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BACKGROUND

The Defense Logistics Agency (DLA) 
Energy and the Connecticut Center 
for Advanced Technology, Inc. (CCAT) 
engaged in a contract to determine 
feasible methods of utilizing our nation’s 
vast coal supply to provide jet fuel for the 
United States military. The United States 
holds the world’s largest supply of coal 
and it can be used as a domestic, secure 
source of alternative fuel.

The demand for alternative military fuel 
and energy is increasing. The U.S. Air 
Force Strategic Energy Plan calls for a 50 
percent increase in the use of alternative 
fuels for non-contingency operations by 
2025. The U.S. Navy’s Great Green Fleet 
and the U.S. Army’s Net Zero Program 
focus on alternative fuel and power use. 

Through these programs and the U.S. 
Department of Energy’s research in 
alternative fuels, the U.S. Department of 
Agriculture’s Farm to Fleet and Farm to Fly 
efforts, plus global commercial activities 

stimulated by the Commercial Aviation 
Alternative Fuels Initiative, our nation 
is showing a long-term commitment to 
work together to establish secure, clean 
fuels. Technical feasibility and commercial 
viability for producing alternative fuels 
must now be established. 
 

 OBJECTIVES

The objectives of this work were to 
investigate, through analyses and testing, 
the use of domestic coal and biomass 
to make liquid fuel and electricity for 
the U.S. military. Technical feasibility and 
commercial viability for meeting U.S. 
military alternative fuel use goals in the 
near- and mid-term time frames, and 
complying with greenhouse gas (GHG) 
emissions requirements of Title V Section 
526 of the Energy Independence and 
Security Act of 2007 (Section 526) were 
examined. 

Section 526 requires that GHG emissions 
from alternative fuels purchased by 

The U.S. Air Force 
Strategic Energy Plan 
calls for a 50% increase 
in the use of alternative 
fuels for non-contingency 
operations by 2025.1

federal agencies be less than or equal to 
emissions from conventional petroleum-
based fuel. And per the Department of 
Defense (DoD) Alternative Fuels Policy 
for Operational Platforms (DoD, 2012), all 
commercial procurement of alternative 
fuels must be cost competitive with 
petroleum-based fuels.
 
CCAT, ARCADIS U.S. Inc., Avetec Inc., 
GeertTech LLC, technical advisors, and 
subject matter experts (the Project Team) 
worked collaboratively with DLA Energy 
and a Military Advisory Board to execute 
this project. The Project Team engaged in 
a Cooperative Research and Development 
Agreement with the U.S. Department 
of Energy National Energy Technology 
Laboratory and leveraged significantly 
the capabilities and expertise of existing 
public and private U.S. test facilities. 

For more than half a century, coal has 
been used to make liquid fuels. To meet 
required emissions levels, the team chose 
to investigate mixing biomass with coal.

Fueling America’s

FUTURE

1 U.S. Air Force Energy Strategic Plan, March, 2013 



Figure 1 Simplified Coal/biomass-to-Liquid Plant Block Diagram 
Project Team performed extensive tests on gasification processes.
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METHODOLOGY
The investigation began with an 
assessment of the state-of-the-art 
technologies pertaining to liquid fuel 
production and electricity/heat generation 
from coal, including carbon capture 
utilization and storage (CCUS), carbon 
reuse, and the potential for conducting 
demonstration tests at U.S. military 
installations.

The initial assessment revealed a small 
number of coal burning facilities (12) at 
U.S. military installations, using relatively 
low amounts of coal. Opportunities for 
CCUS demonstration testing at those 
installations were limited and CCUS work 
sponsored by the U.S. government and 
industry was already in progress at non-
military sites. The Project Team determined 
that minimal benefits would result from 
testing and analyses for coal-to-electricity/
heat plants at DoD installations. Additional 
examination of CCUS would not contribute 
significantly to the DoD’s future energy 
goals.

These initial assessment results led the 
Project Team to focus on coal/biomass-
to-liquid (CBTL) fuel production. CBTL 
fuel processes offer significant potential 
benefits to DoD in producing clean liquid 

as coal and biomass, offers a degree of 
energy security and can decrease U.S. 
dependency on petroleum imports.
 
Because coal-consuming processes 
emit large amounts of CO2, the Project 
Team tested and analyzed the impact of 
processing biomass mixed with coal to 
achieve the Section 526 requirements for 
CO2. Tests included raw biomass, torrefied 
biomass, and municipal solid waste—all 
domestic feedstocks that can reduce CO2 
emissions from CBTL processes.

fuel, particularly in gasification of coal/
biomass mixtures. 
 
The Project Team determined that 
gasification of coal and biomass using 
indirect liquefaction presented the 
best chance to meet DLA Energy’s 
requirements. Gasification processes 
convert solid feedstocks such as coal 
and biomass into product gases. These 
product gases are then cleaned and 
conditioned, including the partial capture 
of CO2, resulting in synthesis gas (syngas) 
that can be converted to jet fuel by the 
well-established Fischer-Tropsch process. 
Blends of conventional petroleum-based 
fuels and Fischer-Tropsch-based fuels have 
already been qualified for use in many 
military aircraft. The integrated system is 
referred to as a CBTL plant (Figure 1).

ENVIRONMENTAL 
IMPACT
Why coal and biomass? Coal is mined 
in more than 50 countries with the U.S. 
controlling the largest coal reserves in the 
world. Technologies for converting coal 
into liquids are mature today, as evidenced 
in South Africa where coal has been used 
to make liquid fuels for the last 60 years. 
The use of domestic feedstocks, such 

Evaluate CO2 footprint for 
generating liquid fuels from 
domestically sourced solid 
feedstocks. 

Conduct gasification tests 
with a wide range of coal 
and biomass mixtures. 

Examine commercial 
viability of coal/biomass-to-
liquid fuels facilities.

1.

2.

3.

RESEARCH 
OBJECTIVES

Project team focused on extensive gasification tests
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IDENTIFYING CHALLENGES

ENVIRONMENTAL TECHNICAL ECONOMIC

The large CO2 footprint from coal 
use is a primary negative factor for 
converting coal into liquid fuel. To 
implement coal use, CO2 emissions 
must be mitigated. CO2 footprint of 
CBTL processes can be lessened by 
mixing biomass or municipal solid 
waste with coal and by capturing and 
sequestering CO2. By design, most 
CO2 generated by CBTL plants must 
be captured for the plant to operate 
properly. Sequestration or utilization of 
the captured CO2 is the key to meeting 
environmental regulations. 

Blends of conventional petroleum-
based fuels and Fischer-Tropsch-based 
fuels have already been qualified 
for use in many jet aircraft. CBTL 
plant processes that convert coal/
biomass-to-liquid fuel already exist 
today. Advances to processes such as 
biomass feedstock preparation (drying, 
torrefying, grinding), the production of 
pure oxygen, gasification technology, 
and Fischer-Tropsch methods will 
lead to more efficient, affordable, and 
cleaner plants.

Alternative fuels will be competitively 
procured and thus must compete 
with petroleum-based fuels in the 
long-term. Estimated prices of fuel 
generated by CBTL plants are high. 
Several considerations for modifying 
CBTL plants may improve the 
economics. Use of positive revenue 
feedstocks such as municipal solid 
waste and nuisance plants, favorable 
CBTL plant financing, and monetary 
credit for sequestering or utilizing the 
captured CO2 will improve economics. 
Cost reduction for small-scale CBTL 
plants, about 3,000 barrels-per-day or 
less, will allow for higher percentages 
of biomass use and open possibilities 
for integrating CBTL plants in high 
value installations for secure, assured 
energy scenarios. In the long term, 
petroleum-based fuel prices may 
increase such that fuel from CBTL 
plants will be cost competitive.



TESTING

The Project Team executed gasification 
testing and analyses of 150 coal-biomass 
feedstock tests. Testing was performed 
with partners and facilities at Energy 
and Environmental Research Center 
(EERC), U.S. Department of Energy 
National Carbon Capture Center (NCCC), 
Westinghouse Plasma Corporation, 
ThermoChem Recovery International, Inc., 
and Emery Energy Company. Analyses 
for technical feasibility and commercial 
viability were performed by the Project 
Team and subject matter experts.

 

Pictured right: Project Team in lab at the Energy 

and Environmental Research Center (EERC). 
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Table 1 Summary of 150 Gasification Tests with Coal/biomass Mixtures

Coal/Biomass-to-Liquid Fuel
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Molten slag, seen flowing from the 
bottom of a plasma gasifier, is quenched 
and granulated upon exiting the gasifier, 
resulting in vitreous granules that are used 
for beneficial purposes, such as aggregate.

TESTING FACILITIES

Westinghouse Plasma Corp. (WPC)  
A wholly-owned subsidiary of 
Alter NRG - Madison, PA 

• 10 tons-per-day feedstock
• 3 tests performed with Powder River Basin  

coal and municipal solid waste blends 
• Westinghouse Plasma Arc™ gasifier

Emery Energy Company - Laramie, WY

• 2.5 tons-per-day feedstock
• 2 tests were performed with Powder River 

Basin coal and raw biomass
• Fixed bed gasifier and Ceramatec plasma tar 

reformer

ThermoChem Recovery  
International, Inc. - Durham, NC

• 4 tons-per-day feedstock
• 2 tests performed with lignite coal, woody 

biomass, and municipal solid waste blends
• TRI steam reformer/carbon trim cell

National Carbon Capture Center  
(NCCC) - Wilsonville, AL 

• 50 tons-per-day feedstock
• 14 tests performed with Powder River Basin 

coal and raw or torrefied pine blends
• Transport gasifier

Energy and Environmental Research 
Center (EERC) - Grand Forks, ND

• 0.1-6.1 tons-per-day feedstock
• 129 tests performed with a range of coal, 

biomass and shale gas blends 
• Entrained flow and transport gasifiers, tar 

reformer

Summary Report
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IMPORTANT ASPECTS OF TESTING

A key objective of the investigation was to evaluate gasification test data when utilizing various biomass and coal feedstock 
combinations. The following factors should be considered for CBTL processes for both small-scale and larger-scale facilities.

Feedstock Preparation: In order to limit problems during the gasification process, the handling properties of the feedstock should 
be carefully considered. Particle size, flowability and density are all factors in preventing issues during the feeding process. Coal 
is generally simple to prepare for gasification. Biomass must be harvested, transported, dried, and chipped/ground in order to be 
easily mixed with coal. Those operations are energy intensive and add to the CBTL CO2 footprint. Torrefied biomass can be sized 
and densified to allow for more efficient handling and mixing with coal. This will result in a lower CBTL CO2 footprint compared to 
raw biomass. 

Small-Scale Gasifier Operation: Evaluating experimental data from small-scale gasifiers to predict commercial scale performance is 
an important challenge. For the small gasifiers that were utilized, the Project Team accounted for process variations and scrutinized 
data for mass and energy balance closure as well as carbon conversion and cold gas efficiency. Data analyses of exhibited trends and 
additional studies are needed for definitive, commercial-scale performance predictions.

ESTIMATED GREENHOUSE GAS EMISSIONS FROM CBTL PROCESS

Life cycle analysis results indicate that all cases satisfy Section 526 when up to 90 percent of CO2 emissions are captured  
and stored. 

Figure 2: CO2 Life Cycle Analysis Results
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All CO2 footprint projections of alternative jet fuel made from solid 
feedstocks tested were below the petroleum baseline for blended jet fuel 
(50% alternative fuel + 50% petroleum-based fuel), thereby satisfying 
Section 526. 
 
When coal was the sole feedstock, the CO2 footprint was the largest and 
required the most capture. 

Increasing percentages of biomass in the solid feed generally resulted in 
lower CO2 footprints and smaller amounts of required capture. 

Feedstocks:  

• Torrefied wood offers advantages in blending with coal and lowering the 
CO2 footprint for the CBTL plant.

• Municipal solid waste and biomass (considered to be “nuisance plants” in 
areas where they are abundant) may be economically feasible for use as 
feedstocks.

• Feedstock preparation and feed system design are critical to the 
successful development of a large-scale CBTL project.

Environment: 

• Electricity generation and CO2 displacement credits from CBTL are 
significant contributors to lower GHG emissions.

• Biomass/coal feedstock ratios with respect to Section 526 compliance: 
• 30% biomass - 38-62% below the baseline 
• 10% biomass - 13-33% below the baseline
•   0% biomass -   2-18% below the baseline 

Economics: 

• Rough order of magnitude cost estimates using the techno-economic 
model for a 50,000 barrels-per-day CBTL plant with an entrained flow 
gasifier or transport gasifier showed average required selling price (RSP) 
of jet fuel (on a crude oil equivalent basis) ranged from approximately 
$134 to $170 per barrel.

• Instances where coal was the sole feedstock resulted in the lowest RSP.
• Increasing the percentages of raw biomass in the solid feed generally 

resulted in a higher RSP.
• Using torrefied rather than raw biomass resulted in a lower RSP.
• Capital costs and financing are the major factors influencing the RSP.

KEY FINDINGS

Using test data, the Project Team and NETL performed Life Cycle Analyses (LCA) and 
techno-economic modeling for a commercial scale, 50,000 barrel-per-day CBTL plant 
to address Section 526 CO2 emission requirements and commercial viability. This 
scale CBTL plant will satisfy the stated alternative jet fuel needs of the USAF for non-
contingency operations.

Secure, 
domestic 

feedstocks 
can fuel 

America’s 
future.

Summary Report

Municipal solid waste at Westinghouse
Plasma Corp.



The testing program met the project 
objective of demonstrating the viability of 
gasifying coal/biomass mixtures. All coal/
biomass mixtures were successfully fed 
to the gasifiers and stable operation was 
achieved for most of the tests. 
 
Composition of the product gas produced 
in different gasifiers tested was influenced 
by a wide range of factors. In general, tests 
showed that product gas compositions 
could produce liquid fuels using a variety 
of feedstocks, after shifting of the H2:CO 
molar ratio to that required for the Fischer-
Tropsch process. 
 
Using data from the wide spectrum of tests 
conducted, the Project Team concluded 
that blending various grades of coal with 
biomass presents a credible approach for 
reducing carbon dioxide emissions and 
producing alternative jet fuel.

Improving Commercial Viability

Several factors can improve the 
commercial viability of CBTL plants: 

• Utilization of municipal solid waste 
as a positive revenue feedstock, for 
example, can reduce the financial 
burden of buying feedstock and 
instead provide plant revenue.  

• Optimization of a CBTL plant 
designed for a particular feedstock 
blend may allow for less than 90 
percent CO2 capture and still meet 
Section 526 requirements, thereby 
improving capital and operating cost 
and lowering the required selling 
price.  

• Alternative financing, based on a 
government DOE loan guarantee 
scenario (40 percent equity, 4.56 
percent interest) rather than private 
financing (50 percent equity, 8.00 
percent interest), can result in 
approximately a 23 percent per barrel 
reduction in the required selling price. 

Additional detailed process engineering 
and cost analyses are necessary to 
determine more accurate costs and 
required selling prices for CBTL plant 
development.  

Based on the projected required selling 
prices and life cycle assessments, 
future techno-economic evaluations 
should address alternative CBTL 
process configurations that minimize 
project capital costs by: (1) optimizing 
coal/biomass feedstock blends; 
and (2) capturing/sequestering only 
enough carbon to satisfy Section 526 
requirements. 

RECOMMENDATIONS 
FOR FUTURE STUDY
 
The need for secure, clean, affordable 
alternative jet fuel is of increasing 
importance. Technology to convert diverse 
types of domestic solid feedstocks (coal, 
biomass, municipal solid waste) into 
alternative jet fuel suitable for the military 
exists today. To help ensure that Section 
526 air emissions requirements are met 
and price points for the alternative fuel 
are competitive, the following actions are 
recommended: 

• Improve gasification efficiency 
for utilizing mixed coal-biomass 
feedstocks, including novel gasifier 
designs. 

• Increase efficiency for preparing 
domestic feedstock mixtures (drying, 
torrefying, grinding). 

• Pursue improvement of CBTL designs 
to optimize biomass content, CCUS, 
and plant capital costs so that Section 
526 compliant fuels are more cost 
competitive to produce. Develop 
solutions to decrease cost, minimize 

the water footprint, and increase 
efficiency of key CBTL plant sub-
processes, such as tar reforming 
and replacing conventional oxygen 
supply via air separation with newer 
technology.  

• Reduce component costs for small-
scale (1,000-3,000 barrels-per-day) 
distributed CBTL plants as smaller 
scale requires smaller amounts of 
feedstocks, allowing for a more 
practical and affordable harvesting 
radius for biomass and waste as 
feedstocks. 

• Consider the integration of CBTL 
plants, which generate fuel and 
electricity, with microgrids and waste 
management as part of a resilient 
strategy for installation energy 
security that includes an assured fuel 
supply. 

Future work should 
continue collaboration 
and leveraging among 
public-private partners.

CONCLUSIONS

8 Coal/Biomass-to-Liquid Fuel
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