01 0.01 0.01 0.01  Historical trend
Industrial Processes 0.05 0.2 0.3 0.5 0.7

Alaska manufacturing employment
Limestone and Dolomite Use 0.000 0.000 0.01 0.01 0.01  growth
National projections for 2004-2009

Soda Ash 0.01 0.01 0.01 0.01 0.01 (USGS)

ODS Substitutes 0.001 0.2 0.3 0.4 0.7 EPA 2004 ODS cost study report

SF¢ from Electric Utilities 0.04 0.02 0.02 0.02 0.01 Based on national projections (USEPA)
Waste Management 0.6 0.9 1.0 1.2 1.7

Solid Waste Management 0.6 0.8 1.0 11 1.6 Projected based on 1995-2005 trend

Wastewater Management 0.1 0.1 0.1 0.1 0.1 Projected based on population
Agriculture 0.05 0.05 0.05 0.06 0.07

Manure Management 0.001 0.002 0.004 0.005 0.009  USDA livestock projections

Enteric Fermentation 0.01 0.02 0.02 0.02 0.03 USDA livestock projections

Agricultural Soils 0.04 0.04 0.03 0.03 0.03 Projected based on historical trend
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5

increase relative to 1990 13% 22% 29% 44%
Forestry and Land Use -0.3 -1.4 -1.4 -1.4 -1.4 Projections held constant at 2000 level.
Net Emissions (incl. forestry*) 42.5 46.9 50.7 53.8 60.1

increase relative to 1990 10% 19% 27% 41%

# Totals may not equal exact sum of subtotals shown in this table due to independent rounding. NA = not available.
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Figure ES-1. Historical Alaska and U.S. GHG Emissions, Per Capita and
Per Unit Gross Product
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Figure ES-2. Alaska Gross GHG Emissions by Sector, 1990-2020: Historical and Projected
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Notes: Fossil Fuel Industry emissions include emissions not associated with fuel combustion (fugitive CH,). Fossil
fuel combustion emissions are included in the RCI Fuel Use sector. RCI — direct fuel use in residential, commercial
and industrial sectors. ODS — ozone depleting substance.
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Figure ES-3. Sector Contributions to Emissions Growth in Alaska,
1990-2020: Reference Case Projections
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Acronyms and Key Terms

AEO - Annual Energy Outlook

Ag — Agriculture

ADEC - Alaska Department of Environmental Conservation
bbls — Barrels

BC - Black Carbon

Bcf — Billion cubic feet

BLM - United States Bureau of Land Management
BOC - Bureau of Census

BTU - British thermal unit

C - Carbon

CaCOj3 — Calcium Carbonate

CBM - Coal Bed Methane

CCS - Center for Climate Strategies

CFCs - chlorofluorocarbons

CH4 — Methane*

CO, — Carbon Dioxide*

CO,e — Carbon Dioxide equivalent*

CRP - Federal Conservation Reserve Program

EC - Elemental Carbon

eGRID — U.S. EPA’s Emissions & Generation Resource Integrated Database
EIA — U.S. DOE Energy Information Administration
EIIP — Emissions Inventory Improvement Project (US EPA)
FIA — Forest Inventory Analysis

GHG - Greenhouse Gases*

GSP — Gross State Product

GWh — Gigawatt-hour

GWP - Global Warming Potential*

HFCs — Hydrofluorocarbons*

HNO; — Nitric acid

HWP — Harvested Wood Products

IPCC - Intergovernmental Panel on Climate Change*
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kwh — Kilowatt-hour

LFGTE - Landfill Gas Collection System and Landfill-Gas-to-Energy

LMOP - Landfill Methane Outreach Program
LNG - Liquefied Natural Gas

LPG - Liquefied Petroleum Gas

Mg — Megagrams (equivalent to one metric ton)
Mt - Metric ton (equivalent to 1.102 short tons)
MMt — Million Metric tons

MPO - Metropolitan Planning Organization
MSW — Municipal solid waste

MW — Megawatt

N — Nitrogen

N20 — Nitrous Oxide*

NO; - nitrogen dioxide*

NAICS — North American Industry Classification System
NASS — National Agricultural Statistics Service
NOx — Nitrogen oxides

NSCR - Non-selective catalytic reduction

ODS - Ozone-Depleting Substances

OM - Organic Matter

PADD - Petroleum Administration for Defense Districts
PFCs — Perfluorocarbons*

PM - Particulate Matter

ppb — parts per billion

ppm — parts per million

ppt — parts per trillion

PV — Photovoltaic

RCI — Residential, Commercial, and Industrial
RPA — Resources Planning Act Assessment
RPS — Renewable Portfolio Standard

SAR - Second Assessment Report

SCR- Selective catalytic reduction
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SED - State Energy Data
SFg — Sulfur Hexafluoride*
SGIT - State Greenhouse Gas Inventory Tool

Sinks — Removals of carbon from the atmosphere, with the carbon stored in forests, soils,
landfills, wood structures, or other biomass-related products.

TAR - Third Assessment Report

T&D - Transmission and Distribution

TWh - Terawatt-hours

UNFCCC - United Nations Framework Convention on Climate Change
U.S. EPA - United States Environmental Protection Agency
U.S. DOE - United States Department of Energy

USDA - United States Department of Agriculture

USFS - United States Forest Service

USGS - United States Geological Survey

VMT - Vehicle-Miles Traveled

WAPA - Western Area Power Administration

WECC - Western Electricity Coordinating Council

W/m? — Watts per Square Meter

WMO - World Meteorological Organization*

WRAP — Western Regional Air Partnership

* - See Appendix J for more information.
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Summary of Preliminary Findings

Introduction

The Center for Climate Strategies (CCS) prepared this report for the Alaska Department of
Environmental Conservation (ADEC) under an agreement with the Western Governors’
Association. This report presents initial estimates of base year and projected Alaska
anthropogenic greenhouse gas (GHG) emissions and sinks for the period from 1990 to 2020.
These estimates are intended to assist the State with an initial, comprehensive understanding of
current and possible future GHG emissions for Alaska.

Historical GHG emissions estimates (1990 through 2005) were developed using a set of
generally accepted principles and guidelines for state GHG emissions inventories, as described in
Section 2, relying to the extent possible on Alaska-specific data and inputs. The initial reference
case projections (2006-2020) are based on a compilation of various existing projections of
electricity generation, fuel use, and other GHG-emitting activities, along with a set of simple,
transparent assumptions described in the appendices of this report.

This report covers the six types of gases included in the U.S. Greenhouse Gas Inventory: carbon
dioxide (CO,), methane (CHy), nitrous oxide (N»O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SFs). Emissions of these GHGs are presented
using a common metric, CO, equivalence (CO,e), which indicates the relative contribution of
each gas to global average radiative forcing on a Global Warming Potential- (GWP-) weighted
basis. The final appendix to this report provides a more complete discussion of GHGs and
GWPs. Emissions of black carbon were also estimated. Black carbon (BC) is an aerosol species
with a positive climate forcing potential (that is, the potential to warm the atmosphere, as GHGs
do); however, black carbon currently does not have a GWP defined by the IPCC due to
uncertainties in both the direct and indirect effects of BC on atmospheric processes (see
Appendices | and J for more details). Therefore, except for Appendix I, all of the summary tables
and graphs in this report cover emissions of just the six GHGs noted above.

It is important to note that the preliminary emission estimates for the electricity sector reflect the
GHG emissions associated with the electricity sources used to meet Alaska’s demands,
corresponding to a consumption-based approach to emissions accounting (see Approach Section
below). Another way to look at electricity emissions is to consider the GHG emissions produced
by electricity generation facilities in the State. Because Alaska has very limited electricity
imports or exports, the GHG emissions on a production-basis are the same as GHG emissions
from a consumption-basis. CCS introduces this concept of consumption- versus production-
based emissions, since in other states, electricity imports and exports are an important issue.

% The last year of available historical data varies by sector; ranging from 2000 to 2005.
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Alaska Greenhouse Gas Emissions: Sources and Trends

Table 1 provides a summary of GHG emissions estimated for Alaska by sector for the years
1990, 2000, 2005, 2010, and 2020. In the sections below, we discuss GHG emission sources
(positive, or gross, emissions) and sinks (negative emissions) separately in order to identify
trends, projections and uncertainties for each.

The next section of the report provides a summary of the historic emissions (1990 through 2005)
followed by a summary of the forecasted reference case projection year emissions (2006 through
2020), key uncertainties, and suggested next steps. CCS also provides an overview of the general
methodology, principles, and guidelines followed for preparing the inventories. Appendices A
through H provide the detailed methods, data sources, and assumptions for each GHG sector.

Appendix | provides information on 2002 and 2018 BC estimates for Alaska. CCS estimated that
BC emissions in 2002 ranged from 1.9 — 4.0 MMtCOe with a mid-point estimate of 3.0
MMtCOe. A range is estimated based on the uncertainty in the global modeling analyses that
serve as the basis for converting BC mass emissions into their carbon dioxide equivalents (see
Appendix | for more details). Since the IPCC has not yet assigned a global warming potential for
BC, CCS has excluded these estimates from the GHG summary shown in Table 1 below. Based
on an assessment of 2018 forecasted emissions for the primary BC contributors from the Western
Regional Air Partnership (WRAP), it is estimated that BC emissions will decrease by 2018 after
new engine and fuel standards take effect in the onroad and nonroad diesel engine sectors.
Appendix | contains a detailed breakdown of emissions contribution by source sector.

Appendix J provides background information on GHGs and climate-forcing aerosols.
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Table 1. Alaska Historical and Reference Case GHG Emissions, by Sector®

(Million Metric Tons CO,e)

1990

2000

2005

2010

2020

Explanatory Notes for Projections

Electricity Production 2.6 3.1 3.2 3.6 3.7
Coal 0.4 0.8 0.6 0.6 0.6 See electric sector assumptions
Natural Gas 1.9 1.9 2.1 2.1 2.1 in appendix
oll 0.3 0.5 0.6 0.9 1.0
Net Exported Electricity 0 0 0 0 0
Residential/Commercial 3.8 4.3 3.9 3.9 4.2
Coal 0.8 0.8 0.7 0.7 0.7 Based on USDOE regional projections
Natural Gas 1.8 2.2 1.9 1.9 2.1 Based on USDOE regional projections
Qil 1.2 1.3 1.3 1.3 1.4 Based on USDOE regional projections
Wood (CH,4 and N,O) 0.01 0.01 0.02 0.02 0.02 Based on USDOE regional projections
Industrial (Non-Fossil Prod.) 15.7 19.6 21.6 23.5 28.5
Coal 0.00 0.001 0.001 0.001 0.001  Based on USDOE regional projections
Natural Gas 13.2 17.3 18.5 19.9 24.4  Based on USDOE regional projections
Qil 2.4 2.4 3.1 3.6 4.1 Based on USDOE regional projections
Wood (CH,4 and N,O) 0.01 0.00 0.00 0.00 0.00  Based on USDOE regional projections
Transportation 151 16.8 19.0 19.6 20.5
Aviation 7.2 10.6 12.9 13.0 12.9 FAA aircraft operations forecasts
DEC commercial marine inventory
Marine Vessels 4.4 2.4 2.4 2.6 3.0 growth factors
Onroad Vehicles 34 3.7 3.6 3.9 4.4 WRAP inventory VMT projections
Historical trends and USDOE regional
Rail and Other 0.08 0.08 0.12 0.13 0.14  projections
Fossil Fuel Industry 4.9 3.2 3.0 2.9 2.1
Historical trends and DNR natural gas
Natural Gas Industry 0.2 0.4 0.5 0.4 0.4 production forecasts
Historical trends and DNR oil production
Oil Industry 4.7 2.8 25 24 1.7 forecasts
Coal Mining (Methane) 0.01 0.01 0.01 0.01 0.01 Historical trend
Industrial Processes 0.05 0.2 0.3 0.5 0.7
Alaska manufacturing employment
Limestone and Dolomite Use 0.000 0.000 0.01 0.01 0.01 growth
National projections for 2004-2009
Soda Ash 0.01 0.01 0.01 0.01 0.01 (USGS)
ODS Substitutes 0.001 0.2 0.3 0.4 0.7 EPA 2004 ODS cost study report
SF¢ from Electric Utilities 0.04 0.02 0.02 0.02 0.01 Based on national projections (USEPA)
Waste Management 0.6 0.9 1.0 1.2 1.7
Solid Waste Management 0.6 0.8 1.0 11 1.6 Projected based on 1995-2005 trend
Wastewater Management 0.1 0.1 0.1 0.1 0.1 Projected based on population
Agriculture 0.05 0.05 0.05 0.06 0.07
Manure Management 0.001 0.002 0.004 0.005 0.009  USDA livestock projections
Enteric Fermentation 0.01 0.02 0.02 0.02 0.03 USDA livestock projections
Agricultural Soils 0.04 0.04 0.03 0.03 0.03 Projected based on historical trend
Total Gross Emissions 42.8 48.3 52.1 55.2 61.5
increase relative to 1990 13% 22% 29% 442%
Forestry and Land Use -0.3 -1.4 -1.4 -1.4 -1.4 Projections held constant at 2000 level.
Net Emissions (incl. forestry*) 42.5 46.9 50.7 53.8 60.1
increase relative to 1990 10% 19% 27% 41%

# Totals may not equal exact sum of subtotals shown in this table due to independent rounding. NA = not available.
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Historical Emissions

Overview

Our analyses suggest that in 2005, activities in Alaska accounted for approximately 52.1 million
metric tons (MMt) of gross® CO.e emissions, an amount equal to 0.7% of total U.S. gross GHG
emissions. Alaska’s gross GHG emissions are rising at about the same rate as those of the nation
as a whole (gross emissions exclude carbon sinks, such as forests). Alaska’s gross GHG
emissions increased by about 13% from 1990 to 2000, while national emissions rose by 14%
during the same period.

On a per capita basis, Alaska activities emit about 77 metric tons (Mt) of CO.e annually;
significantly higher the national average of 25 MtCO,e/yr. Figure 1 illustrates the State’s
emissions (metric tons) per capita and per dollar of economic output. It also shows that, like the
nation as a whole, per capita emissions have changed relatively little, while economic growth has
exceeded emissions growth in Alaska throughout the 1995-2005 period (leading to declining
rates of GHG emissions per dollar of economic output). From 1990 to 2004, emissions per unit
of gross product dropped by 40% nationally (2004 are the latest US estimates). In Alaska, gross
product emissions dropped by 23% from 1990 to 2005. Emissions from the fossil fuel industry
and transportation (notably aircraft and commercial marine) sectors contribute to the large
differences seen between Alaska’s per capita emission rates and the national average.

Figure 1. Alaska and US Gross GHG Emissions, Per Capita and Per Unit Gross Product
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= il (tCO2e)
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Residential, commercial, and industrial (RCI) fossil fuel combustion and transportation are the
State’s principal GHG emissions sources. RCI fossil fuel combustion accounted for 50% of

® Excluding GHG emissions removed due to forestry and other land uses and excluding GHG emissions associated
with exported electricity.
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Alaska’s gross GHG emissions in 2000, as shown in Figure 2. The transportation sector
accounted for 35% of gross GHG emissions in 2000. Electricity production and the fossil fuel
industry each accounted for 7% of gross GHG emissions. The remaining sectors — agriculture,
landfills and wastewater management facilities, and industrial processes — accounted for less
than 3% of the State’s emissions in 2000. Industrial process emissions comprised only 0.4% of
State GHG emissions in 2000, but these emissions are rising due to the increasing use of HFC as
substitutes for ozone-depleting chlorofluorocarbons.*

Figure 3 provides both the historical and projected gross emission estimates for all source
sectors. Figure 4 is a chart showing the contribution for each sector to emissions growth both
historically (1990-2005) and for the reference case forecast (2005-2020). As shown in this
figure, both the RCI fuel combustion and transportation sectors are important contributors to
emissions growth, both historically and in the future projected emissions. Non-combustion
emissions for the fossil fuel industry show declining growth both historically and in the future as
existing oil and gas production fields are expected to decline. As described in Appendix E, the
reference case forecast does not assume significant new oil and gas leases coming into
production before 2020 (an important area for future assessment for GHG implications).

Figure 2. Gross GHG Emissions by Sector, 2000, Alaska and US

Alaska Transport US Transport Industrial
35% Industrial 26% Process
Res/Com Process o
Fuel Use
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Industrial
Fuel Use
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7% (CH4) 3%

Electricity
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* Chlorofluorocarbons (CFCs) are also potent GHGs; they are not, however, included in GHG estimates because of
concerns related to implementation of the Montreal Protocol. See final Appendix (Appendix I).
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A Closer Look at the Two Major Sources: RCI Fuel Use and Transportation
Activities in the residential, commercial, and industrial® (RCI) sectors produce GHG emissions
when fuels are combusted to provide space heating, process heating, and other applications. In

2000, combustion of oil, natural gas, coal, and wood in the RCI sectors contributed about 50% of
Alaska’s gross GHG emissions, much higher than RCI sector contribution for the nation (23%).

Figure 3. Alaska Gross GHG Emissions by Sector, 1990-2020: Historical and Projected
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Notes: Fossil Fuel Industry emissions include emissions not associated with fuel combustion (fugitive CH,). Fossil
fuel combustion emissions are included in the RCI Fuel Use sector.
RCI - direct fuel use in residential, commercial and industrial sectors. ODS — ozone depleting substance.

By 2005, the RCI sector emissions were at about 49% (25.5 MMtCO,e) of gross GHG
emissions. In 2005, the residential sector’s share of total RCI emissions from direct fuel use was
7% (1.8 MMtCO,e), the commercial sector accounted for 8% (2.0 MMtCO,e), and the industrial
sector’s share of total RCI emissions from direct fuel use was 85% (21.6 MMtCO.e). Overall
emissions for the RCI sector (excluding those associated with electricity consumption) are
expected to increase by 28% between 2005 and 2020. Emissions from the residential and
commercial sectors are projected to increase by 10% and 6% between 2005 and 2020,
respectively. The strongest growth is expected from the industrial sector, which is projected to
increase 32% between 2005 and 2020.°

® The industrial sector includes emissions associated with agricultural energy use and fuel used by the fossil fuel
production industry.

® See Appendix B for more details. Given the forecasted decline in non-combustion emissions for the fossil fuel

industry; the increase in the industrial fossil fuel consumption seems odd; however, ADEC contacts indicate that
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Figure 4. Sector Contributions to Emissions Growth in Alaska,
1990-2020: Historic and Reference Case Projections
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*RCI — direct fuel use in residential, commercial and industrial sectors; ODS — ozone depleting substance.

The transportation sector accounted for 35% (16.8 MMtCO,e) of Alaska’s gross GHG emissions
in 2000. Emissions are projected to increase to 20.5 MMtCOe (33% of gross GHG emissions) in
2020. Jet fuel consumption accounts for the largest share of transportation GHG emissions.
Emissions from jet fuel consumption increased by about 59% from 1990-2002 to cover almost
64% of total transportation emissions in 2002. GHG emissions from marine fuel consumption
decreased by 36% from 1990 to 2002, and in 2002 accounted for 14% of GHG emissions from
the transportation sector. Emissions from onroad gasoline grew by only 1% between 1990 and
2002 and onroad diesel grew by 8% during this period. In 2002, onroad gasoline and diesel
accounted for 12% and 8% of total transportation emissions, respectively. Emissions from all
other categories combined (aviation gasoline, locomotives, natural gas and LPG, and oxidation
of lubricants) contributed slightly over 0.5% of total transportation emissions in 2002.

It is important to note that the jet fuel emissions include fuel that is purchased in-state but is not
necessarily consumed within Alaska’s airspace. This accounting issue is also present in the
inventories of other states prepared by CCS, where international passenger and cargo transportation
emissions are concerned. On the other hand, fuel purchased outside of the state for aircraft that enter
the state are not included in the emission estimates presented in this report. The size of the
contribution from the transportation - aviation sector shown in Figure 3 above reflects the importance

natural gas combustion is expected to increase significantly in future years since more fuel is consumed to extract oil
and gas as the production in existing fields declines. This is an area that should be investigated further during future
work. The industrial fossil fuel consumption projections are based on the regional EIA AEO forecast data for the
Pacific Region.
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of this industry in Alaska.

Reference Case Projections

Relying on a variety of sources for projections of electricity and fuel use, as noted below and in
the Appendices, we developed a simple reference case projection of GHG emissions through
2020. As illustrated in Figure 3 and shown numerically in Table 1, under the reference case
projections, Alaska gross GHG emissions continue to grow steadily, climbing to 61.5 MMTCO.e
by 2020, 44% above 1990 levels. Residential, commercial, and industrial (RCI) fossil fuel use is
projected to be the largest contributor to future emissions growth with the industrial subsector
being the key contributor. Additional details on the assumptions used to estimate future GHG
emissions are provided in the applicable technical appendices to this report.

Key Uncertainties and Next Steps

Some data gaps exist in this inventory, and particularly in the reference case projections. Key
tasks that should be performed in future updates include review and revision of key drivers, such
as the electricity and transportation fuel use growth rates that will be major determinants of
Alaska’s future GHG emissions (See Table 2). These growth rates are driven by uncertain
economic, industrial, demographic, and land use trends (including growth patterns and
transportation system impacts), all of which deserve closer review and discussion.

Perhaps the variables with the most important implications for the State’s GHG emissions are the
assumptions on air travel and industrial sector growth. In the electricity generation sector, the
important assumptions include a large renewable energy mix in the new generation sources (80%
renewable). Finally, uncertainty remains regarding the estimates for historic GHG sinks from
forestry, and projections for these emissions may affect the net GHG emissions in Alaska.
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Table 3. Key Annual Growth Rates for Alaska, Historical and Projected

Key Parameter 1990- 2005- Sources
2005 2020
Population 1.2% 0.9% Alaska Department of Labor and Workforce
Development
Employment Alaska Department of Labor and Workforce
Goods 2.6% 1.2% Development, 2004-2014 Forecast trend
Services 2.5% 1.4% assumed to continue through 2020
Electricity Sales 2.2% 1.7% Historic from EIA data, projections are CCS
assumptions based on extending 2000-2005
growth
Vehicle Miles 1.7% 1.3% Alaska Department of Transportation and
Traveled Public Facilities, Western Region Air

Partnership (WRAP) Mobile Source Inventory

* Population and employment projections for Alaska were used together with US DOE’s Annual Energy
Outlook 2006 projections of changes in fuel use on a per capita and per employee, as relevant for each
sector. For instance, growth in Alaska’s residential natural gas use is calculated as the Alaska population
growth times the change in per capita natural gas use for the Pacific region.

Emissions of aerosols, particularly black carbon from fossil fuel combustion, could have
significant impacts in terms of radiative forcing (that is, climate impacts). Methodologies for
conversion of black carbon mass estimates and projections to global warming potential involve
significant uncertainty at present, but CCS has developed and used a recommended approach for
estimating black carbon emissions based on methods used in other States. Current estimates
suggest a 6% CO.e contribution overall from BC emissions, as compared to the COe
contributed from the gases (see Appendix I).

Approach

The principal goal of compiling the inventories and reference case projections presented in this
document is to provide the State, with a general understanding of Alaska’s historical, current,
and projected (expected) GHG emissions. The following explains the general methodology and
the general principles and guidelines followed during development of these GHG inventories for
Alaska.

General Methodology

CCS prepared this analysis in close consultation with Alaska agencies, in particular, with the
ADEC staff. The overall goal of this effort is to provide simple and straightforward estimates,
with an emphasis on robustness, consistency and transparency. As a result, we rely on reference
forecasts from best available state and regional sources where possible. Where reliable forecasts
are lacking, we use straightforward spreadsheet analysis and linear extrapolations of historical
trends rather than complex modeling.
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In most cases, we follow the same approach to emissions accounting for historical inventories
used by the US EPA in its national GHG emissions inventory’ and its guidelines for States.®
These inventory guidelines were developed based on the guidelines from the Intergovernmental
Panel on Climate Change, the international organization responsible for developing coordinated
methods for national GHG inventories.® The inventory methods provide flexibility to account for
local conditions. The key sources of activity and projection data are shown in Table 4. Table 4
also provides the descriptions of the data provided by each source and the uses of each data set in
this analysis.

General Principles and Guidelines

A key part of this effort involves the establishment and use of a set of generally accepted
accounting principles for evaluation of historical and projected GHG emissions, as follows:

e Transparency: We report data sources, methods, and key assumptions to allow open
review and opportunities for additional revisions later based on input from others. In
addition, we will report key uncertainties where they exist.

e Consistency: To the extent possible, the inventory and projections will be designed to be
externally consistent with current or likely future systems for state and national GHG
emission reporting. We have used the EPA tools for state inventories and projections as a
starting point. These initial estimates were then augmented and/or revised as needed to
conform with state-based inventory and base-case projection needs. For consistency in
making reference case projections®, we define reference case actions for the purposes of
projections as those currently in place or reasonably expected over the time period of
analysis.

e Comprehensive Coverage of Gases, Sectors, State Activities, and Time Periods. This
analysis aims to comprehensively cover GHG emissions associated with activities in
Alaska. It covers all six GHGs covered by U.S. and other national inventories: CO,, CHy,
N0, SFs, HFCs, and PFCs and black carbon. The inventory estimates are for the year
1990, with subsequent years included up to most recently available data (typically 2002
to 2005), with projections to 2010 and 2020.

e Priority of Significant Emissions Sources: In general, activities with relatively small
emissions levels may not be reported with the same level of detail as other activities.

" US EPA, Feb 2005. Draft Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2003.
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmissionsinv
entory2005.html.

® http://yosemite.epa.gov/oar/globalwarming.nsf/content/EmissionsStatelnventoryGuidance.html.

® http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm.

10 «“Reference case” refers to a projection of the current or “base year” inventory to one or more future years under
business-as-usual forecast conditions (for example, existing control programs and economic growth).
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Table 4. Key Sources for Alaska Data, Inventory Methods, and Growth Rates

Source

Information provided

Use of Information in this
Analysis

US EPA State
Greenhouse Gas
Inventory Tool (SGIT)

US EPA SGIT is a collection of linked
spreadsheets designed to help users develop
State GHG inventories. US EPA SGIT
contains default data for each State for most
of the information required for an inventory.
The SGIT methods are based on the
methods provided in the Volume 8
document series published by the Emissions
Inventory Improvement Program
(http://www.epa.gov/ttn/chief/eiip/techrepor
t/volume08/index.html)

Where not indicated otherwise, SGIT is
used to calculate emissions from
residential/commercial/industrial fuel
combustion, industrial processes,
transportation, agriculture and forestry,
and waste. We use SGIT emission
factors (CO,, CH, and N,O per BTU
consumed) to calculate energy use
emissions.

US DOE Energy
Information
Administration (EIA)
State Energy Data (SED)

EIA SED source provides energy use data
in each State, annually to 2001.

EIA SED is the source for most energy
use data. We also use the more recent
data for electricity and natural gas
consumption (including natural gas for
vehicle fuel) from the EIA website for
years after 2001. Emission factors from
US EPA SGIT are used to calculate
energy-related emissions.

US DOE Energy
Information
Administration Annual
Energy Outlook 2006
(AEO2006)

EIA AEO2006 projects energy supply and
demand for the US from 2005 to 2030.
Energy consumption is estimated on a
regional basis. Alaska is included in the
Pacific Census region (AK, CA, HI, OR,
and WA)

EIA AEO2006 is used to project
changes in per capita (residential) and
per employee (commercial/industrial)
energy consumption

American Gas
Association — Gas Facts

Natural gas transmission and distribution
pipeline mileage.

Pipeline mileage from Gas Facts used
with SGIT to estimate natural gas
transmission and distribution
emissions.

US EPA Landfill
Methane Outreach
Program (LMOP)

LMOP provides landfill waste-in-place
data.

Waste-in-place data used to estimate
annual disposal rate, which was used
with SGIT to estimate emissions from
solid waste, with additional data from
ADEC staff.

US Forest Service

Under development

Under development

USDS National
Agricultural Statistics
Service (NASS)

USDA NASS provides data on crops and
livestock.

Crop production data used to estimate
agricultural residue and agricultural
soils emissions; livestock population
data used to estimate manure and
enteric fermentation emissions

e Priority of Existing State and Local Data Sources: In gathering data and in cases
where data sources conflicted, we placed highest priority on local and state data and
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analyses, followed by regional sources, with national data or simplified assumptions such
as constant linear extrapolation of trends used as defaults where necessary.

e Use of Consumption-Based Emissions Estimates: To the extent possible, we estimated
emissions that are caused by activities that occur in Alaska. For example, we reported
emissions associated with the electricity consumed in Alaska. The rationale for this
method of reporting is that it can more accurately reflect the impact of State-based policy
strategies such as energy efficiency on overall GHG emissions, and it resolves double
counting and exclusion problems with multi-emissions issues. This approach can differ
from how inventories are compiled, for example, on an in-state production basis, in
particular for electricity. As mentioned previously, since there are no significant
electricity imports to or exports from Alaska, the production-based estimates are the
same as the consumption-based estimates.

If ADEC decides to refine this analysis, they may also consider estimating other sectoral
emissions on a consumption basis, such as accounting for emissions from combustion of
transportation fuel used in Alaska, but purchased out-of-state. In some cases this can require
venturing into the relatively complex terrain of life-cycle analysis. In general, CCS recommends
considering a consumption-based approach where it will significantly improve the estimation of
the emissions impact of potential mitigation strategies. [For example re-use, recycling, and
source reduction can lead to emission reductions resulting from lower energy requirements for
material production (such as paper, cardboard, and aluminum), even though production of those
materials, and emissions associated with materials production, may not occur within the State.]

Details on the methods and data sources used to construct the inventories and forecasts for each
source sector are provided in the following appendices:

e Appendix A. Electricity Use and Supply.
e Appendix B. Residential, Commercial, and Industrial (RCI) Fossil Fuel Combustion.
e Appendix C. Transportation Energy Use.
e Appendix D. Industrial Processes.
e Appendix E. Fossil Fuel Industries.
e Appendix F. Agriculture.
e Appendix G. Waste Management.
e Appendix H. Forestry.
Appendix | contains a discussion of the inventory and forecast for black carbon. Appendix J

provides additional background information from the US EPA on greenhouse gases and global
warming potential values.
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Appendix A. Electricity Use and Supply

This Appendix describes Alaska’s electricity sector and the greenhouse gas (GHG) emissions
associated with this sector from 1990 to the present. The assumptions used to develop the
reference case projections are described and the resulting GHG emissions are summarized.

As noted in the main report, a key question for many States to consider when developing GHG
inventories is how to treat GHG emissions that result from generation of electricity that is
produced outside the State to meet electricity needs in the State — or the opposite case of
electricity produced in the State to provide electricity for customers in other states. In other
words, should the State consider the GHG emissions associated with the State’s electricity
consumption, with its electricity production, or with some combination of the two? This issue is
not as important for Alaska, since its electric sector is stand-alone. However, the consumption-
based and production-based terminology is used in this Appendix for Alaska to allow for simple
comparison with GHG reports for other states.

Electricity Consumption

At about 8,800 kilowatt-hours (kWh) per capita per year based on 2004 data, Alaska has
relatively low electricity consumption for its population. By way of comparison, the per capita
consumption for the U.S. was about 12,000 kWh per year.™* Many factors influence a state’s per
capita electricity consumption, including the impact of weather on demand for cooling and
heating, the size and type of industries in the State, and the type and efficiency of equipment in
use in the residential, commercial and industrial sectors.

As shown in Figure Al, electricity sales in Alaska’s residential and commercial sectors have
generally increased modestly from 1990 through 2005. The industrial sector electricity sales are
characterized by strong growth from 1997 to 2000, but limited growth in other time periods.
Overall, total electricity consumption increased at an average annual rate of 2.2 percent from
1990 to 2005, which can be compared with the average population growth rate of 1.0 percent per
year aninl2 gross state product increases averaging about 3.8 percent per year over the same

period.

1 US Census Bureau for US population, Energy Information Administration for electricity sales.

12 population from Alaska Department of Labor and Workforce Development, “Workforce Information,” Home
(http://almis.labor.state.ak.us/), Population & Census, Estimates & Projections, Population Data Tables “Alaska
Population Estimates 2000-2005,”. Gross State Production from Bureau of Economic Analysis.
http://bea.gov/bea/newsrelarchive/2006/gsp1006.xIs.
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Figure Al. Electricity Consumption by Sector in Alaska, 1990-2005*
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Source: EIA State Energy Data (1990-2002) and EIA Electric Power Annual (2003-2005).

Projections for electricity sales from 2006 through 2020 are based on extrapolating the trends in
electricity growth from 2000 to 2005, rather than relying on existing projections of electricity
sales. In Alaska, more than 70 different entities provide electricity to consumers. In 2004, the
State had 21 Investor-owned utilities, 34 public entities and 18 electric co-operatives. These
entities are not required to submit planning reports to the Regulatory Commission of Alaska, or
to any other source. Collecting information from each utility was beyond the resources of this
project, and may not even be feasible since many utilities are unlikely to have such plans. Other
potential sources for electricity sales projections, such as the Institute of Social and Economic
Research (ISER) at the University of Alaska and the documents from the Alaska Energy Task
Force, had not completed state-wide projections recently.'* Representatives from both ISER and
the Alaska Energy Authority suggested future growth is likely to follow historic trends.*® Table
Al reports historic and projected annual average growth rates.

3 Note from 1990-2002, the EIA data includes a category referred to as “other,” which included lighting for public
buildings, streets, and highways, interdepartmental sales, and other sales to public authorities, agricultural and
irrigation sales where separately identified, electrified rail and various urban transit systems (such as automated
guideway, trolley, and cable). To report total electricity in Figure A1, the sales from the “other” category are
included with the commercial sector. The decision to include these with commercial rather than the other sectors is
based on comparing the trends of electricity sales from 2000-2002 with 2003 sales.

¥ Email from Scott Goldsmith, ISER, January 10, 2007.

1> Email from Scott Goldsmith, ISER, January 10, 2007, personal communication with Peter Crimp, Alaska Energy
Authority, January 16, 2007. Also, personal communication, Mark Foster, MAFA.
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Final Alaska GHG Inventory and Reference Case Projection
CCS, July 2007

Table Al. Electricity Growth Rates, historic and projected

Residential 1.1% 2.1% 2.1%
Commercial 1.3% 1.5% 1.5%
Industrial 8.5% 1.7% 1.7%
Total 2.2% 1.7% 1.7%

Source: Historic from EIA data, projections are CCS assumptions based on extending 2000-2005 growth.

Electricity Generation — Alaska’s Power Plants

The following section provides information on GHG emissions and other activity associated with
power plants in Alaska.

As displayed in Figure A2, natural gas figures prominently in electricity generation and accounts
for 63 percent of the GHG emissions from power plants in Alaska. Hydro-electric and
petroleum-fired plants also provided significant electricity generation. To calculate total GHG
emissions from electricity production in Alaska, CCS applied SGIT emission factors to annual
energy consumption data extracted from EIA’s State Energy Data.
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Final Alaska GHG Inventory and Reference Case Projection
CCS, July 2007

Figure A2. Electricity Generation and CO; Emissions from Alaska Power Plants, 2004

Total Generation
6,049 GWh

Natural Gas,

Petroleum,
geothermal,

biomass, wind
202 GWh, 0.5%

Hydroelectric, Coal,
1,498 GWh, 393 GWh,
24.8% 6.5%

Total GHG Emissions
3.1 MMtCO,e

Natural Gas,
2.0 MMtCO.e,

63%

Petroleum,
0.6 MMtCO.e,

18%

Source: Generation data from EIA Electric Power Annual spreadsheets, GHG emissions calculated from EIA data
on fuel consumption and SGIT GHG emission factors.

Table A2 shows the growth in generation by fuel type between 1990 and 2004 from power plants
in Alaska. Overall generation grew by 35 percent over the 15 years. Petroleum-fired generation
has had particularly strong growth, doubling between 1990 and 2004. Hydro generation also
grew significantly during this period. Natural gas-fired generation grew more slowly but remains
the dominant source of electricity in the State.
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Final Alaska GHG Inventory and Reference Case Projection
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Table A2. Growth in Electricity Generation in Alaska 1990-2004

Coal 312 393 26%
Hydroelectric 975 1,498 54%
Natural Gas 2,870 3,475 21%
biomass, wind, geothermal 0 1 n/a

Petroleum 337 682 102%
Total 4,493 6,049 35%

Source: EIA data, generation from electric sector, excludes electricity generation from
industrial and commercial sector.

Future Generation and Emissions

Estimating future generation and GHG emissions from Alaska power plants requires estimation
of new power plant additions and production levels from new and existing power plants. There
are, of course, large uncertainties, especially related to the timing and nature of new power plant
construction.

The future mix of plants in Alaska remains uncertain as the trends in type of new builds are
influenced by many factors. Recently, new power plants in Alaska have been a mix of wind,
geothermal, hydroelectric and naphtha. Coal dominates the capacity of the new plants that have
been proposed for construction over the next ten years, but not all proposed plants will be built.
A variety of other energy sources have been proposed for other new plants in Alaska. Table A3
presents data on new and proposed plants in Alaska.

Individual proposed plants are not modeled in the reference case projections, but the mix of types
of proposed plants are considered when developing assumptions for the projections.
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Final Alaska GHG Inventory and Reference Case Projection
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Table A3. New and Proposed Power Plants in Alaska

Kotzebue Wind 05 11 00 This expansion is additional to the
project expansion wind 2005/2006 i i i 0.5MW built in 1997 and 1999.
In-service
South Fork Hydro Hydroelectric 2006 2 6.4 0.0
The first geothermal power plant in
Alaska. It is a small-scale unit, using
New 0.4 3 negligible  organic rankine cycle (ORC)
plants In-service technology to produce power from a
Chena Hot Springs Geothermal 2006 low temperature resource.
30 MW Golden Valley Electric Association.
tested in Naphtha is supplied from next-door
2006 60 447 0.4 Flint Hills refinery. Natural gas could
North Pole In-service be used instead, if it is supplied to the
Expansion Project Naphtha 2007 Interior in the future.
Lake Dorothy under 14.3 75 0.0
Hydro Hydro electric  construction
under 1 3 0.0
Sand Point wind construction
Cascade Creek Hydroelectric Proposed 80 420 0.0
Swan Lake at
Thomas Bay Hydroelectric Proposed 30 166 0.0
Scenery Creek at
Proposed |Thomas Bay Hydroelectric Proposed 20 103 0.0
plants Takatz Lake Hydroelectric Proposed 20 82 0.0
Allison Creek Hydroelectric Proposed 5 20 0.0
Chakachamna Hydroelectric Proposed 430 1,300 0.0
Fire Island Wind Proposed 80 20 0.0
Usibelli Coal Mine
Healy coal Proposed 200 1,489 13 propose