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1.0 EXECUTIVE SUMMARY  

A number of governmental agencies and non-governmental 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 transportation fuels.  This 

Framework and Guidance Document was developed specifically in response to the Energy 

Independence and Security Act (EISA) of 2007, enacted into law on December 19, 2007.  EISA 

7 placed a unique greenhouse gas emission requirement on all Federal agencies; specifically, 

Section 526 provides that: 

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 mobility-related use, 

other than 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 emissions from the equivalent 

conventional fuel produced from conventional petroleum sources. 

In order for Federal agencies procurement of mobility-related fuels to be in compliance with Sec. 

526 of EISA,  producers of alternative and synthetic fuels must be able to demonstrate the fuelôs 

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 these baselines 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;   from production field to vehicle fuel tank and from fuel tank to 

vehicle exhaust.  This scope of emission assessment is commonly referred to as a ñwell-to-

wheelsò, or in the case of aviation, a ñwell-to-wakeò analysis.  To ensure a standardized process 

for determining 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 emissions 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 

assess 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 diverse government agencies, universities, and corporations who are 

actively engaged in assessing greenhouse gas emissions from transportation fuels.  Under the Air 

Forceôs leadership, this group developed this guidance on procedures for estimating greenhouse 

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 estimates.  Even for well established fuel systems with 

extensive data availability, differences in excess of 10% are common in estimates of life cycle 
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greenhouse gas emissions based on assumptions used in the analyses.  Some uncertainties and 

modeling differences are much larger.  In regulatory contexts, model uncertainties such as these 

are generally characterized by comparing model predictions to measurements.  While the 

greenhouse gas emissions associated with the individual components of a life cycle are directly 

measurable, such as the emissions from a vehicle hauling fuel from refinery to market, many of 

the elements in the life cycle emissions of a fuel system are not directly measurable.  Therefore, 

the collective emissions are not directly measurable.  This makes evaluating greenhouse gas 

emissions a model-dependent 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 methods used to determine what should be included in the 

analysis and what could be omitted (system boundaries), how processes producing multiple 

products (e.g., food and fuel) could be computationally handled, and how inventory data quality 

and uncertainty should be assessed. 

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 baseline for 

comparison.  Providers of both conventional and alternative fuels are using different data and 

methods to determine life cycle greenhouse gas emissions, leading to confusion by reviewers of 

the information.  A baseline determined by using a standardized 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 facilitate comparative analyses of emissions required by EISA, a 

baseline for greenhouse gas emissions from aviation fuels derived from conventional 

petroleum sources must be developed.  This baseline should describe the methodologies and 

the data used.  It should be transparent 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 change over time even 

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 sources.  These might include processes such as irrigation, 

fertilization, separation of materials such as algae oils from water, and conversion of land from 

one type of use to another, changing the carbon stored in the land. 

Recommendation:  Guidance for modeling anticipated processes for alternative fuels 

should be provided.  Methodological guidance is needed in as many of these alternative fuel 

operations as can be anticipated, providing a framework for agencies responsible for 

procurement to assess compliance 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 greenhouse gas emission 

estimation from aviation fuels and is based on the collective consensus of a working group with 
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extensive experience in aviation fuels and LCAs. The methodological guidance is directed 

toward the analysts who will perform and interpret the LCAs of fuel 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 anticipates this 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 approach to applying life cycle greenhouse gas emission models in a 

regulatory or contractual context. 
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2.0 INTRODUCTION  

2.1 Background 

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 some of the estimates of the greenhouse gas impacts of these fuel systems.  Nevertheless, a 

variety of governmental agencies and non-governmental organizations are developing 

approaches for estimating or regulating the emissions of greenhouse gases associated with the 

production and use of transportation fuels.  Specifically Congress included Section 526 in the 

EISA of 20071 that states: 

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 mobility-related use, 

other than 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 emissions from the equivalent 

conventional fuel produced from conventional petroleum sources. 

In addition, a number of states are considering greenhouse gas emission regulations.  For 

example, the California Global Warming Solutions Act of 20062 has resulted in draft regulations 

that establish a limit for life cycle greenhouse gas emissions of transportation fuels. 

Both the California low carbon fuel standard and Section 526 of EISA require a life-cycle 

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 assessment is frequently referred to as a ñwell-to-wheelsò, or in the case of 

aviation, a ñwell-to-wakeò analysis. 

With the significant interest in both the Department of Defense (DOD) and the civil aviation 

community to purchase only alternative fuels that are in compliance with emerging greenhouse 

gas emission requirements, a consistent framework for conducting a LCA of 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 LCA terminology, but the most widely accepted terminology has 

been codified by the International Standards Organization (ISO 14000 series of standards3) and 

international groups convened by the Society for Environmental Toxicology and Chemistry 

(SETAC) (see, for 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, and the European 

Environment Agency, are employed in this report.  Definitions of life cycle terminology are 

                                                 

1 HR 6, available at: http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf 
2 AB 32, available at: http://www.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf 
3 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


5 

provided in the Glossary, so detailed explanations of commonly used terms will not be provided 

in the text of the report. 

As applied to the estimation of greenhouse gas emissions from transportation fuels, the steps in a 

LCA are as follows ((Allen and Shonnard 2001), (ISO 2006a), (ISO 2006b)): 

Step 1:  Determine the goal and scope of the assessment.  Goal and scope definition articulates 

the intended application and scope of the LCA by defining what the system will produce and 

what processes and impacts will be studied.  Multiple choices are made at this stage, which have 

the potential to significantly impact the results of the assessment.  For example and depending on 

the study goal, an LCA can be scoped to quantify climate change impacts based on the heat 

released by a fuel (e.g. kg CO2e/mmBTU or g CO2e/MJ) or the distance traveled by a vehicle 

using the fuel (e.g., kg CO2e/vehicle mile traveled).  Further, an LCA 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 to include 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 cycle 

system.  In an LCA, inventory analysis prepares an account of inputs and outputs to the fuel 

production system based on the technologies applied.  For example, inputs to the production 

system might include crude oil, iron ore, and water while outputs might include 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 are selecting 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 collection may influence the results of an inventory analysis is provided by considering the 

petroleum-based fuel greenhouse gas emission baseline as of 2005, pursuant to Title II, Subtitle 

A, Sec. 201 of EISA.  In 2005, disruptions due to Hurricanes Katrina and Rita 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 also provides 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 a refinery 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 consumes energy 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 based on the relative economic value or the relative 

heating values of the products?  The choice can influence the results of the analysis, as 

demonstrated in case studies cited in Section 5.0. 

Step 3:  Assess the climate change impacts of the life cycle inventory.  For greenhouse gas 

emissions, assessment of global warming potentials (GWPs) is usually performed using factors 
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developed by the Intergovernmental Panel on Climate Change (IPCC 2007)4; 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 influence climate change impacts.  Depending on the 

assumptions made regarding GWPs of emissions at altitude, aviation fuels that have different 

emissions at altitude may have very different greenhouse gas emission profiles.  This issue is 

described in more depth in Section 3.0. 

Further, many LCAs consider only high volume emissions (e.g., emissions of CO2, CH4, and 

N2O), 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 results of the LCAs.  Specifically, land use changes 

(e.g., those associated with crop-based 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 these 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.   Interpretation explains the LCA results, including 

the investigations of data quality, parameter sensitivity, and data and model uncertainty within 

the context of the goal of the study.  Important issues for interpretation are presented and 

discussed in Section 6.0. 

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 transportation fuels.  Figure 1 provides an example assessment of 

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

LCA results. 

 

Figure 1.  Greenhouse Gas Emissions (expressed as Global Warming Potential in  

Units of Equivalent CO2 Emissions) for 13 Different Assessments of the Well to Tank  

Emissions for Diesel Fuel Production (Skone and Gerdes 2008) 

Figure 1, developed by the U.S. Department of Energyôs National Energy Technology 

Laboratory (NETL), shows the range of greenhouse gas emissions (expressed as Global 

                                                 

4 Available at: http://www.ipcc.ch/ipccreports/ar4-syr.htm 

McCann, O&G Journal (1999), Venezuela Very Heavy Crude

McCann, O&G Journal (1999), Venezuela Heavy Crude

McCann, O&G Journal (1999), Saudia Light Crude

California LCFS (2007) ïmodified 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

Life Cycle GHG Contribution (kg CO2E/mmBtu LHV of Fuel Dispensed)

40.035.030.025.020.015.010.05.0

. . . To Fuel Dispensing
(vehicle tank).

From Extraction (oil well) . . .

http://www.ipcc.ch/ipccreports/ar4-syr.htm
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Warming Potential in units of kilogram equivalent CO2 emissions) for 13 different assessments 

of the well to tank emissions for diesel fuel production.  Values differ by a factor of 3 for well-

to-tank emissions, translating to a difference of approximately 30% in well-to-wheels emissions.  

Some of these differences are due to differences in feedstock mix; some differences are due to 

the geographical or temporal scope of the study, and 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 lead to a factor of two difference in well to tank greenhouse gas emission 

estimates (e.g., see Table 12).  Clearly, if petroleum offers this level of variation by using 

different LCA assumptions, methodological choices, strategies for filling data gaps, and other 

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 established (Skone and Gerdes 

2008). 

Even larger discrepancies in results may emerge when new feedstocks are considered, with the 

land use changes caused by the production of bio-based fuels at the forefront of current data and 

methodological discussions.  The Publicly Available Specification for the assessment of 

greenhouse gas emissions of goods and services (PAS 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 for land use conversions (undeveloped land to agriculture 

land) that range from 1 ton of CO2 GWP 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 arable land, and 

therefore it is very difficult to determine exactly which land is being altered due to bio-fuel 

production.  Selection of the appropriate GWPs is wrought with uncertainty, promising to 

produce variations in LCA results that are larger than those shown in Figure 15.  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 the challenges introduced by variations 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 changes in greenhouse gas emissions mandated in regulation.  For example, the draft 

California Low Carbon Fuel Standard, available at the time this report was written, proposes a 10 

year plan for reducing the GWP of greenhouse gas emissions associated with gasoline and diesel 

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

2.4 Models in Environment Regulatory Decision-Making 

The mismatch between the variation in transportation fuel LCA results and regulatory emission 

reduction 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 leading to criteria air 

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

                                                 

5 If one hectare of land produces roughly 300 bushels of corn and corn yields 2.5 gallons of ethanol per bushel then 
a hectare of land yields an ethanol fuel with a LHV of 50-60 MMBTU, (Shapouri, Duffield and Wang 2002); in the 
units of Figure 1, the range of values recommended by PAS 2050 for land displacement for this corn-based ethanol 
example is 20 ï 600 kg CO2/mmBTU) 
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evaluation guidance that suggests criteria for model performance in predicting ozone 

concentrations.  Specifically, model performance in predicting ozone concentrations is frequently 

in the range of 15% for normalized biases and 25% for normalized gross errors (EPA 2007).  Yet 

these models are used to guide multi-billion dollar decisions that may influence ozone 

concentrations by just a few percent (e.g., reducing ozone concentrations from an 8-hour average 

concentration of 90 to 85 parts per billion) (National Research Council 2004). 

Guidance in how to use models in these types of complex regulatory contexts was recently 

developed by the National Research Council at the request of the EPAôs Council for Regulatory 

Environmental Modeling (National Research Council 2007).  The NRC recommended model 

development, documentation, and evaluation processes that can improve the use of complex 

models in regulatory contexts.  Specifically, the NRC report made recommendations related to: 

¶ Peer review of models 

¶ Communication of model uncertainty 

¶ The effective integration of models and measurements 

¶ Retrospective analyses of models 

¶ Assessment of the balance between the level of detail incorporated into models and the 

ability to evaluate the performance of these model features (model parsimony) 

¶ Overall model management. 

These recommendations provide a framework for guiding the evolution of life cycle models for 

estimating greenhouse 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 to provide a framework and guidance for estimating the life cycle 

greenhouse gas emissions for transportation fuels, specifically aviation fuels.  The focus on 

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 carbon alternative fuels.  Federal consumption of fuels is dominated 

by the Department of Defense and the Air Force consumes more fuel than any of the other 

military services or federal agencies (Defense Science Board 2008).  Thus, aviation applications 

may become early adopters of low carbon transportation fuels. 

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

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, using currently available 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. 
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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. 

The report is organized into major sections addressing: 

¶ Guiding principles and functional units 

¶ System boundary definitions and analyses 

¶ Accounting for co-products 

¶ Documenting data quality and uncertainty 

¶ Life cycle model management 

In each of these sections, the major questions and issues are defined, the work groupôs findings 

are described, and recommendations for future activities are made.  The overall goal of the work 

groupôs activities and this report is to improve transparency and the quality of information 

available to decision-makers as complex life cycle models of greenhouse gas emissions begin to 

be used in regulatory and contractual contexts. 
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3.0 GUIDING PRINCIPLES A ND FUNCTIONAL UNITS  

3.1 Setting the Stage 

As shown schematically in Figure 2, alternative fuels need to balance multiple objectives, 

including economic sustainability, energy diversity and environmental sustainability.  Economic 

sustainability refers to a nationôs ability to remain globally competitive, capacity to maintain a 

desirable standard of living, and resilience in handling volatile world market fluctuations.  

Economic sustainability also addresses inherent retention of other market sectors such as food 

production, manufacturing jobs, and natural resources.  Energy diversity will help to ensure that 

sufficient energy resources are available and are being produced to support national needs.  

Environmental sustainability relates to the ability to reduce impacts resulting from energy 

consumption, such as reducing greenhouse gas emissions that contribute to climate change, as 

well as other elements that impact air, land and water quality, and place a demand on natural 

resources. 

 

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

 

The DOD and US civil aviation, including the Commercial Aviation Alternative Fuels Initiative 

(CAAFI), seek fuel choices that can be made from fossil, biomass, natural gas, or combinations 

of these resources that diversify and increase fuel supply, stabilize price, while reducing the 

overall environmental impact of aviation.  To achieve this goal, a new alternative or synthetic 

fuel candidate must pass through a series of steps that assures the fuel meets aircraft safety, 

system performance and durability requirements.  The finished fuel would preferably be a drop-

in replacement, being fully compatible with the current fuel logistics infrastructure and aircraft 

operations, requiring no modifications for any aircraft or support equipment and affecting no loss 

in aircraft engine performance.  With concerns about the pace of global climate change as well as 

the legislation that has been introduced as a consequence (e.g., EISA), an LCA of greenhouse 

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 and material 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), and by resolution of analysis (screening, standard, or comprehensive).  The 

following section provides a brief description of each of these LCA categories as they are used in 

this guidance document. 

3.2.1 Average vs. Marginal LCA 

An average LCA considers the energy and 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 ñaverageò, for a particular unit operation or industrial sector.  A marginal 

LCA considers the ñnthò product produced or process run and is representative of a very short 

period of time and/or very specific conditions.  Any LCA model can be used to conduct either 

average or marginal LCAs, as it depends upon the data collected and used rather than the 

analysis itself.  For example, if an alternative jet fuel were to be introduced such that it displaced 

some portion of conventional, petroleum-derived jet fuel, the alternative could be compared with 

the conventional fuel using an average LCA.  In this case, data representing the average practice 

for this particular type of alternative jet fuel industry along with the average practices of the 

petroleum jet fuel industry would be gathered and used in the evaluation. 

By contrast a marginal LCA assumes that 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, the alternative 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 represent what 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 margin and would be displaced by the new fuel.  

Characterization of marginal processes, including identification of appropriate parameters and 

data, is also likely to be a challenge. 

3.2.2 Attributional vs. Consequential LCAs 

LCA models may also differ in the approach used to address material and energy flows in cases 

where more than one output 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 individual products.  

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 product and any co-products 

that are accounted for within the system.  These attribution or allocation methods are described 

in more detail in Section 5.0. 

In contrast, consequential LCAs assume an open product system and take a systems response 

approach in assessing impacts throughout the system as a result in a change in output of the 

functional unit under study.  The most commonly used form of a consequential LCA (CLCA) 

relies on systems level economic models.  These models track economic, material, and energy 

across economic sectors.   Weidema (2003) and Ekvall and Weidema (2004) describe the CLCA 



12 

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 system 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 levels, listed in order of decreasing level of study 

completeness, data quality requirements, level of effort requirement, and confidence in analysis 

results6: 

¶ Level I:  Comprehensive 

¶ Level II:  Standard 

¶ Level III:  Screening 

A Level III, or Screening, LCA is appropriate when performing a preliminary assessment of a 

technology alternative or informing research funding decision making.  A Level II, or Standard, 

LCA examines all major unit operations, but with a lower degree of inventory completeness and 

data quality requirements than for a Level I LCA.  A Level I, or Comprehensive, LCA, with its 

higher degree of accountability, is 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 I LCA are 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 fuels.  The Air Force has documented the process in 

Military Handbook 510 (2008) and the commercial sector has documented their process in 

ASTM procedures (e.g., D4054).  Both the Air Force and the civilian aviation sector have goals 

of approving and using alternative jet fuels, some of which are summarized in Table 1.  To 

ensure full compatibility with existing systems in the near term, certification efforts have focused 

on alternative fuel blends with petroleum.  For example, both the Air Force and the civilian 

aviation sector have focused on 50/50 blends of petroleum fuels with either Fischer-Tropsch  

(F-T) or Hydroprocessed Renewable Jet (HRJ) fuels.  Since Section 526 of EISA 2007 mandates 

that any alternative fuel have a life cycle greenhouse gas profile less than or equal to an 

equivalent conventional petroleum-based fuel, the process of evaluating candidate fuels must 

also include some quantification of their life-cycle GHG emissions. 

                                                 

6 Section 6.6, entitled Assessing Data Quality, provides a thorough discussion of three levels of LCA analysis, Comprehensive, 
Standard, and Screening.  These levels reflect varied levels of data quality and are meant to answer the needs of varied life-cycle 
analysis. 
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Table 1.  Certification and Use Goals for the Commercial Aviation Sector  

(as Represented by CAAFI  and the US Air Force) 

Year CAAFI Certification Goals  USAF Certification and Use Goals 

2009 50% Fischer-Tropsch Syngas-based blends 

including biomass to liquid (BTL) 

 

2010 -50% Hydroprocessed Renewable Jet (HRJ) 

fuel from non-food sources, including algae 

 

2011  - Complete testing and certification on all 

aircraft and support systems for use of 50/50 

alternative fuel blends 

2013 -100% Hydroprocessed Renewable Jet (HRJ) 

fuel  

 

2016  - Competitively acquire 50% of 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 Fischer-Tropsch, syngas-

based fuels and HRJ fuels.  HRJ fuels are produced from triglycerides which are broken into 

single chains and subsequently hydrotreated in order to eliminate oxygenated compounds.  Both 

are termed Synthetic Paraffinic Kerosene (SPK) fuels.  SPK fuels, as the name 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 exception -- they 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, compatibility, and energy density.  For 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 for certification as jet 

fuel, and the guiding principles spelled out in this report should be broadly applicable to analysis 

of the life cycles of those novel jet fuel compositions and those of other transportation fuels. 

3.3.2 Conventional Petroleum-Based Fuels:  A Baseline for Comparison 

Fuel baselines needed to judge whether or not a candidate alternative fuel has life-cycle GHG 

emissions that are ñless than or equal to such emissions from the equivalent conventional fuel 

produced from conventional petroleum sources.ò  Section 526 of EISA, from which this quote 

was taken, does not define this comparative baseline fuel; however, Title II, Subtitle A, Sec. 201 

of EISA 2007, which amends the Clean Air Act, defines the term ñbaseline life cycle greenhouse 

gas emissionsò to be the average life cycle greenhouse gas emissions of gasoline and diesel sold 

or distributed as a transportation fuel in 2005.  Although this Title II definition does not directly 

apply to Section 526, it will be assumed to be the relevant baseline for the purposes of this 

document. 

A recent report by NETL (Skone and Gerdes 2008) provides one of the most rigorous 

examinations of the life cycle greenhouse gas emissions profiles from U.S. domestically sold and 

distributed conventional petroleum sources for the year 2005.  This study reports the U.S. 

average life cycle GHG emissions of conventional gasoline, conventional diesel fuel with less 

than 500 parts per million of sulfur, and kerosene-based jet fuel.  The reported central estimate of 
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well-to-wake emissions for kerosene-based jet fuel was 88.1 g CO2e/MJ (92.9 kg of CO2 

equivalents per million BTUs of Lower Heating Value, LHV, fuel consumed).  CO2 equivalent is 

determined by summing the weighted contributions from carbon dioxide, methane, and nitrous 

oxide, using the 2007 IPCC 100-year global warming potential CO2 equivalent factors.  The 

NETL study included both CO2 and non-CO2 emissions from the combustion of kerosene-type 

jet fuel.  If non-CO2 combustion emissions were excluded from the NETL estimate, as will be 

recommended later in this section, then the central estimate of well-to-wake emissions for 

kerosene-based jet fuel is 87.5 g CO2e / MJ.  This study, although based on some data that are 

not available for public review7 and 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 as a function of 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 produces life-cycle GHG emissions 

less than or equal to those produced from 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 

that may be asked is whether or not it is to societyôs benefit to promote the development of a 

specific fuel industry.  Such an analysis would examine a hypothetical future industry, such as 

large-scale algae production, that could replace a considerable quantity of all commercially 

consumed conventional jet fuel (e.g., 1.6 million barrels per day or more in the US alone, 

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

on simulations rather than actual operational data and may also require a considerable amount of 

forecasting of technology performance.  Both of these increase the uncertainty in the overall 

analysis. 

This document is meant to provide guidelines for assessing the life-cycle emissions for fuel 

production at a typical, individual facility in the near term.  This choice relates well to the needs 

of the DESC and other agencies responsible for procurement, but it also serves fuel 

manufacturers who would like to assess and certify the life-cycle GHG emissions of their 

specific fuel production 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 in defining the appropriate level of LCA to be conducted: 

¶ What is the purpose of 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 from alternative 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 which limits public publication of unit process 
data.  Data can be reviewed with purchase of the software, see http://www.gabi-software.com/ 

http://www.gabi-software.com/
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¶ Who is the intended audience?  The DESC purchases aviation fuel for the DOD and is 

expected to be the primary procurement agency that will oversee fuel vendor compliance 

with Section 526 of EISA 2007.  It is also anticipated that prospective fuel producers, 

civilian fuel purchasers, and environmental interests may use this document as guidance 

in comparing or conducting their own LCAs as well. 

¶ What is the intended level of detail?  To meet the requirement of EISA 2007 

(demonstrating that lifecycle greenhouse gas emissions associated with the alternative 

aviation fuel supplied to Federal agencies are, on an ongoing basis, less than or equal to 

those of conventional petroleum-derived jet fuel), it will be necessary for the fuel 

manufacturers and LCA practitioners to develop a comprehensive (Level I), high-quality 

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 2 provides a summary of the 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 2007. 

Study purpose To estimate and compare the life cycle greenhouse gas emissions associated with 

producing, transporting, storing, and using conventional petroleum with those of 

alternative or synthetic transportation fuels for purchase by the US government.  

Intended audience Decision-maker: The DESC, DOD or any entity who needs to ensure fuel vendor 

compliance with Section 526 EISA 2007  

Intended level of detail: 

Comparative 

assessment status 

The results from the LCAs will be used to make an absolute comparative assertion 

between a target (baseline/reference point) and an alternative or synthetic option with the 

ultimate goal of providing a reasonable estimate that the alternative or synthetic fuels 

have lower life cycle greenhouse gas emissions.  For example, the modeler (the person 

performing the LCA) will need to demonstrate that the alternative or synthetic fuel being 

assessed has lower GHG emissions by: 

¶ showing improvement over baseline GHG emissions with some justification and 

knowledge of the uncertainty 

¶  showing consistency or discrepancy among case 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 cradle-to-grave, i.e. from raw material production or extraction through the combustion of 

the refined 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 standardization, and in keeping 

with specifications of ISO 14040 (2006a), 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 production chain: 

¶ 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 

¶ Life Cycle Stage #5:  Use/Aircraft Operation 

¶ 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 subsequent sections, a brief description of the key activities and 

boundaries for each life-cycle stage of petroleum-based fuel production chain is provided as an 

example. 

¶ Life Cycle Stage #1: Raw Material Acquisition 

o Including land-use changes, the extraction of raw feedstocks from the earth and 

any partial processing of the raw materials that may occur (e.g., oil seed 

harvesting and processing, upgrading to meet quality requirements for crude 

pipeline transport). 

¶ Life Cycle Stage #2: Raw Material Transport 

o Starting at the end of extraction/pre-processing 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. 

¶ Life Cycle Stage #3: Liquid Fuels Production 

o Starting with the receipt of refinery inputs at the entrance of the refinery facility 

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 produced and subsequently used in the refinery) are included in this stage. 
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o Emissions associated with on-site and off-site hydrogen production are accounted 

for in this stage, including emissions associated with raw material acquisition for 

hydrogen plant feedstock and fuel. 

¶ Life Cycle Stage #4: Product 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 operation of the bulk fuel storage depot, transport of jet fuel from 

storage tanks to the aircraft, and aircraft refueling. 

¶ Life Cycle Stage #5: Use/Aircraft Operation 

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

liquid fuel. 

¶ 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 further in this document. 

3.4.3 Example Primary Production Chains 

Simplified process schematics provide a straightforward and visually intuitive means of 

representing the primary production chains through the five most significant life cycle stages.  

The following figures provide several commonly cited synthetic and alternative aviation fuel 

production chains and give examples of sub-processes within the life cycle stage framework.  

The five significant schematic processes reflect: (1) Petroleum, (2) Biomass, (3) Coal and 

Biomass to Liquid (CBTL), (4) HRJ Fuel, 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, rail and truck transport 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 jet fuel for U.S. consumption (Stage #4), and combustion of jet 

fuel (Stage #5). 



18 

 

Figure 3.  Simplified Schematic of a Life Cycle Primary Production  

Chain for a Petroleum-Based Aviation Fuels 

 

The case outlined in Figure 4 incorporates raw 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 extract bio-oil for use as 

refinery feedstock, as well as other potentially salable co-products, e.g., soy bean meal (Stage 

#1).  Bio-oil generated in the raw material acquisition stage is then transported (e.g., pipeline, 

tanker, rail or truck transport) to the refinery operation (Stage #2) where it is mixed with other 

refinery inputs and processed to bio-derived jet fuel and co-products (Stage #3).  Following the 

jet fuel production stage, the fuel is blended with additives, transported to bulk storage, stored, 

transported to the aircraft refueling location and loaded into the aircraft fuel tank (Stage #4).  

Finally, the jet fuel is combusted in the aircraft (Stage #5). 

 

Figure 4.  Simplified Schematic of Life Cycles Stages for the Primary  

Production Chain of a Conventional Bio-Oil to Jet Fuel 
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The case outlined in Figure 5 is representative of CBTL production. Stage #1 incorporates both 

coal extraction and biomass cultivation and harvesting.  Coal extraction includes mining 

operations, on-site prewashing, sizing, and further preparation for utilization.  Raw material 

acquisition from cultivation and harvesting of biomass will include inventory of GHG emissions 

that may result from changes in land use resulting from these activities and the further processing 

of biomass, e.g. pelletization, in preparation for utilization; (biomass preparation may also take 

place at the CBTL facility, taking advantage of process flow integration to increase efficiency).  

Processed coal and biomass are then transported to the CBTL facility by rail, 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 improve overall conversion and is 

then converted to synthetic jet fuel in the CBTL conversion process8 (Stage #3).  CBTL may be 

coupled with a variety of CO2 management 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 with additives, transported to bulk storage, stored, transported to the aircraft refueling 

location and loaded into the aircraft fuel tank (Stage #4).  Finally, the fuel is combusted in the 

aircraft (Stage #5). 

 

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 representative of HRJ fuel production from algae.  Stage #1 

includes acquisition of bio-oil from cultivation, harvesting, 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 that portion of anthropogenic CO2 capture (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 co-

                                                 

8 In one embodiment of CBTL, the process of indirect liquefaction may be used to produce jet and diesel fuels.  Indirect 
liquefaction refers to processes in which the coal and biomass carbonaceous feedstocks are first broken down by a gasification 
step to form a ñsynthesis gasò (syngas) comprising carbon monoxide (CO) and hydrogen (H2) that is then converted to a liquid 
hydrocarbon stream via a Fischer-Tropsch (FT) catalytic synthesis.  This relatively-long chain paraffinic hydrocarbon is then 
selectively hydrocracked to form jet fuel and other hydrocarbon products.  (Indirect liquefaction differs from direct liquefaction 
and pyrolysis CBTL technologies in which coal and biomass feedstocks are liquefied directly through cracking of large 
molecules and H2 addition.) 
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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





















































