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Workshop Objectives

Gain a high-level understanding of the value of information decision framing
and evaluation workflow and how to use it to develop robust pilot testing
strategies to de-risk projects.

= Understand the fundamentals of valuing information & de-rising projects with
pilots or tests.

= Learn a step-wise workflow to frame and evaluate pilot value information
decisions.

= Learn to conduct “uncertainty reduction” assessment interviews.
= Become familiar with uncertainty reduction vs. cost plots.

= Use decision trees to value pilot test options considering 100% reliable and
imperfect information pilot tests.
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Agenda

Detall

08:00 Introductions & Objectives Discussion: What do we hope to accomplish today?
08:05 Fundamentals of VaIuing Information Lecture: What are the fundamentals of valuing information and the workflow
. o . ’ associated?
Workflow & Reliability of Information
09:20 Break
09:30  Pilot Framing Breakouts (separate Zoom Breakout: Frame alterative pilot designs
rooms)
10:45 Leave breakout — return to video feed
10:50 Uncertainty Reduction Forecasting & Lecture and Group Exercise: How do we interview teams to forecast
) } uncertainty reduction associated with tests? How do we develop & interpret
Confidence Plots confidence plots?
11:30 Valuing Alternative Pilot Designs Under what terms and conditions does the technology have value?
11:50 Wrap-up What did we learn? Where might we take this in our own companies?
12:00 Adjourn

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy.




VOI Fundamentals and Workflow

DECISION FRAMEWORKS APPROACH TO
FRAMING & VALUING INFORMATION




Product of a VOI Exercise

A glimpse of the future uncertainty we
would face, after acquiring new information.

= Uncertainty reduction

= Test accuracy of interpretation expert
interviews

An understanding of the monetary impact on
the decisions which would be affected.

= Better choices with more certainty

= Less suboptimal outcomes, or value
destruction
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Fundamentals of Valuing Information

New information allows us to “update” our view of key risks and uncertainties
in our projects.

That in turn, helps us make suboptimal decisions less often — hence, mitigating
our project risks through subsequent actions we take as a result of getting new
information.

How well information helps us do these two important things depends on how
accurate our new interpretation of our project risk or uncertainty will be.

Sometimes we “upgrade” our view of a project uncertainty, once we have new
information, and other times, we “downgrade”; but, either way, we are more
certain of the actions we are taking on our projects.
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Value-of-Information (VOI) Principles

The value of information is equal to the difference between:

= the value of an asset with new information, and
= the value of the same asset prior to acquiring the new information

= VOI = Asset value w/new info — Asset value w/out new info

To be valuable, new information must leave our assets better off then they
would be without it.

There must be a future decision, which can change, once new information is
acquired, for information to have the potential to add value.

We cannot change our view of an underlying uncertainty unless new
information is obtained.
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How valuable information will be for your project will depend
on the interplay of three important aspects

= Your project uncertainty today

= The magnitude of the uncertainty today
= The chance we will make a suboptimal decision without it

= The future decision you may impact

= The monetary impact (or pain) of a suboptimal future decision

= The quality of the information

= The accuracy of the new interpretation of the uncertainty, with new information
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Updating Our View of Project Uncertainties with New
Information



About this Case Example 1

The following case example was developed to explain the math
associated with uncertainty reduction forecasting from new information.

Given the interest in COVID-19 testing, we’ve developed this case
example and used a public article to make reasonable assumptions. All
numbers in the case are assumed.

The interesting article which guided our thinking may be found at:

= Title: “COVID-19 tests are far from perfect, but accuracy isn’t the
biggest problem, here’s what all those false positives and negatives
really mean,” by Maureen Ferran/The Conversation, May 7, 2020,
Popular Science. https://www.popsci.com/story/science/covid-test-
inaccuracies/
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https://www.popsci.com/story/science/covid-test-inaccuracies/

The math intrinsic in forecasting uncertainty reduction finds its
roots in Bayesian theory

Ben is experiencing possible COVID-19 symptoms and
contacts his doctor who sends him for a COVID-19 RT-PCR

swab test.
If Ben is positive for COVID-19, he needs to self isolate, and _ _
due to underlying conditions, may be prescribed medications Time 0 - Today's View It .
. . nterpre
to lessen the effects and or severity of the virus. BB Covid-19 Pos ’ 48.0%
. , ) Actual
For this example, let’s assume: 60.0% Covid-16 Pos /
) ] Interpret
= Ben’s doctor believes there is a 60% chance that Ben has \ Covid-19 Neg ‘ 12.0%
COVID-19 (based on his symptoms and the incidence of 20.0%
cases in his location),
Interpret
0, id- 0,
= The swab test is estimated to have an 80% clinical accuracy Actual 25.0% _ Covid-19 Pos ’ 10.0%
if a person truly has COVID-19, and Covid-19 Neg /
40.0% Interpret
= |s estimated to have a 75% clinical accuracy if a person \ Covid-19 Neg ‘ 30.0%
truly does NOT have COVID-19. 75.0%

= Question: If Ben tests negative for COVID-19, what is the
probability that he has COVID-19?
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Breaking it down to simple terms illustrates how updated
probabilities are calculated

Assume 100 similar patients get tested:

= How many positive COVID-19 patients are there?

= 60
Time 0 - Today's View
®* How many negative COVID-19 patients are there? Interpret
80.0% Covid-19 Pos 48.0%
" 40 Actual / ’
. . . . .09, id-
= How many positive COVID-19 patients will test negative? 60.0% _Covid-19 Pos Interpret
=12 \ Covid-19 Neg ‘ 12.0%
20.0%
= How many negative COVID-19 patients will test negative?
- 30 Interpret
25.0% Covid-19 Pos ’ 10.0%
] ) ) Actual /
® Chance Ben is NEGATIVE for COVID-19 if he tests negative: Covid-19 Neg
. . . 40.0% Interpret
= True COVID-19 negative patients/all who test negative \ Covid-19 Neg 30.0%
= 30/(30+12)=71.4% 75.0% ‘

=Chance Ben is POSITIVE for COVID-19 if he tests negative

= 100% - 71.4% = 28.6%

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy. 15




Ben Tests Negative for COVID-19 from the Swab test

Time 0 - Today's View Time 1 - Updated View
Interpret Actual
80.0% Covid-19 Pos 48.0% 82.8% Covid-19 Pos ’ 48.0%
Interpret
58.0% Covid-19 Pos

Actual
12.0% Covid-19 Neg ’ 10.0%
17.2%

Interpret
Covid-19 Neg

Actual /
60.0% Covid-19 Pos

-~ Actual

Interpret \
( 28.6%, Covid-19 Pos ’ 12.0%

25.0% Covid-19 Pos 10.0%

N -

o O <0

Interpret

Covid-19 Neg

Interpret 42.0% Actual

Covid-19 Neg 30.0% Covid-19 Neg 30.0%
’ 71.4% ’

40.0%

Actual /
Covid-19 Neg

If the test indicates Ben is negative for COVID-19, there is only a 71.4% probability that Ben, or any similar patient, actually is negative for COVID-19 - given
the numbers assumed in this example! How can this be?

Assume 100 similar patients get tested:

= 40 patients (40%) do not have COVID-19 and the tests identifies 30 of them as negative for COVID (75%), and

= 60 patients (60%) have COVID-19, but 12 of them are falsely flagged by the test as negative for COVID (20%).

The chance that Ben is negative for COVID-19, when the test indicates he is negative:
= No. of patients who are negative for COVID & test negative / All patients who test negative for COVID (the true negatives + the false negatives)

=30/(30+12) = 0.714 - S0, if Ben tests negative, there is still a 28.6% chance he has COVID-19.
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How can we be more certain that Ben is negative for COVID?

How can we be more certain that Ben actually is negative for COVID-19? Ben could take a second test. He could wait a
few days and run the same swab test again as sometimes it won’t pick up COVID if it’s too early in the virus presentation.
Or Ben could take the serological blood draw test right away which detects antibodies fighting the virus. For this example,
let’s assume Ben takes a serological test and let’s assume the test has 90% clinical accuracy for true COVID-19 positive
and 95% clinical accuracy for true COVID-19 negative.

Remember that since Ben tested negative once, he now has a different likelihood that he has COVID-19. He has a higher
chance of actually being negative for COVID-19. In this example, he now has a 71.4.% chance of actually being negative
for COVID-19 and 28.6% chance being positive. Remember before the first test, the doctor had estimated a 60% chance
that Ben had COVID-19.

Time 1 - After Testing Positive for Covid-19 from the 1st Test Time 2 - After Testing Positive in 1st Test & Having Taken 2nd Test
Interpret Actual
90.0% Covid-19 Pos ’ 25.7% 87.8% Covid-19 Pos ‘ 25.7%

7 ~ =~ Actual / Interpret
\28.6% Covid-19 Pos 29.3% Covid-19 Pos

S =7 Interpret Actual
Covid-19 Neg 2.9% Covid-19 Neg 3.6%
10.0% ’ 12.2% ‘

Actual
4,0% Covid-19 Pos . 2.9%

Interpret
Covid-19 Pos ’ 3.6%

Interpret
Covid-19 Neg
Interpret 70.7% Actual

Covid-19 Neg ‘ 67.8% Covid-19 Neg ’ 67.8%

5.0%

Actual /
~ =<\ Covid-19 Neg

‘ 71.4%, \

S

96.0%
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What is the chance Ben is COVID-19 negative if the second test
also indicates he is negative?

After testing negative for COVID-19 from the first test, Ben’s probability that he has COVID-19 dropped
from 60%, before the first test, to 28.6% probability after the first test. With the assumed clinical
accuracy of the second, serological test below, if the second test indicates Ben is COVID-19 negative,
the probability he will actually be COVID-19 negative is 96% (much improved from the 71.4%
probability of being COVID negative after the first test indicated that he was negative).

Time 1 - After Testing Positive for Covid-19 from the 1st Test Time 2 - After Testing Positive in 1st Test & Having Taken 2nd Test
Interpret SN Actual
90.0% Covid-19 Pos ’ 25.7% '\87.8%, Covid-19 Pos ‘ 25.7%
Interpret ==

Actual /
28.6% Covid-19 Pos

\ Interpret
Covid-19 Neg ’ 2.9%

10.0%

Interpret
5.0% Covid-19 Pos ’ 3.6%

29.3% Covid-19 Pos

/
N\

Actual
Covid-19 Neg ‘ 3.6%

Actual

Covid-19 Pos . 2.9%

Actual / Interpret
Covid-19 Neg Covid-19 Neg
71.4% \ Interpret 70.7% Actual
Covid-19 Neg 67.8% - Covid-19 Neg 67.8%
P ~
95.0% ’ 96.0%" ’

/
\

~ P s
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Two uncertainties are involved in forecasting uncertainty

reduction

and contacts history).

(1) Our view of the underlying uncertainty with today’s
knowledge (i.e., the doctor’s assessment that the patient actually
might have COVID-19 based on the patient’s symptoms, location

Time 0 - Today's View

Time 1 - Updated View

Interpret Actual
80.0% Covid-19 Pos ’ 48.0% 82.8% Covid-19 Pos ‘ 48.0%
Actual / Interpret
60.0% Covid-19 Pos 58.0% Covid-19 Pos
\ Interpret Actual
Covid-19 Neg ‘ 12.0% Covid-19 Neg ‘ 10.0%
20.0% 17.2%
Interpret Actual
25.0% Covid-19 Pos ’ 10.0% 28.6% Covid-19 Pos ’ 12.0%
Actual / Interpret
Covid-19 Neg Covid-19 Neg
40.0% \ Interpret 42.0% Actual
Covid-19 Neg ‘ 30.0% Covid-19 Neg ‘ 30.0%
75.0% 71.4%
b~
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(2) The accuracy of a given test to correctly indicate the true
state of nature (i.e., the test manufacturer’s purported
accuracy of the test given clinical conditions).




There are two products of an accuracy of information
interview assessment (Time 1 view)

(1) The updated probability of a true state of nature, given the different possible
test results (i.e., if the test indicates that the patient does not have COVID-19,
there is a 71.4% probability that he does not have COVID: 30%/(30% + 12%) and

28.6% probability that he does have COVID.

\

Time 0 - Today's View
Interpret
80.0% Covid-19 Pos ’ 48.0%
Actual /
60.0% Covid-19 Pos
\ Interpret
Covid-19 Neg ‘ 12.0%
20.0%
Interpret
25.0% Covid-19 Pos ’ 10.0%
Actual /
Covid-19 Neg
40.0% \ Interpret
Covid-19 Neg ‘ 30.0%
75.0%

Time 1 - Updated V

Interpret

58.0% Covid-19 Pps

Interpret
P Covid-19 Neg

82.8%

Actual

Covid-19 Pos ’ 48.0%

Actual

Covid-19 Neg ‘ 10.0%

Actual

Covid-19 Pos ’ 12.0%

Actual

Covid-19 Neg ‘ 30.0%

(2) The probability of different possible test results (i.e., there is a /
42% probability that the test will indicate the patient is negative for
COVID-19 — 30% true negatives and 12% false negatives).
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The accuracy of information interview results mathematically
demonstrate the de-risking effect of acquiring new information

Time 0 - Today's View

Actual
25.0% 300 days

Interpret
75.0% 300 da 18.8%

Interpret
20.0% 200 days ’ 5.0%

Actual
50.0% 200 days

Interpret
100 da 1.3%
5.0%

Interpret
13.0% 300 da 6.5%

Interpret
75.0% 200 days ’ 37.5%

Interpret
100 da 6.0%
12.0%

Interpret

5.0% 300 da 1.3%
Actual Interpret
100 days 20.0% 200 days

25.0%

’ 5.0%

Interpret
100 da 18.8%
75.0%

Time 1 - Updated View

Interpret
26.5% _ 300 days

Actual
70.8% 300 da 18.8%

Actual
24.5% 200 days 6.5%

Interpret
47.5% 200 days

Actual
100 da 1.3%
4.7%
Actual
10.5% 300 da 5.0%

i

Actual
78.9% 200 days 37.5%

Actual

H

Actual
100 da 18.8%

100 da 5.0%
10.5%
Actual
4.8% 300 da 1.3%
Interpret Actual
100 days /< 23.1% 200 days 6.0%
26.0% \..-d

72.1%

The time 1 view is a glimpse of the future illustrating the distribution narrowing effect of
acquiring new information. A three-branch approximation of a continuous distribution
uncertainty, coupled with the result of an accuracy interview for a given test, provides a
glimpse of three possible test results and associated new uncertainty distributions, given
the test information is acquired.
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There are many different factors which affect the reliability of
information for a given test

Sample Size

Test Tool/Test
Environment Accuracy

True State of
Nature

Reliability of

Interpreter
Bias

These factors form the basis for the reliability or accuracy of information interview

guestions used to help team’s forecast the uncertainty reduction potential of a given
test.

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy.
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Decision Frameworks Approach to Framing & Evaluating More
Complex Information — Pilot Tests or Appraisal Programs



There are three key elements of pilot test or appraisal planning

* Define the decision problem
Frame p| Iot e Identify the key uncertainties
e |dentify the future decisions they would affect

Opt'OﬂS e Define alternative pilot designs to consider to reduce the key
uncertainties

FO recaSt ® Perform uncertainty assessments to characterize:
u ncertal nty * The key project uncertainties (which impact go forward decision)
. e The uncertainty reduction potential of different pilot designs
rEd UCtlon e Compare uncertainty reduction potential vs. cost and or value of
pOte nt|a| different pilot options
Develop the e Evaluate the value of the information (w VOI - decision trees):
- e Compare the value of making the go forward decision w/out more
bUSI NESS Case! information from a pilot to the value of making the go forward
as necessary decision after more pilot information is acquired
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Pilot Framing & Evaluation Workflow

FORECAST

ASSESS VALUE

FRAME PILOT UNCERTAINTY PEER
OPTIONS REDUCTION Qi gi:l'éﬁl

POTENTIAL
mw [ In Inl nl

v Focys, Degsons bt o

£ S=E i 0e0e a ‘.l.

® 3 Focks s DECI500S st Qs o o |®

= " a Strategy Table to define

o WWM h."m Raise & categorze ssues. mmwn - Usemw;tg&f.‘:;mn

Analysis
N/

Forecast key uncertainties &
information reliability.

o

Build uncertanty reduction

Evaluate the "Go Now, with No

plotstocompare info options.

More Information" case.

Evaluate "Perfectly Truthful
Information”.

Evaluate the “Imperfect
Information” Tree.
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Evaluation of quality decision begins with the decision frame - a group’s
bounded viewpoint of a decision problem

Includes only what is necessary to take a decision

Created by a team
Finalized by the decision makers

Evolves over time
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Step 1: Agree the decision problem, brainstorm and categorize
the issues

ST TN NN NN NN NN NN NN NENSNENSEEEEEEENEEEEEEEEN,
*

*

Made Decisions Uncertainties U1 | U2 [u3
@ e Dociré whih D1 | D1 02
A:’-_',: O mm m;__

Facts . ertYnties PSSO tkal Oecisions 3 info options ' . l 2 Y

z S Use 3 Strategy Table to define
Categorize decisions in a Discuss information alternatives integrated information

Raise & categorize issues. Decision Hierarchy. using a VOI Uncertainty Table. strategies.

esEEEEEEEEEEEEEEEEEN,,

-........Eﬂ.......'
&

* *
*
CissEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEsEEsEssssssmemmnns®

IssueType  'Description
Decision Criteria | Partner NPV
Decision Criteria :Partner Profitability (P1) FaCts Uncertainties
Decision Criteria Partner financial breadth Issues OutS|de Of your
Decision Criteria 'Partner scalability Issues outside of your
Decision Criteria | Impact of commodity price contrOI, the OUtCOfn es control the outcomes Of
5 Decision Criteria |Environmental footprint of which are known or "+ D s

ISS ues are anyth In g Of Decision Criteria /Government acceptance of disposal technology Wl" be known Wlthln !Nhlch WI"n_Ot be known

Decision |The lab will partner to pilot and / or commercialize the .. ., in the decision time
e e Decision |The lab is willing to consider exclusive or nonexclusive the dBC|S|°n tl me frame

Con Ce rn ab O u t th e dec’s’ On Decision \Linus is a partner on another technology and we are o f[‘ame iology.
Decision | The lab will evaluate conventional technology against n. .ase to the pai
Decision A proof of concept is required regardless of the partner chosen for new technology rcialization.

p rOb lem . Decision 'Kev Assumption: Proof of concept demo will be $ 20 MM with any partner.
Decision ‘With whom shoule! -
Decision 'Should we partne Values ’ Ob]ectlves
Decision 'Should we partne .
Decision should we partne. Dagisions - Issues that describe
Decision |Should we consid . o us? | your values
Decision \whatis our de-rie Actions within your >gy to a commercialization ¢, - .
Decision Should we choos: | s el (choices ization? Decision criteria & other
Decision Should we choos: " o consideratlons upon
Decision :Should werunaj mtlms' altemathQS) . - whlch the decision Wl"
Decision |What should be ¢ D ecision
Decision 'What should be ¢ be made
Decision 'Should we employ ...
Decision Who should we hire to install the new technology?
Uncertainty 'How well does our new technology compete with the traditional technology they w P ro b | e m
Uncertainty |What are the key drivers for a successful commercialization?
Uncertainty 'What are the key risks / uncertainties associated with the new technology?
Uncertainty What piloting may be valuable to de-risk key uncertainties prior to commercialization?
Fact The new leaching technology is proven in the lab.
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Step 2: Define the problem focus by categorizing the decisions

---------------------------

2| Made Decisions + [|uncertantes  [u1 [u2 [u3 jalnln
| Gombuios ; ([pockenewhEi/ox o1 162 F,M\ﬂ;‘
. > vz:','_:‘. = } " mm D2 | = U . ,.\
= oeds.onsﬁ) it ZD mooptns |8 BRI 1® Il = 2D

Uncertainties

. > Sz . Use a Strategy Table to define
) o : Caeegonze deasons ina Discuss information alternatives integrated information
Raise & categorze issues. : Decision Hierarchy. :  |using a VOI Uncertainty Table. strategies.

---------------------------

e Policies
* Decisions made (for now)

e Key assumptions & project
boundaries

The Decision Hierarchy contains
only decisions... all the levers
which could be pulled and have
been pulled.

* Decisions being
debated:

¢ Information focus
decisions (pilot design)

e Future impact focus
decisions

e Subordinate or
later decisions

e Implementation
or “how to”
decisions
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Issue Categorization Flow Chart

in our control? not in our control?

Will the outcome

be...

not a value known by the time we not known by the time

a value measure? measure? make the decision? we make the decision?

Decision Is the decision...

criteria

what we are how we will implement
debating? the solution?

already made?

Focus Tactical

decision decision

@ Copyright 2011 Decision Framewaorks LP. All Rights Reserved.
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Step 3: Develop the Uncertainty Table

Made Decisions { |[Uncertantes[u1 [u2[u3]| *
o G Dalions | [Pocemns whahot Torfoz |
ot o : ||can change 02 |& Uy -
TN roct? ycere Docisons |1 R 23 [moomers |8 [B[R]|2D
Raise & cateqorize i : : 5 ® s ina E Discuss information a E Use:tig?:tee%ygfaouﬂeé:::me
gorize issues. Decision Hierarchy. using a VOI Uncertainty Table. strategies.
The Uncertainty Table is a key Pilot and VOI
framing and project management tool. It the asset s MereNEn | Technology Performance Operating Costs
includes:
Commercialize the Commrcialize the technology
technology or not or not
= A list of the key go forward project
uncertainties listed as column headings, EERCEr S e
= The future project decisions that each key
uncertainty would impact, and Field ot technology (plot) | Uptime computer models
Simulation Field test (pilot)
= The different pilot or information options Information sources to Lab tets
which could be used to resolve, or reduce, each constder
key project uncertainty.
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Step 4: Define alternative pilot designs using a Strategy Table

------------------------------

Mace Decrsions Uncertanties (U1 |u2 [u3]l £ — :
o Focus Decisions Decisers whien| O (D1 fo2 | : 'J&t.‘ :
== 0808 change B8 ) .
=) Tactical Gecisions ) = 21 D o '{ N 3:)
Facts Ummﬁsbedsoons 3= Info Options l l l ] .
y St = | Use 3 Strategy Table to define | :
Rakse & catedorize sues Categorize decisions in a Discuss nformation aematives | integrated information :
9 . Decision Hierarchy. using a VOI Uncertainty Table. ] strategies.
Strategy Pilot Size Pilot Duration Data Collection |Objective Rationale
u Lean & Mean Small field trial 1 vear Pilot performance  |Maximize understanding |Can optimize operations
Pilot facility y data of commercial product  |if/when commerialize
H H
Lab simulation
Small pilot plant 2 years based on collected
pilot data
Medium plant

(phase 1 of 3 vears Extensive lab tests
° Y of pilot samples

commercial plant) [
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Build the Strategy Table menu of options from the focus
decisions

Givens/Made Decisions

We will host a going away party for our best friends. )
Final decisions will be made by my wife Starter Main Dessert Wine
The party will have to be on Friday night.

: Chips and Dip Grilled Steaks Do it Yourself Ice Sauvignon Blanc

Starter?

Crab Cakes Lasgna . Malbec
Cherry Pie

Chips and dip? Y
Crab Cakes?
Main Course? » Gumbo Soup Hamburgers Bread Pudding Chardonney
Grilled steaks? . _
Lasagna? Salad None Baked Alaska Pinot Noir
Dessert?
Cherry pie? None None Merlot

"Do it your self" ice cream sundaes?

Bring Your Own

How much and when to cook some of the dishes ahead of time?

MNone
Whether to buy some dishes "ready made"?

Group the focus decisions to identify the main categories of decisions (strategic decisions)

Name the categories & label column headings. List the choices under each column (strategic
alternatives)
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Develop strategies around strategic themes or approaches to

solve the problem

Important to spend

Cheap & Easy Z?:;rfaa:z t;thett:ée time together & not
P make a big fuss

. . We want our best
Little Touches Make all their )
. . friends to know how
Mean a Lot favorite dishes .
special they are

= Discuss specific goals around which strategies could be built, for example:

= Fastest to first revenue
= Partner-friendly

= Cheapest

= Best for project

= Goal are DIVAS: Diverse, Interesting, Viable, Alternative Strategies
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To define each strategy alternative, agree the name, objective
and rationale, then select the menu options

Strategy Name Approach Objective Starter Main Dessert Wine

Most important to spend Chips and Dip Grilled Steaks Do it Yourself Ice

. Sauvignon Blanc
Cheap & Easy I-:!?;gz:z :;th I::;e time with friends, not Cream Sundays
pe make a big deal of food 1 |
Crab Cakes Lasgna Cherry Pie Malbeck
Gumbo Soup Hamburgers Bread Pudding ' Chardonney
Salad None Baked Alaska Pinot Noir
None None Merlot
Bring Your Own
1. Agree strategy theme

None
= Name = short, creative description |
= Objective = main goal or approach to that strategy
= Rationale = why the strategy might be viable and should be considered

2. Select menu options to define the strategy
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Advanced Biofuel Production Technology Pilot



Advanced Biofuel Production Technology Pilot

BACKGROUND PART A

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy.
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Background Al

Utilizing government grants, Sunny Industries has spent considerable resources developing
their new biofuel production technology, Xalgo, which is used to convert algo bio-oil into
green diesel. It has progressed as far as it can in the lab and, as such, Sunny is now faced with
a decision to either pilot Xalgo, commercialize it or abandon it. If Sunny decides not to
commercialize, they must pay a non-compliance penalty of 350 MMS to the government.

Two key uncertainties drive the decision, the uptime associated with Xalgo and yield of algal
oil to green diesel. The team has provided the following estimates if Sunny were to

commercialize Xalgo now without a pilot: High Yield & 1200MMsS
30%
High Uptime / Mid Yield
785 MM
30 % 850 MM$ ® \ 40 % ¢ >
Low Yield
495 MM$
30% ¢
High Yield
680 MM$
/ 30 % ¢
Commercialize Xalgo Mid Uptime Mid Yield
190 MMS
85 MMS$ ® 40% 250 MMS$ ® \ 40% ¢
Low Yield
100 MM$
30% ¢ ( !
High Yield
420 MM5S
30% ¢ ( )
Low Uptime . Mid Yield ’ (995 MMS]
30 % (900 MM$) \ 40%
Low Yield
P (1,255 MMS)
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Background A2

The team is debating different pilot design options. Some believe a medium pilot plant of 50
Mgal/year would deliver sufficient information on both plant uptime and yield. Others who
are more concerned with uptime than yield are pushing for a larger pilot plant of 100
Mgal/year, whereas their counterparts suggest a smaller 30 Mgal/year pilot plant may do the
trick.

Duration of the pilot is another key decision being discussed. Some argue that de-risking
sustained uptime requires at least 24 months of production—if not 36 months. Others believe
with heavy data monitoring and simulation, a shorter pilot of 12 months can provide
sufficient uptime information.

Furthermore, there is debate pertaining to the amount of data acquisition required for a
successful pilot program. Some prefer a full monitoring, testing and simulation program to
fully understand yield at the commercialization level. Others argue that a larger pilot plant
and a longer pilot duration would necessitate only collecting critical data during the pilot.
Others are in favor of a select monitoring and critical testing program.
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Advanced Biofuel Production Technology Pilot

VOI PROBLEM FRAME
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Pilot Framing & Evaluation Workflow

FORECAST

UNCERTAINTY PEER ASSESS VALUE

FRAME PILOT

REVIEW OF PILOT
OPTIONS REDUCTION INPUTS
OPTIONS
POTENTIAL
Made Decisions Uncertanties  |U1 [U2 aialnl .
) Focus Oearons Decisions which| 01 0.1 cg ] '10;*0‘;\' :
£ L ancge [ N :
E i D Foctsm““wm‘D pﬁf D Info Options r]- D o el \\\' D
Provide key background - N Use 3 Strategy Table to define :
W X Yo ' - Categorize decisions in a Discuss information alternatives .
information; create problem Rase & categorze ssues. Deckidon Hllaravely Lsing a Vol Table. hteorx:;éfu:mn
m = pe
> | mte ccfg
gD D i 'Y D )
W Build uncertantyreduction Evaksateﬂ\e'GoPm,wlﬂ\No Evaluate .pf'fe‘"Yme Evaluatethe “Imperfect
< .F:fr:rcr::tt:(:: :Tic:;r;tnes& plotstocompareinfooptons. | |More Information” case s Information” Tree.
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What problem are we trying to solve?
(Problem Definition)

What is the optimum pilot strategy for Sunny Industries to pursue with
respect to their goal to commercialize a green diesel technology?

Key Questions the framing and evaluation need to answer:
= Should Xalgo be piloted or launched without piloting?

= Which pilot, if any, should be recommended?

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy. 42




Issue Type

Issue

Decision

Decision

Decision

Decision

Decision

Decision

Decision

Decision Criterion
Decision Criterion
Decision Criterion
Decision Criterion
Uncertainty
Uncertainty
Uncertainty
Uncertainty
Uncertainty

Should we build a commercial scale facility or not?
Should we run a pilot for Xalgo?
What are the detail design specs of a Xalgo pilot (size, duration, data collection)?

Xalgo (conversion of algal bio-oil into green diesel) will be either piloted or launched.

We will pay a compliance penalty if we do not commercialize Xalgo.
Where should we build the commercial plant?

Should we partner with diesel distributors in the commercial plant?
Cost of the pilot

Ability to de-risk key uncertainties

Incremental NPV (cost avoidance)

Confidence in an economic pilot

What is the CapEx of a pilot?

What will be the yield (algal oil to green diesel) associated with Xalgo?
How representative is a pilot of commercial production?

What will be the uptime associated with Xalgo?

What is the scalability of Xalgo with or without a pilot?
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Prioritize the decisions (Decision Hierarchy)

Decision Criteria
Cost of the pilot
Ability to de-risk key uncertainties
Incremental NPV (cost avoidance)
Confidence in an economic pilot

Made Decisions/Givens
Xalgo (conversion of algal bjé-oil into green diesel) will be either pi
We will pay a compliance penalty if we do not commercialize Xalgo.

ed or launched.

Focus Decisions
Info Source

Decisions
ere should we build the commercial plant?
Should we partner with diesel distributors in the commercial plant?
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What are the key uncertainties that could change future
decisions? (Uncertainty Table)

Key uncertainties inherent in
the asset

Xalgo Uptime

Xalgo Yield (algal oil to green
diesel)

Future decisions which could
change

Build commercial scale Xalgo
facility or not?

Build commercial scale Xalgo
facility or not?

Information sources to
consider

Pilot plant (30, 50 or 100

Pilot plant (30, 50 or 100

Mgal/year) Mgal/year)
Pilot duration (12, 24 or 36 Production flow test
months)

Shut-in diagnostics

Simulation

Trials of solutions
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Frame pilot design options

Decision Criteria
Cost of the pilot
Ability to de-risk key uncertainties
Incremental NPV (cost avoidance)
Confidence in an economic pilot

Made Decisions/Givens
Xalgo (conversion of algal big-oil into green diesel) will be either piloted or launched.
We will pay a compliance penalty if we do not commercialize Xalgo.

Focus Decisions
Info Source

Should we run apilot for Xalgo?

What are the detail design specs of a Xalgo pilot (size, duration, data collection)?

Future Impact
Should e build a commercial scale facility or not?

Decisions
ere should we build the commercial plant?

Should we partner with diesel distributors in the commercial plant?

The focus decisions determine

whether a strategy table will be
helpful in defining information

options. When a team is
debating multiple aspects of a
pilot or test, a strategy table

may be helpful.

program

Strategy Pilot Size Data Acquisition |Pilot Duration
Collect critical data |12 months on
30 Mgal/yr only production
Select monitoring |24 months on
>0 Mgalfyr and critical testing |production
Full monitoring,
100 Mgal/yr testing & simulation 36 months on

production
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Develop alternative pilot strategies

Strategy Pilot Size Data Acquisition |Pilot Duration Objective Rationale
o Maximize understanding o
Yield Pilot 30 Mgal/yr Collect critical data |12 moths on of yield at the lowest Poor yield is a
only production cost showstopper
||
Select monitoring |24 months on
>0 Mgalfyr and critical testing  |production
Full monitoring
. .= |36 months on
100 Mgal/yr ’:’ersot;r;gr: simulation production
H
Strategy Pilot Size Data Acquisition |Pilot Duration Objective Rationale
o Maximize understanding o
Yield Pilot 30 Mgal/yr Collect critical data |12 moths on of yield at the lowest Poor vield is a
only production cost showstopper
[ [ |
Untime Pilot 50 Mgal/yr Select monitoring |24 months on Maximize understanding w:ze::?tmfrl;:;i?geug:\me,h
P galy and critical testing  |production of plant uptime P . g
H u to be economic
Full monitoring, Understand minimal We can optimize
36 months on
Balanced Pilot 100 Mgal/yr testing & simulation roduction acceptable yield and performance in the
program u P uptime commercialization phase
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Compare the final pilot strategy designs

Strategy Pilot Size Data Acquisition |Pilot Duration Objective Rationale
Full monitoring, Maximize understanding iy
[ Yield Pilot 30 Mgal/yr testing & simulation . monfchs on of yield at the lowest Poor yield is a
production showstopper
program cost
. . Collect critical data |24 months on Maximize understanding With |nf5uf'ﬁuent uptime,
[ |Uptime Pilot 100 Mgal/yr . . we can't produce enough
only production of plant uptime )
to be economic
o Understand minimal We can optimize
M [Balanced Pilot 50 Mgal/yr I acceptable yield and performance in the

and critical testing

production

uptime

commercialization phase

The next step for the team is to assess the cost of each pilot design and the accuracy of each pilot
design for each of the key uncertainties, uptime and yield.

Initial costs for each pilot are estimated as:

= Yield Pilot = 10 MMS

= Uptime Pilot = 50 MMS
= Balanced Pilot = 25 MMS
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For pilots, update the uncertainty table to reflect the
alternative pilot designs

Key uncertainties inherent in
the asset

Xalgo Uptime

Xalgo Yield (algal oil to green
diesel)

Future decisions which could
change

-----------------------------------------
3

Build commercial scale Xalgo
facility or not?

Build commercial scale Xalgo
facility or not?

------------------------------------------
4

Information sources to
consider

Yield Pilot

Yield Pilot

Uptime Pilot

Uptime Pilot

Balanced Pilot

Balanced Pilot

oooo
------------------------------------------------------------------------------------------------------------------------------
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Note: There is potential
value of each pilot to
reduce each uncertainty
and affect the
commercialization
decision.

The VOlIs for reducing
each uncertainty with a
given pilot can be
additive.
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Pilot Framing & Evaluation Workflow

FORECAST

UNCERTAINTY PEER ASSESS VALUE

FRAME PILOT

REVIEW OF PILOT
OPTIONS REDUCTION INPUTS OPTIONS
POTENTIAL
Made Decisons - T—
v Focus Deasens Q 'y L a8
£ et ; .\:'-l
© Facts woedﬂonsD == o Ya | D
‘t RS, 03 Use ; Strategy Table to define
Rase & categorze isues. m‘ Hiuamhv twwe;:;mm

=

. e " |Build uncertanty reduction Evaluate the "Go Now, with No Evaluate "Perfectly Truthful
= [Forecast key uncertainties & | = L : Moce Rkortaatioe caaa' i
», linformation reliability. y |[ECEcompEioomE

. *
-----------------------

Analysis
...U........

Evaluate the “Imperfect
Information” Tree.
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Forecasting uncertainty reduction potential is imperative to
de-risking project decision making
= Reliability of information interviewing with a knowledgeable group

helps de-bias the assessments and develop robust test accuracy
forecasts.

= The result is a set of useful uncertainty reduction plots which helps
teams and their management gain insight on their information options
and understand which pilot designs add the most value.
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There are many different factors which affect the reliability of
information for a given test or appraisal program

Reliability of

These factors form the basis for the reliability of information interview questions used
to help team’s forecast the uncertainty reduction potential of a given test.
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Use a modified “Wisdom of Crowds” approach to conduct the
reliability of information assessment interviews

/?\

Wispoum or CrRowbDs

THE

James Surowircxn

Why the Many

Are Smarter Than
the Few and How
Collective Wisdom
Shapes Business,
Fconomies, Societier

and Nattons
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When trying to forecast very difficult
uncertainties, it may be better to use the views
of many with some relevant knowledge rather
than depend on the view of one “expert”.

Involves gathering a group of people with
different, relevant knowledge to assess the
reliability of different information programs to
help them correctly interpret the true state of
nature of a key project uncertainty.

The group is asked a series of questions
relating to the drivers of information reliability
and discusses the answers.

Each person’s estimates are recorded and
compared. The group then decides which
values to use.

This creates buy-in for the values used, as well
as provides a range to sensitize across,
representing the diverse opinions of the
individuals.



Advanced Biofuel Production Technology Pilot

CASE BACKGROUND PARTB
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Pilot Framing & Evaluation Workflow

FORECAST

UNCERTAINTY PEER ASSESS VALUE

FRAME PILOT

REVIEW OF PILOT
OPTIONS REDUCTION INPUTS OPTIONS
POTENTIAL
Made Decisions [ 1o Inl nl
v Focus Deasens Q 'y LR IS
£ et 2 |s ﬂ'-l
© i )», Facts |, wbedsionsD Ee= of \of |® »
Provide key background Use a Strategy Table to define
'S nformmh,"mamblm o — Cmamdmmna mw;&g;?:m

---------------------
0000

e *  |Build uncertanty reduction Evaluate the "Go Now, with No Evaluate "Perfectly Truthful
Forecastkey uncertainties& | 2 ; ; = | More Information” case. Information”.
information reliability. s, |ERESEOCOMPAE MO OMOE: 9

Analysis
N/

Evaluate the “Imperfect
Information” Tree.

.
------------------------
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Background B1

Strategy Pilot Size Data Acquisition |Pilot Duration Objective Rationale
Full monitoring, Maximize understanding iy
[ Yield Pilot 30 Mgal/yr testing & simulation . monfchs on of yield at the lowest Poor yield is a
production showstopper
program cost
. . Collect critical data |24 months on Maximize understanding With |nfsuf'ﬁuent uptime,
[ |Uptime Pilot 100 Mgal/yr . . we can't produce enough
only production of plant uptime )
to be economic
o Understand minimal We can optimize
M [Balanced Pilot 50 Mgal/yr I acceptable yield and performance in the

and critical testing

production

uptime

commercialization phase

The next step for the team is to assess the cost of each pilot design and the accuracy of each pilot
design for each of the key uncertainties, uptime and yield.

Initial costs for each pilot are estimated as:

= Yield Pilot = 10 MMS

= Uptime Pilot = 50 MMS
= Balanced Pilot = 25 MMS
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Background B2 — Uptime Accuracy

Yield Pilot

Uptime Pilot

Balanced Pilot

Time 0 - Today's View

’ 16.5%

’ 9.0%

’ 4.5%

’ 12.0%

’ 20.0%

’ 8.0%

’ 3.0%

Interpret
55.0% High Uptime
Actual Interpret
30.0% High Uptime 30.0% Mid Uptime
Interpret
Low Uptime
15.0%
Interpret
30.0% High Uptime
Actual Interpret
0.0% Mid Uptime 50.0% Mid Uptime
Interpret
Low Uptime
20.0%
Interpret
10.0% High Uptime
Actual / Interpret
Low Uptime 25.0% Mid Uptime
30.0%
Interpret
Low Uptime

’ 7.5%

65.0%

’ 19.5%

Time 0 - Today's View

’ 22.5%

’ 6.0%

’ 1.5%

’ 8.0%

’ 28.0%

’ 4.0%

‘ 0.6%

‘ 3.9%

Interpret
75.0% High Uptime
Actual / Interpret
30.0% High Uptime 20.0% Mid Uptime
Interpret
\ Low Uptime
5.0%
Interpret
20.0% High Uptime
Actual Interpret
0.0% Mid Uptime 70.0% Mid Uptime
\ Interpret
Low Uptime
10.0%
Interpret
2.0% High Uptime
Actual Interpret
Low Uptime 13.0% Mid Uptime
30.0%
\ Interpret
Low Uptime
85.0%

’ 25.5%

Time 0 - Today's View

’ 19.5%

’ 7.5%

’ 3.0%

’ 10.0%

’ 24.0%

’ 6.0%

’ 2.4%

’ 5.1%

Interpret
65.0% High Uptime
Actual Interpret
30.0% High Uptime 25.0% Mid Uptime
Interpret
Low Uptime
10.0%
Interpret
25.0% High Uptime
Actual Interpret
0.0% Mid Uptime 60.0% Mid Uptime
Interpret
Low Uptime
15.0%
Interpret
8.0% High Uptime
Actual Interpret
Low Uptime 17.0% Mid Uptime
30.0%
Interpret
Low Uptime

’ 22.5%
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Background B3 - Yield Accuracy

Yield Pilot Uptime Pilot Balanced Pilot

Time 0 - Today's View Time 0 - Today's View Time 0 - Today's View

Interpret Interpret Interpret

85.0% High Yield ’ 25.5% 75.0% High Yield ’ 22.5% 80.0% High Yield ’ 24.0%
Actual / Interpret Actual / Interpret Actual / Interpret

30.0% High Yield 10.0% Mid Yield ’ 3.0% 30.0% High Yield 15.0% Mid Yield ’ 4.5% 30.0% High Yield 13.0% Mid Yield ’ 3.9%
\ Interpret \ Interpret \ Interpret

Low Yield 1.5% Low Yield 3.0% Low Yield 2.1%

5.0% ’ 10.0% ’ 7.0% ’

Interpret Interpret Interpret

7.0% High Yield ’ 2.8% 15.0% High Yield ’ 6.0% 10.0% High Yield ’ 4.0%
Actual / Interpret Actual Interpret Actual / Interpret

0.0% Mid Yield 85.0% Mid Yield ’ 34.0% 0.0% Mid Yield 75.0% Mid Yield ’ 30.0% 0.0% Mid Yield 80.0% Mid Yield ’ 32.0%
Interpret Interpret Interpret

Low Yield 3.2% \ Low Yield 4.0% \ Low Yield 4.0%

8.0% ’ 10.0% ’ 10.0% ’

Interpret Interpret Interpret

5.0% High Yield ‘ 1.5% 10.0% High Yield ‘ 3.0% 7.0% High Yield ‘ 2.1%
Actual Interpret Actual Interpret Actual Interpret

Low Yield 10.0% Mid Yield ‘ 3.0% Low Yield 15.0% Mid Yield ‘ 4.5% Low Yield 13.0% Mid Yield ‘ 3.9%

30.0% 30.0% 30.0%

\ Interpret \ Interpret \ Interpret
Low Yield 25.5% Low Yield 22.5% Low Yield 24.0%
85.0% ’ 75.0% ’ 80.0% ’
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Advanced Biofuel Production Technology Pilot

FORECAST UNCERTAINTY REDUCTION
POTENTIAL




Assess the confidence of a correct interpretation from the
reliability interview results of a given pilot

30.0%

0.0%

Time 0 - Today's View

75.0%

Interpret
High Uptime

’ 22.5%

Actual
High Uptime 20.0%

\

Interpret
Mid Uptime

. 6.0%

Interpret
Low Uptime

i/

Interpret
High Uptime

’ 1.5%

Actual
Mid Uptime 70.0%

Interpret
Mid Uptime

. 8.0%

30.0%

Interpret
Low Uptime

’ 28.0%

Interpret
High Uptime

. 4.0%

Actual
Low Uptime 13.0%

Interpret
Mid Uptime

. 0.6%

Interpret
Low Uptime

. 3.9%

85.0%

’ 25.5%

Time 1 - Updated View

Actual - -
72.3% High Uptime 22.5%
S
Interpret Actual
31.1% High Uptime 25.7% Mid Uptime . 8.0%
\\ Actual
Low Uptime 0.6%
1.9% ’
Actual
15.8%% High Uptime . 6.0%
Interpret Actual _———
37.9% Mid Uptime 73.9% Mid Uptime 28.0% )
S -
\\ Actual
Low Uptime 3.9%
10.3% ‘
Actual
4.8% High Uptime ’ 1.5%
Interpret Actual
Low Uptime 12.9% Mid Uptime . 4.0%
31.0%
Actual _———
Low Uptime 25.5% )
~ -

82.3%

Chance of making correct interpretation = 22.5% + 28.0% + 25.5% = 76%

/
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Compare pilot accuracy differences between the pilot options

Information Reliability

Actual Interpretation Today Yield Pilot Balanced Pilot Uptime Pilot
High Uptime 33% 55% 65% 75%
High Uptime Mid Uptime 33% 30% 25% 20%
Low Uptime 33% 15% 10% 5%
High Uptime 33% 30% 25% 20%
Mid Uptime Mid Uptime 33% 50% 60% 70%
Low Uptime 33% 20% 15% 10%
High Uptime 33% 10% 8% 2%
Low Uptime Mid Uptime 33% 25% 17% 13%
Low Uptime 33% 65% 75% 85%
List each pilot’s reliability side-by-side: ey {M et
Actual Interpret
= Compare & adjust difference between pilots 0.0, ok Sefime [ 200% Hdupime ¢ 6.0%
= Set end points for highest and lowest reliability e
0.0% :I?;ual ti 70.0% :::I.I'tde[.lpr:t
= Challenge team to discuss information which T | mltem:tme =
would maximize reliability M a0

Interpret

2.0% High Uptime 0.6%
Actual ~ Interpret

Low Uptime 13.0% Mid Uptime ‘ 3.9%

Interpret
Low Uptime 25.5%
85.0%

30.0%
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Assess confidence of interpretation of uptime vs. pilot designs

Confidence of Interpretation of Uptime vs. Pilot Cost Th e Upt| me PlIO t
e provides little extra
Uptime Pilot confidence in
i : ) PalancedPllot | | _—+ commercialization
g Yield Pilot T uptime for a fairly
2 o _— . ep .
g // significant additional
5 o / cost:
g o
E - - Uptime Pilot — 76% total
confidence for 50 Smm
10% Balanced Pilot — 66%
" 0o total confidence in
ot e uptime for 25 Smm
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Assess how the probability of each state of nature changes
from the reliability interview results of a given pilot

Time 0 - Today's View

Interpret
High Uptime

- - \'H&ﬁaT______'7A

(\32.9_0@ ) High Uptime

Interpret
Mid Uptime

22.5%

Interpret
Low Uptime

. 6.0%

Interpret
High Uptime

’ 1.5%

Actual
0.0% ) Mid Uptime

=~

Interpret
Mid Uptime

. 8.0%

Interpret
Low Uptime

Interpret
High Uptime

. 4.0%
. 0.6%

e

13.0%

Actual
Low Uptime

Interpret
Mid Uptime

S — -

~Internret

Time 1 - Updated View

-~ = = Actual

_________________ ¥ (72.3% ) High Uptime o 22.5%
~ — —
Interpret Actual
31.1% High Uptime 25.7% Mid Uptime . 8.0%
\\ Actual
Low Uptime 0.6%
1.9% ’
Actual
15.8%% High Uptime . 6.0%
Interpret = —~ o Actual
37.9% Mid Uptime 73.9% ) Mid Uptime 28.0%
________________ s )—=—— >
Actual
Low Uptime 3.9%
10.3% ‘
Actual
4.8% High Uptime . 1.5%
Interpret Actual
Low Uptime 12.9% Mid Uptime . 4.0%
31.0%
Actual
__________ P Low Uptime ‘ 25.5%
----- ~» ( 82.3% )
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Evaluate probability of uptime given different pilot
interpretations of uptime

100%

70%

60%

50%

40%

30%

20%

10%

0%

Updated Chance of Actual

80%

90%

The probability of low uptime |~
given we interpret low
uptime from each pilot

\ -
-.-'
-'-‘,---
e __—=
-
-
/
—.-"
—1 r

The chart shows how the

probabilities of occurrence
change with each information

the three different initial
interpretations.

strategy, one line for each of -

Today

Yield Pilot Balanced Pilot Uptime Pilot

—& -High
Uptime

—&—Mid
Uptime

=<=-Low
Uptime
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Probability of low
uptime is a critical
metric to go to
commercialization. If
the team needs 70% or
greater confidence that
commercialization
would be low before
they could walk from
the project, then
Balance Pilot or Uptime
Pilot will be required.



Assess confidence of interpretation of yield vs. pilot design

. | Confidence of Interpretation of Yield vs. Pilot Cost The Yleld P||Ot prOV|deS the
o Yield Pilot highest total confidence in
- ) — Uptime Pilot yield and is the least

/ ' expensive pilot.

Balanced Pilot

S =
E E
\

/ Hence, pilot design will be
driven by realizing the

: g
T~

nfidence of Interpretation (%)

/ desired total confidence in
S s uptime rather than yield, as
- all pilots provide good total

1% confidence in yield.

0%

0.0 10.0 20.0 30.0 40.0 50.0 60.0
Cost (MM$)
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Evaluate probability of yield given different pilot
interpretations of yield

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Updated Chance of Actual

v

4}'

{

The chart shows how the
probabilities of occurrence

change with each information
strategy, one line for each of

the three different initial
interpretations.

Today

Yield Pilot Balanced Pilot Uptime Pilot

—& -High
Yield

——Mid Yield

== Low
Yield
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The Yield Pilot provides
the highest confidence
in yield
commercialization for
all three possible states
of nature (low, mid and
high yield) and is the
cheapest pilot.



Assess the probability of a poor outcome after interpreting a

mid outcome

Time 0 - Today's View

Actual

30.0% High Uptime

Interpret
High Uptime

L=
5

N
o
o
=

Interpret
Mid Uptime

’ 22.5%

Actual

0.0% Mid Uptime

/

Interpret
Low Uptime

. 6.0%

S w
Qo (=]
£ &

Interpret
High Uptime

’ 1.5%
. 8.0%

N
o
o
&

Interpret
Mid Uptime

Actual
Low Uptime

/

Interpret
Low Uptime

’ 28.0%

10.0

M
o
> &

Interpret
High Uptime

. 4.0%

[
w
o
=

Interpret
Mid Uptime

. 0.6%

30.0%

Interpret
Low Uptime

. 3.9%

o
A
o
$/

’ 25.5%

Time 1 - Updated View

72.3%

Actual
High Uptime

Interpret

31.1% High Uptime 25.7%

Actual
Mid Uptime

’ 22.5%

/N

Actual
Low Uptime

. 8.0%

1.9%

15.8%

Actual
High Uptime

’ 0.6%

/ 7 Interpret \\

37.9 Mid Uptime / 73.9%

Actual
Mid Uptime

. 6.0%

~ -

o -

/3

Actual
Low Uptime

‘ 28.0%

Actual
High Uptime

‘ 3.9%

( 10.3% !
S
4.8%
Interpret
Low Uptime 12.9%

Actual
Mid Uptime

’ 1.5%

31.0%

/N

Actual
Low Uptime

. 4.0%

82.3%

‘ 25.5%
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Evaluate how much risk we are buying down with each pilot
after interpreting mid

100%

90%

80%

Confidence of Interpretation (%)
Y [9,] [=)] =~
(=] (=) (=] (=]
x x x x

8
X

20%

10%

0%

Chance of Low Result after Mid Interpretation

Thereisa 21%

/ probability of
low uptime after

/ interpreting P50

uptime from the
/ Yield Pilot.

v

AN

—_7

~

N— ¢
Today Yield Pilot Balanced Pilot Uptime Pilot

=B=-Uptime
——Yield
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The Balanced Pilot buys
down the risk of poor
plant uptime in
commercialization (14%
probability) much
better than the Yield
Pilot which may be
adequate over the
much more expensive
Uptime Pilot.



Assess the probability of a poor outcome after interpreting a
high outcome

Time 0 - Today's View Time 1 - Updated View
Interpret Actual
75.0% High Uptime . 22.5% 72.3% High Uptime . 22.5%
Actual / Interpret s fnterpret R \ Actual
30.0% High Uptime 20.0% Mid Uptime . 6.0% 31.1%{‘ High Uptime , 25.7% Mid Uptime . 8.0%
—~ — >
\ Interpret \\ Actual
Low Uptime 1.5% - Low Uptime 0.6%
5.0% ’ (_ 1.9%] ’
Interpret = Actual
20.0% High Uptime . 8.0% 15.8% High Uptime . 6.0%
Actual / Interpret Interpret Actual
0.0% Mid Uptime 70.0% Mid Uptime ’ 28.0% 37.9% Mid Uptime 73.9% Mid Uptime ‘ 28.0%
\ Interpret \\ Actual
Low Uptime . 4.0% Low Uptime ‘ 3.9%
10.0% 10.3%
Interpret Actual
2.0% High Uptime . 0.6% 4.8% High Uptime . 1.5%
Actual Interpret Interpret Actual
Low Uptime 13.0% Mid Uptime . 3.9% Low Uptime 12.9% Mid Uptime . 4.0%
30.0% 31.0%
Interpret Actual
Low Uptime . 25.5% Low Uptime ‘ 25.5%
85.0% 82.3%
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Evaluate how much risk we are buying down with each pilot
after interpreting high

Chance of Low Result after High Interpretation All pilots buy down the

100%

risk of a poor outcome
for both uncertainties,
given the interpretation
from the pilot is high.
This suggests the risk
J— after interpreting the

- Yield mid combined with
pilot cost will likely
drive the pilot decision.

90%

80%

~
=]
=

=]
(=]
=

w
[=]
=

I
(=]
=

Confidence of Interpretation (%)

8
X

20%
N

10% \

\ —r

Today Yield Pilot Balanced Pilot Uptime Pilot

0%
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Insights from the confidence plots drive which business case
VOI evaluations might be useful

= Reducing uncertainty of uptime will drive the pilot design decision
because all pilots provide adequate accuracy in interpreting yield.

= The Balanced Pilot and Uptime Pilot are going to be the focus because
they provide sufficient confidence in uptime, but the Uptime Pilot is
twice as expensive.

= Confirming the accuracy of each pilot to interpret uptime
commercialization is important prior to running the business case.

= Confirming costs and considering a Hybrid Uptime Pilot, which has
higher confidence for less cost than the Uptime Pilot, may be useful
before final business case VOI evaluation.
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Advanced Biofuel Production Technology Pilot

BUSINESS CASE PILOT VALUE OF INFORMATION
ANALYSIS




Pilot Framing & Evaluation Workflow

FRAME PILOT
OPTIONS

FORECAST

REDUCTION
POTENTIAL

UNCERTAINTY

REVIEW
INPUTS

ASSESS VALUE
v OF PILOT
OPTIONS

Made Decsions L1111
Focus Degisions 0lg 00
g 3 =525 oaos : .\:'
E Facts oedsionsD e " el |
Provide key background Use 3 Strategy Table to define
[T 5 Categorize decisions in a
information; create problem " o i integrated nformation
Rase & categorize issues. Decision Hierarchy. strat

----------------------------
*

------------------------------

Analysis
N/

Forecast key uncertainties &
information reliability.

o

Build uncertanty reduction E

plotstocompare infooptions. |2

Evaluate the "Go Now, with No
More Information" case.

Evaluate "Perfectly Truthful
Information”.

Evaluate the “Imperfect
Information” Tree.
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Select which VOI evaluations are necessary to provide clarity
for the pilot decision

--------------------------------------
. L

Key uncertainties inherent inE

the asset

Xalgo Uptime

#algo Yield (algal oil to green
: diesel)

Future decisions which couIcE.
change :

Build commercial scale Xalgo
facility or not?

Build commercial scale Xalgo
facility or not?

Information sources to
consider

Yield Pilot

Uptime Pilot

Uptime Pilot

Balanced Pilot

Balanced Pilot

......
------------------------------------

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy.

86

Based on insights from
the confidence plots,
the VOI evaluation will
focus only on the
Uptime Pilot and the
Balanced Pilot and their
value potential to de-
risk uptime in
commercialization.



Choose the evaluation focus

Evaluate getting
information on:

= One uncertainty, from

= One information source,
to potentially change

= One decision at a time.

= Do this for each pilot
design to understand
the potential value.
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Key uncertainties inherent in
the asset

Xalgo Uptime

Future decisions which could
change

Build commercial scale Xalgo
facility or not?

Information sources to
consider

Uptime Pilot
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Develop the Decision and Risk Timelines for each VOI tree

Go Now with No More Information

Build commercial
scale Xalgo facility
or not?

Actual

Xalgo Uptime

Perfect Information (100% Reliable)

Actual Build commercial
Uptime Pilot - scale Xalgo facility
Xalgo Uptime or not?
Imperfect Information
Build commercial
. . Interpret 1 Actual
Uptime Pilot Xalgo Uptime scale Xalgo facility Xalgo Uptime
or not?
Information Decision Future Impact Decision Interpreted Uncertainty O Actual Uncertainty
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Evaluate the commercialize now case
If Sunny does not run a pilot, they have the choice to commercialize Xalgo or take a
non-compliance penalty. Given the input values assessed below:

= Sunny would choose to commercialize Xalgo with an

= Expected value of 85 MMS, but with a

NPV
= 30% chance of losing 900 MMS.

% g S 30.0% High Uptime ‘ 850.0
Commerc. X 40.0% Mid Uptime ’ 250.0

/ 85.0
Low Uptime ‘ -900.0

ENPV = 85.0 30.0%

\ Don't Commerc. ’ -350.0

-350.0
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Assess the value of a 100% reliable pilot without the cost

Value of Information (VOI)

Commerc. X
850.0 ’

Don't Commerc.
-350.0 .

= Value with Info - Value without Info 30.0% High Uptime
= 250.0 - 85.0 850.0
= 165.0
A 100% reliable pilot
adds value because it
provides the option to
T Run Pilot 40.0% Mid Uptime
not corr?mer'mallze if 500 500
low uptime is
interpreted.

ENPV = 250.0

© 2020 Decision Frameworks Inc. All rights reserved. Do not copy.

Low Uptime

Commerc. X
250.0 ’

Don't Commerc.
=-350.0 .

Commerc. X ‘

-350.0

~ -~
~ -
-
—
-

Don't Pilot; Commerc.

-900.0

Don't Commerc. ’

-

-
-—
-
-————
——

85.0

90

NPV

850.0

-350.0

250.0

—_____—_—————____-

-— -

- -—
- ~ o~
- —~

-
-



Assess reliability of interpretation for the Uptime Pilot

s

Our uncertainty today and ability to interpret each possible true
state of nature with the pilot.

Time 0 - Today's View / Time 1 - Updated View
Interpret - Actual
75.0% High Uptime ‘ 22.5% ( 72.3%\, High Uptime ’ 22.5%
~ —
/ Interpret Interpret Actual
30.0% High Uptime 20.0% Mid Uptime ‘ 6.0% 31.1% High Uptime 25.7% Mid Uptime ’ 8.0%
\ Interpret \\ Actual
Low Uptime ’ 1.5% Low Uptime ‘ 0.6%
5.0% 1.9%
Interpret Actual
20.0% High Uptime ’ 8.0% 15.8% High Uptime ’ 6.0%
Actual / Interpret Interpret = = . Actual
0.0% Mid Uptime 70.0% Mid Uptime ’ 28.0% 37.9% Mid Uptime 73.9% ) Mid Uptime ’ 28.0%
S ="
\ Interpret \\ Actual
Low Uptime ‘ 4.0% Low Uptime ’ 3.9%
10.0% 10.3%
Interpret Actual
2.0% High Uptime ‘ 0.6% 4.8% High Uptime ’ 1.5%
Actual Interpret Interpret Actual
Low Uptime 13.0% Mid Uptime ‘ 3.9% Low Uptime 12.9% Mid Uptime ‘ 4.0%
30.0% 31.0%
Interpret Actual
Low Uptime ’ 25.5% - Low Uptime . 25.5%
85.0% ( 82.3% )
~ — -
X

Two new possible interpretations of our uncertainty after the pilot and the
chance of each interpretation being the true state of nature
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Assess the value of the Uptime Pilot

NPV
Actual
Value of Information (VOI) 72.3% _High Uptime 800.0
= Value with Information - Value without Information
= 133.3-85.0 Actual
= 48.3 » =~ 7 = <~ Commerc. X 25.7%  Mid Uptime 200.0
/ 611.9
Interpret ( \\ Actual
31.1% High Uptime \ ,’ Low Uptime -950.0
611.9 _- 1.9%
Don't Commerc. -400.0
-400.0
Actual
15.8% High Uptime 800.0
P - ~ / Actual
Ve Sommerc. X 73.9% Mid Uptime 200.0
( 1X6.6
Interpret \ / Actual
Uptime Pilot 37.9% Mid Uptime S P4 Low Uptime -950.0
133.3 176.6 10.3%
Don‘t Commerc. -400.0

-400.0

The Uptime Pilot adds value
because it changes the
commercialization decision
if low uptime is interpreted

Actual
4.8% High Uptime

/ Actual

Commerc. X 12.9% Mid Upti

ENPV = 133.3 -716.9
Interpret

Low Uptime I, ] =~ Low Uptime -950.0
31.0% -400.0 4 \\ 82.3%
\ [)‘)n't Commerc. -400.0
S o _ _ - -400.0
Don't Pilot; Commerc. 85.0

O O O OO OO OO O OO0

85.0
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Assess reliability of interpretation for the Balanced Pilot

e

AJerpnre:t

Our uncertainty today and ability to interpret each possible true
state of nature with the pilot.

Time 0 - Today's View Time 1 - Updated View
- Actual
65.0% High Uptime ‘ 19.5% ('61.1%?, High Uptime ‘ 19.5%
~ —
Actual / Interpret Interpret Actual
30.0% High Uptime 25.0% Mid Uptime ’ 7.5% 31.9% High Uptime 31.3% Mid Uptime ’ 10.0%
\ Interpret \\ Actual
Low Uptime ’ 3.0% Low Uptime ‘ 2.4%
10.0% 7.5%
Interpret Actual
25.0% High Uptime ’ 10.0% 20.5% High Uptime . 7.5%
Actual / Interpret Interpret ~ - Actual
0.0% Mid Uptime 60.0% Mid Uptime ’ 24.0% 36.6% Mid Uptime 65.6%?, Mid Uptime ’ 24.0%
-_— -
\ Interpret Actual
Low Uptime ’ 6.0% Low Uptime 5.1%
15.0% 13.9% ‘
Interpret Actual
8.0% High Uptime ‘ 2.4% 9.5% High Uptime ‘ 3.0%
Actual Interpret Interpret Actual
Low Uptime 17.0% Mid Uptime ‘ 5.1% Low Uptime 19.0% Mid Uptime ‘ 6.0%
30.0% 31.5%
\ Interpret Actual
Low Uptime 22.5% - Low Uptime 22.5%
75.0% & / ( 71.4%), &
S =

Two new possible interpretations of our uncertainty after the pilot and the
chance of each interpretation being the true state of nature
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Assess the value of the Balanced Pilot

NPV
Actual
Value of Information (VOI) 61.1% __ High Uptime ’ 825.0
= Value with Information - Value without Information
= 111.8-85.0 Actual
= 26.8 » =~ 7 T N~ Commerc. X 31.3% Mid Uptime ’ 225.0
4 3(}5.3
Interpret ( J Actual
31.9% High Uptime \ , Low Uptime ’ -925.0
505.3 _-— 7.5%
Don't Commerc. -375.0
-375.0 ’
Actual
20.5% High Uptime . 825.0
- -y ~ / Actual
7/ Sommerc. X 65.6% Mid Uptime ’ 225.0
( 137.7
Interpret \ ] Actual
Balanced Pilot 36.6% Mid Uptime ~ P4 Low Uptime ’ -925.0
111.8 187.7 == 13.9%
Don't Commerc. . -375.0
375.0 . The Balanced Pilot adds
9-5% HighUptime o, 825.0 value because it allows us
o . e to change the
mmerc. .
ENPV = 111.8 539.3 <& commercialization decision
Interpret Actual .
Low Uptime E -~ Low Uptime_ 5, -925.0 when we interpret low
31.5% -375.0 7 N 71.4% .
( \ \ uptime
\ D‘)n't Commerc. . -375.0
S o _ _ - 3750
Don't Pilot; Commerc. 85.0
85.0 ’
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Pilot VOI Evaluation Insights

= The Uptime Pilot is significantly more valuable than the Balanced Pilot. It provides
more confidence and results in similar profitability.

= A trade-offs discussion of the two pilots with decision makers will result in a quality
decision discussing the added value of the Uptime Pilot for twice the cost of the
Balanced Pilot.

Total Chance of
: Confidence Low Uptime
: Gross VOI Pilot Cost Net VOI :
Pilot (MMS) (MMS) (MMS) Pl (VOI/Cost) in After P50
Interpretation Interpretation
(%) (%)
Uptime Pilot 98.2 50 48.3 0.97 76 10

Balanced Pilot 51.7 25 26.8 1.07 66 14
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decision

Pilot and Test Design Framing & Evaluation Course
IELGEVENS



There are three key elements of pilot test or appraisal planning

* Define the decision problem
Frame p| Iot e Identify the key uncertainties
e |dentify the future decisions they would affect

Opt'OﬂS e Define alternative pilot designs to consider to reduce the key
uncertainties

FO recaSt ® Perform uncertainty assessments to characterize:
u ncertal nty * The key project uncertainties (which impact go forward decision)
. e The uncertainty reduction potential of different pilot designs
rEd UCtlon e Compare uncertainty reduction potential vs. cost and or value of
pOte nt|a| different pilot options
Develop the e Evaluate the value of the information (w VOI - decision trees):
- e Compare the value of making the go forward decision w/out more
bUSI NESS Case! information from a pilot to the value of making the go forward
as necessary decision after more pilot information is acquired
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Pilot Framing and Evaluation Takeaways

= Framing alternative pilot designs using an uncertainty table is essential.

= [t is important to characterize two types of uncertainties for pilots:

= The set of commercialization uncertainties (what is making it difficult to
commercialize today)

= The accuracy of each pilot to interpret each commercialization uncertainty (via a
reliability of information interview)

= Confidence plots provide significant insight to focus necessary business
case value of information analysis.

= Value of information decision tree analysis completes pilot evaluation
decision making.
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