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Abstract 

Environmental carbon emissions and the resulting climate change issues have attracted the attention of 

governments and corporations around the world. A large majority of countries have announced net 

zero decarbonization goals to be achieved before 2070. There is a concerted effort to reduce carbon 

emissions in a timely manner within industrial and transportation sectors. The use of bio-derived fuels 

often results in significantly lower lifecycle carbon emissions when compared with the use of fossil 

fuels, due to the biogenic nature of carbon in the biofeedstock. Consequently, biofuels are receiving 

increasing attention due to their potential contribution to the decarbonization goals. 

Air transport is one of the sizable components of carbon emissions to the environment. Commercial 

aviation is responsible for about 2–3% of global greenhouse gas (GHG) emissions. Realizing the 

importance of aviation in carbon emissions, International Air Transport Association (IATA) has 

committed to the goal of carbon-neutral growth in international commercial aviation beginning in 

2021. US airlines have set a goal to reduce carbon dioxide (CO2) emissions by 50% in 2050 compared 

with the 2005 levels. Other popular decarbonization strategies such as electric batteries, while popular 

for road transport, are considered to be infeasible for aviation due to weight limitations, especially for 

commercial long haul flights. Consequently, bio-based sustainable aviation fuels are the only viable 

option, at least in near future. This report presents the technoeconomic analysis of three current 

industrial processes to produce aviation fuels from bio-derived feedstock. These processes are 

• BioJet production from isobutanol by Gevo 

• Alcohol-to-Jet (ATJ) process from ethanol by LanzaJet 

• IsoconversionTM process by Lummus/Chevron 

The production economics assessment in this report is based on a US Gulf Coast location. However, 

an iPEP Navigator module (an Excel-based computer costing model developed by IHS Markit) will be 

attached with this report to allow a quick calculation of the process economics for three other major 

regions also: Germany, Japan, and mainland China. For every process, the module also allows 

production economics to be reported in English or metric units in each region.  

The technological and economic assessment of the processes is PEP’s independent interpretation of 

the companies’ commercial processes based on information presented in open literature, such as 

patents or technical articles, and may not reflect in whole or in part the actual plant configuration. We 

do believe that they are sufficiently representative of the processes and process economics within the 

range of accuracy necessary for economic evaluations of the conceptual process design.



IHS Markit | PEP Report 278B Bio-based Sustainable Aviation Fuels 

 
Confidential. © 2022 IHS Markit. All rights reserved. 2 December 2022 

Contents  

1 Introduction 7 
2 Executive summary 9 

Industry review 9 
Environmental, social and governance 9 
Supply and demand 10 

Technology review 10 
Renewable feedstocks 10 
Production technology 11 

Process economics 13 
Capital costs 15 
Production costs 16 

Environmental footprint 17 
Summary and conclusions 20 

3 Industry review 22 
Environmental, social and governance 22 
Renewable Identification Numbers 23 
Low Carbon Fuel Standards credits 24 
Blender’s Tax Credit 26 

Supply and demand 26 
Feedstock and product prices 29 

4 Technology review 31 
Renewable feedstocks 31 

Triglyceride feedstocks 32 
Carbohydrate feedstocks 33 
Lignocellulosic feedstocks 34 

Jet fuel certification 35 
Jet fuel properties 35 
ASTM standards 37 
ASTM certified pathways 38 

Reaction steps 42 
Ethanol dehydration 42 
Butanol dehydration 43 
Olefins oligomerization 44 
Hydrogenation 45 
Catalytic hydrothermolysis 45 

Commercial processes 47 
Gevo process from isobutanol 47 
ATJ process by LanzaJet 48 
Isoconversion™ process by Lummus/Chevron 49 
Renewable diesel-based commercial processes 50 

Patents overview 51 
Gevo/Butamax 52 
Chevron/Lummus/Applied Research Associates 52 
LanzaJet/Pacific Northwest National Laboratory/Battelle Memorial Institute 54 
UOP LLC 54 
ExxonMobil 54 

5 Isobutanol to biojet fuel by Gevo 55 
Process description 55 
Section 100—Pretreatment and dehydration 55 



IHS Markit | PEP Report 278B Bio-based Sustainable Aviation Fuels 

 

Confidential. © 2022 IHS Markit. All rights reserved. 3 December 2022 

Section 200—Oligomerization and product recovery 55 
Process discussion 62 
Feedstock 62 
By-products 62 
Reaction and product recovery 62 
Catalyst 63 
Process waste effluents 63 
Materials of construction 63 

Cost estimates 66 
Fixed capital costs 66 
Production costs 67 

Environmental footprint 75 
6 Alcohol-to-Jet process by LanzaJet 76 

Process description 76 
Section 100—Pretreatment and dehydration 76 
Section 200—Oligomerization and product recovery 77 

Process discussion 85 
Feedstock 85 
By-products 85 
Reaction and product recovery 85 
Catalyst 86 
Process waste effluents 86 
Materials of construction 86 

Cost estimates 89 
Fixed capital costs 89 
Production costs 90 

Environmental footprint 98 
7 IsoconversionTM process by Lummus/Chevron 99 

Process description 99 
Section 100—Pretreatment and hydrothermolysis 99 
Section 200—Hydrotreatment and product recovery 99 

Process discussion 106 
Feedstock 106 
By-products 106 
Reaction and product recovery 106 
Catalysts 107 
Process waste effluents 107 
Materials of construction 107 

Cost estimates 109 
Fixed capital costs 110 
Production costs 110 

Environmental footprint 118 
Appendix A—Cited references 119 
Appendix B—Patent Summaries 124 
Appendix C—Design and cost basis 129 
Appendix D—Process Flow Diagrams 133 

 

 

Tables 

Table 2.1 Production costs (metric units) comparison 15 
Table 2.2 Comparison of environmental footprints 18 



IHS Markit | PEP Report 278B Bio-based Sustainable Aviation Fuels 

 

Confidential. © 2022 IHS Markit. All rights reserved. 4 December 2022 

Table 3.1 Top HVO+SAF producers 28 
Table 4.1 Typical fatty acid composition of vegetable oils and animal fats 33 
Table 4.2 Sugar content and yields of carbohydrate-containing crops 34 
Table 4.3 Typical compositions of lignocellulosic biomass 35 
Table 4.4 Summary of approved and pending SAF production pathways 39 
Table 4.5 SAF specifications for some approved pathways 42 
Table 5.1 Design basis and assumptions 57 
Table 5.2 Stream summary 58 
Table 5.3 Biojet from butanol by Gevo—Major equipment 64 
Table 5.4 Biojet from butanol by Gevo—Utilities summary 66 
Table 5.5 Biojet from butanol by Gevo—Total capital investment 68 
Table 5.6 Biojet from butanol by Gevo—Capital investment by section 69 
Table 5.7 Biojet from butanol by Gevo—Variable costs 70 
Table 5.8 Biojet from butanol by Gevo—Production costs 71 
Table 5.9 Biojet from butanol by Gevo—Production costs 72 
Table 5.10 Environmental performance factors 75 
Table 6.1 Design basis and assumptions 79 
Table 6.2 Stream summary 81 
Table 6.3 Biojet from butanol by LanzaJet—Major equipment 87 
Table 6.4 Biojet from ethanol by LanzaJet—Utilities summary 89 
Table 6.5 Biojet from ethanol by LanzaJet—Total capital investment 91 
Table 6.6 Biojet from ethanol by LanzaJet—Capital investment by section 92 
Table 6.7 Biojet from ethanol by LanzaJet—Variable costs 93 
Table 6.8 Biojet from ethanol by LanzaJet—Production costs 94 
Table 6.9 Biojet from ethanol by LanzaJet—Production costs (metric units) 95 
Table 6.10 Environmental performance factors 98 
Table 7.1 Design basis and assumptions 101 
Table 7.2 Stream summary 102 
Table 7.3 BioJet from vegetable oil by Lummus/Chevron—Major equipment 108 
Table 7.4 Biojet from vegetable oil by Lummus/Chevron—Utilities summary 109 
Table 7.5 Biojet from vegetable oil by Lummus/Chevron—Total capital investment 111 
Table 7.6 Biojet from vegetable oil by Lummus/Chevron—Capital investment by section 112 
Table 7.7 Biojet from vegetable oil by Lummus/Chevron—Variable costs 113 
Table 7.8 Biojet from vegetable oil by Lummus/Chevron—Production costs 114 
Table 7.9 Biojet from vegetable oil by Lummus/Chevron—Production costs 115 
Table 7.10 Environmental performance factors 118 
 

Figures  

Figure 2.1 Renewable diesel/SAF demand projection 10 
Figure 2.2 SAF production from bio-based alcohols (ATJ-SPK) 12 
Figure 2.3 SAF production from triglyceride-based feedstock (CH-SK) 13 
Figure 2.4 Comparison of capital costs* 16 
Figure 2.5 Comparison of production costs 17 
Figure 2.6 Comparison of CO2 emissions 18 
Figure 2.7 Comparison of wastewater generation 19 
Figure 2.8 Comparison of water requirement 19 
Figure 3.1 Fuel nesting scheme for the RFS 24 
Figure 3.2 RINs and LCFS credits 25 
Figure 3.3 SAF product share in renewable fuels 26 
Figure 3.4 HVO and SAF demand projection 27 
Figure 3.5 SAF demand projection by production route 27 
Figure 3.6 HVO+SAF capacities by location (2022) 28 
Figure 3.7 Biofeedstock prices by at US Midwest location 29 



IHS Markit | PEP Report 278B Bio-based Sustainable Aviation Fuels 

 

Confidential. © 2022 IHS Markit. All rights reserved. 5 December 2022 

Figure 3.8 Renewable diesel (HVO) prices by location 30 
Figure 4.1 Bio-derived feedstocks 31 
Figure 4.2 Conversion pathways to biojet fuel 32 
Figure 4.3 Carbon number distribution in conventional aviation fuel 36 
Figure 4.4 Hydrocarbon components distribution in conventional jet fuel 36 
Figure 4.5 Catalytic hydrothermolysis reactions 46 
Figure 4.6 SAF from isobutanol process by Gevo Inc 47 
Figure 4.7 ATJ process by LanzaJet 48 
Figure 4.8 IsoconversionTM process by Chevron Lummus Global 49 
Figure 4.9 Renewable diesel production by hydroprocessing 51 
Figure 5.1 Effect of plant capacity on capital costs 73 
Figure 5.2 Effect of plant capacity on production costs 74 
Figure 5.3 Effect of feedstock price on production costs 75 
Figure 6.1 Effect of plant capacity on capital costs 96 
Figure 6.2 Effect of plant capacity on production costs 97 
Figure 6.3 Effect of feedstock price on production costs 98 
Figure 7.1 Effect of plant capacity on capital costs 116 
Figure 7.2 Effect of plant capacity on production costs 117 
Figure 7.3 Effect of feedstock price on production costs 118 

Appendix D Figures 

Figure 5.1 BioJet from butanol process by Gevo 134 
Figure 6.1 BioJet from ethanol process by LanzaJet 135 
Figure 7.1 BioJet by IsoconversionTM process by Lummus/Chevron 136 
 

 

  



 

 

Disclaimer 

The information contained in this report is confidential. Any unauthorized use, disclosure, reproduction, or dissemination, in full or in part, in any media or by 
any means, without the prior written permission of IHS Markit or any of its affiliates ("IHS Markit") is strictly prohibited. IHS Markit owns all IHS Markit logos 
and trade names contained in this report that are subject to license. Opinions, statements, estimates, and projections in this report (including other media) are 
solely those of the individual author(s) at the time of writing and do not necessarily reflect the opinions of IHS Markit. Neither IHS Markit nor the author(s) has 
any obligation to update this report in the event that any content, opinion, statement, estimate, or projection (collectively, "information") changes or 
subsequently becomes inaccurate. IHS Markit makes no warranty, expressed or implied, as to the accuracy, completeness, or timeliness of any information in 
this report, and shall not in any way be liable to any recipient for any inaccuracies or omissions. Without limiting the foregoing, IHS Markit shall have no 
liability whatsoever to any recipient, whether in contract, in tort (including negligence), under warranty, under statute or otherwise, in respect of any loss or 
damage suffered by any recipient as a result of or in connection with any information provided, or any course of action determined, by it or any third party, 
whether or not based on any information provided. The inclusion of a link to an external website by IHS Markit should not be understood to be an 
endorsement of that website or the site's owners (or their products/services). IHS Markit is not responsible for either the content or output of external 
websites. Copyright © 2022, IHS Markit®. All rights reserved and all intellectual property rights are retained by IHS Markit. 

  

 
 
 

 

Customer Care 

CustomerCare@ihsmarkit.com 

Asia and the Pacific Rim 

Japan: +81 3 6262 1887 

Asia Pacific: +604 291 3600 

Europe, Middle East, and Africa: +44 1344 328 300 

Americas: +1 800 447 2273 

https://ihsmarkit.com/about/contact-us.html
mailto:CustomerCare@ihsmarkit.com

	1 Introduction
	2 Executive summary
	Industry review
	Environmental, social and governance
	Supply and demand

	Technology review
	Renewable feedstocks
	Production technology

	Process economics
	Capital costs
	Production costs

	Environmental footprint
	Summary and conclusions

	3 Industry review
	Environmental, social and governance
	Renewable Identification Numbers
	Low Carbon Fuel Standards credits
	Blender’s Tax Credit

	Supply and demand
	Feedstock and product prices

	4 Technology review
	Renewable feedstocks
	Triglyceride feedstocks
	Carbohydrate feedstocks
	Lignocellulosic feedstocks

	Jet fuel certification
	Jet fuel properties
	ASTM standards
	ASTM certified pathways
	Fischer-Tropsch Synthetic Paraffinic Kerosene (annex 1)
	Hydroprocessed Esters and Fatty Acids (annex 2)
	Hydroprocessed Fermented Sugars to Synthetic Isoparaffins (annex 3)
	Fischer-Tropsch Synthetic Paraffinic Kerosene with Aromatics (annex 4)
	Alcohol-to-Jet Synthetic Paraffinic Kerosene (annex 5)
	Catalytic Hydrothermolysis Synthesized Kerosene (annex 6)
	Hydroprocessed Hydrocarbons, Esters, and Fatty Acids (annex 7)


	Reaction steps
	Ethanol dehydration
	Butanol dehydration
	Olefins oligomerization
	Hydrogenation
	Catalytic hydrothermolysis

	Commercial processes
	Gevo process from isobutanol
	ATJ process by LanzaJet
	Isoconversion™ process by Lummus/Chevron
	Renewable diesel-based commercial processes

	Patents overview
	Gevo/Butamax
	Chevron/Lummus/Applied Research Associates
	LanzaJet/Pacific Northwest National Laboratory/Battelle Memorial Institute
	UOP LLC
	ExxonMobil


	5 Isobutanol to biojet fuel by Gevo
	Process description
	Section 100—Pretreatment and dehydration
	Section 200—Oligomerization and product recovery

	Process discussion
	Feedstock
	By-products
	Reaction and product recovery
	Catalyst
	Process waste effluents
	Materials of construction

	Cost estimates
	Fixed capital costs
	Production costs

	Environmental footprint

	6 Alcohol-to-Jet process by LanzaJet
	Process description
	Section 100—Pretreatment and dehydration
	Section 200—Oligomerization and product recovery

	Process discussion
	Feedstock
	By-products
	Reaction and product recovery
	Catalyst
	Process waste effluents
	Materials of construction

	Cost estimates
	Fixed capital costs
	Production costs

	Environmental footprint

	7 IsoconversionTM process by Lummus/Chevron
	Process description
	Section 100—Pretreatment and hydrothermolysis
	Section 200—Hydrotreatment and product recovery

	Process discussion
	Feedstock
	By-products
	Reaction and product recovery
	Catalysts
	Process waste effluents
	Materials of construction

	Cost estimates
	Fixed capital costs
	Production costs

	Environmental footprint

	Appendix A—Cited references
	Appendix B—Patent Summaries
	Summaries
	Appendix C—Design and cost basis
	Design conditions
	Cost bases
	Capital investment
	Production costs
	Effect of operating level on production costs

	Appendix D—Process Flow Diagrams



