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Presenter
Presentation Notes
Thank you Troy and thank you for inviting me to today’s exciting session. I am Mark Elless and I am a Technology Manager at the Department of Energy. It is a my pleasure to be here with you. Today I will discuss BETO and the recent exciting work done by our national lab partners to help address cost, quality, and quantity challenges facing the biorefinery industry. 
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From Challenge to Opportunity

More than 1 billion tons of biomass could be 
domestically converted into biofuels and 
products.

Biomass could displace 25% of U.S. petroleum 
use annually by 2030, keeping $260 billion in 
the United States, adding 1.1 million direct jobs, 
and reducing annual CO2 emissions by 450 
million tons or 7% of U.S. energy emissions.

More than $350 million is spent every day on 
foreign oil imports. Dependence on foreign oil 
can leave us vulnerable to disruptions in 
supplies and contributes significantly to our 
trade deficit. 

Transportation accounts for 67% of petroleum 
consumption and 26% of emissions in the 
United States. 

THE CHALLENGE THE OPPORTUNITY

Presenter
Presentation Notes
The United States spend hundreds of billions of dollars on oil imports each year. Reliance on imported petroleum puts the U.S. economy at the mercy of market and political trends that our beyond our control. The transportation sector is the major source of this dependence, which accounts for roughly two thirds of our total petroleum consumption. If we can realize a billion ton vision, then we could displace 25% of US petroleum use, keep $260B in US and add 1.1 million direct jobs, while also reducing CO2 emissions by 450 million tons.
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BETO’s Mission & Vision

BETO reduces risks and costs to commercialization through RD&D.

Vision

Mission

Strategic 
Goals

A thriving and sustainable bioeconomy 
fueled by innovative technologies

Developing and demonstrating 
transformative and revolutionary 
sustainable bioenergy technologies for 
a prosperous nation

Develop industrially relevant 
technologies to enable domestically 
produced biofuels and bioproducts 
without subsidies

Presenter
Presentation Notes
Office Vision and Mission: BETO has recently u[dated its mission, vision, and strategic goals in its new Strategic Plan. Read vision and mission statementsThese revisions emphasize BETO’s key role in the bioeconomy.To achieve these goals, BETO is focused on forming public-private partnerships with key stakeholders to research, develop, and demonstrate technologies to produce advanced bioenergy and bioproducts from non-food, feed, or fiber biomass.The Office focuses on reducing risks, through the development of technologies that enable industry investment in technology deployment at scale. 
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BETO’s Critical Program Areas 

Production & Harvesting

Advanced Algal Systems
Focuses on improving the  
productivity of algal biomass 
and enhancing the efficiency 
of cultivation and harvesting.

Feedstock Supply & Logistics
Works to reduce the cost, 
improve the quality, and 
increase the volume of 
sustainable feedstocks available 
for delivery to a biorefinery. 

BETO works to address risks and reduce costs across the supply chain.  

Conversion & Refining Distribution & End Use

Conversion
Develops technologies to 
convert non-food feedstocks 
into biofuels, bioproducts, and 
biopower. 

Crosscutting Areas: Sustainability, Strategic Analysis, & Communications

Conversion
Intensification - at bench and pilot 
scale, conduct feedstock blend 
testing, separations, materials 
compatibility evaluations, and 
technoeconomic-driven 
verification tests

Advanced Development 
and Optimization
Aims to conduct early 
stage R&D and related 
analysis to identify and 
evaluate the most 
promising biofuels, 
bioproducts, and biopower
candidates and conduct 
performance prediction to 
enable bioeconomy and 
efficiency targets. 

Presenter
Presentation Notes
BETO’s portfolio addresses risks at each stage of the supply chain: Biomass Supply, Pretreatment, Conversion and Final Product Recovery.Each of these steps involves overcoming key challenges that BETO’s national labs and industry partners are working collaboratively to address.Terrestrial feedstock supply efforts focus on RD&D to reduce cost, imp[rove quality, and increase quantity of sustainable feedstocks to biorefinery. Advanced algal systems – improving productivity of algal biomassThe conversion R&D program is focused on … (read slide). Includes biochemical Conversion R&D efforts, which are focused on pathways for producing sugars and other carbohydrate intermediates followed by conversion to finished fuels, and Thermochemical Conversion R&D efforts, which are focused on pathways producing bio-oil and gaseous intermediates from biomass followed by upgrading to finished fuels.The Advanced Development and Optimization program is focused on … (read slide).We have crosscutting programs in Sustainability and Strategic Analysis.Sustainability – to ensure biomass grown for bioenergy minimizes any deleterious impact to the environment.Strategic Analysis - conducts key analyses to guide planning and portfolio management and provides the analytical basis for R&D prioritization, target development, and assessment of progress towards goals.
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Feedstock Supply and Logistics

Focus
• Fully integrate feedstocks into supply 

chain (multiple interfaces).
• Reform raw biomass into high-quality 

feedstocks.
• Use innovative technologies to ensure 

sustainable supply and reduce costs.
• Reduce risks to enable industry 

expansion.

Approaches
• Use basic and applied science to 

understand, model, and manage.
• Provide nationally, but solve locally.
• Meet environmental performance 

targets and goals while assuring 
sustainability.

• Work with stakeholders and 
partners.

Biomass 
Supply

Cost

QuantityQuality

Presenter
Presentation Notes
From this point forward, we will focus on feedstocks and the challenges it poses to the biorefinery industry (“It starts with the feedstock”)In FSL, we focus on the biomass trifecta: Cost, Quality, Quantity, particularly when transforming biomass to feedstocks.Our approach is to use basic and applied science to understand, model, and manage the challenges and work with stakeholders and partners to solve these challenges, while meeting environmental performance targets and goals.
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• Reduce delivered cost and risks associated with feedstock quality and 
volume to accelerate widespread commercialization of sustainable biomass 
supply chains for a broad range of markets, in partnership with USDA and 
other key stakeholders. This goal corresponds to a cost and volume target:
– By 2022, verify at pilot or demonstration scale cellulosic feedstock supply and 

logistics systems that can economically and sustainably supply 285 million dry 
tons per year (excluding biopower) at a mature modeled delivered cost of 
$84/dry ton ($2014) to support a biorefining industry (i.e., multiple biorefineries) 
utilizing diverse biomass resources. 

Addressing Feedstock Supply 
Challenges 

Presenter
Presentation Notes
So the main challenges addressing feedstock supply is to reduce costs and risks to accelerate commercialization of sustainable biomass supply chains in partnership with USDA and other stakeholders.Our 2022 target combines both cost and quantity, that states we seek to verify … (read slide)
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Billion Ton Studies –
History and Accomplishments

Resource assessment 
+ Economic Analysis 

• Timeline to 2030
• County-level biomass 

feedstock availability 
estimates 

• Broad energy crop 
definitions and estimates

• Harvesting biomass only 
(not delivering biomass)

Resource assessment 
+ Economic Analysis 

+ Environmental analysis 
• Extended timeline
• Updated agricultural 

projections
• Detailed cost analysis 
• Algae and energy crops
• Regional analysis 
• Environmental sustainability 

analyses

Resource assessment

• How much biomass is 
available in the U.S.?

• Can we produce a 
sustainable supply of 
biomass that can 
displace 30% of the 
country’s current 
petroleum consumption? 

Presenter
Presentation Notes
The recently released Billion Ton 2016 (or BT16 for short) is a third in a series of Billion ton reports.The original Billion-Ton study was first published with USDA, and was purely a resource assessment, answering the question “How much biomass is available” – AND VERIFYING THAT THE ANSWER WAS “MORE THAN A BILLION TONS”.We then built on the original with the 2011 Billion-Ton Update, which was done with ORNL, and added some economic analysis to the resource assessment (at the farmgate at county-level resolution). The 2011 version just had the harvesting costs out to 2030 at the farmgate, not the delivered costs of feedstock.In 2016, we’ve updated both the resource assessment and the economic analysis – the timeline has been updated to 2040, the agricultural projections have been updated, and the energy crops have a more detailed analysis. We’ve added the transportation costs, so the economic analysis follows the biomass from the source to the roadside, then to the biorefinery.You might be asking yourself why we’ve done three of these. Really, it’s to: Update the data to the latest available economic and agricultural baseline,Expand our research to new feedstocks, and Examine the availability of delivered feedstocks
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Addressing Feedstock 
Availability Challenge

Feedstock 

Current used 

resource  

(MDT)

Total base-

case scenario 

(MDT)

Total high-

yield scenario 

(MDT)

Forestry 

resources
154 251 230

Agricultural 

resources
144 320 344

Waste 

resources
68 210 210

Energy

crops
N/A 411 736

Total 365 1,192 1,520

Summary of currently used and potential 
biomass available at $60/dry-ton under 

two scenario assumptions

Potential forestry, agricultural, and waste 
biomass resources shown as a function of 

marginal and average prices at roadside in 2040. 

MDT: Million Dry Tons

Presenter
Presentation Notes
Key points: To address the biomass quantity or availability challenge, the 2016 Billion-Ton Report demonstrates the potential biomass availability in 2040. Left side table shows the summary of currently used and potential biomass available at $60/dry ton under base case scenario and high yield scenario. There are about 365 million dry tons of biomass currently available, including forestry, ag residue, and waste resources. Combined resource total 1.2 billion tons under the base-case scenario and 1.5 billion tons under a high-yield scenario by 2040 (Figure). At present, there are no energy crops available yet. In order to reach the goal of 1 billion tons of biomass, the main effort will be increasing energy crops.   
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Presenter
Presentation Notes
If a billion tons vision is realized, then we can reap the following benefits to the bioeconomy … (read slide). 
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Today: Conventional Feedstock 
Supply Systems

Problems with CFSS

• Inconsistent quality of 
feedstock
- Variation in bale 

properties (ash, 
moisture content, 
dimensions)

- Does not meet 
conversion specs

• High dry matter loss in 
storage

• Low bulk density and 
poor flowability

• Integration of 
preprocessing with 
conversion lowers the 
reliability of the 
biorefinery

All these problems have led to lengthy start-up periods 
and low throughput of pioneer biorefineries

Presenter
Presentation Notes
The previous discussion focused on cost and quantity of biomass resources, as dicumented with the supply curves underpinning the BT16. Now, we will focus on the third factor – quality – which has been implicated as teh factor most responsbile for the feed handling issues at the biorefineries.Before we begin, let‘s review the conventional feedstock supply system which is currently employed by the DuPont an dPoet biorefineries.Discuss CFSS – biomass supply coupled to the biorefinery; vertically integrated supply system with a 50 mile draw radius to minimize transportation costs, but prone to supply disruptions.Other problems are ... (read slide)
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Tomorrow: Advanced Feedstock 
Supply System

Distributed depot system provides the  
following benefits:

• Enhanced quality
– Meets conversion specs, thereby 

enhancing conversion yield
• Reduced Supply Risk

– Decoupled from biorefinery; 
– increases supply radius and improves 

reliability of the biorefinery; 
– enables larger biorefineries

• Densification (pellets, briquettes)
– Increased efficiency in transport (weight 

limited versus volume limited) 
– Enhanced flowability allows better 

movement in bulk systems; uniform
– Enhanced Stability with no significant dry 

matter loss (1-2 year shelf life)
• Product grades

– Standardized material classified into 
quality “grades” of expected 
characteristics

Presenter
Presentation Notes
Therefore, the industry needs a strong transitional strategy to move us from where we are today with conventional systems to Advanced designs and concepts. In short, the AFSS can be thought of a system of distributed regional depots that can collect biomass, even stranded resources, thereby expanding the supply radius and the accessibility of biomass. At depots, the quality of the collected biomass can be actively managed, so that the resulting feedstocks can meet the in-feed specifications of the conversion facility, thereby enhancing conversion yield. Preprocessing of the biomass into feedstock can also occur, such as densification, drying, and ash mitigation, resulting in increased efficiency in transport, enhanced flowability in conveyors, and enhanced stability.  The other major benefit is that due to the increased supply radius afforded by the depot concept, the supply risk to the biorefineries is reduced as the biorefinery is now decoupled from the area of biomass sproduction, now being directly fed from depots and/or terminals. In the end, aggratable commodities of feedstock that allow “grading” of expected characteristics can result.
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Biofuels, Bioproducts and Biorefining
Volume 9, Issue 6, pages 648-660, 20 AUG 2015 DOI: 10.1002/bbb.1575
http://onlinelibrary.wiley.com/doi/10.1002/bbb.1575/full#bbb1575-fig-0003

Impact of drought levels (from 0:low to 4:very high) on an example biorefinery sourcing radius in a 
conventional (dotted circle) and advanced supply system (wider circle including depot operations) 
over two years.

CFSS vs AFSS: 
Challenges and Opportunities

Presenter
Presentation Notes
This slide shows the benefits of the AFSS vas CFSS when supply is disrupted by droughtLittle circle --- CFSS (50 mile radius)Large circle ---- AFSSIn Year A, nor drought occurs so no supply disruption is expected at the biorefineryIn Year B, drought conditions affect the 50 mile draw radius and therefore affect supply within this radius; however, even though some depots are also affected by the droughts, others are not so supply to the biorefinery is not disrupted.Could occur for any abiotic or biotic stress.

http://onlinelibrary.wiley.com/doi/10.1002/bbb.2015.9.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/bbb.1575/full#bbb1575-fig-0003
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Near-term strategies for transition 
to AFSS

• Decouple biomass preprocessing from 
conversion

• Develop in-line sensors for moisture and 
dirt

• Reduce the ash content in bales
• Remove ash from biomass using multiple 

steps as necessary
• Select appropriate equipment for 

processing high-moisture bales
• Densify feedstock (where applicable) to 

improve handling
• Collaborate with leading conversion 

technology developers to understand 
their feedstock specifications

Plugged hammer mill screen

Damaged screw conveyor

Presenter
Presentation Notes
We won’t get to AFSS overnight, so we are developing some near-term strategies for transitioning to AFSS, which include … (read slide)By implementing these advanced techniques soon, we can effect the transition from CFSS to AFSS in the near future.
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Observations from the Emerging 
Cellulosic Ethanol Market

• In 2016, 4.0 million RINS 
generated from cellulosic ethanol

• ~7% of the total active 57.75 
million gallons per year (MGY) of 
nameplate capacity

• “Feed handling” problems 
blamed for slow start-up
– Grinding
– Conveyance
– Feeding against pressure 

gradients
– Solids handling up to and 

through conversion

Presenter
Presentation Notes
In 2016, only 4M RINs generated from cellulosic ethanol, representing just 7% of nameplate capacityFeed handling problems blamed for slow start-up, which include problems related to grinding, conveyance, feeding against pressure gradients, and overall solids handlingThe financial impact of reduced time on stream (or throughout) on biorefinery economics are shown in the figure.In this figure, need to be above the curve to make money, with the curve showing the increasing TOS lowers the cost of the resulting fuel. Considers only feedstock supply system reliability impacts on fixed costs, capital depreciation and waste disposal (does not consider other operating expenses).
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History Repeats Itself

• 32 year old Rand Corp. study showed that plants that process bulk solids 
typically operate at less than 50% of design capacity the first year of 
operation (Merrow, 1985).

• Problems generally relate to an inadequate understanding of the 
behavior of particle systems (Bell, 2005).

Fool me once, shame on you.
Fool me twice, shame on me.  

Presenter
Presentation Notes
It appears history is repeating itselfRand study in the 1980s showed that processing bulk solids typically operate at < 50% of design capacity the first year of operation, the lowest of all other feed types, due to an inadequate understanding of particle behavior.
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Biomass Attributes Affecting Feed 
Handling & Conversion Problems
• Moisture content

– Stability in storage; risk of spontaneous combustion
– Grinder throughput; energy usage; plugging screens
– Fragmentation characteristics change, resulting in 

particle size variability/distribution
• Particle size distribution

– Large particles (aka “pin chips”, “overs”)
• Cause plugging problems in bins, augers, heat exchangers, distillation 

columns, etc.
• Do not fully cook –

– plugging in downstream equipment; microbial contamination; 
excess residual solids; etc.

– Fine particles
• Plugging of weep holes in feeders/digesters
• Overcooking, resulting in excess char formation
• Dust – fire, explosion, and health hazard risks
• High in ash (buffering capacity; increased chemical usage; catalyst 

fouling, equipment wear)
– Variation results in inconsistent mass and heat 

transfer in Conversion making performance targets 
difficult to achieve (i.e., profitability, sustainability) 

• Foreign material (soil, plastic bale wrap, tramp 
metal)
– Plugging, fouling, equipment wear

Presenter
Presentation Notes
Which attributes are affecting feed handling the most?Moisture content – read slidePSD – read slideDon’t want large or small particles -  geologically, a well sorted distribution with medium-sized particles is neededForeign material, such as soil, plastic bale wrap, etc.The combination of fines and moisture leads to poor flowability as seen in the photo, whereby the biomass is staying put even with the tailgate down
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Consequences of Conventional Feedstock 
Supply Systems

Defined biomass/feedstock 
quality attributes (from 
Biomass Library database)

• Biochem spec 
• 20% moisture
• 5% ash
• 59% CHO
• ¼-inch minus

• Independent variables
• 0.6 * 0.5 = 0.3
• CHO constraint
• PSD constraint

• Fast pyrolysis spec
• <10% moisture
• 1% ash
• 2 mm particle size

60% 40%

50% 50%

Presenter
Presentation Notes
Reliance on CFSS leads to problems for meeting design specificationsGraphs show moisture and ash distribution for 2-pass corn stover bales (data taken from INL’s Bioenergy Feedstock Library)While BC specs require 20% MC and 5% ash, only 60% of all CS meet MC requirement and only 50% meet the ash requirementSince both MC and ash are independent variables, their product (0.3) shows only 30% of all CS harvested can meet these two quality parameters
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Modeling Feed Handling Problems

First Stage Grinder
Regular Failure

Mean time to failure 6 months
Mean repair time 2 hours

Repair time standard deviation 30 minutes
Ash Caused Failure

Cumulative ash processed 500 tons
Mean repair time 6 hours

Repair time standard deviation 2 hours
Moisture Caused Failure

Maximum moisture content 35%
Mean repair time 30 minutes

Repair time standard deviation 15 minutes

Plug Screw Feeder
Ash Caused Failure

Cumulative ash processed 6,426 tons
Mean repair time 2 days

Repair time standard deviation 12 hours
Fines Caused Failure

Cumulative fines processed 2,240 tons
Mean repair time 2 days

Repair time standard deviation 12 hours

Modeled effects of biomass/feedstock attributes on biorefinery feed handling operations 
Defined equipment performance and reliabilityDefined biomass/feedstock quality attributes 

(from Library data)

Also included particle size distribution from grinding

Presenter
Presentation Notes
The excessive moisture and ash can cause significant problems related individual equipment performance and reliability. For example,At 5% ash content in the feedstock (typical for “clean” corn stover, 1st stage grinder will fail after processing  6-months of “dry” corn stover, with avg repair of 2 hoursPlug screw feeder will fail after processing 128,520 tons of dry stover.With excessive ash1st stage grinder will fail after processing  500 tons of “dry” corn stover, with avg repair of 6 hoursPlug screw feeder will fail after processing 6,426 tons of dry stover, with avg repair of 2 daysWith excessive moisture1st stage grinder will fail after processing  35% MC corn stover, with avg repair of 30 minutesWith excessive finesPlug screw feeder will fail after processing 2,240 tons of dry stover, with avg repair of 2 days.Moisture is the most sensitive parameter at first stage grinder. The definition of what particle size constitutes fines (connected to plug screw feeder failure) is the next most sensitive parameter, followed by cumulative fines passing through the plug screw feeder. This clearly establishes moisture content and fines management as highly impactful to operational reliability.
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• Design
– 800K tonnes/year design
– Operating at 90% of design throughput
– 4 preprocessing lines (trains)

• Preprocessing
– No active quality controls for moisture, 

particle size, or ash
– Two-stage grinding

• Performance
– 27% of design throughput (4 preprocessing 

lines)
– Max throughput of 45% (94 preprocessing 

lines)
– >90% of design throughput with 11 lines if 

reject >50% of biomass infeed
– Does not meet conversion specs

CFSS

by unit 
operation

by feedstock 
characteristic

Presenter
Presentation Notes
Aspen Plus modeling combined with the biomass logistic model has estimated the number of preprocessing lines feeding the reactor to optimize time on stream for both CFSS and AFSS.Both CFSS and AFSS use the same assumptions of 800K tonnes/year design and operating at 90% of design throughput, using just four preprocessing lines. For CFSS specifically (using 3-pass corn stover, bigger issues of feedstock quality for biochem conversion pathways) with no active quality controls for moisture, particle size or ash.Only can reach 27% TOS with four linesCan reach 45% TOS with 94 lines -  too costlyCan reach 90% TOS if reject 50% of biomass (effectively doubling feedstock costs)The graphs show the plug feeder is affected the most, due to excessive fines and moisture
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AFSS

• Design
– 800K tonnes/year feedstock required
– Operating at 90% of design throughput
– 5 preprocessing lines (trains)

• 4 at plant, 1 at depot
– Decoupled from pretreatment reactor

• Preprocessing 
– Active quality controls – feedstock moisture and 

fines
– Fractional milling
– Wet densification
– Cross-flow dryer

• Performance
– 41% of design throughput (4 preprocessing 

lines)
– Max throughput of 90% (17 preprocessing lines)
– Meet all conversion specs except ash spec

by unit 
operation

by feedstock 
characteristic

Presenter
Presentation Notes
Given the same design case assumptions as in CFSS (except one extra preprocessing line at the depot and with supply decoupled from the reactor, and with a blended feedstock), the following results were seen for AFSS:With active quality management for MC and fines and PSDCan reach 41% TOS with four preprocessing lines -  no fines causing failure of the plug feederCan reach 90% TOS with 17 preprocessing lines – still costly, but better than 91 lines for CFSS or getting rid of half the biomass.Meets all conversion specs except ash (10.1% ash).Main disruption is seen at the grinders and are caused mainly by excessive moisture.These results further point to fines and moisture content as critical parameters for active management through the development of AFSS. 
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AFSS Can Access Much More Biomass 
if Cost Gap is Closed with CFSS

Advanced feedstock supply systems can reduce the costs and risks 
associated with delivering biomass of sufficient quality to meet the 21 billion 
gallons of advanced biofuels RFS2 target. 

Presenter
Presentation Notes
Recalling that the biomass collected under the conventional supply system within the sourcing radius is lower cost that what advanced systems could provide, benefits found long the supply chain are needed to close this cost gap to make advanced systems more economical in all areas. Under CFSS, BT16 Volume 1 showed that 139 MDT are potentially available at a delivered cost of $84/dt, BETO’s target cost. While an impressive quantity, this quantity still falls short of the 285 MDT needed to meet the RFS2 target of 21 billion gallons. With capturing a downstream benefit (improved conversion efficiency, etc.), quantities can approach this required quantity. In short, this analysis shows that BETO will not be able to meet RFS2 targets without AFSS, with associated quality improvements not found in feedstock delivered under CFSS.
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Feedstock-Conversion Interface 
Consortium (FCIC)

Focus: Science of scaling and integration of feedstock and conversion 
technologies

Goal: Develop and demonstrate integrated feedstock/conversion processes 
that achieve >90% operational reliability (i.e., time-on-stream)

Guiding Principle: Feedstock chemical and physical characteristics are a 
primary consideration for process development, scale-up, and integration 

Presenter
Presentation Notes
To try to better understand the feed handling problems experienced at biorefineries as well as assess the overall costs associated with achieving 90% TOS, BETO has established the Feedstock Conversion Interface Consortium or FCICFCIC is composed of national labs and industry to solve problems associated with feed handling into a reactor throat.Main focus is on the interface between feedstock and conversion and how preprocessing that changes biomass to feedstock by improving quality can achieve 90% TOSSetting up the FCIC officially in FY18.
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• FY17 Biomass Research and Development Initiative (BRDI)

– Joint USDA and DOE program, $9 million in funding 

– Three technical areas: Feedstock Development, Biofuels and 

Biobased Products Development, and Biofuels Development Analysis. 

– Concept papers due by July 7, 2017

– Full applications due by Sept 22, 2017. 

Funding Opportunities

Presenter
Presentation Notes
Before I end, I want to let you know of three items form BETO. The first is the FY17 BRDI, which recently closed.
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Upcoming Conference -
Bioeconomy 2017

On July 11–12, BETO will host its tenth annual conference—
Bioeconomy 2017: Domestic Resources for a Vibrant Future. 

Each year, approximately 600 participants attend the conference, 
including key stakeholders from the bioenergy industry, Congress, 
national laboratories, academia, and the financial community.

Sheraton Pentagon City
900 South Orme Street
Arlington, VA 22204

Presenter
Presentation Notes
Second, tomorrow and Wednesday, BETO will be hosting its 10th annual conference at the Sheraton Pentagon City.Hear from key stakeholdersI will be hosting a breakout session on Wednesday that covers the results and implications of BT16 Volume 2.Hope to see you at this exciting conference!

https://energy.gov/exit?url=http://www.starwoodhotels.com/sheraton/property/overview/index.html?propertyID%3D829%26language%3Den_US
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Upcoming Activities -
2017 Program Management Review

On July 13, BETO will host it’s 2017 Program Management 
Review.

Results of the Project Peer Review will be presented by Lead 
Reviewers, along with an overall assessment of BETO’s portfolio 
presented by the Steering Committee. 

Sheraton Pentagon City
900 South Orme Street
Arlington, VA 22204

Presenter
Presentation Notes
Finally, on Thursday this week at the same venue to attend BETO’s Program Mgmt Review.Will hear from the lead reviewers foe each of BETO’s program areas to hear what we are doing right and ID areas that we can improve. Hope to see you there as well!  

https://energy.gov/exit?url=http://www.starwoodhotels.com/sheraton/property/overview/index.html?propertyID%3D829%26language%3Den_US
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Thank you!

Mark Elless
Technology Manager

Bioenergy Technologies Office
U.S. Department of Energy

Phone: (202) 586-6501
Email: Mark.Elless@ee.doe.gov

www.energy.gov/bioenergy
www.twitter.com/BioenergyKDF
www.bioenergykdf.net
bioenergylibrary.inl.gov

Presenter
Presentation Notes
That’s it! Thank you for your attention. I am willing to answer any questions you might have.

mailto:Alison.GossEng@ee.doe.gov
http://www.twitter.com/BioenergyKDF
http://www.twitter.com/BioenergyKDF
http://www.bioenergykdf.net/
http://bioenergylibrary.inl.gov/
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Key Challenge for Innovation –
Lowering Risks

De-risking technologies is central to R&D through demonstration with 
greater integration and scale. BETO focuses on: 

• Advancing renewable gasoline, diesel, and jet fuels technologies
• Technical, construction, operational and financial/market risk reduction

Key Challenges
Biomass Pretreatment Conversion Product

• Reliable supply 
• Consistent quality 
• Affordable delivery 

• Biomass feeding, sizing 
and moisture 

• Solids handling 
• Construction materials

• Product Yields 
• Construction materials 
• Catalysts 
• Fermentation organisms

• Separations
• Catalytic upgrading 
• Recycle loops

Presenter
Presentation Notes
BETO’s portfolio addresses risks at each stage of the supply chain: Biomass Supply, Pretreatment, Conversion and Final Product Recovery.Each of these steps involves overcoming key challenges that BETO’s national labs and industry partners are working collaboratively to address.A few of the most significant challenges include the cost and variability of feedstock supply, handling of feedstock, biomass feeding, sizing, and moisture content for pretreatment, catalysts used for conversion, and upgrading of intermediates to valuable end-uses. BETO is developing de-risk technologies with our partner national labs. Feedstock supply efforts focus on RD&D to develop cost-effective integrated logistics systems—so this includes growing, harvesting, collecting, storing, preprocessing, handling, and transporting quality feedstock to biorefineries. Here, particularly for FSL program, I would like to highlight three key challenges in terms of reliable supply, consistent quality and affordable accessible cost. We work with our partners to reduce the supply cost, improve the quality, and increase the volume of sustainable feedstocks available for delivery to a biorefinery. "Construction materials" under Conversion Key Challenges, means the challenge and barriers on reactor material compatibility with catalyst, feedstock handling and the associated capital cost, etc. For example, the thermochemical reactor or biochemical fermentor often experience corrosion from catalyst, solvents, or feedstock components, thermochemical reactor have slagging, corrosion problems caused by ash. It is challenging because of the high capital cost related to the selection of the materials of reactor, feeding, mixing, pipeline, as well as clean up and maintenance of the reactor operations, etc. "Recycle loop", means materials or co-products can be recovered from "product recovery" stage, for example, catalyst and solvents can be recovered and fed back into biochem or thermochem reactors to reduce the cost, lignin can be recovered and burned to generate heat (biopower), etc. However, developing low cost and efficient separation process for product recovery is challenging. BETO just started a Separation Consortium towards this effort to de-risk and address the associated challenges.  
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Understanding the Feed Handling Problem

• Bale-to-bale variability
– Moisture

• Hammer milling wet bales
• Varying particle size distribution

– Dimensional
– Structural

• Equipment wear due to entrained 
soil

• Excessive fines
• Fires in grinders
• Flowability – plugging in surge bins 

& feed hoppers
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Mean: 15.1
Stdev: 4.7

Tarped Square Bale Stack After 9 months of storage
Bale Moisture (%)
Mean: 22.8
Stdev: 16.0

Presenter
Presentation Notes
Need to mention about INL storage project 
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The Value of AFSS

Adding 
value to 
biomass

• Preprocessing can produce uniform feedstocks of specific 
quality, thereby adding value to the biomass.  

Mitigating 
Risk

• Provide "active" processes necessary to mitigate 
feedstock supply system risks for current 
biorefineries (e.g., fire, quality, weather, etc.)

• Stabilize and ensure supply to end users 

Developing 
feedstock 

into a 
commodity

• “Mobilize" biomass resources into the 
market place and produce value-add 
merchandisable biomass intermediates

• A commodity-scale resource will create 
market pull within the cellulosic 
biorefining industry for intermediate 
blends and beyond.

Presenter
Presentation Notes
In summary, the value of the AFSS is summed up by three broad aspects: 1) adding value to biomass by active quality management, 2) mitigating risk, particularlysupply risk due to the decoupling of the biorefinery to the biomass supply via the depot concept, and 3) the development of a feedstock into a commodity, therby adding market presence and value.___________________________________________________�FSL’s vision for the Advanced Feedstock Supply System concept  is summarized in three factors. The first factor is “adding value to the biomass”. The commoditization of sustainable biomass and the production of multiple products for multiple markets, (such as biofuels, sugar liquors/syrups, fiber products, chemicals, and animal feed products), creates values following the biomass to feedstock conversion. In addition, the AFSS could fundamentally transform the bioenergy industry by detaching biorefineries from local feedstock resources, enabling plants to be scaled based on economies of scale, rather than biomass available within a given distance. The second factor is risk mitigation. Because the AFSS would make the biorefinery less susceptible to supply chain disruptions, pockets of biomass resources located outside of high-yielding regions (such as corn stover in Iowa) and currently considered “stranded” by high transport costs would be brought into the system by employing a depot, and sold to a biorefinery. Transforming biomass supply systems beyond a fixed-radius changes both supply management and integration of user operations, and reduces risks to both producers and end users that, once commoditized, can be handled, stored, traded, and transported at end-user specifications. In addition, the densification or pelletization not only allows for cost-effective transport from hundreds of miles away via rail or barge, but also helps to stabilize the feedstock against risk of fire, dry matter loss, deleterious quality issues (such as high ash content or high moisture content). All three biorefineries in the Midwest have suffered bale fires in their storage yards. Assuming 30,000 tons at a cost of $80/ton, nearly $2.5M would go up in smoke (pun intended). Not only do fires represent a economic loss to the biorefinery, but approximately 44,000 tons of carbon dioxide would instantly be released to the atmosphere, inflicting a cost to the environment as well. Additional costs have been calculated by INL for DML and excessive ash content – all of these risks can be mitigated by the advanced preprocessing activities conducted within the depot.The third factor is developing feedstocks into a commodity. The commoditization of sustainable biomass will encourage its sale as a tradable, aggregatable product for markets outside of biofuels yet still possess qualities of interest to biorefineries, such as flowability and potential for blending to mitigate any quality risk.In summary, development of the AFSS concept is expected to be the best method for achieving the billion ton bioeconomy vision. This sentiment was echoed in a recent stakeholder workshop meeting concerning the conventional and advance supply systems, where 27 experts from across the supply chain confirmed that the AFSS-depot system and not the conventional supply system is the only valid way to handle/process a billion tons of biomass while still meeting cost and quality goals. 
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