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1.0 EXECUTIVE SUMMARY

A number of governmental agencies and-gomernmental organizations have developed or are
developing requirements for defining and regulating the emissions of greenhouse gases (GHG)
resulting from the production, transport, and consumption of transporfatls. This

Framework and Guidance Document was developed specifically in respons&tethg
Independence and Security Act (EISA) of 208iacted intéaw on December 19, 200EISA

7 placed ainiquegreenhouse gas emissigguiremenbn all Fearal agencies; specifically,

Section 526rovidesthat

No Federal agency shall enter into a contract for procurement of an alternative or synthetic fuel,
including a fuel produced from nonconventional petroleum sources, for any moddgityd use,
otherthan for research or testing, unless the contract specifies that the lifecycle greenhouse gas
emissions associated with the production and combustion of the fuel supplied under the contract
must, on an ongoing basis, be less than or equal to such emifsionthe equivalent

conventional fuel produced from conventional petroleum sources.

In order for Federal agencies procurement of mohigtgited fuels to be in compliance with Sec.

526 of EISA, producers of alternative and synthetic fuels mustbé¢ abble d e monst r at e tF
GHG emissions is less than or equal to fuel produced from conventional petroleum sources. The

first step is to establish GHG emissions baselines for conventional fuels produced from

conventional petroleum sources. Once theselines are established, producers of alternative

and synthetic fuels can then determine if the fuel is Sec. 526 compliant.

To determine whether alternative and synthetic fuels are Sec. 526 compliant, the producer must
assess all GHG emissions; fromdluotion field to vehicle fuel tank and from fuel tank to
vehicle exhaust. This scope of emidosi on asse
wheel so, or in t haeaowadkseed aafn ad wisatsi.on , T oa efvweaulrle
for determning Sec. 526 compliance, Life Cycle Assessments (LCA) for both a baseline
petroleum fuel and alternative fuels must be developed.

This Framework and Guidance Document was developed to define the LCA methodologies and
data required for generating the enogs information on specific fuels at specific locations from
defined feedstocks. The life cycle emissions analysis provides the quantitative information for
the Defense Energy Support Center (DESC), or other agencies responsible for procurement, to
asses compliance with Federal statute.

The U.S. Air Force is the largest user of aviation fuel in the Department of Defense and the lead
agency for testing and certifying alternative fuels. In 4 Sep 2008, the AF convened a working

group of individuals from dierse government agencies, universities, and corporations who are
actively engaged in assessing greenhouse gas emissions from transportation fuels. Under the Air
Forcebs | eadership, this group developed this
gas emissions in aviation applications. The working group met four times in the Fall of 2008 and

the Spring of 2009 to define issues, review practices, and make recommendations. This report
documents the findings and recommendations of the group.

Finding: Although there have been extensive analyses of the greenhouse gas emissions
associated with petroleum based fuels and alternative fuels, there are still substantial
uncertainties associated with these estimate&ven for well established fuel systemih
extensive data availabilitgifferencesn excess 010%are commorin estimates of life cycle



greenhouse gas emissions based on assumptions used in the analyses. Some uramedtainties
modeling differences amauch larger.In regulatory contextsnodel uncertaintiesuch as these
aregenerallycharacterizethy comparing model predictions to measurements. While the
greenhouse gas emissions associated with the individual components of a life cgirkctye
measurable, such as the emissions faorehiclehauing fuel from refiney to marketmany of

the elements in thie cycle emissionsf a fuel systenare not directly measurabl& herefore,

the collective emissions are not directly measurablés makes evaluating greenhouse gas
emissiors a modeldependent exercise.

Recommendation: In developing greenhouse gas emission estimates, in addition to
specifying the magnitude of the emissions, data and modeling details must be specified.
The specifications should include methodged tadeternine whatshould beancluded in the
analysis and whatould beomitted(system boundaries), how processes producing multiple
products (e.g., food and fueduld becomputationally handled, and how inventory data quality
and uncertaintghould beassessed

Finding: Complying with EISA will require the comparison of life cycle greenhouse gas
emissions associated with proposed synthetic and alternative fuels to an aviation fuel life

cycle baseline; however, there is not currently an official aviation fuel baéine for

comparison. Providers of both conventional and alternativeldareusingdifferentdata and

methods to determine life cycle greenhouse gas emissions, leading to confusion by reviewers of
the information. A baseline determined by usirggeandardized set of LCA methodology is

required. Such a baseline is critical to the development of system boundaries for the
development of comparative assessments of synthetic and alternative fuels under EISA
consideration.

Recommendation: To facilitatecomparative analyses of emissions required by EISA, a

baseline for greenhouse gas emissions from aviation fuels derived frmonventional

petroleum sourcesmust be developed.This baseline should describe the methodologies and

the data used. It shoul@ lransparent in its data sources and should present uncertainty

estimates. The baseline should also recognize that, as the sources of oil and the characteristics of
oil production and refining change, greenhouse gas emissions are likely to changaeseen

for conventional petroleum fuels.,.

Finding: The evaluation of greenhouse gas emissions from alternative and synthetic fuels is
likely to involve processes and modeling needs that are not included in the evaluation of

fuels from petroleum based sorces. These might include processes sasirigation,

fertilization, separation of materials such as algae oils from water, and conversion of land from
one type of use to anoth@hanging the carbon stored in the land.

Recommendation: Guidance for mdeling anticipated processes for alternative fuels

should be provided. Methodological guidance is needed in as many of these alternative fuel
operations as can be anticipatpdyviding a framework for agencies responsible for
procurement to assess comapice under EISA.

Recommendation: Once published use the framework document as a basis for a few case
studies to help establish best practices for LCA analysis of jet fuels

This report provides methodological guidance for the development of greenhoeseigsen
estimation from aviation fuels and is based on the collective consensus of a working group with



extensive experience in aviation fuels and LCAs. The methodological guidance is directed
toward the analysts who will perform and interpret the LCiAfsiel systems. The

methodological guidance addresses issues of system boundaries, allocation and data quality and
the need for comprehensive analyses, transparency of methodologies and data; and well
characterized uncertainties. The work group antiegp#tis methodological guidance will

evolve over time and the modeling of life cycle greenhouse gas emissions from transportation
fuels will have its own life cycle. This report is intended as a first step toward a well

documented and evolving approactapplying life cycle greenhouse gas emission models in a
regulatory or contractual context.



2.0 INTRODUCTION
2.1 Background

Although there have been extensive analyses of the greenhouse gas emissions associated with
petroleum based fuels and alternative fuekstdlare still substantial uncertainties associated

with some of the estimates of the greenhouse gas impacts of these fuel systems. Nevertheless, a
variety of governmental agencies and fgmvernmental organizations are developing

approaches for estimatimmg regulating the emissions of greenhouse gases associated with the
production and use of transportation fuels. Specifically Congress included Sectiont6 in t

EISA of 2007 thatstates

No Federal agency shall enter into a contract for procuremeandternative or synthetic fuel,
including a fuel produced from nonconventional petroleum sources, for any moddgitgd use,

other than for research or testing, unless the contract specifies that the lifecycle greenhouse gas
emissions associated witte production and combustion of the fuel supplied under the contract
must, on an ongoing basis, be less than or equal to such emissions from the equivalent
conventional fuel produced from conventional petroleum sources.

In addition, a number of states @nsidering greenhouse gas emission regulations. For
example, the California Global Warming Solutions Act of 20@ds resulted in draft regulations
that establish a limit for life cycle greenhouse gas emissions of transportation fuels.

Both the Califoria low carbon fuel standard and Section 526 of EISA require-aylfke

evaluation of the greenhouse gas emissions of transportation fuels, and this is becoming a

common approach to considering greenhouse gas emissions. Employing a life cycle approach in
estimating greenhouse gas emissions from the production and use of transportation fuels means
assessing all emissions from field to the vehicle tank and from tank to vehicle exhaust. This
scope of emissions assessmetmwthedesl sfa,e qaure nitn yt hre
aviatiomwmwakebwahhl| ysi s.

With the significant interest in both the Department of DefensaDand the civil aviation
community to purchase only alternative fuels that are in compliance with emerging greenhouse
gas emission requirements, a consistearhéwork for conducting a LCAf greenhouse gas
emissions must be developed to assure that candidate fuels are adequately evaluated for
environmental compliance.

2.2 Life Cycle Assessments

There is some variability in@CA terminology, but the most widely accepted terminology has
been codified by the International Standards Organization (ISO 14000 series of staahalds
international groups convened by the Society for Environmental Toxicology and Chemistry
(SETAC) (seefor example(Consoli, et al. 1993)Allen, Consoli, et al. 1997) Therefore, the
terminologies employed by these organizations and governmental agencies, such as the
California Air Resources Board, the U.S. Environmental Protection Agency, andrthe&n
Environment Agency, are employed in this report. Definitions of life cycle terminology are

1 HR 6, available athttp://frvebgate.access.gpo.govitin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf
2 AB 32, available athttp:/Aww.leginfo.ca.gov/pub/0B6/bill/asm/ab_000D050/ab_32_bill_20060927 chaptered.pdf
Available at:http://www.iso.org/iso/iso_14000_essentials



http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf
http://www.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf
http://www.iso.org/iso/iso_14000_essentials

provided in theGlossary so detailed explanations of commonly used terms will not be provided
in the text of the report.

As applied to the estimation of greghouse gas emissions from transportation fuels, the steps in a
LCA are as follows(@Allen and Shonnard 2001())SO 2006a)(1SO 2006b):

Step 1 Determine thegoal andscope of the assessmenGoal and scope definitioarticulates
the intended applicath and scope of the LCA by defining what the system will produce and
what processes and impacts will be studiktiltiple choices are made at this stage, which have
the potential to significantly impact the results of the assessment. For example artindepe
the study goalan LCA can be scoped to quantify climate change impacts based on the heat
released by a fuée.g. kg CQe/mmBTUor g CQe/MJ) or the distance traveled by a vehicle
using the fuel (e.g., kg G@/vehicle mile traveled). Further, B&A can be based on
greenhouse gas data representing the operation of a specific fuel refinery, or data representing
the average operations of all refineries in a state, region, or nation. Also, the contribution to
climate change might be estimated tdide not only industrial and combustion related
greenhouse gas emissions but also the implications of changes in land use at local, regional,
national or global scales

Step 2 Develop an inventory of the greenhouse gas emissions throughout the life eycl

system. In an LCA, nventory analysis prepares an account of inputs and outputsfteethe
production system based on the technologies apphedexample, inputs to the production

system might include crude oil, iron ore, and water while outputbtrimiglude emissions of
greenhouse gases. Again, multiple choices are made by the life cycle practitioner at this stage,
which have the potential to significantly impact the results of the analysis. Among the sets of
choices in inventory analysis areesging time periods and spatial scales for data gathering,
strategies for filling data gaps, and computational considerations for managing the variety of
products produced by the processes within the system. An example of how the time period for
data coléction may influence the results of an inventory analysis is provided by considering the
petroleumbased fuel greenhouse gas emission baseline as of 2005, pursuant to Title I, Subtitle
A, Sec. 201 of EISA. In 2005, disruptions due to Hurricanes Katrid&#a had substantial

impacts on refining operations. Other years without these disruptions may have different
greenhouse gas emission characteristics, suggesting that the choice of the year of data collection
may be significant. Petroleum refining@lsrovides an example of the impact of choices for
managing the variety of products produced by the processes in the system. A simple example is
the allocation selection methodology associated with analyzing the greenhouse gas emissions
associated with eefinery unit operation such as the crude oil distillation unit. Specifically,
petroleum entering a refinery is separated into lighter (e.g. gasoline) and heavier (e.g., lubrication
oils, heavy (bunker) fuels) components in a distillation unit that coes@mergy and

consequently has greenhouse gas emissions. If the unit produces a pound of gasoline for every
pound of bunker fuel, should the energy use and emissions from the unit be assigned equally to
the two products? Should the assignment be bastdwkaelative economic value or the relative
heating values of the products? The choice can influence the results of the analysis, as
demonstrated in case studies cite@attion 50.

Step 3 Assess thelimate changeimpacts of thelife cycleinventory. For greenhouse gas
emissions, assessment of global warming potentials (GWPSs) is usually performed using factors



developed by the Intergovernmental Panel on Climate CH#GE 2007%; however, choices

that influence results are still made in analyses at this stage. For example, it is recognized that

the altitude at which emissions occur can influeriseate chang@npacts Depending on the
assumptions made regarding GWPs of emissad altitudeaviation fuels that have different
emissions at altitude may have very different greenhouse gas emission profiles. This issue is

described in more depth 8ection 0.

Further, many LCAs consider only high volume emissions (e.g., emsssiddQ, CH,, and

N>O), omitting consideration of other greenhouse gas emissions and the influence of land use

changes. As the scientific understanding of climate change is still developing, typical and
simplifying assumptions can influence the resultte LCAs. Specifically, land use changes
(e.g., those associated with crioased fuels) can result in changes in the ability of soils to store

carbon, changing carbon balances, resulting in changes to the climate system. The time scales

over which thes changes occur are not well understood, so evaluating GWPs such as the 100
year time horizon global warming potential requires assumptions that may influence results.

Step 4: Interpretation of the LCA results.

Interpretatiorexplains the.CA results including

the investigations adata qualityparametesensitivity,and data and model uncertaimtithin
the context of the goal of the studynportant issues for interpretation are presented and

discussed irsection &0.

2.3 Characterizing Uncertainties in Life Cycle Assessment of Transportation Fuels

Assumptions, methodological choices, strategies for filling data gaps, and other factors
throughout the life cycle substantially influence the results of life cycle greenhouse gas
emissions estimates for tramsfation fuels.Figure 1provides an example assessment of

estimates of the life cycle greenhouse gas emissions of diesel, depicting large variations in the

LCA results.

McCann, O&G Journal (1999), Venezuela Very Heavy Crude
McCann, O&G Journal (1999), VenezuelaHeavy Crude
McCann, O&G Journal (1999), SaudiaLight Crude
CaliforniaLCFS (2007) i modified GREET Model
McCann, O&G Journal (1999), Canadian Light Crude
GM Study WTT (2201)

EPA, OTAQ (2006) Maximum Value

U.C. Davis, LEM (2003), Year 2015

GREET Ver. 1.8b (2008), Year 2010

EPA, OTAQ (2006) Average Value

GREET Ver. 1.8b (2008), Year 2005

NREL Biodiesel Study (1998)

EPA, OTAQ (2006) Minimum Value
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Figure 1. Greenhouse Gas Emissions (expressed as GloWé&rming Potential in
Units of Equivalent CO, Emissions) for 13 Different Assessmentf the Well to Tank
Emissions for Desel Fuel Production(Skone and Gerdes 2008)

Figure 1, devel oped

by
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Labordory (NETL), shows the range of greenhouse gas emissions (expressed as Global
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Warming Potential in units of kilogram equivalent £#nissions) for 13 different assessments
of the well to tank emissions for diesel fuel production. Values differ by a faicBfor welt
to-tank emissions, translating to a difference of approximately 30% irtovelheels emissions.
Some of these differences are due to differences in feedstock mix; some differences are due to
the geographical or temporal scope of the stadyg, some differences are due to methodological
assumptions. Later sections of this report will discuss the importance of methodological
assumptions in more detail, and it will be demonstrated that methodological choices, even for
petroleum fuels, can ldao a factor of two difference in well to tank greenhouse gas emission
estimates (e.g., see Taldl®). Clearly, ifpetroleum offers this level of variation by using
different LCA assumptions, methodological choictgtegies for filling data gapandother
factors, it can be expected to be challenging to assess the environmental benefit (or harm) of
alternative fuels unless a standardized set of LCA guidelines are estalBkbad and Gerdes
2008)

Even larger discrepancies in results may emerge wherfeedstocks are considered, with the

land use changes caused by the production ebéased fuels at the forefront of current data and
methodological discussions. The Publicly Available Specification for the assessment of
greenhouse gas emissions obds and servicgd®AS 2050 2008)issued by the British

Standards Institute, the Carbon Trust and the UK Department for Environment, Food and Rural
Affairs, provides estimates of GWPs fand use conversions (undeveloped land to agriculture
land) that rage from 1 ton of COGWP equivalents per hectare of land used per year for a
South African Grassland to more than 30 tons for an Indonesian forest. It can be argued that
global land use changes are introduced by changes in the allocation of any athltdada

therefore it is very difficult to determine exactly which land is being altered due-fadiio
production. Selection of the appropriate GWPs is wrought with uncertainty, promising to
produce variations in LCA results that are larger than thasersin Figure 2. Since different
potential feedstocks yield different fuel production potentials on a per hectare basis,
understanding the uncertainty becomes a critical step in the comparison of different alternatives.

These few examples illustrate ttieallenges introduced wariations in assumptions,

methodological choices, strategies for filling data gaps, and other factors inherent to LCAs of
transportation fuels. In fact, the magnitudes of the discrepancies in the results can be larger than
the clanges in greenhouse gas emissions mandategulation. For example, the draft

California Low Carbon Fuel Standard, available at the time this report was written, prafddses

year plan for reducing the GWP of greenhouse gas emissions associateaswolitegand diesel

fuel by approximately 10%, which could easily be exceeded by variation in LCA results.

2.4 Models in Environment Regulatory DecisioaMaking

The mismatch between the variation in transportation fuel LCA results and regulatory emission
reducton targets introduces challenges in both LCA modeling and in the development of related
regulation. These challenges are not new. For example, complex atmospheric models are used
to guide air quality management decisions for regulating emissions ldadiriteria air

pollutants, such as ozone. The U.S. Environmental Protection Agency provides model

51f one hectare of land produces roughly 300 bushels of corn and corn yields 2.5 gallons of ethanol piaebushel
a hectare of land yields an ethanol fuel withH/ of 50-60 MMBTU, (Shapouri, Duffield and Wang 2002n the
units ofFigure 1 the range of values recommended by PAS Z06{&nd displacement for this cebased ethanol
exampleis 201 600 kgCO/mmBTU)



evaluation guidance that suggests criteria for model performance in predicting ozone
concentrations. Specifically, model performance in predicting ozareentrations is frequently
in the range of 15% for normalized biases and 25% for normalized gross(ER&r2007) Yet
these models are used to guide mbilfion dollar decisions that may influence ozone
concentrations by just a few percent (e.g.uo@ty ozone concentrations from ah®&ur average
concentration of 90 to 85 parts per billigiational Research Council 2004)

Guidance in how to use models in these types of complex regulatory contexts was recently
developed by the National Research@@uat t he request of the EPAOGS
Environmental ModelingNational Research Council 2007)he NRC recommended model
development, documentation, and evaluation processes that can improve the use of complex
models in regulatory contex Specifically, the NRC report made recommendations related to:

1 Peer review of models
Communication of model uncertainty
The effective integration of models and measurements

Retrospective analyses of models

= =2 A =

Assessment of the balance between the levaétil incorporated into models and the
ability to evaluate the performance of these model features (model parsimony)

1 Overall model management.

These recommendations provide a framework for guiding the evolution of life cycle models for
estimating greenhgse gas emissions and will be used in framing the recommendations made in
this report.

2.5 Framework and Guidance for Estimating Life Cycle Greenhouse Gas Emissions for
Aviation Fuels in the Context of Section 526 of EISA 2007

The purpose of this report is poovide a framework and guidance for estimatindifeecycle
greenhouse gas emissions for transportation fuels, specifically aviation fuels. Therfocus
aviation fuels was driven by the patterns of fuel use by the federal government. Policies such as
those outlined in Section 526 of EISA 2007 cause federal agencies to institute enforceable
guidelines for procuring low carbaiternativefuels. Federal consumption of fuels is dominated

by the Department of Defense and the Air Force consumes moradonedny of the other

military services or federal agenci@efense Science Board 2008)hus, aviation applications

may become early adopters of low carbon transportation fuels.

The U.S. Air Force convened a working group of individuals from governagamicies,

universities and companies actively engaged in assessing greenhouse gas emissions from
transportation fuels, and requested that this group develop guidance on procedures for estimating
greenhouse gas emissions in aviation applications, usingntlyravailable data and tools. The

group also provided recommendations for model development and evaluation activities. A

listing of the participants in this working group is provided at Appendix A: List of Attendees.



The working group met four times the fall of 2008 and the spring of 2009 to define issues,
review practices, and make recommendations. This report documents the findings and
recommendations of the group.

The report is organized into major sections addressing:
Guiding principlesand functional units

System boundary definitions and analyses
Accounting for ceproducts

Documenting data quality and uncertainty

= =4 4 -4 -

Life cycle model management

I n each of these sections, the major question
are desribed, and recommendations for future activities are made. The overall goal of the work
groupbés activities and this report is to i mpr
available to decisiomakers as complex life cycle models of greenhoaseegnissions begin to

be used in regulatory and contractual contexts



3.0 GUIDING PRINCIPLES A ND FUNCTIONAL UNITS
3.1 Setting the Stage

As shown schematically iRigure 2 alternative fued need tdbalancemultiple objectives
includingeconomicsustainability energydiversityandenvironmental sustainabilityfeconomic
sustainability e f er s t abilitato reansain glabally competitive, capacity to maintain a
desirable standard of living, and resilience in handlimigtile world market fluctuations.
Ecanomicsustainabilityalso addresses inherent retention of other market sectors such as food
production, manufacturing jobs, and natural resources. Ederggsitywill help toensure that
sufficient energy resources are available and are being produsepggorinationalneeds.
Environmental sustainability relates to the abildyeduceimpacts resulting frorenergy
consumptionsuch aseducinggreernouse gas emissiotisat contribute to climate change, as
well as other elements thatpactair, landand water quality, and place a demand on natural
resources.

Economic
Sustainability

Environmental
Sustainability

Energy
Civersity

Figure 2. Three Objectives That Need to be Balanced With Alternative Fuels

The DD and US civil aviationincluding the Commercial AviatioAlternative Fueldnitiative
(CAAFI), seekfuel choices that can be made from fossil, biomass, natural gas, or combinations
of these resources thdiversify and increastiel supply, stabilize priceyhile reducing the
overall environmental impact of aviatiolfo achievehis goal a new alternative or synthetic
fuel candidate must pass through a series of steps thatstbsufieel meets aircraft safety
system performance and durability requirements. fillighed fuelwould preferablypbeadrop-

in replacement, being iy compatiblewith the current fuel logistics infrastructure and aircraft
operations, requiringo modifications for angircraft or supporéquipment andffecting no loss
in aircraft engine performance. With concerns about the pace of global climatgeds well as
the legislation that has been introduced as a consequence (e.g., EIBBA ahgreenhouse
gas emissions is increasingly becoming an important criterion for fuel acceptance.
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3.2 Types of LCAs

LCA methodologies to evaluate life cycle energy amaterial flows associated with a product

system or activity are commonly categorized based on the type of data used to characterize a
system (average vs. marginal), approach used to address material and energy flows (attributional
vs. consequential), ary resolution of analysis (screening, standard, or comprehensive). The
following section provides a brief description of each of these LCA categories as thsgadia

this guidance document.

3.2.1 Average vs. Marginal LCA

An average LCA considers the eneand material flows that have occurred over an extended

period of time and under conditions such that the inventory may be considered generally
representative of, or fAaverageo, for a partic
LCAconsiders he Antho product produced or process r
period of time and/or very specific conditions. Any LCA model can be used to conduct either
average or marginal LCAss it depends upon the data collected and used rasimethign

analysis itself For example, if an alternative jet fuel were to be introdscett that idisplaced

some portion o€onventional, petroleurderived jet fuelthe alternative could be compared with

the conventional fuel usirgn average LCA In this casedata representing the average practice

for this particular type odlternative jet fuel industrglong withthe average practices of the

petroleum jet fuel industryvould be gathered and used in the evaluation

By contrast a marginal LCA assuntbat the alternative jet fuel industry will, at the time of the
analysis, contribute a small fraction of the total jet fuel used. The introduction of the alternative
jet fuel will displace a subset of the conventional jet fuel industry. That is, theagite jet fuel

will displace conventional jet fuels at an economic margin. The data to be used in a marginal
LCA should be gathered to represent the marginal production of the conventional jet fuel.

While marginal analysis, in theory, may better repnesénat could happen in the marketplace
when the alternative jet fuel is introduced, it is difficult to identify which facilities producing
conventional jet fuel operate at the margnd would be displaced by the new fuel.
Characterization of marginglocesses, including identification of appropriate parameters and
data, is also likely to be a challenge.

3.2.2 Attributional vs. Consequential LCAs

LCA modelsmay also differ in the approach used to address material and energy flows in cases
where more than ormutput of value is produced. LCA models that assume an isolated system
are termed attributional LCAs. In this instance, all flows and their associated environmental
burdens are attributed by one of several available methods to each of the individuetgro

All of the attributed environmental burdens from all life cycle pathway stages for a product are
aggregated as the total environmental burden of producing a target monduwoty ceproducts

that are accounted for within the systefrhese attribiion or allocation methods are dabed

in more detail in Section.6.

In contrast, consequential LCAssume an open product system ke a systems response
approachn assessingnpacts throughout the system as a result in a change in output of the
functional unit under studyThe most commonly used form of a consequential (CIACA)

relies onsystems level econominodels. These models track economic, material, and energy
across economic sectordVeidema (2003) and Ekvall and Weidema (2004) des¢he CLCA
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methodology including consequential process identification and the use of marginal process data
and supply and demand price elasticities to quantify the impacts of industrial processes outside
the life cycle of interest but within the CLCA $gm boundaries.

This guidance document focuses primarily on average attributional LCAs for conventional and
alternative aviation fuels.

3.2.3 Levels of Resolution

The LCA can be thought of as falling into three leyb$ded in order of decreasing levelsitidy
completeness, data quality requirements, level of effort requirement, and confidence in analysis
results$:

1 Level I: Comprehensive
1 Level ll: Standard
1 Level lll: Screening

A Level lll, or Screening, LCA is appropriate when performag@reliminary asessment of a
technology alternative or informing research funding decision making. A Level Il, or Standard,
LCA examines all major unit operations, but with a lower degree of inventory completeness and
data quality requirements than for a Level | LCALevel |, or Comprehensive, LCAwith its

higher degree of accountabilifg, most appropriate for meeting the requirements of Section 526
of EISA 2007. Data, allocation, and system boundary definition requirements meeting the
standard of a Level | LCAra discussed in this document.

3.3 Goals and Scope Definition
3.3.1 Programmatic Goals for Alternative Jet Fuels

The Air Force and the civil aviation sector have developed and published processes to assess the
technical compliance of candidate jet fuelie Air Face has documented the process in

Military Handbook 510 (2008) and the commercial sector has documented their process in
ASTM procedures (e.g., D4054Roth the Air Forceand the civilian aviation sector have goals

of approving and using alternative jeefs, some of which are summarized in Tabl§ &

ensure full compatibility with existing systems in the near term, certification efforts have focused
on alternative fuel blends with petroleuffor example, both the Air Force and the civilian

aviation setor have focused on 50/50 blends of petroleum fuels with either Fisobgsch

(F-T) or Hydroprocessed Renewable Jet (HRJ) fuBlace Section 526 of EISA 2007 mandates
that any alternative fuel have a life cycle greenhouse gas profile less tharabtoesn

equivalent conventional petroledbased fuel, the process of evaluating candidate fuels must

also include some quantification of their {fgcle GHG emissions.

6 Section6.6, entitled Assessing Data Quality, provides a thorough discussion of three lel€l8 ahalysis, Comprehensive,
Standard, and Screening. These levels reflect varied levels of data quality and are meant to answer the needs afyeigied life
analysis.
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Table 1. Certification and UseGoals for the Commercial Aviation Sector
(asRepresented byCAAFI and the US Air Force

Year

CAAFI Certification Goals

USAF Certification and Use Goals

2009

50% FischeiTropsch Syngabased blends
including biomass to liquid (BTL)

2010

-50% Hydroprocessed Renewable Jet (HRJ
fuel from nonfood sources, including algae

2011 - Complete testing and certification on all
aircraft and support systems for use of 50/
alternative fuel blends

2013 | -100% Hydroprocessed Renewable Jet (HR

fuel

2016

- Competitively acquire 50%f the domestic
aviation fuel requirement using certified
alternative aviation fuel blends (50/50).

- Procure 800 Million gallons of alternative
renewable fuels

Several fuels are currently being considered for certification, such as Fisopsch, syngs
based fuels and HRJ fuels. HRJ fuels are produced figlycerideswhich arebroken into
single chains and subsequertidrotreatedn orderto eliminate oxygenated compounds. Both
are termed Synthetic Paraffinic Kerosene (SPK) fuels. SPK figelbeaname implies, are
synthetic, (i.e., created from a source other than petroleum) kerosene fuels comprised of
paraffinic hydrocarbons. In other words, they have similar composition and properties to
conventional jet fuel, but with one major exceptiothey do not contain aromatic hydrocarbon
compounds. Other fuels, such as fatty acid methyl esters (biodiesel) and alcohols (ethanol and
butanol), are not being proposed for aviation certification for a multitude of reasons, including
safety, compatibily, and energy densityl-or these reasons, the guidelines presented in this
document are focused on alternative jet fuels that have an SPK composition. It is, however,
conceivable that, in the future, other fuel compositions will be considered fdica¢idn as jet
fuel, and the guiding principles spelled out in this report shouletdeedly applicable to analysis
of the life cycles of those novel jet fuel compositions and those of other transportation fuels.

3.3.2 Conventional PetroleumBased Fuels: ABaseline for Comparison

Fuel baselines needed to judge whether or not a candidate alternative fuettyddifeHG

emi s s

ions that are nl

produced from conventional petroleum sosgrce 0
was taken, does not define this comparative baseline fuel; however, Title I, Subtitle A, Sec. 201

of E I

gas

SA 2007, which

ess

amends
e mitoshs thecavesage life cycle greenhouse gas emissions of gasoline and diesel sold

t han
Secti

or
on

equal
526 of

the Clean Ai

t o
E I

r

Suc

SA,

Act

or distributed as a transportation fuel in 2005. Although this Title Il definition does not directly
apply to Section 526, it will be assumed to be the relevant baselittefpurposes of this

document.

A recent report by NETI(Skone and Gerdes 200&)pvides one of the mosgorous
examination®f the life cycle greenhouse gas emissions profiites U.S.domestically sold and
distributedconventional petroleum sourckes the year2005 This study reports the U.S.

average life cycle GHG emissionsconventional gasoline, conventional diesel fuel Wats
than500 parts pemillion of sulfur, and krosenebased jet fuel. Theeportedcentral estimate of
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well-to-wakeemissions fokerosenebased jet fuelvas88.1 g CQe/MJ 02.9 kg of CQ
equivalents per million BTUs dfower Heating Value, LHVfuel consumeld CO, equivalentis
determined by summing the weighted contributions from catlomtde, methane, and nitrsu
oxide, using the 2007 IPCC 1Q@ar globalwarming potential C@equivalent factorsThe

NETL study included both C£and norCO, emissions from theombustion of kerosergpe

jet fuel If nonCO, combustion emissions were excluded from the NETL ed@pmas will be
recommended later in this section, thendéetral estimate ofell-to-wake emissions for
kerosenebased jet fuel is 87.5 g GO/ MJ. This study, although based on some data that are
not available for public reviehwand requiring additional data and boundary validation, provides
perhaps the best basis for the development of baseline conventional fuel LCAs for EISA

3.3.3 LCA Study Goal and Scope Definition

The required level of detail appropriate for an LCA changes ascidarof the question that the
analysis is being developed to address. For example, to be compliant with Section 526 of EISA
2007, it is necessary to determine whether the fuel supplied produeegcléeGHG emissions

less than or equal to those prodilite®m a baseline conventional fuel. Such an analysis would
examine existing facilities (or those planned for the immediate future) and use high quality data
with a minimum of assumptions as it will be used for compliance purposes. Another question
thatmay be asked is whether or not it is to soci
specific fuel industry. Such an analysis would examine a hypothetical future industry, such as
largescale algae production, that could replace a considerabletguardall commercially

consumed conventional jet fug.g., 1.6 million barrelper dayor more in the US alone,

(Energy Information Administration 2007) This analysis would more than likely have to rely

on simulations rather than actual operation&h @ad may also require a considerable amount of
forecastingof technology performance. Both of these increase the uncertainty in the overall
analysis.

This document is meant to provide guidelines for assessing treydife emissions for fuel
productionat a typical,individual facility in the near termThis choice elates well to the needs
of the DESCand other agencies responsible for procurement, but it also serves fuel
manufacturers who would like to assess and certify theyitdee GHG emissionsf their

specific fuelproduction pathway.

ISO 14044: 2006(E(2006b)requires the goal and scope of a study to be clearly defined and
consistent with the level of detail and intended use of the study results. The following questions
provide guidance ineafining the appropriate level of LCA to be conducted:

1 What is the purposeof the study? The purpose of the LCAs required under Section
526 of EISA 2007 is narrowly focused toward the direct comparison of life cycle
greenhouse gas emissions generated &ibennative jet fuels produced at a specific
facility through a specific production chain, as related to the purchase of synthetic and
alternative fuels by the US government, with average greenhouse gas emissions from
conventional, petroleum based sources.

7 Data used in this study are contained within the GaBi LCA software system whitshdirblic publication of unit process
data. Data can be reviewed with purchase of the softwarbttpegévww.gabisoftware.com/
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1 Who is the intended audience?The DESCpurchases aviation fuel for tl¥OD and is
expected to be tharimary procurement agendyat will overseduel vendorcompliance
with Section 52®f EISA 2007. It is also anticipated that prospective fuel prodscer
civilian fuel purchasers, and environmental interests may use this document as guidance
in comparing or conducting their own LCAs as well.

1 What is the intended level of detail?To meet the requirement of EISA 2007
(demonstrating that lifecycle greenlsgugas emissions associated with the alternative
aviation fuel supplied to Federal agencies are, on an ongoing basis, less than or equal to
those of conventional petroleuderived jet fuel), it will be necessary for the fuel
manufacturers and LCA practitiers to develop a comprehensive (Level 1), Faglality
LCA that is determined to sufficiently account for full lifecycle greenhouse gas emissions
from all phases of alternative aviation fuel production, transport, and use.

Table 2provides a summary tiie information that might be included in specifying the LCA
goal pursuant to EISA.

Table 2. Definition of Life Cycle Goal for Alternative Aviation Production/Consumption Chains

General Question Specific Goal

Intended application Department of Defense contracts for procurement of alternative or synthetic fuels
covered by Section 526 of the Energy Independence and Security Act (EISA) of 20

Study purpose To estimate and compare the life cycle greenhouse gas emissions assdathated w
producing, transporting, storing, and using conventional petroleum with those of
alternative or synthetic transportation fuels for purchase by the US government.

Intended audience Decisionmaker: The DESC, DOD or any entity who needs to ensure énelor
compliance with Section 526 EISA 2007

Intended level of detail:| The results from the LCAs will be used to make an absolute comparative assertion
Comparative between a target (baseline/reference point) and an alternative or yofiten with the
assessment status ultimate goal of providing a reasonable estimate that the alternative or synthetic fugq
have lower life cycle greenhouse gas emissions. For example, the modeler (the p¢
performing the LCA) will need to demonstrate that the altéreair synthetic fuel being
assessed has lower GHG emissions by:

1 showing improvement over baseline GHG emissions with some justificatiof

knowledge of the uncertainty
I  showing consistency or discrepancy amoage studies of similar alternatives
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3.4 The Primary Fuel Process Chain
3.4.1 Defining Life-Cycle Stages

Assessments performed in accordance with these guidelines are to consider the full fuel life cycle
from cradleto-grave, i.e. from raw material production or extraction through the combustion of

the refned fuel by the aircraft. A first step toward developing a robust and defensible LCA of a
candidate synthetic or alternative aviation fuel is to explicitly define the primary production

chain for which an LCA is to be developed. In the interest of atdimhtion, and in keeping

with specifications of ISO 1404@006a) the following six general life cycle stages are the

preferred format for organizing inventory data and reporting of inventory/assessment results and
representing the primary fuel produstichain:

1 Life Cycle Stage #1: Raw Material Acquisition

Life Cycle Stage #2: Raw Material Transport

Life Cycle Stage #3: Liquid Fuels Production

Life Cycle Stage #4: Product Transport and Refueling

= =4 =4 =2

Life Cycle Stage #5: Use/Aircraft Operation
1 Life Cycle Stage #6: End of Life
3.4.2 Life-Cycle Boundaries

While details of system boundaries and level of detail necessary for developing life cycle
inventories will be provided in subsequeettionsa brief description of the key activities and
boundaries for eadife-cycle stage of petrolewinased fuel production chain is provided as an
example.

1 Life Cycle Stage #1Raw Material Acquisition

o Includingland-use changeshe extraction of raw feedstocks from the earth and
any partial processing of the raw materihist may occur (e.g., oil seed
harvesting and processing, upgrading to meet quality requirements for crude
pipeline transport).

1 Life Cycle Stage #2Raw Material Transport

o Starting at the end of extraction/gseocessing of the raw materials and ends at
the entrance to the refinery facility.

o Refinery feedstocks may be transported from both domestic and foreign sources
to U.S. refineries.

1 Life Cycle Stage #3Liquid Fuels Production

o Starting with the receipt of refinery inputs at the entrance of the refiaeitity
and ends at the point of aviation fuel input to the product transport system.

o Emissions associated with acquisition and production of indirect fuel inputs (e.g.,
purchased power and steam, purchased fuels such as natural gas and coal, and
fuels poduced and subsequently used in the refinery) are included in this stage.
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o0 Emissions associated with-gite and offsite hydrogen production aaecounted
for in this stage, including emissions associated with raw material acquisition for
hydrogen plantdedstock and fuel.

1 Life Cycle Stage #4Product Transport and Refueling

o Starting at the gate of the petroleum refinery with aviation fuel already loaded
into the product transport system and ends with dispensing the fuel into the
aircraft.

o Including the opration of the bulk fuel storage depot, transport of jet fuel from
storage tanks to the aircraft, and aircraft refueling.

1 Life Cycle Stage #5Use/Aircraft Operation

o Starting starts at the aircraft fuel tank and ending with the combustion of the
liquid fud.

1 Life Cycle Stage #6 End of Life

o It should not be necessary to include end of life, such as recycling or disposal, in
the scope of jet fuel LCAs, since the final product is consumed in Life Cycle
Stage #5. As such, Stage #6 is not discussed funthieis document.

3.4.3 Example Primary Production Chains

Simplified process schematics provide a straightforward and visually intuitive means of
representing the primary production chains throtinghfive most significant life cycle stages.
The following figues provide several commonly cited synthetic and alternative aviation fuel
production chains and give examples of-pubicesses within the life cycle stagamework.

The five significant schematic processes reflect: (1) Petroleum, (2) Biomass, (3) €oal an
Biomass to Liquid (CBTL), (4) HRBuel, and (5) Hybrid Petroleum/Biomass fuel stages.

The case outlined in Figure 3 includes extraction of conventional and unconventional crude oil
from domestic and foreign sources (Stage #1), pipeline, tanker, rdaiughkdransport of crude

oil to refineries, domestic and foreign, serving in whole or part the domestic jet fuel market
(Stage #2), refinement of crude oil to produce the primary products of gasoline, diesel fuel, and
jet fuel (Stage #3), transport of jeel for U.S. consumption (Stage #4), and combustion of jet
fuel (Stage #5).
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Stage #1 Stage #2 Stage #3 Stage #4 Stage #5
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Figure 3. Simplified Schematic of a Life Cycle Primary Production
Chain for a Petroleum-Based Aviation Fuels

The case outlined in Figure 4 incorp@sraw material acquisition from cultivation and
harvesting of biomass including inventory of GHG emissions that may result from changes in
land use resulting from these activities, and processing of biomass to extratfdiaise as
refinery feedstdk, as well as other potentially salablemmducts, e.g., soy bean meal (Stage

#1). Biooil generated in the raw material acquisition stage is then transported (e.g., pipeline,
tanker, rail or truck transport) to the refinery operation (Stage #2) wthsnmixed with other
refinery inputs and processed to-dierived jet fuel and eproducts (Stage #3). Following the

jet fuel production stage, the fuel is blended with additives, transported to bulk storage, stored,
transported to the aircraft refuelifgration and loaded into the aircraft fuel tank (Stage #4).
Finally, the jet fuel is combusted in the aircraft (Stage #5).

Stage #1

Stage #2 Stage #3 Stage #4 Stage #5
Land Cultivation Raw Material Jet Fuel Aircraft Tank Aircraft
~ Transport Processing Transport & Operation
S y Storage Combustion
Land Use — ~‘E
N
iz l . \\ Ll
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Figure 4. Simplified Schematic of Life Cycles Stages for the Primary
Production Chain of a Conventiona Bio-Oil to Jet Fuel
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The case outlined iRigure 5is representative dBTL production Stage #1 incorporates both
coal extraction and biomass cultivation and harvesting. Coal extraction incluteg

operations, ofsite prewashing, sizing, and fuethpreparation for utilization. &v material
acquisition from cultivation and harvesting of biomag$include inventory of GHG emissions
that may result from changes in land use rasgifiom these activities and the furtheogessing

of biomasse.g. pelletizationin preparation foutilization; (biomass preparation may also take
place at the CBTL facility, taking advantage of process flow integration to increase efficiency).
Processed coand biomass are then transported to the CBTL facijityal, truck, or barge and
unloaded into feedstock loading facility (Stage #2). At the CBTL facility, feedstock may be
further processed (e.g., comminution, drying, blending) to impoweeall conversiomnd is

then converted teynthetic jet fueln the CBTL conversion proceb§Stage #3). CBTL may be
coupled with a variety of COnanagement strategies to lower the overall life cycle greenhouse
gas emissions profile of Stage #3. Following the synthetic jet fuel production stage, the fuel is
blended wih additives, transported to bulk storage, stored, transported to the aircraft refueling
location and loaded into the aircraft fuel tank (Stage ##hally, thefuel is combusted in the
aircraft (Stage#b).

Stage #1 Stage #2 Stage #3 Stage #4 Stage #5
Land Cultivation Raw Material Jet Fuel Aircraft Tank Aircraft
Recovery, Transport Processing Transport & Operation
Extraction Storage Combustion
&
Transport
—_—
GHG
Cultivation Raw Materia l l l l
Change in Recovery ,
—_—
Land Use CQ, PM,NQ,, SQ, H,0
i GHG =hD, CH,CQ

GHG H,0,CQ GHG /

Figure 5. Simplified Schematic of Life Cycle Stages for the Primary Production
Chain of a CBTL-Based Jet Fuel Production Chain

The case outlined in Figure 6 is representatividi®d fuel production from algaeStage #1

includes acquisition of btoil from cultivation, havesting, and processing (e.g., algae

dewatering and oil extraction) of algal biomass, including inventory of GHG emissions that may
result from changes in land use resulting from these activities (Stage #1). Stage #1 will also
include accounting for thagtortion of anthropogenic CQapture (e.g., from coal or natural gas
combustion) activity that is attributable to the algae production facility, should such operations
be employed to facilitate algae growth. Also in Stage #1, algal biomass generated as a

8 In one embodiment of CBTL, the process of indirect liquefaction may be upeddace jet and diesel fuels. Indirect

liquefaction refers to processes in which the coal and biomass carbonaceous feedstocks are first broken down by & gasificatio

step to form a fisynthesis gaso (syngagthatisthemponverted tdigudc ar bon mo
hydrocarbon stream v FischefTropsch FT) catalytic synthesis. Thi®latively-long chainparaffinic hydrocarbois then

selectively hydrocracked to form jietel andother hydrocarboproducts. (Indirect liquefation differs from direct liquefaction

and pyrolysisCBTL technologies in which coal and biomass feedstocks are liquefied directly through cracking of large

molecules and Faddition.)

19























http://www.faa.gov/about/office_org/headquarters_offices/aep/aviation_climate/









http://www.csgnetwork.com/jetfuel.html












http://www.eiolca.net/












http://www.ipcc.ch/ipccreports/methodology-reports.htm



http://www.ipcc.ch/pdf/special-reports/srccs/srccs_chapter9.pdf












http://www.gabi-software.com/
http://www.pre.nl/simapro/
http://faculty.washington.edu/cooperjs/Research/database%20projects.htm



http://www.eiolca.net/

































http://www.arb.ca.gov/fuels/lcfs/030409lcfs_isor_vol1.pdf
http://www.arb.ca.gov/fuels/lcfs/030409lcfs_isor_vol2.pdf
http://www.epa.gov/OMS/renewablefuels/420d09001.pdf
http://www.epa.gov/OMS/renewablefuels/420f09024.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html
http://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf_contents.html
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.html















































































































http://ipcc-wg1.ucar.edu/wg1/wg1-report.html















http://web.mit.edu/aeroastro/partner/reports/proj17/altfuelfeasrpt.pdf















































































