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2016 Multi-Year Program Plan Update

Agenda
* Planning Overview

e BETO Multi-year Program Plan
— Latest Update
— Overview

e Future Direction
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Planning - Overview

Continuous process ,
DOE Strategic

Purpose Planning
« Align Office with EERE/DOE/Federal goals
* Align objectives and activities across multiple EEFI;E::;?EEE

stakeholders and interests
 Align Offlce activities from project level BETO Strategic * RLPs

to multi-year goal horizons Planning * MYPP

* PMPs/ACPs

* Track progress and integrate learning

 Document goals, current state of technology, and
strategic plans

e  Focus stakeholder interactions

 Frame inter- and intra-agency and office
collaborations/discussions

= 10 years

* Inform budget processes

Roadmaps LIRS

ProgramfTechnology ~ 5-10 years

Area RLPs

BETO MYPP

Based on best practices for technology
R&D planning and systems engineering
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BETO Strategic Plan Linkages and Alignment

DOE Strategic Plan
Mission: Enhance U.S. security and economic growth through transformative science, technology innovation,
and market solutions to meet our energy, nuclear security, and environmental challenges

EERE Strategic Plan

Vision: A strong and prosperous America powered by clean, affordable, and secure energy
Mission: To create and sustain American leadership in the transition to a global clean energy economy

BETO Vision
A thriving and sustainable bioeconomy fueled by innovative technologies

BETO Mission
Developing and demonstrating transformative and revolutionary bioenergy technologies for a sustainable nation

Bioenergy Value  Mobilization of Our Key Opportunities e Use Market Stakeholder
Proposition Nation’s Biomass Bioproducts to fl g ée . AFKELS Engagement and
Resources Enable Biofuels ANGEUSIOMErS Collaboration

Strategies

Strategic Goals

Success Indicators

MYPP Performance Goals

Annual Operating Plan/Project Management Plans

U.S. DEPARTMENT OF Energy Efﬁciency &
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BETO Multi Year Program Plan (MYPP)

Purpose

e Articulate BETO’s mission and goals to
internal and external stakeholders

* Provide budget request justification

— Explain how pieces fit together and build to
long term goals

* QOperational guide

— To help the Office manage and coordinate its
activities

— Working / living document
* Frame a 5-10 year planning horizon
(2022 goals and beyond)
— Office goals
— Program plans
— Integrated across programs
— Regular updates

Available at:

us okmumenr of | Eneroy Efficiency & pEus
ENERGY | renewable Energy ﬁfﬁf ; “\’

o«

BIOENERGY TECHNOLOGIES OFFICE
Multi-Year Program Plan

March 2016

http://www.energy.gov/eere/bioenergy/downloads/bioenergy-
technologies-office-multi-year-program-plan-march-2016

5 | Bioenergy Technologies Office

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy



MYPP Updates

Purpose of Annual Updates
» Update strategic priorities and integrate learning

* Help members of bioenergy community understand how they fit within
the big picture

* Set clear public goals and track progress over time
* Control public information about goals and accomplishments

Change Control Process Qe o

{31
 Initiator BETO Staff (Fed : E: h Wah Systorms
¢ or MEO) + hilteation
S ——

* Process for initiating, reviewing, and
approving changes

* Controls content, versions, and
information distribution

lssue Program

* Ensures everyone is working from o = i e | B
the same version " "

* Maintains integrity of MYPP

U.S. DEPARTMENT OF Energy Efﬁciency &
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Objectives for 2015 & 2016 MYPP Updates

* Incorporate new BETO Vision and Mission

* Expand technology focus for attainment of cellulosic hydrocarbon biofuels goals

* Expand investigation into wet waste-to-energy pathways

e Better quantify algae production targets

* Update targets and milestones for demonstration at scale to reflect updated strategy
* Incorporate R&D results for current state of technology progress toward R&D goals

-
-

-
-
-
™
Demonstration of
Cellulosic Ethanol % .

Industry-Led
Commercialization

L) T
Supported ROD&D
With Partners -

Modeled Cost-Competitive - Commercialization of

Advanced Drop-ins - Advanced Drop-ins at Scale
Demonstration of Advanced Drop-ins

-

Terrestrial Feedstock RDED

-
L
Infrastructure

RE&D Infrastructure and Fuels Optimization RD&D

2007 2012 2017 2022 2027 2040
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BETO Vision, Mission, and Goals

Vision:
A thriving and sustainable bioeconomy fueled by innovative technologies

S -

e
Mission:

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

-

Strategic Goal:
Develop commercially viable bioenergy and bioproduct technologies to enable
sustainable, nationwide production of biofuels that are compatible with today’s
transportation infrastructure, can reduce GHG emissions relative to petroleum-
derived fuels, and can displace a share of petroleum-derived fuels to reduce U.S.
dependence on foreign oil; and Encourage the creation of a new domestic
bioenergy and bioproduct industry

L
Performance Goal:
By 2017 validate at least one hydrocarbon biofuel pathway at $3/GGE* with 250%
reduction in GHG emissions
By 2022, validate hydrocarbon biofuels production from at least two
additional technology pathways at pilot or demonstration scale.

Energy Efficiency &
Renewable Energy
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Organized Around Biomass-to-Bioenergy Supply Chain

'w s
FEEDSTOCK SUPPLY BIOMASS CONVERSION | BIOENERGY DISTRIBUTION BIOENERGY END USE

DOE/EERE
Bioenergy
Technologies Office

Demonstration, &
Market Transformation
*» Integrated Biorefineries
= Biofuels Distribution
Infrastructure

Crosscutting
Sustainability Strategic Analysis Strategic Communications Office Portfolio
« Sustainability Analysis = Technology and = Public Awareness and Management
and Communication Resource Assessment Support of Office Goals = Strategic Planning
= Sustainable System = Market and Impact = Benefits of Bioenergy/ « Performance Validation
Design Analysis Bioproducts and Assessment

* Model Development = New Communications
and Data Compilation Vehicles & Outlets

U.S. DEPARTMENT OF Energy Efﬁciency &
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Terrestrial Feedstocks Supply & Logistics R&D

Goals:

By 2017, validate efficient, low-cost, and sustainable feedstock supply and logistics systems that
can deliver feedstock to the conversion reactor throat at required conversion process in-feed
specifications, at or below $84/dry ton (20145)

e By 2017 establish geographic, economic, quality, and environmental criteria under which the
industry could operate at 245 million dry ton per year scale

* By 2022 develop and validate feedstock supply and logistics systems that can economically and
sustainably supply 285 million dry tons per year at a delivered cost of $84/dry ton (2014S) to
support a biorefining industry utilizing a diversity of biomass resources

Analysis and Terrestrial Feedstock-
Sustainability Biomass Demonstration
Production & Interface
Characlerizal
[ Resource
Assessment || Harvestand
Collection
|| Transportand

=
=)
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Terrestrial Feedstock Supply & Logistics R&D Priorities

* Increase volume of sustainable, acceptable-quality, cost-effective feedstock
available by developing advanced supply systems and strategies

* |Incorporate sustainability and feedstock supply risk into resource assessments

* Understand range of acceptable physical and chemical in-feed specifications for
various conversion technologies

* Develop high-capacity, high-efficiency, low-cost, pilot- or demonstration-scale
feedstock supply and logistics systems that deliver stable, dense, flowable,
consistent-quality, infrastructure-compatible feedstock.
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Figure 2-9: Biomass supply projections at marginal prices Figure 2-8: Demonstration of the variability in total ash
between $20 and $200 per ton in 2022 content in corn stover
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Terrestrial Feedstocks Supply & Logistics R&D Milestones

Analysis activities to enhance techno-economic assessments (TEAs) or to develop and refine new synergies.
Annual logistics state of technology and resources assessments are conducted.

_— . P
( Validate supply ) ( Determine the Validate one
™ and logistics impact of biochemical
—— Produce cost of $84/dry advanced blending and one
g assessment of ton for at and formulation thermochemical
e potentially least one concepts on avail- process at
fonmiasamiond available biochemical able volumes that 1 ton/day
diermociemical resources and one meet cost, quality conversion of
el ol considering thermochemi- and environmental | | blended feedstock
pathway \quahty and GHG | cal process | criteria. J at $84/dry ton y
FY15 FY16 || FY17 || FY18 || FY19 || FY20 A FY22
Evaluate Demonstrate Show technical Explore Validate a framework for
oCcess individual feasibility of advanced biomass quality grading
herbaceous and advanced simple blend blending and system for at least one woody
woody biomass system 2017 formulation and one herbaceous
against preprocessing | - strategnes supply-shed (demonstra-
conversion components > tion-scale, or higher).
perfformance |\ (  Accountfor

international

criteria for at
}eawsi one markets and
biochemical competing
and one demands in
thermochemical feedstock
pathway projections

R&D efforts in feedstock supply and logisitics

o

FOAs and other accomplishments

Figure 2-13: Terrestrial feedstock supply and logistics R&D key milestones and activities
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Algal Feedstocks R&D

Goals:

* By 2022 demonstrate technologies to produce sustainable algal biofuel
intermediate feedstocks that perform reliably in conversion processes to yield
renewable diesel, jet, and gasoline fuels in support of the Office’s $3/GGE
advanced biofuels goal

EEEEEEEEEEEE
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Advanced Algal Systems R&D Priorities

 Develop biology and culture management approaches to unlock algal biomass productivity
potential and stable cultivation

 Develop low-cost, scalable cultivation systems that maximize reliable annual biomass yield
and quality and minimize energy use, water consumption, land use, and nutrient additions

* Develop low-cost, high-throughput harvest technologies that can be integrated with
cultivation systems

* Identify critical barriers and evaluate impacts on overall yield to development in biology,
cultivation, and processing

* Develop higher-value co-products

* Demonstrate feasible routes and develop rigorous models to decouple the final upgrading
of hydrocarbon-based biofuel intermediates to finished fuels and/or blendstocks to take
advantage of existing depreciated refining infrastructure.

no lingrs pond liners
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g $15.00 §14.76 | Hydrolreating to Finished Fugls
g M HTL Aqueous Phase Treatment
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3 $10.00
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T
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Figure 2-18: Cost contribution by feedstock and conversion process area for HTL Pathway
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Advanced Algal Systems R&D Milestones

D key milestones and decision points

| | | U.S. DEPARTMENT OF E Effici &
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Conversion R&D

Goals:

* By 2017 validate an nth plant modeled minimum fuel selling price of $3/GGE (20145S) via a
conversion pathway to hydrocarbon biofuel with GHG emissions reduction of 50% or more
compared to petroleum-derived fuel

* By 2022, validate an nth plant modeled MFSP of $S3/GGE (2014S) for two additional conversion
pathways to hydrocarbon biofuel with GHG emissions reduction of 50% or more compared to
petroleum-derived fuel

Deconstruction Synthesis &
& Fractionation Upgrading
Feedstock Intermediates
= Agricultural = Sugars
Residues (it b
- Energy Crops iciny
* Forast Resources
= Organic Waste
= Algae + Gaseous Mixtures
Computational Project Evaiuation
H Modeling and H "
inte:pos Produscts Analytical Tools st Valkiadicn
Analysis & Sustainability, Integration & Intensification, Enabling Technologies
b P ™ Y ™ V ™
High Blclogical Comversions | | | industry and Refinery Standards and Program Technical
1 Deconstruction i Develay E
=4 — o p = 7 \
Decaonstruction Synthesis and (i o e — ., .
nd Fractionation Upgradi || Low-Tempera L rocess L Program Planning
s oscsios e De on Finishing intensification Systems Biology | "0 n
AN 7 7 ~
(" Fractonaton, || [Chemical & Biokogical | Design and Discovery
U Cleanup. A' Hybrid Conversions L of Nevwt
Conditioning Eiecae s Catalysts/Emzymes
Products )
S
L Advanced
Separations
-
e |
‘ Movel Technologies
= g
. . . U.S. DEPARTMENT OF Ener Eﬁicienc &
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Conversion R&D Priorities

* Develop innovative biomass deconstruction

@ s6.00 ! Product . L
approaches to lower the cost of § == W Hocason Syrves  Fessson
intermediates 2 us " S ©

: _ ] e et e Ceane e o
* Enable high-performance separations 8 s
technologies to increase product yields and i g Bl '
decrease cost 5 2o 11 N |
* Understand the relationship between S |
feedstock quality and conversion E o0
performance £ o ——
* Develop strategies for conserving carbon Tocmouny Tocmaegy | T (o) o) o) (o) Dot o)
and hydrogen in conversion and upgrading
processes
Work with petroleum refiners to address 55 p— e—
integration of biofuels into refinery = Coe oy oo 3 G Coprotat s
processes - gt s

(85.00)

Minimum Fuel Selling Price ($/GGE total fuel) (20145)

. d :] i T

2014 2015 2016 2017 2022
SoT s0T Prajection Projection Final Target
($10.000
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Conversion R&D — Milestones

Analysis activities to refine TEAs and LCAs for known technologies or to produce TEAs for new technologies.
Annual state of technology assessments are conducted every year.

Assess budget and

(,

Select | reprioritize research Define process
blended funding to achieve ) configuration for
feedstocks for FY22 cost goal with an Identify microbial chassis | Fy22 verification with
bench-scale alternative conversion for scale up to commer- bioproducts
performance , pathway cially relevant scale '
L testing = ; / T
B A A )
FY16 FY17 FY18 FY19 FY20 FY21 ] B 7
X

Deliver feedstocks for validation ;g?:idefsr";ﬂi]”sgtnfz’"pa::;:'vzsnit” g’yt’i‘::;g‘;
and begin validation operations at oy Y PP

: : : chassis organisms and
pilot plant with fuel production S :
cost modelad atSUGGE for || | DesonBult-TesuLsam cyces fo fue &
2000 e e time-to-scale up by at least 50% compared
\ to the current avarage of ~10 years.

Fuel production 8
cost modeled at
$3/GGE at 2000
tonnes/day scale
for alternative
conversion

Select vapor phase upgrading catalysts

: @ ® pathways
and process thal t0 cosEele BB ™ cajenian integrated | [ Develop a suite of conversion |
generale refinery-ready INIIMBGIAIESIONY | .o, 1 seafe fignin dacon: technologies that produce both
the 2017 pyrolysis demonstration R i . .
struction and upgrading fuels and high value chemicals ®
strategy for valorization of to enable a biorefinery to Milestone
lignin in a hydrocarbon fuel achieve a positive return on

production process § investment y, Decision Baut
TRL 2-6 research and development efforts in biofuels and bioproducts S

and decision points
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Demonstration & Market Transformation

Goals:

e By 2017 validate a mature technology modeled cost of cellulosic ethanol production based on
actual integrated biorefinery performance data and compare to the target of $2.65/gallon ethanol
(20145)

By 2027, validate a mature technology modeled cost of infrastructure-compatible hydrocarbon
biofuel production based on actual integrated biorefinery performance data and compare to the
target of $S3/GGE (2014S)

U.S. DEPARTMENT OF )
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Demonstration & Market Transformation Priorities

* Validate proof of performance at
integrated pilot, demonstration,
and pioneer scales

* Reduce biorefinery capital and
operating costs

* Product specification,
gualification testing, and off-take
agreements

[roess |

DEMONSTRATION Prave economic production

at commercial volumes

PILOT Verify performance at

industrial scale and provide
Integrate unit operations design specifications for a
and validate techno- pioneer plant

economic assessments

PILOT OBJECTIVES W CEMONSTRATION DBUECTIVES | plONEEROBJECTIVES |

Figure 2-31: Description of key objectives at each integrated biorefinery scale
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Demonstration & Market Transformation Milestones

Verify progress of projects toward objectives, assess development of potential commercialization impact,
and develop strategies to focus deployment strategies on most promising areas.

" Determine the | [ Selects pilot-
_ effect of Initiate 10 and 2 demon- N
higher-octane pilot- and 4 stration-scale Initiate 5 pilot- Select 3 pilot- and L =
renewab_le demonstra- projects for and 4 demon- 2 demonstration-scale Initiate 2 pilot- and |
fuel use in tion-scale construction and stration-scale projects for construction 4 demonstra-
automobiles ._ projects operations | projects [ | and operations tion-scale projects |
1 .,
FY16 FY17 FY18 FY19 || FY20 FY21 FY22 LS _,: FY25 FY27
-
Validate a mature technology modeled cost [ Validate 2pilot-and1 || Validate 1 pilot-and1 | [ Validate a mature technol- |
of cellulosic ethanol production, based on demonstration-scale projects demonstration-scale ogy modeled cost of
actual IBR performance data and compare to by 2022 and select them for projects by 2025 and infrastructure compatible
| the target of $2.65/ gallon ethanol (20148) | \ next scale | | select them for next scale | hydrocarbon biofuel
: ~ - A _ production, based on
actual IBR performance
TRL 6-8 R&D efforts in biofuels and bioproducts data, and compare to the
: \/ target of $3/GGE (2014$)

= =

Annual reporting on lessons learned from technical issues in existing projects and evaluation of new technology

[l Decision Point

@ Milestone

Figure 2-38: Demonstration and Market Transformation key milestones and decision points

U.S. DEPARTMENT OF Energy Ef'fICIerlcy &

21 | Bioenergy Technologies Office ENERGY rcncwable Eneray



Sustainability

Goals:

* By 2017, identify conditions under which at least one technology pathway for hydrocarbon biofuel production,
validated above R&D scale at a mature modeled price of $3/GGE, reduces GHG emissions by 50% or more
compared to petroleum fuel and meets targets for consumptive water use, wastewater, and air emissions.

* By 2022, validate landscape design approaches for two bioenergy systems that, when compared to
conventional agricultural and forestry production and logistics systems, increase land-use efficiency and
maintain ecosystem and social benefits, including biodiversity and food, feed, and fiber production.

* By 2022, evaluate environmental and socioeconomic indicators across the supply chain for three cellulosic and
algal bioenergy production systems. Environmental indicators will validate GHG reduction of at least 50%
compared to petroleum, water consumption equal to or less than petroleum per unit of fuel produced, and air
emissions meet federal regulations. Socioeconomic indicators will validate socioeconomic benefits including
job creation.

ope

U.S. DEPARTMENT OF Energy Efﬁciency &

22 | Bioenergy Technologies Office ENERGY rerewsble Energy



Sustainability Priorities

* Advancing scientific methods and models for measuring and understanding
bioenergy sustainability across the full supply chain

* Disseminating practical tools for analyses, decision making, and technology
development that enhance sustainable bioenergy outcomes

e Quantifying improved environmental performance and social benefits of
bioenergy relative to conventional or business-as-usual energy systems.

 Developing landscape design approaches that increase bioenergy production
while maintaining or enhancing ecosystem and social benefits

Conversion N Bioenergy Infrastructure
A\

Feedstock

0
. /

Logistics

Soil quality Water quality Greenhouse gases
Water quality Water quantity Air quaility
Water quantity Greenhouse gases Fossil energy use
Greenhouse gases ?‘r ql_lla“'ty

. o ossil energy use
Alr quaility Fuel yield
Productivity Costiprofitability
Biodiversity
Fossil energy use
Cost/profitability

Figure 2-43: Sustainability considerations by supply chain component
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Sustainability Milestones

nd decision points

U.S. DEPARTMENT OF Energy Efﬁciency &
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Strategic Analysis

Feedstock Supply Conversion Bioenergy Distribution

| Biomass I Feedstock ] .
Production Upgradmg_

Figure 2-45: Strategic Analysis supports the entire supply chain

G Oad IS ° Strategic Analysis
* Ensure high-quality, consistent,
reproducible, peer-reviewed analysis mion — S

Resource Assessment Analysis and Data Compilation

* Develop and maintain analytical tools,
models, methods, and datasets to advance
the understanding of bioenergy and its
related impacts

* Convey the results of analytical activities to
a wide audience, including DOE
management, Congress, the White House,
industry, other researchers, other agencies,
and the general public

111}
TIILH

Figure 2-46: Strategic Analysis work breakdown structure

Energy Efficiency &
Renewable Energy
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Strategic Analysis Milestones

c Analysis key milestones and decision points

U.S. DEPARTMENT OF Energy Efﬁciency &
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Strategic Communications

Goals: o

* |Increase awareness of and support
for the Office’s advanced biomass
RD&D and technical
accomplishments, highlighting their
role in achieving national renewable
energy goals

e Educate audiences about the

Benefits of Bioenergy Use of New
& Bioproducts Communications
Outlets & Vehicles

il

Communicate Diffi
Concepts and Clal
Misconceptions

POy eSS o Environmental

Mational Goals

’ Extend Reach
Technical —  Economic . of Traditional
Accomplishments Lo

ul
o
‘l

T—

environmental and economic . e
o, . o . New Audiences
opportunities and societal benefits of _ -

=
w

biofuels, bioproducts, and a growing L
bioenergy industry

Competitive
Advantage
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Strategic Communications Milestones

ivities
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Section Three: Office Portfolio Management

* Documents Office portfolio
management across the development

pipeline

* Revised Technology Readiness Level
(TRL) definitions

* Substantial revisions and updates
throughout

+ Pioneer Plant

On Ramps

U.S. DEPARTMENT OF -
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MYPP 2017 Update

Next update planned for March 2017

Integrate changes from BETO strategic plan and bioeconomy
Integrate Billion Ton 2016 Update

Expand wet waste-to-energy as strategy clarifies

o O O O O

Continue to incorporate learning from RD&D portfolios into
direction and goals

o Incorporate goals and milestones for co-optimization of fuels
and vehicles

http://www.energy.gov/eere/bioenergy/downloads/bioenergy-technologies-
office-multi-year-program-plan-march-2016
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Thank you!

For more information on MYPP updates contact:

Amy Schwab
BETO Systems Integration Lead
NREL-Systems Integration
303-384-6235
amy.schwab@nrel.gov
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