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Goals and Objectives

» Deployment Analysis: explore how rapidly biofuel
technologies might be deployed to make a significant
contribution to the country’s transportation energy

o Generate plausible scenarios
o Understand the transition dynamics

o Investigate potential market Government Policies
. . Marketplace Structure Analysis
p e n etratl O n S Ce n a rl OS Producer/Consumer exchanges p Implications
o An a I yz e p r O S p e CtIV e Fin;:;/:tdﬂ;::ions Evolution of Inclusion decisions/scope
policies and incentives gy Chain

for Biofuels

o |dentify high-impact
drivers and bottlenecks
o Study competition for biomass resources ,
Input Scenarios

o Assess R&D and deployment strategies Feadstock demand

Qil prices

o Enable and facilitate focused Learning curves
discussion among stakeholders
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Quad Chart Overview

 Timeline « Barriers
o Started October 2006 o ‘Lack of comparable, transparent
o Ongoing, annual renewal at and reproducible analysis”
BETO'’s discretion [MYPP At-A]

o 80% complete o “Limitations of analytical tools
and capabilities for system-level
analysis” [MYPP At-B]

o “Inaccessibility and unavailability
of data” [MYPP At-C]
« Budget e Partners

o FY2011: $800k o Project Lead: NREL Systems

o FY2012: $780k Engineering & Program

o FY2013: $800k Integration Office

o Modeling & Analysis Support:
Lexidyne LLC

o Subject-Matter Expertise:

* Historically, the Biomass Scenario Model (BSM) activities have o National Bioenergy Center

not always been separately budgeted at the four-level WBS from ;
other biomass systems integration work and have been combined o DOE L_aboratorles
with closely related biomass systems integration subcontracts that (eSpeCIa”y, ORNL, |NL, PN L)

are included in the funding totals.
o Issue-focused subcontracts
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o Funded ~6 years®
o Average ~$680/year*



Project Overview

« Challenge/Objective

o Develop an analytic platform to explore and understand the entire
biofuels supply-chain evolution over the long term.

° Prod UCtS . verification \ \
] Model N Model Results
o System dynamics model runs g
simulation of the biofuels

supply chain

o Analyses providing insights
into system behavior and
policy effectiveness o,

o Stakeholder workshops

Customer
Stakeholders

new insights,
o Reports and datasets I intuitions, research &
issues, potential & @

requirements

(2}
<
Subject Matter 0/11‘}
Expertise @

 Modern, agile, and adaptive
model development approach/tools "”%

* Roles
I ) e e e T
DOE BETO
NREL Vv Vv Vv Vv Vv
Lexidyne LLC Vv Vv
Nat’l labs, federal agencies, Vv Vv

universities, subcontractors

NATIONAL RENEWABLE ENERGY LABORATORY



Approach

Key Characteristics of BSM Modules

SUPPLY CHAIN

Feedstock
Production

Feedstock
Logistics

/

/

Biofuels
Production

/

Biofuels
Distribution

Biofuels End
Use

N\

4

4

Feedstock Logistics Module Vehicle Scenario Module

Conversion Module

0 Multiple logistics stages ] Q Cars and Light Trucks
o Cost breakdowns 0 15 conversion platforms O Multiple (9 +scenario) vehicle
O Transportation distance a4 develiopmen.t stages technologies
o Land eligibility Q6 Iearn!ng attrlb.utes O Fleet vintaging

0 Cascading learning curves Q Vehicle choice scenarios

0 Project economics O E10/E20/E85 potential

0 Industry growth and investment

dynamics Fuel Use Module

Feedstock Supply Module
6 Feedstock types

10 geographic regions
10+ land uses

Farmer decision logic
Land allocation dynamics
New agriculture practices
Markets and prices

a Non-, occasional, and
frequent users
O Relative price/fuel choice

Distribution Logistics Module .
dynamics

0 Distribution terminal focus

a Differential cost structure, based on
infrastructure (storage and intra/inter-
region transport costs)

Dispensing Station Module

0 Fueling-station economics

0 Tankage and equipment investment
decision

o Distribution-coverage effects

0000 D 0D

DYNAMIC MODELS OF SUPPLY INFRASTRUCTURE,
PHYSICAL CONSTRAINTS, MARKETS, AND DECISION MAKING

a» o cho
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Approach

Biofuel Pathways in the BSM

Biomass
Feedstocks

Finished
Fuels

Biorefinery
Processing

7

Petrochemical
Refining

Blending at
Refinery

Catalytic synthesis (TC) Ethanol and
> o
Lignocellulosic Gasification o : Mixed Alcohols
K S G ethanol Synthesis,
Biomass yn Gas Methanokto- Gasoline, q
> L O RL B RO Gasoline
Fischer-Tropsch synthesis
b HIE NN N I I - J .
Energy crops Gasoline
(herbaceous and .
woody) Pyrolysis - )
. . ydro-processing :
AqueousPhase Jet
P Reforming
retreatment > - e . . ﬂ
. & Hydrolysis
Residues !
Fermentation (BC)
(herbaceous, Sugars o e e = =) Ethanol
woody, urban) F |
ermentation b Butanol
Hydrolysis Fermentation
Corn Sugars > Ethanol
Natural Oils Extraction
(Oi Iseeds Oils Hydrodeoxygenation
D o an -n - - L i ] [ 3 :
and Algae) Diesel and Jet

“Drop In” points for infrastructure- compatible fuels:

Processingat biorefinery
== ==p  Optional processing
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Approach

Modeling and Analysis Process

* Flexible, modular
model architecture

O

« System-dynamics modeling framework
o Established methodology for analyzmg)i Design &

the behavior of complex real-world ImplE e

feedback systems over
time

Vetting
Broad, high level o Dimensional anaIyS|s Data
o Design verification o Models
app_roaCh that Captures o Dynamics testing o Experts Integration
entire SUpply chain o Historical comparison o Provenance
o Sensitivity anaIyS|s

Defensible and traceable \‘ '/

inputs, with metadata Analysis

o Dynamics

Data extracted from detailed o golicies_/incentives
nar
analyses and models o TR

— POLYSYS agricultural sector economics, ASPEN Plus process models,
BLM logistics model, etc.

Logic developed and validated through stakeholder meetings
— interviews, reviews, workshops, and colloquies

Publication
o Informal pre-review
o Peer review
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Summary of Accomplishments (May 2011-2013)

* Analysis reports to BETO
o Jet-fuel production scenarios
o Advanced feedstock logistics
o Rate-of-return for biofuels investments
o References scenarios for cellulosic ethanol
o RFS2 scenarios
o Pathway diversification scenarios
o Effects of industrial learning
o Sensitivity analysis of BSM input parameters
o Interaction of biofuels policies with land-use constraints
o BETO/MYPP reference scenario
Effects of long-term biofuels subcontracts
. Other reports to BETO
o BSM deployment options
* Model maintenance/enhancement
o Biopower demand for feedstock
o Vehicle choice scenarios

o Vetting of results
o Techno-economic and other data
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Summary of Accomplishments (May 2011-2013)

Development of scenario library

Publications

o Journal articles on supply chain analyses (2 published, 1 submitted, 6 in
preparation)

o Book chapter on cellulosic ethanol supply chain
o Fact sheets on international biomass/biofuel trade (2)
o Model and data documentation reports (2)
o Report on competition for biomass resources between biofuel and biopower
Subcontractor reports
Forest residue dynamics
Model documentation (2)
Workshops and reviews
o Biofuels price modeling
o Supply-chain modeling
o Scenario design/analysis (2)
o External technical review meeting
o External technical review report

o Deliveries to Bioenergy KDF
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Accomplishments

Key Insights from Supply-Chain Analyses

Four keys to industry development: 70

1. Profitability at point of production

2. High rates of industry learning

3. An aggressive start in building pilot, demo, —_— 60
and pioneer-scale plants E

4. For ethanol, a high level of infrastructure © 50
investment to sustain low enough point-of- e
use prices 'E'

The “take off” is likely to be wild and wooly: o 40

1. Unstable, higher than anticipated, g
feedstock prices '8 30

2. Boom/bust development of production a
capacity w

3. Potential for biofuel price instability ::';_) 20

Significant production volumes are feasible. 'c%

1. RFS2 volumes are achievable in 2030 with 10
heavy startup subsidies.

2. When subsidies are focused to promote the
most economically attractive pathway, 0

production levels can exceed RFS2 levels.

3. Technologies with favorable long-term

economic cost structures can succeed if
subsidies are deliberately designed to
overcome initial maturity deficiencies.
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Scenario

M 1. Minimal Policy

EEEEN
o U B W

. Ethanol Only

. Equal Access

. Output-Focused, Constrained

. Pathway Diversity

. Output-Focused, Unconstrained

T

Caveat: The results depend on details of the policy, incentive,

and subsidy parameters for the scenarios and on a variety of
state-of-technology assumptions; this chart just presents a few

of the many potential scenarios. ]

LN o LN o

i @\l (@\ o™

o o o o

~ ~ ~ ~
Year




Accomplishments

Development of Policy-Mix Scenario Library

Scenario Subsidize ... Strategy

1: Minimal Policy Starch until 2012 Apply only existing subsidies and
policies

2: Ethanol Only Ethanol pathways only Provide support for ethanol only

3: Equal Access All pathways in order to produce Allow all fuel types equal access to

36 billion gallons/year by 2031
4: Output-Focused, To maximize growth restricted to

Constrained $10 billion per year

5: Pathway Diversity To maximize pathways restricted
to $10 billion per year

6: Output-Focused, To maximize growth with no
Unconstrained spending limit

generous scenario subsidies

Target most promising technology
and withhold most subsidy access
from other pathways

Design subsidy timeline to enable
take-off of multiple fuel pathways by
staggering start and end dates
based on pathway progress and
potential

Design a subsidy scheme to most
rapidly produce the maximum
volume of biofuels that the system
can produce

NATIONAL RENEWABLE ENERGY LABORATORY

12



Accomplishments
Complex Policies Representable as Scenarios

Equal Access

1 Existing 3 Generous
starch subsides
ethanol for all
subsidy pathways,
give
windfalls

2 Ethanol subsidies
sufficient for modest
growth to blend wall

¢

4 Focused
subsidy
investment —
on top
pathway

5 Staging and weighting to retain diversity

Some values may vary slightly from current runs
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Accomplishments
Competition for Feedstock and Market in #4 “Output Focused”

Pathway 50
FP has better economics
DOWHStream ethanOI 40 B than cellulosic EtOH and can
I Fischer-Tro psch afford to pay higher prices for
. feedstocks
. Fast perIYSIS 30 ] Cellulosic is advantaged over \]
Starch because of subsidies

" Methanol to gasoline

O
+ (O
O o
5 >
oS
™ Fermentation O ® 20 -
. ao O
I Cellulosic ethanol — c
O Starch EtOH is more
StarCh ethanol g g 10 ] mature than cellulosic
= and hence can regain marke
E ﬂ 0 1 1 1 1 1 1 1 Sharel' 1 1
@\ < O (0 0] o o < O o O
i i i i o o o N N ™M
o o o o o o o o o o
AN @\ N N N N N N N o\l
Year
Aooess =
N -8 — Downstream
Q © EtOH subsidies end
(O]
Diverse % >
pathways
> FP FCI for
\l T N P el for commercial stops
EtOH — pioneer stops
only 2] U')
o>
\‘ \/ 2=
# n

Output .
focused  Annual spending b

scenario in tim

2012 -
2014
2016
2018
2020
2022
2024
2026
2028
2030
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Accomplishments

Competition for Feedstock and Market in #5 “Pathway Diversity”

Pathway
Downstream ethanol
Il Fischer-Tropsch
I Fast pyrolysis
" Methanol to gasoline
I Fermentation
I Cellulosic ethanol
Starch ethanol

Annual productio
[billion gal/year

Equal
Access

Diverse
pathways

Subsidy spendin

[USD,

Output .
focused  Annual spending b

scenario in tim

yeal 3

50
40
30
20

10-
0

Cellulosic is advantaged over

Starch because of subsidies

17.8 B gallyr drop-in production

™~

Infrastructure-compatible
fuels have better economics
than cellulosic EtOH and can
afford to pay higher prices for

feedstocks \l

Starch EtOH is more
mature than cellulosic

and hence can regain marke
sharel.

@\ < O 0 o AN < O o O
i i i — AN AN NN AN AN ™M
o o o o o (@) (@) o o O
o N N N N N o N N N
F'—T Loan guarantees for

puml egpenatues are <1030 vear piee g sl ane

8 B ] FP-PoP subsidy is turned off. iFs'tTer;ZZ zt:ft')smy

MTG-PoP subsidy is turned off.

6B - /

4B -

2B -

0B

2012 -
2014
2016
2018

2020
2022
2024
2026
2028
2030
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Accomplishments

Insights Related to a Transition from E10 to E15

« Widespread E15 adoption moves the “blend wall” and can greatly
alter the proportion of cellulosic ethanol in the mix of biofuels.

E15 Schedule Pathway

a.No E15 b. 80% E15 by 2017 c. 100% E15 by 2015 [ Algal Drop-In
[7] Oilseed Drop-In
100G - [ Cellulosic Drop-In
- [ Cellulosic Butanol
€5 [7 Cellulosic Ethanol
3 [ Starch Ethanol
[SER=]
| e —
23 50G-
(ITRRS)
o @
0G ‘
100G -
o2 3 s0G
25
M o
0G
100G -
-
i
£
S —
£ S8 s0G
o9
< @
0G
—
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
Year Year Year
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Accomplishments
Library of Biomass Supply Curves

Tableau - diagnostics - |O] x|
Fie Data '“Worksheet Dashboard Analysiz Map Format Server ‘Window Help
G e P e e | il Showie
s 500 @ 200 Start Price
& 400 S E l
= ’ 8 - . . — . . , , - - -
3 = 0 -
E T 300 3 |Eond Price |
c =
ig S 1007 J .
o =, 200 J
2 8 Inflection Year
8 100 | E >0 . 2020 |
= Users can create scenarios ) . - - - -
0 . . . q: [ . Year Spread
wio w15 a0 Navs (2 NOWbiomass price > |
. . /5 . | .
Year evolves with time. = ’ - o
Tear
2015 2020 2025 2030

R—I

The BSM estimates production
quantities and supply curves.

Price [$/ton]

0 100 200 300 400 5000 100 200 300 400 500/0 100 200 300 400 5000 100 200 300 400 500
Feedstock Production [Mton/yr] # Feedstock Production [Mton/yr] # Feedstock Production [Mton/yr] ¢ Feedstock Production [Mton/yr] ¢

Urban Residue ¥ Forest Residue B Woody Cellulosics Herbaceous Cellulosics Agricultural Residue

4

Diesign of Price 5chedules /< Frice Schedules ,( Froduction Schedules ){ Suppy Curves )( Supply Curves by Feedstock )\ Dashboard § 5

| | [

A
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Accomplishments
_Summary of External Technical Review of BSM Project

 Format
o 10 reviewers from government, industry, academia

o 1.5 day workshop-format meeting with presentation, discussion, and
hands-on experience with BSM and scenario analysis

» Key results (documented in review report to BETO)

o Analysis and modeling
— RIN market effects
— Synergies with and drop-in points to petrochemical infrastructure
— Feedstock contracts, markets, densification, and localized pretreatment
— High-value bio-products
— Investor behavior and risk
o Documentation and outreach
— Parameter estimate / sensitivity analysis
— Publish methodology
— Publish validation studies
— Additional training opportunities and external workshops
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Accomplishments
Milestone/Deliverable History and Status

Period | Milestone/Deliverable Status

FY2011 | C.DL.3: Six analysis reports completed w/ one extra
C.DL.4: Deliveries to Bioenergy KDF completed on schedule
C.DL.5: Two stakeholder workshops completed w/ one extra
C.DL.6: Two conferencel/journal papers completed on schedule

C.DL.7: Comparative/collaborative use of BSM | completed w/ modification

C.DL.8: Report on competition for biomass completed on schedule
C.DL.9: Report on BSM deployment completed on schedule
FY2012 | C.DL.2: Six analysis reports completed on schedule
C.DL.3: Deliveries to Bioenergy KDF completed on schedule
C.DL.4: One stakeholder workshop completed on schedule
C.DL.5: One conference/journal paper completed on schedule
C.DL.6: Briefing on BSM data inputs/model completed on schedule
FY2013 | C.DL.1: Four analysis reports in progress / on schedule
C.DL.2: Two conference/journal papers in progress / on schedule
C.DL.3: Deliveries to Bioenergy KDT in progress / on schedule
C.DL.4: One stakeholder workshop completed on schedule

C.DL.5: Report on external technical review completed on schedule
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Relevance to BETO Goals and Objectives

Element MYPP Goal BSM Contribution
Strategic provide context and justification for | 1. Analysis of attainability of EISA targets
Analysis decisions at all levels [p. 2-86] 2. Study of rate-of-return of biofuels investments
3. Development of BETO/MYPP reference case
Feedstock develop commercially viable 4. Analysis of interaction of biofuels policy with land
Supply biomass utilization technologies to use constraints
enable the sustainable, nationwide | 5. Analysis of transition to the use of advanced
production of advanced biofuels feedstock logistics
[p. 2-13] 6. Computation of library of feedstock supply curves
Conversion | develop commercially viable 7. Analysis of effects of industrial learning
R&D technologies for converting 8. Analysis of pathway competition and diversity
biomass feedstocks [p. 2-33] 9. Study of technological lock-in
Demon- help create the conditions whereby | 10. Analysis of effects of long term biofuels contracts
stration & all biofuels can safely, cost- by the DOD or aviation industry
Deployment | effectively, and sustainably reach 11. Analysis of impacts of a transition to E15
their market and be used by 12. Analysis of competition between biofuels and
consumers as a replacement for biopower for feedstock resources
petroleum fuels [p. 2-82] 13. Studies of impact of IBR policies and incentives
Strategic conduct strategic outreach that 14. Sponsorship of biennial biofuels supply-chain
Communi- promotes the benefits of modeling workshop
cations sustainable biomass and biofuels 15. Scenario design and analysis workshops
to the public and key stakeholders | 16. Journal and report publications
[p. 2-103] 17. Presentation at EIAAEOQ biofuels workshop

NATIONAL RENEWABLE ENERGY LABORATORY
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Critical Success Factors

Capabilities

» Identify optimal synergies
between policies/incentives
across the supply chain that
make coordinated
policies/incentives superior to
single or uncoordinated ones.

» Force consistency in
assumptions and scenario inputs
across the full supply chain in a
manner lacking in analyses
focused on single supply-chain
elements.

* Provide consistent ranking and
assessment of the importance of
the influence of particular forces
on the biomass/biofuels system.

NATIONAL RENEWABLE ENERGY LABORATORY

Impacts

Policy analyses supporting the
tactical and strategic decision
making within the Bioenergy
Technology Office

Development of a broad
community understanding of the
complex dynamics and
feedbacks influencing the
potential growth of the biofuels
industry

A transparent and accessible tool
for the analysis of the evolution
of and influences on the biofuels
industry

Publications documenting
methodology and results of
biofuels analysis




Tentative Plans and Future Directions

Analysis reports and publications

Analyses of emerging biofuels

issues and follow-up from
external technical review

Business and Technology Risks
Investor behavior

Pilot and demo failure
Impact of fossil fuel prices
Effects of policy instability
Climate change

Biorefining
Bio-product insertions points at

petroleum refineries

Leveraging high-value bio-products
Synergies/competition with
petrochemicals (NG+BTL, C+BTL, ...)

Feedstock
Contract/market effects
Usage constraints for pathways
Local pretreatment/preprocessing
Densification and transition to
advanced logistics

RFS, CES, RPS
RIN market effects and side effects
EPA qualification of pathways
Impact of annual adjustment of targets
Ethanol blends
Interaction with CES, RPS, etc.

NATIONAL RENEWABLE ENERGY LABORATORY

Focus on potentially realistic

future alternative liquid fuels

scenarios

Reference Scenarios

= Key scenarios

o Aviation, marine, rail, ...

o Natural gas

o Fossil-fuel synergies
(NG+BTL, C+BTL, ...)
Defense Procurement Act
RFS
Ethanol blends
Price competitiveness of
alternative liquid fuels

O O O O

Engagement with the broad
community of bioenergy
stakeholders

Scenario Library for BioKDF
= Based on openly published

analysis papers
= Visualizations
= Data downloads

o Realism/viability
= BETO scenario updates

o MYPP pathways

o MYPP targets

o Advanced feedstock logistics
* General data updates

o AEO 2014

o USDA 2014

o Techno-economics

o Industrial learning

Scenario Workshops
= Focus on scenario development

and insights into system
dynamics

= BETO, federal agencies,
industry, working groups, etc.

Bioenergy Modeling Workshop
= Continuation of the previously

held biennial workshops
= Participants from the broad
bioenergy modeling community
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Summary

« Challenge/Objective

o Develop an analytic platform to explore and understand the entire
biofuels supply-chain evolution over the long term.

« High-impact BSM analyses tie RD&D to market realities and

policies/incentives.

o The model explicitly focuses on policy issues, their feasibility, and

potential side effects.

o The BSM is a carefully validated, third-generation model of the full

biomass/biofuel supply chain.

 Products

o System-dynamics simulation
of the biofuels supply chain

o Analyses providing insights
into system behavior and
policy/incentive effectiveness

o Stakeholder workshops
o Reports and datasets

‘/ .

Modeling
Build Numbers Quality

1 t

Data ) L.

Preparation Simulation Explorat9 ry Vlsuallzatl9n
Data sources, AnaIYSIS and Reporting
Provenance, ELT
'
-~
o
/

Scenario
Design
Runs

Requirements/Needs Analysis

summarizing supporting research

NATIONAL RENEWABLE ENERGY LABORATORY




Additional Slides
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Responses to Previous Reviewers’ Comments

“It is not clear if the model is flexible enough to account for risk and
uncertainty. Monte-Carlo simulations might be a useful way to
determine the sensitivity of parameters used in the model.”
o In September 2012, we completed a sensitivity study of the BSM inputs
parameters using the method of elementary effects.
“Considering there is no proven conversion technology, the inputs
to the model limit the usefulness of the model as it is used now.”

o We now regularly update the BSM input parameters for conversion
technologies as new techno-economic analyses and field data become
available.

“It appears that BSM scenario analysis have significant relevance
to Biomass Program goals such as feedstock supply, cost-
competitive conversion technologies, and determining the
bottlenecks of markets penetration.”

o In January 2013 we began the development of reference scenarios that
will allow the assessment of implications of meeting MYPP targets.
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Major BSM Publications (May 2011-2013)

Book Chapters

o

Newes, E.; Inman, D.; Bush, B. (2012). “Understanding the Developing Cellulosic Biofuels Industry through Dynamic Modeling,” Chapter 18.
Bernardes, M., ed., Economic Effects of Biofuel Production. Rijeka, Croatia: InTech.

Fact Sheets

o

o

Mulcahy, D. “International Trade of Biofuels.” Golden, CO: National Renewable Energy Laboratory.
Mulcahy, D. “International Trade of Wood Pellets.” Golden, CO: National Renewable Energy Laboratory.

Journal Articles

[¢]

[¢]

Bush, B.; Sandor, D.; Peterson, S. (Forthcoming). “Dynamics of Deploying Cellulosic Feedstocks to Meet U.S. EISA Mandates.” In preparation.

S. Peterson, C. Peck, D. Inman, L. Vimmerstedt, E. Newes, D. Hsu, B. Bush, “An Overview of the Biomass Scenario Model”, 2013 International
Conference of the Systems Dynamics Society, (submitted).

Clark, C.; Lin, Y.; Bierwagen, B.; Eaton, L.; Langholtz, M.; Morefield, P.; Ridley, C.; Vimmerstedt, L.; Peterson, S.; Bush, B. (Forthcoming).
“Growing a Sustainable Biofuels Industry: Economics, Environmental Considerations, and the Role of the Conservation Reserve Program.”
Submitted to Environmental Research Letters.

Newes, E.; Bush, B.; Peck, C.; Peterson, S. (Forthcoming). “Exploration of Policy, Shocks, and Dynamic Interactions within the Cellulosic Ethanol
Supply Chain.” To be submitted to Biofuels, Bioproducts, and Biorefining.

Newes, E.; Bush, B.; Peck, C.; Peterson, S. (Forthcoming). “Insights into the Effect of Policy on the Potential Development of the Cellulosic Ethanol
Industry.”

Stright, D.; Bush, B. (Forthcoming). “Simulation Process and Data Flow for Large-scale System Dynamics Models.”

Vimmerstedt, L.; Bush, B.; Peterson, S. (2012). “Ethanol Distribution, Dispensing, and Use: Analysis of a Portion of the Biomass-to-Biofuels Supply
Chain Using System Dynamics.” PLoS ONE (7:5).

Subcontractor Reports

o

McDill, M. (2011). Woody Biomass as a Source of Renewable Energy in the U.S. Work performed by Penn State University School of Forest
Resources, College Park, PA. Golden, CO: National Renewable Energy Laboratory. (Internal only).

Peterson, S. (2011). An Overview of the Biomass Scenario Model. Work performed by Lexidyne, LLC, Colorado Springs, CO. Golden, CO:
National Renewable Energy Laboratory. (Internal only).

Peterson, S. (2012). An Overview of the Biomass Scenario Model. Work performed by Lexidyne, LLC, Colorado Springs, CO. Golden, CO:
National Renewable Energy Laboratory. (Internal only).

Technical Reports

o

Lin, Y.; Bush, B.; Newes, E.; Peterson, S.; Stright, D. (Forthcoming). Biomass Scenario Model Documentation: Data and References. Golden, CO:
National Renewable Energy Laboratory.

Mulcahy, D.; Newes, E.; Stright, D. (Forthcoming). Comparison of Biomass and Conversion Data from Select Biofuels Publications. Golden, CO:
National Renewable Energy Laboratory.

Newes, E.; Bush, B.; Inman, D.; Lin, Y.; Mai, T.; Martinez, A.; Mulcahy, D.; Short, W.; Simpkins, T.; Uriarte, C.; Peck, C. (May 2012). Biomass
Resource Allocation Among Competing End Uses. NREL/TP-6A20-54217. Golden, CO: National Renewable Energy Laboratory.
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Executive Summary of BSM External Review (1)

Executive Summary

This summary describes the external review meeting, presents potentially actionable
recommendations, and documents meeting outcomes.

The Biomass Scenario Model (BSM) External Review was held December 10 and 11, 2012, m
Washington, D.C_. at the National Renewable Energy Laboratory’s (NREL’s) office. The
meeting brought together subject matter experts and stakeholders, drawn from the federal
government, laboratories, acadenua, and industry to:

+ Review the soundness of the BSM analyses and the models. data, and processes on which
they are based

+ Recommend future emphases of the BSM project, mcluding analyses to be undertaken,
outreach/deployment activities, model refinement, and collaborations

+ Engage and educate key stakeholders regarding BSM capabilities and directions.
Presenters included analysts from WNREL and an NREL subcontractor from Lexidyne LLC:

* Bran Bush (NREL)
¢ Laura Vimmerstedt (NREL)
* Steve Peterson (Lexidyne LLC)
* Daniel Inman (NREL).
The presenters focused on the following topics:

+ Scenano analysis and msights

e Interactive exploration of a scenario library
*  Analysis process

e Policy analysis of volumetric targets

s Feedstock supply and logistics

* Model architecture and design

+ Biorefineries

+ Future plans.

The meeting was an open forum. allowing reviewers to offer their input, thoughts, feedback. and
recommendations. The discussion concluded by going around the room to gain each reviewer's
final thoughts, feedback, and recommendations.

The intent of this report 15 to capture key pomts in the presentations and discussions.

The mformation in this report was submitted to the U.S. Department of Energy (DOE) to assist
DOE and national laboratories in research planning for future work.

NATIONAL RENEWABLE ENERGY LABOR

Actionable Recommendations

Potentially actionable recommendations based on reviewers’ comments are summarized in four
categones: model structure, technology representation, market representation, and model
commumnity. These recommendations were not necessarily directly stated during the review, and
CONsSensus among reviewers was not rigorously assessed. The chronological notes contain cross-
references indicating the basis for these recommendations mn the discussion.

Model Structure

Reviewers’ comments addressed diverse aspects of model structure, including design choices
about model boundaries and handling boundary conditions; representation of cost and
performance improvements through mdustry learning: selection and implications of regional
structure; choices about the level of detail complexity and structural complexity, calibration and
validation approaches; and calculation of metrics. Potentially actionable recommendations
related to these ttems mnclude the following:

Model boundaries. Recommendations include reconsidering model boundaries assessing
interactions of model runs with boundary conditions, and clearly communicating any analytic
limitations associated with model boundaries. Important boundarnies 1dentified by the reviewers
include: international trade in biomass-based commodities, competition for biomass resource,
natural gas. petroleum. and demand markets. Boundary conditions may be of concem for some
analyses and their impact on conclusions and msights needs to be assessed. It was also
recommended that the model mcorporate decision-maker expectations (e.g.. of future prices or of
policy continuity) 1 the modeling of their decision process.

Industrial learning. The reviewers recommended emphasizing mdustrial leaming effects in
calibration, validation. and sensitivity analysis activities. The rate at which cost and performance
are assumed to improve with industrial leaming (with learning estimated. for example, by hours
of operation or volume of fuel production) 15 a very important model feature, especially in the
earliest stages. Reviewers’ questions about learming structures suggest that the BSM team
explore alternatives that would allow learning to accrue more flexibly so that expenience gained
1n one technology pathway could improve technological maturity for related pathways.

Regions. Reviewers discussed model regionality and recommended careful attention to analytic
limitations 1t may impose, as well as consideration of possible altemative approaches for dealing
with inter-regional and intra-regional dynamics. It was suggested that certain geospatial 1ssues,
such as an effective plant radius constraint, could be implemented analvtically without altering
regional structure. Additionally, regions outside the United States, such as Brazil, Argentina, and
the European Union might be useful to include m the model.

Complexity. A recommendation was to perform further review of major design trade-offs, with
an eye toward opportunities to streamline and stmplify the model. Some recommended actions
could add additional detail complexity (e.g.. more dimensions of existing variables) or more
structural complexity (e.g . new algorithms). Reviewers recognized the balance needed between
model function and complexity.

Calibration and validation. Reviewers recommended publication of calibration and validation

steps that have been taken to date as well as consideration of additional steps to take. The
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objective should be to establish credibility by documenting ranges and sensitivity for each mput
variable and being able to present or refer to publication of work to venify, validate, establish
rationales, and understand accuracy and robustness. Sensitivity analysis on structural 1ssues was
recommended as well as input variables. Calibration using historical corn ethanol mdustry data
should be published. Other approaches for calibration studies were recommended, such as
development of calibration reports within specified constraints (especially for pricing).
Validation and sensitivity analysis activities should be developed to the level that analyses can
present the nunimum change necessary to contradict any given conclusion and be able to
characterize system properties and identify to what extent they are modeling artifacts.

Metrics. Reviewers recommended additional efforts to develop and present a compelling set of
decision-relevant, accessible metrics, such as impacts of the biofuels mdustry on jobs (by
region). the environment, and on petroleum trade.

Technology Representation

Discussions duning the review raised topics related to technology representation, mcluding
feedstock supply and logistics; level of detail in representing feedstock-to-conversion systems,
conversion pathways and biorefinenies, insertion points and infrastructure compatibility, and use
of biofuels in vehicles. Recommendations related to these items include:

Feedstock supply and logistics. One recommendation was to consider refining the
representation of feedstock supply. mcluding representing in greater detail the contracts and
markets for feedstocks and the impact and idustry leaming of feedstock densification
technologies and practices. Another was to explore new ways to represent effective plant radius
for feedstock contracts without full geospatial disaggregation to assess realism of findings about
competition for resource between nearby plants. Reviewers questioned whether this competition
would 1dle plants, as model results suggested. Reviewers highlighted modeling challenges
related to feedstock supply, mcluding a set of interlinked questions about the impact of
densification on feedstock logistics and competition among conversion facilities for biomass
resources. Comments regarding land vse focused on expanding land use categories to include
quality grades, irigation status, and ownership type, particularly federal vs. non-federal.
Reviewers were unclear as to whether the varieties of forest and urban residue were '|.dequate1},
accounted for and the empirical justification for the BSM's assumptions around growers’
conservatism against adopting new practices.

Feedstock-to-conversion detail. Reviewers recommended considenng additional detail in
modeling the feedstock-to-conversion processes to improve analysis of trade-offs between
feedstock quality and price (1.e., explicit costs for each feedstock grade). different drop-in points,
and different regions. This mcludes adding modeling constramts on feedstock charactenistics that
are likely or required for each conversion pathway.

Conversion pathways and biorefineries. An actionable recommendation was to review how
well the conversion pathways 1n the model represent the emerging industry and the pathways
now selected for DOE research and development. Another recommendation was to assess
whether the model’s characterizations of conversion pathways incorporates all of the key
features that mdustry decision makers actually use. For example. an industry reviewer indicated
that complexity of proposed processes 1s an issue in mvestment decisions. The potential for high
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value co-products or non-fuel primary products being produced by biorefineries needs to be
more fully accounted for. Furthermore, reviewers suggested that natural gas and coal pathways
(natural-gas-to-liquid-fuel, natural-gas-and-biomass-to-liquid-fuel. or coal-and-biomass-to-
liquid-fuel) be considered for mclusion in the BSM. Finally, it may be useful to account for the
possibilities of mtegrated biorefineries, where multiple conversion pathways are integrated in a
single facility, which may also be collocated with a petroleum refinery and incremental
capacity addition.

Insertion points and infrastructure compatibility. Reviewers discussed the diversity of
insertion points and cniteria for compatibality with infrastructure, and recommended 1dentifying
options that mught approximate trade-offs for different insertion pomnts. Reviewers also suggested
that explicit modeling of intermediate feedstocks (sugar-based ones, in particular) would be
useful because of those feedstocks™ high value and fungibility.

Vehicles. Reviewers posed questions about modeling different types of vehicles and modes and
asked about modeling vehicle manufactuning and choice. Further scenario analysis on flex-fuel
and electric vehicle market shares was recommended.

Market Representation

The review resulted m a number of possible recommendations, including modeling of markets,
especially feedstock, fuel, and RIN markets; mvestor decisions, especially for refineries but also
for feedstock supply. including contracting practices: and policy issues. Discussions during the
review raised topics related to technology representation, including feedstock supp-l].r and
logistics; level of detail in representing feedstock-to-conversion systems, conversion pathways
and their complexity, msertion points and mfrastructure compatibility, and use of biofuels
vehicles. Recommendations related to these items include:

Markets. Reviewers recommended further consideration of whether additional features of
market behavior and its influence on biofuel industry development could be added to the model.
This was considered particularly important for RIN markets’ effects on biofuel capacity and
production growth. More detailed modeling of feedstock markets, which are likely to have
different structures between the early and later vears of biofuels adoption, was also
recommended for consideration. Co-products or biomass-based non-fuel product markets might
also need modeling.

Investor decisions. The review revealed that the model could represent refinery-related
decisions in greater detail. including refinery capacity expansion investment decisions. effect of
RIN markets on investment and production decisions, selection of feedstocks, refinery capacity
utilization (mncluding regional distribution), use of natural gas, and co-production of non-fuel
products, which could be particularly important to boost industry profits during early growth of
biofuels markets. While the model currently values opportunity cost, reviewers suggested that
methodology merits further evaluation, with the possibility of additional detail Another
recommendation was to expand the representation of contracting by including an estimate of the
strength of supplier contract and business plan in the financing algorithm and mcorporate
assumptions regarding long-term feedstock contracts.
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Policy. Reviewers expressed support for the application of the BSM to policy analysis and
suggested that it could be expanded to include more explicit modeling of social and policy
decision. Representation of some policies might benefit from further review and perhaps
additional detail. For example, reviewers suggest mcluding cost estumates, such as the costs
associated with loan guarantees, possibly based on plant failures as a proxy for default.

Model Community

The review included discussions related to outreach and relations within the model commumity.
One overall recommendation was that reviewers expressed enthusiasm for the potential that the
B5SM could have great value to a wider commumty, and they recommended continued outreach
and support to broaden its use. Potential actionable recommendations included suggested priority
applications of the model to studies of interest to stakeholders, suggestions for further review,
and recommendations to improve presentation and communication about the model and results.
Recommendations related to these items mclude:

Suggested priority applications of the BSML Reviewers expressed interest i a wide vanety of
potential analyses, recogmzed a need to prioritize analytic topics, and suggested that there would
be receptive audiences for studies covering topics, such as:

e Identifving policies and R&D investment strategies that are robust with respect to the
broad range of major uncertainties in boundary conditions

s Feedstock supply and mcentives

« Infrastructure-compatible biofuels

* Use of idled petroleum refinery capacity to complete biofuels processing

+ Technology nisk and business nisk

+ Global change nutigation and adaptation scenarios

¢ Flex-fuel and electric vehicles

+ Higher ethanol blends

o Jet fuels.

Review. Review, and presentation of review results, was considered important to the credibility
of the model. One suggestion for improving review was to engage one or more external
reviewers i m-depth, hands-on examination and testing of the model extended over a
considerable tume.

Presentation. Reviewers recommended engaging numerous stakeholders, especially in the
industry and m government, through presentations, workshops, and publications. They suggested
focused. systematic approach for presentation, including convincing the audience of model
validity, presenting results for compelling, metrics, and tailoring presentation of results to
emphasize relevance to decisions of mterest to each audience. Publication of methodology
papers justifying algorithms and major assumptions could be an important part of establishing
validity, and these publications could be cited to convince audiences.

NATIONAL RENEWABLE ENERGY LABOR

Meeting Outcomes
The meeting revealed improvements, opportunities, and documentation for the BSM.

Improvements

Extemal reviewers discussed some of the current linitations and boundanes of the BSM.
Linutations to the architecture and design of the BSM and mdustry structure were discussed, as
well as missing markets.

Suggestions to overcome hmitations include:
+ Further pursue the use of siular frameworks for multiple processes to keep the model
simple
* Build social decisions into the model
* Look at how the BSM nught be coupled to scenanios generated by larger global models

* Capture more detail on business 1ssues, such as the quality of business plans and the
disposition of failed plants

*  Add spillover of industnal leaming between technology pathways
* Incorporate standard background rates of general technology progress

* Frame within the context the scenarios are playing out in. what renewable fuel standards
(RFS) are 1 place, and that the scenarios are really strategies to meet these
standards/targets

e Link other goals to the BSM
o Link to maximizing greenhouse gas reductions
o Link to maxmuzing idled refinery capacity.
Reviewers proposed metrics they would like to see included m future versions of the model:

s Jobs by congressional district

+ Balance of payments

* Dufferent geographic areas (such as mountain west)

+ Margimal lands and types of forest land

* Regional prices

e Separate govemnment payments, government exposure from loan guarantees, and non-

governmental costs, mavbe even mcluding items such as consumer surplus.

Opportunities

Extemal reviewers suggested many additions to the BSM that they would find useful. The
suggested additions mcluded incorporating renewable identification numbers (RINs),
densification of feedstock, leaming curve studies, grower contracts, loan guarantees. impacts,
linking feedstock to the best-suited technology, and developing mfrastructure-compatible fuels.

29
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s RINs
o Model RINs if the BSM 1s showing entry into the market
— RINs will speed entry mto the market
—  Without the business opportunities provided by RINs, refiners/imvestors
will not go nto the biofuels market
+ Densification

o Explore more scenarios around the forced densification of feedstock mnto the BSM

o Use learmng curve studies to refine the BSM
+ Contracts
o Have a strong supplier contract and business plan in order to get financing
o Incorporate assumptions regarding long-term feedstock contracts
o Include lessons leamned from the history of guarantees and subsidies
+  Vehicles
o Explore more flex-fuel velucle scenarios
o Model the impacts of automobile electnification scenarios

o Study scenanios that include compressed natural gas (CNG) vehicles for fuel cell
electric vehicles (FCEVs) where the fuel (natural gas or hydrogen) is derived
from inexpensive natural gas

o Further develop infrastructure compatibility i the model
o Explore E15 and E30 scenarios, 11 addition to E10 and E85
o Incorporate market effects in the jet fuel sector mto the model.

Documentation
Extemal reviewers discussed useful resources to use and collaborative opportunities with other
orgamzations to explore. Many reviewers encouraged validating and testing the model.
improving the review process, and publishing more documents on the BSM.
+  Useful resources
o Parameter Estimation (PEST) software

o Biomass Crop Assistance Program (BCAP) public data on rents 1n 1ts project
areas

+ Collaborative opportunities
o The National Advanced Biofuels Consortium (NABC)
o Oak Ridge National Laboratory (ORNL)

+ Model Validation
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Test the reliability of the model by trying to break 1t through optimization
techniques and using supporting literature and documentation

Show that the numbers have value and validity—learmng curve development
could show this

Use historical experience, where possible, for comparisons, including historical
experience from analogous mdustries (e g.. pulp-and-paper mulls. liquad natural
gas ternunals, and methanol)

Give more background information upfront during presentations

Compare the BSM to market equilibrium and optimization models (computable
general equilibrium models, National Energy Modeling System, the Billion-Ton
Study Update)

Tdentify structural uncertainties and uncertamnties in decision algorithms
embedded in the BSM. in addition to data and scenario uncertamnties

Review process improvements

Hold an external review and have extemnal users to “break the model”
Market the model

— Market to the public policy and investment communities
Offer more trammng opportunities on using the model

o Hold additional mteragency and mdustry workshops
Publications

Publish a document on the model’s methodology to show how the major
equations are grounded in literature and to justify major assumptions

Document 1ssues around modeling the transition to a large biofuels market and
learning,
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