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Government Policies
Analysis

Implications

Inclusion decisions/scope

Marketplace Structure
Producer/Consumer exchanges

Investment

Financial decisions

Input Scenarios
Feedstock demand

Oil prices

Learning curves

Evolution of 
Supply Chain
for Biofuels

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 

penetration scenarios 
o Analyze prospective 

policies and incentives 
o Identify high-impact 

drivers and bottlenecks 
o Study competition for biomass resources 
o Assess R&D and deployment strategies 
o Enable and facilitate focused 

discussion among stakeholders 
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Quad Chart Overview 
• Timeline 

o Started October 2006 
o Ongoing, annual renewal at 

BETO’s discretion 
o 80% complete 

 
 
 

• Budget 
o FY2011: $800k 
o FY2012: $780k 
o FY2013: $800k 
o Funded ~6 years* 
o Average ~$680/year* 

 
       *  Historically, the Biomass Scenario Model (BSM) activities have 

not always been separately budgeted at the four-level WBS from 
other biomass systems integration work and have been combined 
with closely related biomass systems integration subcontracts that 
are included in the funding totals. 

• Barriers 
o “Lack of comparable, transparent 

and reproducible analysis” 
[MYPP At-A] 

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

o “Inaccessibility and unavailability 
of data” [MYPP At-C] 

• Partners 
o Project Lead: NREL Systems 

Engineering & Program  
Integration Office 

o Modeling & Analysis Support: 
Lexidyne LLC 

o Subject-Matter Expertise: 
o National Bioenergy Center 
o DOE Laboratories 

(especially, ORNL, INL, PNL) 
o Issue-focused subcontracts 
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Project Overview 

• Challenge/Objective 
o Develop an analytic platform to explore and understand the entire 

biofuels supply-chain evolution over the long term. 
• Products 

o System dynamics 
simulation of the biofuels 
supply chain 

o Analyses providing insights 
into system behavior and 
policy effectiveness 

o Stakeholder workshops 
o Reports and datasets 

• Modern, agile, and adaptive 
model development approach/tools 

• Roles 
 
 
 

  

Requirements Review Project Mgmt Domain Expertise Model Development Data Processing Analysis 

DOE BETO √ √ √ 

NREL √ √ √ √ √ 

Lexidyne LLC √ √ 

Nat’l labs, federal agencies, 
universities, subcontractors 

√ √ 

Model
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Model Results

model runs

Customer 
Stakeholders

verification

req
u
irem

en
ts

ev
al
ua

tio
n 
of
 

sc
en

ar
io
s 
an

d 

im
pa

ct
s

te
st o

f in
tu

itio
n

review
, validation, im

provem
ent

ve
tt
in
g 
of
 r
es

ul
ts
,

ne
w
 p
uz

zl
es

 o
r 
po

te
nt

ia
l i
ns

ig
ht

s

new insights, 
intuitions, research 
issues, potential 
requirements



6 

Approach 
Key Characteristics of BSM Modules 

SUPPLY CHAIN

Feedstock 
Production

Feedstock 
Logistics

Biofuels 
Production

Biofuels 
Distribution

Biofuels End 
Use

DYNAMIC MODELS OF SUPPLY INFRASTRUCTURE,

PHYSICAL CONSTRAINTS, MARKETS, AND DECISION MAKING

POLICIES INCENTIVES EXTERNALITIES

Feedstock Supply Module

q 6 Feedstock types
q 10 geographic regions
q 10+ land uses
q Farmer decision logic
q Land allocation dynamics
q New agriculture practices
q Markets and prices

Feedstock Logistics Module

q Multiple logistics stages
q Cost breakdowns
q Transportation distance
q Land eligibility

Conversion Module

q 15 conversion platforms
q 4 development stages
q 6 learning attributes
q Cascading learning curves
q Project economics
q Industry growth and investment 

dynamics

Distribution Logistics Module

q Distribution terminal focus
q Differential cost structure, based on 

infrastructure (storage and intra/inter-
region transport costs)

Dispensing Station Module

q Fueling-station economics
q Tankage and equipment investment 

decision
q Distribution-coverage effects

Vehicle Scenario Module

q Cars and Light Trucks
q Multiple (9 +scenario) vehicle 

technologies
q Fleet vintaging
q Vehicle choice scenarios
q E10/E20/E85 potential

Fuel Use Module

q Non-, occasional, and 
frequent users

q Relative price/fuel choice 
dynamics
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Approach 
Biofuel Pathways in the BSM 

Gasoline

Diesel

Jet

Lignocellulosic

Biomass

Energy crops 
(herbaceous and 

woody)

Residues 
(herbaceous, 

woody, urban)

Catalytic synthesis (TC)

Fischer-Tropsch synthesis

Hydro-processing

AqueousPhase 
Reforming

Fermentation (BC)

Bio-Oils

Syn Gas

Sugars

Fermentation

Fermentation

Hydrodeoxygenation
Oils

Natural Oils

(Oilseeds 
and Algae)

Corn

Butanol

Ethanol

Ethanol and 

Mixed Alcohols

Diesel and Jet

Methanol Synthesis,
Methanol -to- Gasoline

Gasoline

Gasification

Extraction

Pyrolysis

Pretreatment 

& Hydrolysis

Hydrolysis

Processing at biorefinery

Optional processing

Biorefinery

Processing

Biomass 

Feedstocks
Petrochemical 

Refining

Blending at 

Refinery

Finished

Fuels

“Drop In” points for infrastructure- compatible fuels:

Sugars

Ethanol
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Approach 
Modeling and Analysis Process 
• System-dynamics modeling framework 

o Established methodology for analyzing 
the behavior of complex real-world 
feedback systems over 
time 

o Broad, high level 
approach that captures 
entire supply chain 

• Flexible, modular 
model architecture 
o Defensible and traceable 

inputs, with metadata 
o Data extracted from detailed 

analyses and models 
– POLYSYS agricultural sector economics, ASPEN Plus process models, 

BLM logistics model, etc. 
o Logic developed and validated through stakeholder meetings 

– interviews, reviews, workshops, and colloquies 

Design & 
Implementation

Vetting
o Dimensional analysis
o Design verification
o Dynamics testing
o Historical comparison
o Sensitivity analysis

Data
o Models
o Experts
o Provenance

Analysis
o Dynamics
o Policies/incentives
o Scenarios

Integration

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 
o 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: 
1. Profitability at point of production 
2. High rates of industry learning 
3. An aggressive start in building pilot, demo, 

and pioneer-scale plants 
4. For ethanol, a high level of infrastructure 

investment to sustain low enough point-of-
use prices 

The “take off” is likely to be wild and wooly: 
1. Unstable, higher than anticipated, 

feedstock prices 
2. Boom/bust development of production 

capacity 
3. Potential for biofuel price instability 
Significant production volumes are feasible. 
1. RFS2 volumes are achievable in 2030 with 

heavy startup subsidies. 
2. When subsidies are focused to promote the 

most economically attractive pathway, 
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. 

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. 
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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 
36 billion gallons/year by 2031 

Allow all fuel types equal access to 
generous scenario subsidies 
 

4: Output-Focused, 
Constrained 

To maximize growth restricted to 
$10 billion per year  

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

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

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

6: Output-Focused, 
Unconstrained 

To maximize growth with no 
spending limit 
 

Design a subsidy scheme to most 
rapidly produce the maximum 
volume of biofuels that the system 
can produce 
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Accomplishments 
Complex Policies Representable as Scenarios 

Point of production [$/gallon]

Fixed Capital Investment (FCI)  
for Pioneer [%]
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Accomplishments 
Competition for Feedstock and Market in #4 “Output Focused” 

Diverse 
pathways 

EtOH 
only 

Output 
focused 

Equal 
Access 

FP FCI for  
pioneer stops 

FP FCI for  
commercial stops 

Downstream 
EtOH subsidies end 

Cellulosic is advantaged over  
Starch because of subsidies 

FP has better economics 
than cellulosic EtOH and can  
afford to pay higher prices for 
feedstocks 

Starch EtOH is more  
mature than cellulosic  
and hence can regain market 
share. 
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Accomplishments 
Competition for Feedstock and Market in #5 “Pathway Diversity” 

Diverse 
pathways 

EtOH 
only 

Output 
focused 

Equal 
Access 

Annual expenditures are < $10B/yr- 
peak ≈ $9B 

17.8 B gal/yr- drop-in production 

5.7 B gal 

5.5 B gal 

5.3 B gal 

1.8 B gal 

F-T Loan guarantees for  
pioneer and commercial and  
FCI is turned off 

FP-PoP subsidy is turned off.  

MTG-PoP subsidy is turned off.  

F-T-PoP subsidy  
is turned off.  

Cellulosic is advantaged over  
Starch because of subsidies 

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

Starch EtOH is more  
mature than cellulosic  
and hence can regain market 
share. 
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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. 
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Accomplishments 
Library of Biomass Supply Curves 

Users can create scenarios 
of how biomass price 
evolves with time. 

The BSM estimates production 
quantities and supply curves. 



18 

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 conference/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 
Analysis 

provide context and justification for 
decisions at all levels [p. 2-86] 

1. Analysis of attainability of EISA targets 
2. Study of rate-of-return of biofuels investments 
3. Development of BETO/MYPP reference case 

Feedstock 
Supply 

develop commercially viable 
biomass utilization technologies to 
enable the sustainable, nationwide 
production of advanced biofuels 
[p. 2-13] 

4. Analysis of interaction of biofuels policy with land 
use constraints 

5. Analysis of transition to the use of advanced 
feedstock logistics 

6. Computation of library of feedstock supply curves 

Conversion 
R&D 

develop commercially viable 
technologies for converting 
biomass feedstocks [p. 2-33] 

7. Analysis of effects of industrial learning 
8. Analysis of pathway competition and diversity 
9. Study of technological lock-in 

Demon-
stration & 
Deployment 

help create the conditions whereby 
all biofuels can safely, cost-
effectively, and sustainably reach 
their market and be used by 
consumers as a replacement for 
petroleum fuels [p. 2-82] 

10. Analysis of effects of long term biofuels contracts 
by the DOD or aviation industry 

11. Analysis of impacts of a transition to E15 
12. Analysis of competition between biofuels and 

biopower for feedstock resources 
13. Studies of impact of IBR policies and incentives 

Strategic 
Communi-
cations 

conduct strategic outreach that 
promotes the benefits of 
sustainable biomass and biofuels 
to the public and key stakeholders 
[p. 2-103] 

14. Sponsorship of biennial biofuels supply-chain 
modeling workshop 

15. Scenario design and analysis workshops 
16. Journal and report publications 
17. Presentation at EIA AEO biofuels workshop 
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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. 

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 



22 

Tentative Plans and Future Directions 

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.

Feedstock

§ Contract/market effects

§ Usage constraints for pathways

§ Local pretreatment/preprocessing

§ Densification and transition to 

advanced logistics

Biorefining

§ Bio-product insertions points at 

petroleum refineries

§ Leveraging high-value bio-products

§ Synergies/competition with 

petrochemicals (NG+BTL, C+BTL, ...)

Business and Technology Risks

§ Investor behavior

§ Pilot and demo failure

§ Impact of fossil fuel prices

§ Effects of policy instability

§ Climate change

Reference Scenarios

§ Key scenarios

o Aviation, marine, rail, …

o Natural gas

o Fossil-fuel synergies 

(NG+BTL, C+BTL, …)

o Defense Procurement Act

o RFS

o Ethanol blends

o Price competitiveness of 

alternative liquid fuels

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
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Scenario Library for BioKDF

§ Based on openly published 

analysis papers

§ Visualizations

§ Data downloads

Analyses of emerging biofuels 

issues and follow-up from 

external technical review
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Scenario Workshops

§ Focus on scenario development 

and insights into system 

dynamics

§ BETO, federal agencies, 

industry, working groups, etc.

Focus on potentially realistic 

future alternative liquid fuels 

scenarios

Engagement with the broad 

community of bioenergy 

stakeholders

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 

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

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

o 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. 

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

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