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EXECUTIVE SUMMARY
Phase and Gate Administration included developing Management and Decision
Support Tools for the NARA project and utilizing those to ensure the project stayed
on track to meet deliverables. Management Support Tools (MST) included Critical
Path Milestones (CPM’s) and cross-team focus areas. Decision Support Tools (DST)
included the Phase and Gate process and Gate Review frameworks and facilitation.

Management Support Tools

The first type of MST’s are CPM’s to allow the NARA Leadership and teams to
understand how project team milestones fit together to enable NARA to meet the

deliverables at the project completion. To do this, a set of CPM’s were created for
the NARA project to allow the NARA leadership to view how all the CPM’s for each
team fit together to meet the overall NARA deliverables and to ensure that course
corrections could be made as the project progressed. The first CPM’s mapped the
overall NARA project by year. Figure PG-ES.1 shows the NARA CPM’s by year. These
were further broken down into CPM’s for the major team elements of the NARA
project: Biorefinery, Communities and Education (Figures PG-ES.2. PG-ES.3, PGES.4). These were revised as the project progressed and timing on key milestones
were adjusted to enable the overall deliverables to be met where team-dependent
milestones affect another team.

Figure PG-ES.1. Overall NARA CPM’s by Year
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Figure PG-ES.3. Communities CPM’s
Figure PG-ES.2. Biorefinery CPM’s

Figure PG-ES.4. Education CPM’s

A second set of CPM’s were created to guide team interaction and completion of
specific deliverables. Production of 1000 gallons of jet fuel is a key deliverable for
the NARA project (Figure PG-ES.5). In addition, the NARA team, along with the USDA
NIFA and NARA Advisory Board identified nine specific areas that NARA should focus
PHASE AND GATE ANALYSIS ADMINISTRATION | FINAL REPORT
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on in the last year of the project. This led to creation of Specialty CPM’s to guide
completion of these specific areas. Additionally, a tracking sheet (Figure PG-ES.6)
was developed to status progress against the Specialty CPM’s as a MST.

Together, the CPM’s and formalized cross-team meetings dovetailed to enable NARA
Leadership to provide focus on the important project deliverables and understand
the relative pacing of CPM completion. These MST’s were especially important
for a project as complex and large as the NARA project. It is recommended that
these MST methodologies be used for similar projects and that they are deployed
even earlier, at the time of proposal, to understand the relative overall budget and
timeline distribution for the project. The MST’s can then be revised throughout the
project to provide a snapshot and direction of how the project is pacing toward
completion.

Decision Support Tools

A set of DST’s were custom developed for the NARA process to allow NARA Leadership to make fact-based decisions. This included development of a customized
Phase and Gate Process for the NARA project. A summarized version is shown in
Figure PG-ES.7. The Phase and Gate Process includes Phases to cover the project as
it progresses from initiation to completion. For each Phase, there are a comprehensive set of elements that need to be considered. These elements include: Technical; Market; Partnering; Business Model and Supply Chain Integration; Manufacturing; Financial; Health; Safety; Legal; Regulatory and Environmental; and Intellectual
Asset Management. At each Phase, some elements are more critical to focus on
than others, but all should be assessed to make sure that nothing is missed in that
Phase. At the end of each Phase, there is a Gate. These Gates may include a formal
Gate Review with a Gatekeeper making the decision to proceed with the next phase.

Alternative IBR's
Quantify Investable IRR at Commercial Scale
Co-product Development & Industrial Partners
LCA Sensitivity
Location of Future Facilities
Pathway to Commercial Scale
Public-Private Partnerships for Lowering IRR Requirement
Reach and Engage Policy Makers
Real World Impacts of Biomass Removal

Tracking Sheet

Leads

Template

CPM

Graphic CPM

Figure PG-ES.5. 1000 Gal Jet Fuel Production CPM’s

J Gao
G Marrs
T Spink
I Eastin & G Johnston
J Hatten & N Martinkus
T Spink
P Moulton, R Cavalieri & M Wolcott
M Gaffney
G Johnson & J Sessions

NARA Phase & Gate Process
Revised 9/6/2012

Gate 1
Phase 1
Feasibility Analysis
Determine the most feasible approaches &
downselect

1

Gate 2
Phase 2
Feasibility Validation

Optimize approaches across supply chain &
validate for scale up

2

Gate 3
Phase 3
Scale Up Readiness

Demonstrate scale up & next scale planning
for supply chain

3

Gate 4
Phase 4
Commericial Options

Technical

-Techni ca l a pproa ch demons tra ted a t l a b -Techni ca l a pproa ch demons tra ted a t
s ca l e or regi ona l pl ot s ca l e w/target FS
pi l ot s ca l e

-Techni ca l a pproa ch demons tra ted a t
demo s ca l e or l a rge, mul ti pl e regi on
s ca l e

-Integra ted techni ca l proces s compl ete &
commerci a l s ca l e des i gn rea dy

Market

-Ma rket s egmentati on compl ete s el ected -Product tes ti ng a t l a b or pi l ot s ca l e
& produ ct fi t vetted

-Produ ct tes ted wi th cu s tomer a t l a b,
pi l ot or demo s ca l e & a pproved for
l i mi ted commerci a l us e or fi na l tes ti ng

-Fi na l product tes ti ng compl ete, product
a ccepted by cus tomer & pl a n for
commerci a l us e

Partnership, Business Model,
Supply Chain Integration

-Determi ne bes t pa rtners for goi ng to
ma rket

-Pa rtner rel a ti ons hi ps i n pl a ce &
bus i nes s model s ma pped

-Speci fi c rel a ti ons hi ps for regi ons of
i nteres t

-Ta rget s i tes s el ected for bi orefi nery wi th
fa vora bl e l ogi s ti cs & communi ty s upport

Figure PG-ES.6. Tracking Sheet for Specialty CPM’s

Manufacturing

-Ma nufa cturi ng a l terna ti ves & rea di nes s
cons i dered a l ong s i de technol ogy
devel opment

-Ma nufa cturi ng proces s i denti fi ed & hi gh -Ma nufa cturi ng proces s des i gn model ed
l evel ca pex/economi cs eva l ua ted
& ca pex/opex economi cs es ti ma ted

-Ma nufa cturi ng proces s des i gn a nd
ca pex/opex es ti ma te compl ete

The second type of MST’s was used to further facilitate timely completion of NARA’s
overall deliverables. This involved formal identification of the cross-team interactions and CPM’s required to complete major portions of the NARA project. For each
key project area, cross-team meetings were developed toward that specific project
area to ensure communication, transfer of knowledge on key milestones, and to
iron out any timing or other issues. Cross-team meetings were held at NARA Annual
Meetings based on the specific project areas that needed focus, in addition to using
ad hoc face-to-face meetings and regular conference calls between Annual Meetings. These were a very effective means of creating team interaction and tight focus
on specific project areas.

Financial

-Proces s economi c es ti ma te compl ete
ba s ed on ba ckground a nd l a b
i nforma ti on

-Proces s economi c es ti ma te revi s ed
ba s ed i n pi l ot s ca l e work

-Proces s economi c es ti ma te revi s ed
ba s ed i n demo s ca l e & focus a rea cos t
i mprovement work

-Revi s ed Sl a s h to Fuel economi c
es ti ma te compl ete & s how fa vora bl e ROI

Health, Safety, Legal, Regulatory,
Environmental

-HSLRE i s s ues i denti fi ed for a l l proces s es -HSLRE i s s ues & proces s es unders tood
of s uppl y cha i n
for potenti a l commerci a l or demo s i tes

-HSLRE i s s ues & proces s es for
commerci a l s ca l e regi ona l s i tes i nput to
i denti fy bes t regi ona l s i tes

-HSLRE i s s ues & proces s es for
commerci a l s ca l e regi ona l s i tes
unders tood a nd i s s ues bei ng a ddres s ed

-Pa tent a ppl i ca ti ons compl ete

-Ri ght to pra cti ce compl ete

Intellectual Asset Management

-Pri or a rt s ea rch compl ete

-Pa tent a ppl i ca ti ons compl ete & govt
di s cl os ure

4

Provide options for commercialization

Figure PG-ES.7. Summarized Version of the NARA Phase and Gate Process

For the NARA project, Gate Reviews were used at two critical junctures. A Gate 1/2
was used for the downselect to the NARA-preferred wood pretreatment process.
A specialized Gate template was developed. The Gate 1/2 Review compared the
Bisulfite and Wet Oxidation pretreatment processes in all of the elements. After
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preparing a comprehensive Gate 1/2 Packet, and completing a facilitated review,
the decision was made to downselect to the Bisulfite pretreatment process, and
the decision process was documented in a Gate Form. A Gate 3 was used at the
second critical juncture for making the decision to invest in the production of 1000
gal jet fuel and where to complete the conversion of wood to jet fuel. A custom Gate
template was created, as this was a major funding decision for NARA Leadership.
The expenditure and timeline outlined in the Gate 3 Review did not meet the NARA
requirements so the Gate was not passed. A Gate 3 Review Recycle was completed
with the revised budget and timeline for the production of 1000 gal jet fuel. This
was approved by Gatekeeper Ralph Cavalieri and documented on a Gate Form
(Figure PG-ES.8).
Gate 3 Review Recycle Form – Start Up Readiness

INTRODUCTION
NARA is a complex and comprehensive project. To enable effective management
and decision making, several MST’s and DST’s were developed and used throughout
the project. The MST’s include CPM mapping for the project and subcomponents
of the project. The CPM’s also highlighted the critical areas for formal cross-team
meetings to focus on achieving the deliverables and enhance communication. DST’s
were also created to enable fact-based decision making. The DST’s included a Phase
and Gate process, Gate templates and facilitated Gate Reviews.

NARA Confidential

Date: August 7, 2015
Topic Reviewed:
•
•

Schedule for production of 1000 Gal Jet: Completion on 2/9/2016
Overall cost for production of 1000 Gal Jet and budget recommendation

Reviewers:
• Ralph Cavalieri, NARA Project Director (Gatekeeper)
• Mike Wolcott, NARA Associate Project Director (Advisor to Gatekeeper)
Overall Budget Authority for 1000 Gal Jet:
•

$ 1,513,000 additional expense / 1,600,000 total

Pending receipt of ICM estimate within the proposed budget

Gatekeeper Signature:

Date:

!
August!7,!2015!
!

Figure PG-ES.8. Gate 3 Review Recycle Approval Form

The DST’s developed for NARA have been effective at providing the structure and
information necessary for NARA Leadership to make fact-based decisions. It was important that the Phase and Gate Process and the Gate templates be customized for
a project like NARA, where it is more than research, but not building a commercial
process. The processes developed for NARA worked well for the nature and deliverables of the project.
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TASK 1: DEVELOP AND REFINE CPM’S FOR ALL NARA TEAMS
Task Objective

The objective of Task 1 is to develop CPM’s for the NARA project. CPM’s are one of
the MST’s created for the NARA project. This will enable NARA Leadership and teams
to understand the timeline required for completion of major milestones across the
project. Team interdependencies are highlighted as well. The CPM’s are revised as
the project progresses to provide guidance on cross-team dependent milestones so
that the NARA deliverables can be met.

Methodology

CPM’s are developed for different levels of the NARA project. To better understand
the connectedness and dependencies of the NARA project, a map of the overall
NARA project (Figure PG-1.1) was developed based on a mapping of initial milestones developed by each team (Figure PG-1.2). The first set of CPM’s developed
was for the overall NARA project, by year. The NARA project is extremely complex,
with different key milestones being completed by different teams, some of which
are needed for other teams to complete their work. The CPM’s for the overall NARA
project provide a view of these important interdependencies, as well as an understanding of the completion timing of critical deliverables and milestones. Figure
PG-1.2 shows the overall project CPM’s by year. These were revised with slight
changes in the NARA team scope of work and with timeline revisions.

Figure PG-1.1. Deliverable Map of Overall NARA Project
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NARA Milestone Timeline
Revised 10/8/2012

Supply Chain Element
Feedstock (Cavalieri / WSU)

Year 1

Development (Cavalieri / WSU)
Phenomi cs a na l ys i s for reduced l i gni n SW & fi na l report (Kirchhoff)
Sa mpl e col l ecti on & combi ne w/ phenotypi c da ta (Jayawickrama)
Identi fy SNP genotypes (Jayawickrama)
Rel a ti ons hi ps between mul ti pl e da ta s ources & fi na l report (Jayawickrama)

Logistics (Sessions / OSU)
Cos t & qua l i ty of PNW FS by regi on (Marrs)
FS qua l i ty pa ra meter va ri a ti on & i mpa ct on convers i on (Marrs)
FS va l ue l i ft / cos t reducti on l ogi s ti cs i mprovements (Marrs)
FS Recovery coeffi ci ents for OR, WA, ID, MT (Sessions)
Moi s ture ma na gement s tra tegi es & model s (Sessions)
Refi ne col l ecti on & tra ns port model s for regi ons (Sessions)
Gri ndi ng & chi ppi ng producti on / cos ts for a l terna ti ve FS s pecs (Sessions)
New tra i l er des i gns to i mprove tra ns port (Sessions)
Hea l th & s a fety procedures (Sessions)
Synthes i s of Logi s ti cs & fi na l report (Sessions)

Conversion (Cavalieri / WSU)

Year 2

Year 3

Year 4

Year 5

Since the overall CPM’s are all encompassing, CPM’s were also developed for the
three major portions of the NARA project: Biorefinery, Communities and Education.
These are shown in Figures PG-ES.2 and PG-ES.3. Breaking the CPM’s into these major portions allows for better focus on the dependencies of work between the team,
enabling better cross team coordination. A key take away from the CPM’s by major
area was the ability to develop cross-team meetings around the key deliverables in
each major area. This is captured in Task 3 of this report.

Pretreatment (Cavalieri / WSU)
SPORL opti mi za ti on for DF/WH a t l a b bench s ca l e (Zhu)
SPORL opti mi za ti on for DF/WH a t pi l ot s ca l e (Zhu)
Indus tri a l pi l ot s ca l e producti on of SPORL PT ma teri a l (Zhu)
Fi na l report (Zhu)
Chemi ca l compos i ti ons of DF/WH (Zhang)
Hi gh througput PT s creeni ng to i denti fy bes t FS (Zhang)
Opti mi ze l a rge s ca l e PT a nd l i gni n for product devel opment (Zhang)
Fi na l report (Zhang)
PT FS s a mpl e s (Ahring)
Opti mi ze PT (Zhang)
Fi na l report (Ahring)

Aviation Fuels (Schmalisch / Gevo)
Toxi ci ty of PT FS for fermenta ti on (Schmalisch)
Ada pt yea s t to PT FS h ydrol yza te (Schmalisch)
1L ba tch i s obuta nol from PT FS s uga rs & a da pted yea s t (Schmalisch)
Economi cs of wood to i s obuta nol to jet (Schmalisch)
1L GIFT® i s obuta nol from PT bi oma s s s uga rs & a da pted yea s t (Schmalisch)
Is obuta nol a na l ys i s & ma s s ba l a nce; determi ne i mpuri ti es (Schmalisch)
20L GIFT®SSF i s obuta nol from PT bi oma s s s uga rs (Schmalisch)
1000 Ga l GIFT®SSF i s obuta nol & bi ojet producti on (Schmalisch)
Fi na l report (Schmalisch)
Bi oChemCa t fermenta ti on for pl a tform mol ecul es (Ahring)
Ca ta l ys i s of pl a tform mol ecul e to bi ojet (Ahring)
Fi na l report (Ahring)

Co-Products (Spink / TSI)
Li gni n i s ol a ti on, cha ra cteri za ti on & deri va ti za ti on (Sarkanen)
Pl a s ti ci zers for l i gni n-ba s ed pol ymeri c ma teri a l s (Sarkanen)

To provide the next level of MST’s, the CPM’s for the three major areas were further
broken down into CPM’s for key deliverables. A hallmark area is the production of
1000 Gal Jet and the CPM’s for this were developed for Years 4 and 5, the timeframe
when this deliverable was being worked. The final CPM’s for the production of 1000
gal jet fuel in Year 5 is shown in Figure PG-ES.5. These CPM’s were used to revise the
initial Gantt chart schedule for the production of 1000 gal jet fuel and to ensure that
the deliverables would be completed by the end of the NARA project.

Proces s a bi l i ty of l i gni n-ba s ed pl a s ti cs (Sarkanen)
Fi na l report (Sarkanen)
SPORL l i gni n i s ol a ti on & cha ra cteri za ti on (Fish)
Convert l i gni n to hi gh s urfa ce a rea a cti va ted ca rbon (Fish)
Na no l i gni n for ca rbon bl a ck repl a cement (Fish)
Fi na l report (Fish)
Aroma ti c-a l i pha ti c pol yethers us i ng l i gnomers (Zhang, Wolcott)
Expoxi es us i ng l i gnomers (Zhang, Wolcott)
Uns a tura ted pol yes ter res i ns us i ng l i gnomer-deri ved vi nyl monomers (Zhang, Wolcott)
Fi na l report (Zhang, Wolcott)

System Metrics (Wolcott / WSU)
LCA (Eastin / UW)
Revi ew da ta on FS a va i l a bi l i ty, col l ecti on & proces s i ng (Eastin)
Li tera ture, LCA, peer revi ew, Env Product Decl a ra ti on (EPD ) (Eastin)
Communi ty economi c i mpa ct (Eastin)

Sustainable Production (Johnson / WY)
Pre-trea tment s i te s el ecti on & a s s es s ement (Holub)
Impl ement trea tments (Holub)
Pl ot ma i ntena nce (Holub)
Pos t-trea tment yr 2 a s s es s ment & fi na l report (Holub)
Pres cri pti ons for publ i c l a ndca pes for regi ona l s uppl y model (Bailey)
Devel op model s & tool s for publ i c deci s i on ma kers for FS yi el ds (Bailey)
Es ta bl i s h l a rge s ca l e a da pti ve ma na gement s tudi es (Bailey)
Improve model s & tool s by a ppl i ca ti on of yr 1 res ul ts to l a rge s ca l e experi ments (Bailey)
Devel op prel i mi na ry bi oma s s model & s uppl y s urves for OR, WA, ID, MT (Adams)
Improve bi oma s s s uppl y s urves for OR, WA, ID, MT (Adams)
Model a l terna ti ve pl a nt l oca ti ons a nd ca pa ci ti es & fi na l report (Adams)
Devel op a l l ometri c eqn for ma na ged s ta nds for LTSP (Maguire)
Es ti ma te nutri ent & ca rbon remova l s for bi oma s s ha rves ti ng (Maguire)
Determi ne s us ta i na bl e l evel s of bi oenergy FS for s i l vi cul tura l i ntens i ti es (Maguire)
Es ti ma te cha nges i n LTSP under cl i ma te cha nge s cena ri os (Maguire)
Synthes i s of res ul ts & fi na l report (Maguire)
Env i mpa ct a na l ys i s s a mpl i ng pl a ns & methods (Barber, Lamb)
Env i mpa ct a na l ys i s fi el d s a mpl i ng (Barber)
Env i mpa ct a na l ys i s wa ter res ources model s (Barber)
Env i mpa ct a na l ys i s a tmos heri c model s (Lamb)
Fi na l env i mpa ct a na l ys i s report (Barber, Lamb)
Wi l dl i fe i mpa ct prel i mi na ry regi ona l model s for future model runs (Betts)
Wi l dl i fe i mpa ct from LTSP, fores t hea l th trea tments & regi ona l bi oma s s s i mul a ti on (Betts)
Fi na l report (Betts)
New & exi s ti ng "ea s t s i de" fores t i nventory; other da ta for "wes t s i de" model s (Morgan)
Upda te pri ma ry mi l l res i due & ca pa ci ty i nfo for 4 s ta te regi on (Morgan)
Upda te l oggi ng & fores t res i due i nfo for 4 s ta te regi on (Morgan)
Fi na l report on fores t res i due a nd pri ma ry/s econda ry mi l l res i due (Morgan)
MSW/C&D bi oma s s i nventory for NARA regi on (Englund)
Inventory for NARA communi ti es (Englund)
Recovery s tra tegi es of bi oma s s from MSW a nd C&D (Englund)
QC/product s peci fi ca ti ons for FS (Englund)
Fi na l report (Englund)

Environmentally Preferred Products (EPP) (P. Smith / PSU)
Publ i c s ta kehol der da ta , ma rket-s peci fi c a s s ets i denti fi ed (Smith / PSU, Lovrich)
Sus ta i na bi l i ty a pproa ches i denti fi ed (Smith / UMinn)
Regi ona l bi oenergy s ta kehol der percepti ons i denti fi ed (Smith / PSU, Yadama, Wolcott, Eastin, Gaffney)
Informed s ta kehol der i ntera cti on & opera ti ona l i za ti on (Smith / PSU, Yadama, Wolcott, Eastin, Gaffney)
NW envi ronmenta l forum (Smith / PSU, Yadama, Wolcott, Eastin)
Refi ne opera ti ona l i za ti on & s el ect a ddi ti ona l NARA communi ty s i te s (Smith / PSU)
Jet fuel ma rket/economi c, envi ronmenta l & s oci a l a s s es s ment (Smith / PSU)
Bi oproduct pol ymer ma rket/economi c, envi ronmenta l & s oci a l a s s es s ment (Smith / PSU)
Prototype for meth odol ogi es i ntegra ted i nto EPP protocol (Smith / PSU, UMinn)
Fi na l report (Smith / PSU)

Education (Wolcott / WSU)
Education (Hollenhorst / WWU)
Ini ti a te rel a ti ons hi ps wi th regi ona l coopera tors (Hollenhorst)
Li a i s on wi th Tri bes (Schwartz)
Tri ba l energy res ea rch project 1 (Schwartz)
Tri ba l energy res ea rch project 2 (Schwartz)
Tri ba l energy res ea rch project 3 (Schwartz)
Green STEM K-12 Students (MOSS) (Laninga)
Green STEM K-12 Tea ch ers (MOSS) (Laninga)
Fa ci ng Future energy curri cul um web del i very (Hendrickson)
Green STEM fi na l report (Laninga)
B-IdeX communi ty des i gn 1 (Wolcott/Hollenhorst)
B-IdeX communi ty des i gn 2 (Wolcott/Laninga)
B-IdeX communi ty des i gn 3 (Wolcott/Laninga)
B-IdeX communi ty des i gn 4 (Wolcott/Laninga)
B-IdeX communi ty des i gn 5 (Wolcott/Laninga)
Ima gi ne Tomorrow wi th bi ofuel s & fi na l report (Haselbach)
Recrui t experi ence for undergra dua tes (REU-BF) & fi na l report (Pressley)
Recrui t experi ence for undergra dua tes (REU-SKU) & fi na l report (Leighton)

Outreach (Wolcott / WSU)
Outreach (Yadama / WSU)
Technol ogy tra ns fer mecha ni s ms es ta bl i s hed (Yadama)
NARA tea m i nforma ti on coordi na ted & compi l ed (Yadama)
Outrea ch a cti vi ty pl a nned (Yadama)
Fores t Bus i nes s Network pa rtners hi p i n pl a ce (Yadama)
Suppl y cha i n coa l i ti ons bui l t (Yadama)
NARA communi ty devel opment pl a n (Yadama)
Pi l ot communi ti es - coordi na te wi th & a s s i s t Educa ti on tea m (Yadama)
NARA communi ty devel opment 1-n (Yadama)
Monta na Sta te Uni v NARA Extens i on Ini ti a ti ve (Kolb)
Uni v of Monta na NARA Extens i on Ini ti a ti ve (Morgan)
Oregon Sta te Uni v NARA Extens i on Ini ti a ti ve (Leavengood)
Uni v of Ida ho NARA Extens i on Ini ti a ti ve (Brooks)
Fores t Servi ce PNW Res ea rch Sta ti on NARA Extens i on Ini ti a ti ve (Lowell)
Stra tegi c Bus i nes s Pl a n & Fea s i bi l i ty Ana l ys i s (Stanton)
Extens i on Outrea ch s tra tegy (Stanton)
Devel opment Pl a n for GWR Spons ored NARA Tree Fa rm (Stanton)
Ruckel s ha us l ea ders hi p tea m & s ta kehol der a dvi s ory boa rd devel oped (Kern)
Ruckel s ha us meeti ng fa ci l i ta ti on & pol i cy ma kers i nformed (Kern)
Ruckel s ha us s urvey & a s s es s ment on s oci a l & techni ca l a s pects (Kern)
Ruckel s ha us fi na l report (Kern)

Figure PG-1.2. Initial Overall NARA Milestones
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Through feedback from the NARA team, the USDA NIFA and the Advisory Board,
there were nine additional deliverable focus areas identified. Specialty CPM’s were
developed for eight of these (Figures PG-1.3 through PG-1.10). For each Specialty
CPM, there was a tracking sheet for milestone completion developed. In addition,
an overall tracking sheet (Figure PG-6) was put in place to provide a summary of the
status of the Specialty CPM’s.

Figure PG-1.4. Specialty CPM’s for Quantifying Investable IRR at Commerical Scale

Figure PG-1.3. Specialty CPM’s for Alternative Integrated Biorefineries

Figure PG-1.5. Specialty CPM’s for Co-product Development and Industrial Partners
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Figure PG-1.7. Specialty CPM’s for Location of Future Facilities

Figure PG-1.6. Specialty CPM’s for LCA Sensitivity

Figure PG-1.8. Specialty CPM’s for Pathway to Commercial Scale
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Results

The mapping of the CPM’s for the NARA project, from the overall project level down
to a level focusing on a specific deliverable, was an effective method of understanding how project team work is inter-related at a high level and at a more granular
level. It allowed the development of cross-team efforts toward making sure the
specific deliverables in an area were completed and that interdependent tasks were
completed in a timely enough and with the right information to be used by the
other team stakeholders. The CPM’s were revised as the project progressed and enabled NARA Leadership to focus on the areas needed to move the project forward.

Conclusions/Discussion

Figure PG-1.9. Specialty CPM’s for Reaching and Engaging Policy Makers

Utilization of MST’s, specifically CPM’s, is a very effective way to visualize and manage interdependencies in key team milestones for a project that is as complex and
broad reaching as NARA. The use of CPM’s for the overall project level, as well as for
major project elements and key specialty deliverables, allows project leaders to focus on the important milestones at a high level and at a more granular level. Using
the CPM methodology for specific deliverables is very important for making sure all
milestones toward that deliverable are coordinated and completed in the proper
timing. One important result of using CPM’s is that cross team interdependencies
in milestones can be established and managed more effectively. It is recommended
that that overall project CPM’s be established for future projects at the proposal
phase so that budget, work statement and team planning can be effectively managed during the planning phase of the project.

Figure PG-1.10. Specialty CPM’s for Real World Impacts of Biomass Removal
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TASK 2: DEVELOP GATE FRAMEWORKS
TO SUPPORT DECISIONS
Task Objective

NARA Phase & Gate Process

Develop and utilize Phase and Gate processes to be used by NARA Leadership as
DST’s.

Revised 9/6/2012

Gate 1
Phase 1
Feasibility Analysis

Methodology

Determine the most feasible approaches &
downselect

The NARA project is unique and complex in that it seeks to develop a commercially
ready sustainable aviation fuel process using a large, diversely located team. NARA
encompasses both research and pilot level deliverables, which will set the foundation for future commercialization. In addition, the teams are comprised of both
academic and commercial entities that generally have different focuses. Typically,
Phase and Gate processes are built to focus on either Research and Development
or Commercial Development. NARA crosses both of these, so a customized Phase
and Gate process was developed to span the range of NARA activities and
deliverables (Figure PG-2.1). The Phase and Gate process requires assessing across
a compre-hensive set of elements, including: Technical; Market; Partnership,
Business Model and Supply Chain Integration; Manufacturing; Financial; Health;
Safety; Legal; Regu-latory and Environmental; and Intellectual Asset Management.
In addition, custom Gate templates and forms were developed and utilized for Gate
Reviews where NARA Leadership was making critical decisions.

Results

The NARA-specific Phase and Gate process was utilized when important NARA
project decisions were made. The process starts with Phase 1: Feasibility Analysis,
where the comparison of approaches and research results is completed. This may
involve the removal of a program, which was done with the feedstock genetics
program.
During Phase 1, NARA initially had four pretreatment approaches. Those were
assessed for commercial feasibility. Based on the comparative feasibility results, the
acid hydrolysis pretreatment was eliminated. The SPORL and Mild Bisulfite pretreatments delivered similar results and were combined into one Bisulfite approach for
Phase 2, leaving two pretreatment options for Phase 2, Bisulfite and Wet Oxidation.
Phase 2: Feasibility Validation, allows programs to be optimized across the supply
chain and to be validated for their scale-up potential. During the NARA project, the
two remaining pretreatment processes, Bisulfite and Wet Oxidation, were comparatively assessed for commercial applicability. This involved reviewing each process
across all the elements of the Phase and Gate process. A comprehensive Gate Packet was developed comparing the two pretreatment processes in each of the Phase

Technical

Gate 2
Phase 2
Feasibility Validation

1

Optimize approaches across supply chain &
validate for scale up

2

Gate 3
Phase 3
Scale Up Readiness

Demonstrate scale up & next scale planning
for supply chain

-Techni ca l a pproa ch demons tra ted a t l a b -Techni ca l a pproa ch demons tra ted a t
s ca l e or regi ona l pl ot s ca l e w/ta rget FS
pi l ot s ca l e or mul ti pl e regi on s ca l e

-Techni ca l a pproa ch demons tra ted a t
demo s ca l e or l a rge, mul ti pl e regi on
s ca l e

-Suppl y cha i n i ntera cti ons determi ned
through l a b a s s es s ment &
i ncompa ti bi l i ti es res ol ved

-Suppl y cha i n compa ti bi l i ty proven
through ba tch proces s i ng

-Suppl y cha i n compa ti bi l i ty proven
through s emi -i ntegra ted or l a rge ba tch
proces s i ng

-Hi gh l evel M&E ba l a nce a s s es s ed

-M&E ba l a nce known

-M&E ba l a nce confi rmed a t demo s ca l e

3

Gate 4
Phase 4
Commericial Options

4

Provide options for commercialization
-Integra ted techni ca l proces s compl ete &
commerci a l s ca l e des i gn rea dy

-Input a nd output s peci fi ca ti ons i n pl a ce -Improve cos t on cri ti ca l uni t opera ti ons

Market

-Ma rket s egmenta ti on compl ete s el ected -Product tes ted wi th cus tomer a t l a b or
& product fi t vetted
pi l ot s ca l e & a pproved for l a rger s ca l e
tes ts

-Product tes ted wi th cus tomer a t pi l ot or
demo s ca l e & a pproved for l i mi ted
commerci a l us e or fi na l tes ti ng

-Fi na l product tes ti ng compl ete, product
a ccepted by cus tomer & pl a n for
commerci a l us e

-Va l ue propos i ti on a rti cul a ted & product -Dema nd / pri ce es ti ma tes &
fi t vetted
confi rma ti on of va l ue propos i ti on
compl ete

-Dema nd / pri ce es ti ma tes &
-Fi na l dema nd a nd pri ce es ti ma tes
confi rma ti on of va l ue propos i ti on revi s ed compl ete

-Speci fi ca ti ons for ma rket us e
es ta bl i s hed

-Deta i l ed s peci fi ca ti ons i n pl a ce

-Ra w ma teri a l s uppl y a nd cos t
unders tood. Sel ect s peci fi c ta rget
regi ons .

-Ra w ma teri a l s uppl y & qua l i ty vetted for
ta rget regi ons

-Determi ne bes t pa rtners for goi ng to
ma rket

-Pa rtner rel a ti ons hi ps i n pl a ce & bus i nes s -Speci
modelfiscma
relpped
a ti ons hi ps for regi ons of
i nteres t

-Ta rget s i tes s el ected for bi orefi nery wi th
fa vora bl e l ogi s ti cs & communi ty s upport

-Suppl y cha i n repres ented i n regi on

-Cha nnel s to ma rket i denti fi ed &
pa rtners hi ps i n pl a ce

-Suppl y cha i n coa l i ti on i n pl a ce &
focus s ed on res ol vi ng ba rri ers for ta rget
regi ons

-Commerci a l s uppl y cha i n des i gn for
s el ected regi ons

-Logi s ti cs routes to ma rket i denti fi ed for
regi ons of i nteres t

-Speci fi c s uppl y cha i n l ogi s ti cs ma pped
for ta rget regi ons

-Ta rget bi orefi nery s i tes s el ected

-Regi ona l a ccepta nce for bi o-refi nery
determi ned

-Short l i s t of regi ona l bi o-refi nery
l oca ti ons i denti fi ed

Manufacturing

-Ma nufa cturi ng a l terna ti ves & rea di nes s
cons i dered a l ong s i de technol ogy
devel opment

-Ma nufa cturi ng proces s i denti fi ed & hi gh -Ma nufa cturi ng proces s des i gn model ed
l evel ca pex/economi cs eva l ua ted
& ca pex/opex economi cs es ti ma ted

-Ma nufa cturi ng proces s des i gn a nd
ca pex/opex es ti ma te compl ete

Financial

-Proces s economi c es ti ma te compl ete

-Proces s economi c es ti ma te revi s ed
ba s ed i n pi l ot s ca l e work

-Proces s economi c es ti ma te revi s ed
ba s ed i n demo s ca l e & focus a rea cos t
i mprovement work

-Revi s ed Sl a s h to Fuel economi c
es ti ma te compl ete & s how fa vora bl e ROI

-Hi gh l evel Sl a s h to Fuel economi c
es ti ma te compl ete i ndi ca tes current
a pproa ch economi ca l

-Revi s ed Sl a s h to Fuel economi c
es ti ma te compl ete.

-Revi s ed Sl a s h to Fuel economi c
-Economi cs i ncl ude a s ens i ti vi ty a na l ys i s
es ti ma te compl ete, i ncl udi ng ca pex/opex to hi ghl i ght a rea s for opti mi za ti on

Partnership, Business Model,
Supply Chain Integration

-Economi cs hi ghl i ght focus a rea s for cos t -Economi cs hi ghl i ght focus a rea s for cos t
i mprovement
i mprovement

Health, Safety, Legal, Regulatory,
Environmental

-HSLRE i s s ues i denti fi ed for a l l proces s es -HSLRE i s s ues & proces s es unders tood
of s uppl y cha i n
for s hort l i s t commerci a l s i tes

-HSLRE i s s ues & proces s es for
commerci a l s ca l e regi ona l s i tes i nput to
i denti fy bes t regi ona l s i tes

-HSLRE i s s ues & proces s es for
commerci a l s ca l e regi ona l s i tes
unders tood a nd i s s ues bei ng a ddres s ed

-HSLRE i s s ues & proces s es compl eted for -HSLRE i s s ues & proces s es for demo
pi l ot s ca l e
s ca l e s i tes a ddres s ed

Intellectual Asset Management

-Pa tent a ppl i ca ti ons compl ete & govt
di s cl os ure

-Pa tent a ppl i ca ti ons compl ete

-Ri ght to pra cti ce compl ete

-Pa tent a ppl i ca ti ons compl ete & govt
di s cl os ure

-Li cens es i dentfi ed

-Li cens es compl ete

-Tra dema rks i n pl a ce

-IAM s tra tegy dra ft

-Tra dema rk a ppl i ca ti ons compl ete

-Tra dema rk a ppl i ca ti ons compl ete

-IAM s tra tegy executed

-Li cens i ng of technol ogy a s requi red

-IAM s tra tegy compl ete

-IAM s tra tegy revi s ed & fol l owed

-Li cens i ng of technol ogy a s requi red

-Li cens i ng of technol ogy a s requi red

-Li cens i ng of technol ogy a s requi red

-Pri or a rt s ea rch compl ete

Figure PG-2.1. NARA Phase and Gate Process

element areas. A Gate Review was held, facilitated by Steadfast Management Inc.,
which decided to downselect the Bisulfite process as the NARA-preferred pretreatment process. The decision was documented in a Gate Form.
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Phase 3: Scale Up Readiness, provides for demonstration of the NARA processes at
pilot scale. The goal is to demonstrate what could be done at commercial scale. A
Gate 3 Review was held to approve the demonstration of producing jet fuel from
forest residuals. There were several options for where to complete the Bisulfite pretreatment, as well as significant budget and timing issues with the whole process
demonstration. The Gate 3 Review covers all of the Phase elements, and ultimately
it was concluded that the budget and timeline needed revision to fit what NARA
could support. Once the revisions were in place, a Gate 3 Review Recycle was held
covering the budget and timeline changes from the Gate 3 Review. The Gate 3
Review Recycle was approved and documented in a Gate Form (Figure PG-8). The
Gate 3 process required strong collaboration between teams, setting a standard for
cross team partnering. For the Gate 3 process, and all Phase and Gate processes,
templates, forms and facilitation were provided by Steadfast Management Inc.

Conclusions/Discussion

Phase and Gate methodology, when tailored to a project like NARA, is a very effective means for fact-based decision making. By addressing all of the elements, it
allows a holistic picture to compare processes for better decision making. Decisions
are formalized in a Gate Form and signed by the Gatekeeper. All projects, small or
large, should use a Phase and Gate methodology, if only to make sure the broad set
of elements are addressed and that all the information needed is presented and the
entire picture is reviewed before decisions are made.

Phase 4: Commercial Options, envisioned NARA facilitating commercial entity
partnerships for the implementation of the NARA process at commercial scale. Although NARA has worked with numerous external, commercial stakeholders,
there is not currently a certain path to commercialization. Therefore, there has
not been a need to hold a Gate 4 Review to discuss options for commercialization.
Many of the Specialty CPM’s are centered on developing commercial scale
pathways at returns that would make sense for partner investment.
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TASK 3: PROVIDE INPUT FOR CROSS TEAM INTERACTION
TO MEET CROSS CUTTING CRITICAL PATH MILESTONES
Task Objective

As CPM’s were developed, it became clear that extensive cross team collaboration
was required in order to meet the NARA deliverables. This task is aimed at identifying the specific deliverables where cross team work is required and the exact teams
that need to be working together.

Methodology

As discussed in Task 1 of this report, CPM’s have been developed for multiple levels
of the NARA Project, starting from an overview map of the project interdependencies to detailed CPM’s for specialty deliverables. For the completion of deliverables,
it often requires results from one team to be given to another team so they can
com-plete their work. This cross team interdependency is the norm in the NARA
project. As the CPM’s were developed, teams were developed around specific
deliverables, which included members from teams across NARA. These specific
cross team efforts were formalized into working groups where face-to-face and
conference call meet-ings were set up to work toward timely completion of CPM’s
required for the specific deliverable to be met. The cross team meetings are an
important MST to augment the CPM’s.

Results

The cross team groups, developed around specific deliverables, proved to be very
important for providing a coordinated approach to specific deliverables. Specific
teams were formed around Feedstocks, Conversion (including feedstock sourcing,
pretreatment, fermentation and coproducts), Regional Supply Chain
Development, Stakeholder Engagement, Life Cycle Assessment and others. Some
specific deliv-erable areas remained the same over the years and other areas were
identified for a short period until the work was complete. Team meetings were
centered around the NARA Annual Meeting and then continued by conference call
and ad hoc face-to-face meetings. Some teams adopted regular face-to-face
meetings because

they found them to be so effective. For a team as geographically dispersed and
with such a wide range of work products, it would seem natural to have cross team
meetings. However, in NARA, we found that most individual teams focus on what
they need to accomplish and do not manage the interfaces with other teams well.
This is where the CPM’s, and the early identification of cross team efforts, were
very valuable. By developing cross team efforts around goals for deliverables, it
provid-ed a common focus. Leaders were appointed for each cross team effort to
make sure the work was driving to the deliverables. These cross team efforts
became so important that there was often not enough time adjacent to the NARA
Annual Meetings to fit all the cross team meetings. This was especially the case
because some team members were on multiple cross team efforts, and in some
cases, NARA members, not necessarily a part of the cross team but with an
interest, wanted to participate to learn. Overall, the cross team groups became an
important MST for managing the NARA project.

Conclusions/Discussion

Cross team groups, focused on specific deliverables identified by the CPM’s, are
a very important MST. They serve to provide work alignment, both in output and
timing, and to educate team members on what other teams are doing. When cross
teams are developed based on the CPM’s, they become powerful management
tools for complex projects like NARA. It is recommended that cross team be used in
tandem with CPM’s from as early as proposal phase. If cross teams are utilized
when a proposal is developed, there will be less overlap in work scope and better
Gantt chart development by each proposal team. In a complex project, it is often
difficult for individual teams and team members to understand how their work is
connected to the overall work of others and the project as a whole. By utilizing cross
teams during proposal development, it will provide this context from the beginning
of the project.
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NARA OUTPUTS
NARA Outputs from the Phase and Gate Administration
effort include:
•
•
•
•
•
•
•
•
•
•
•

Overall map of the NARA project and process
CPM’s for the overall NARA project
CPM’s for the major NARA focus areas: Biorefinery, Communities and Education
CPM’s for production of 1000 gal jet fuel
Specialty CPM’s for eight deliverable topics
Tracking sheets for Specialty CPM’s
Customized NARA Phase and Gate process
Customized Gate packet templates and Gate Review Decision forms
Gate 1/2, Gate 3 and Gate 3 Recycle Review packets and decision forms
Lists of recommended cross team meetings based on CPM’s and deliverables
Cross team meetings at three NARA Annual Meetings plus many other ad hoc
face-to-face and conference call meetings
• Four presentations on Phase and Gate Administration at Annual Meetings.
Focus on CPM’s and how the methodologies are used at MST’s and DST’s.

NARA OUTCOMES
NARA Outcomes from the Phase and Gate Administration effort include the
following changes in knowledge:
• Understanding of the interdependencies of the NARA project by team
members through NARA mapping, creation of CPM’s and development of
cross team focus areas.
• Better informed decision making by use of the Phase and Gate process.
NARA Outcomes from the Phase and Gate Administration effort include the
following changes in action:
• Adoption of the Phase and Gate process for major NARA decision points to
provide holistic, fact-based decisions. Specifically, decisions for removal of
programs, down-selection to the NARA-preferred pretreatment and proceeding
with the production of 1000 gal jet fuel.
• Use of mapping of the NARA project and processes and development of CPM’s
allowed teams to understand how their part of the project fits with other parts
and to work more effectively.
• Cross team coordination meetings provided focus on key deliverables and
enabled more timely flow of information between teams.
NARA Outcomes from the Phase and Gate Administration effort include the
following changes in condition:
• The use of CPM’s, deliverable-based cross teams and Phase and Gate
methodologies provided for better management of the NARA project.
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FUTURE DEVELOPMENT
Future projects based on NARA results or projects with the complexity of NARA
should employ MST’s and DST’s similar to NARA. CPM development and deliverable-based cross teams are effective and would be even more effective is used
during the proposal phase. These approaches may provide for less overlap in scope
of work and less need for refinement in work scope over the project life. These tools
also provide a better picture of the overall project and how the team deliverables
fit together, enabling more effective budget and timeline management. In addition, projects should use a Phase and Gate process to enable informed, fact-based
decisions. A Phase and Gate process can be tailored to a project. Introduction
of the Phase and Gate methodology and expected elements in a Phase and Gate
templates early in the project, provide a structured approach for teamwork product management and decisions. Overall these MST’s and DST’s proved valuable for
NARA and should be employed in other projects.
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