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Estimating global land use change emissions
induced by aviation biofuels production
Summary

 GTAP-BIO and AEZ-EF are widely used in the literature for estimating

• This project aims to study how aviation biofuels production affect
global land use change and associated emissions.
Motivation • And how the results vary across regions and biofuel pathways.

Approach

induced LUC emissions from road biofuels production.

• This is the first research in the field studying the issue.
• This study is part of the process leading to global aviation
Importance
emissions reduction in the course of ICAO policies.

Progress

Market-mediated responses

• We are in the process of finalizing the GTAP-BIO parameters and
adapting AEZ-EF for cellulosic feedstocks.
• We expect to have preliminary results by June, 2017.

Motivation and Objectives
Background
 Aviation sector accounts for about 2% of global human-induced GHG
emissions. Aviation emissions may be tripled by 2050 with the rapid
growth in aviation demand.
 ICAO agreed to implement a Global Market-based Measure scheme
from 2021 to 2035 to curb aviation emissions (39th assembly, 2016).
 The use of aviation biofuels (biojet) may play an critical role.
Motivation
 To what extant can aviation biofuels help reduce emissions compared
with petroleum jet fuel?
 The life-cycle emissions from biofuels production include (1) “core LCA”
emissions and (2) induced land use change (LUC) emissions.
 No one has studied induced LUC emissions from aviation biofuels
production. The study could be important to policy-makers, industry
stakeholders, and academic researchers.
 The objective is to estimate global land use change and associated

emissions induced by aviation biofuels production in USA, Brazil, EU,
and Malaysia & Indonesia, using the GTAP-BIO and AEZ-EF models.

Methods and Materials
GTAP-BIO
 a computable general equilibrium (CGE) model developed by the Center
for Global Trade Analysis at Purdue University.
 2011 GTAP database is used. There are 140 countries/regions, but they
are aggregated into19 regions in GTAP-BIO.
 The leading biofuel producing regions including USA, EU and Brazil are
independent regions. Malaysia and Indonesia are aggregated.
 Land was disaggregated into up to 18 Agro-Ecological Zones (AEZs) in
each region.
AEZ-EF
 The AEZ-EF model is an emission accounting model developed for
CARB for translating LUC results from economic models to the total
CO2-equivalent emissions. It is compatible with GTAP-BIO.

 Modifications are made in models for the purpose of this study:

1) Introduce miscanthus, switchgrass, and poplar into the GTAP-BIO
database and model and the AEZ-EF model. Nest them with cropland
pasture in land supply for the US.
2) Introduce the 12 aviation biofuels pathways into GTAP-BIO using
literature cost data and technology specifications.
3) Split coproducts of aviation biofuels. Coproducts may include renewable
diesel, naphtha, and others. They will supply road transport.
4) Related parameters such as land transformation elasticities need to be
recalibrated based on updated information.

Aviation biofuels
production shock to
2035 (mandate)

• We use a well-established economic equilibrium model in the literature,
GTAP-BIO, and its coupled emission accounting model, AEZ-EF.
• We focus on biojet approved by ASTM and produced in 4 regions (USA,
EU, Brazil, Malaysia & Indonesia).

Major model modifications

Study scope
 Region: Major biofuels production and jet fuel consumption regions

including USA, EU, Brazil, Malaysia and Indonesia (Mala & Indo)
 Technology: ASTM approved technologies:
Feedstock
Oil & fat

Pretreatment
Deoxygenate

Conversion technology
Hydro-processed Esters and Fatty Acids (HEFA)
Synthesized Iso-Paraffins (SIP)

Grain

Fermentation
Alcohol to Jet (ATJ)

Cellulosic

Gasification

Fischer-Tropsch to Jet (FTJ) (SPK/SKA)

 Decomposing results by margins and responses will help better

 Feedstock: Land based-feedstocks. Low LUC risk feedstocks such as

agricultural and forestry residues, waste oil, municipal solid waste (MSW),
and microalgae will not be included in this analysis.
 Simulation approach: Comparative static; only one pathway will be shocked
in each simulation.

Simulation shock size development
 The IEA 450 scenario projected that the global aviation biofuels production
in 2035 will be 2.6 Exajoule (EJ) or 21.2 Billion Gasoline Gallon Equivalent
(BGGE).
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understand the results and refine parameters applied.

Results and Discussion
 The study is still in progress. Results will be presented in g CO2-eq

per MJ of biofuels production for each of the 12 simulations.
 Lessons learned from initial tests on HEFA pathways:
1) The peatland drainage due to the oil palm expansion in Mala & Indo
provides the largest land conversion emissions. Emissions from all
vegetable oil HEFA pathways are very sensitive to the oil palm
expansion and palm oil trade originating in Mala & Indo.
2) The marginal LUC with respect to the shock size is increasing since new
cropland tends to have lower productivity and extensive margin
responses tend to outweigh intensive margin responses as shock size
increases.

Next Steps
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 Sensitivity analysis will be conducted for parameters and shock size by
applying Gaussian Quadrature techniques or Monte Carlo simulations so
that distributions of induced land use change emissions will be reported.
 Evaluating other aviation biofuels pathways.
 Improving modeling framework and theoretical background.
 Test different simulation approaches, such as shock multiple pathways
jointly.
 The sum of induced LUC emissions and “core LCA” emissions can be
compared with life-cycle emissions from producing petroleum jet fuels
(around 90 g CO2-eq per MJ) to determine to what extent biojet can
reduce emissions.
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