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Orientation

e Scope
— Orientation
— Model composition & logistics
— Demonstration & analysis
— Real Options Analysis
— Next steps
— Questions / comments

« Background
— Biomatica BV => Biotech: IT / Finance / RISK Mgmt / Bus Dev
— Erasmus RSM Finance internship: European materials conglomerate
— Biofuel project: Decision Making via Real Options & simulation
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Sustainability: Biofuel Industry
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* ‘Doing good’?!
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Cellulosic BioEthanol (CEtOH)
*Cellulose
— Cell structural component in green plants & algae
— Approx 33% of all plant matter
— Most common existing organic compound
— Indigestible by humans

e Ethanol (EtOH)
— Blended into petrol (most autos can run on 10% blend)
—5.4% ethanol in global gasoline (2008)
—90% produced between US & Brazil
— Increasingly target of mandates & subsidies
— Trading market forming
— Process similar to beer brewing
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CEtOH Production Process

FeedstocD PretreatmenD Enzymes) Fermentation) Ethanol j

Variable incremental Production Costs*

Cellulose costs: Reduces following OH: | Proprietary: Proprietary: Final costs:
= Availability = Acid (esters)? - Process/treatment| = Process/treatment| = Mixing?
= Growth = Steam explosion? - Set of enzymes - Set of yeasts - Testing?
= Gathering = Hot water flow? - Product? - Product? « Filling?

= Transport, etc.

B

Processing/transformation of cellulosic-rich feedstock
(.e.: switchgrass, wood pulp, algae) into simple sugars
suitable for subsequent fermentation

@ i » Transport?

A 20
@Jﬁ R&D: Optimization Focus
o

J
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Operating Biofuel Plant Context

| Plant
. capacity
| Yieldper H°
| Plant ] plant [ Productivity |
e —— — || per capacity
! unit
Mﬂl’kﬂt . r P-rnflt b J
| | Number of \ ) (Regional Factors: )
plants
| « Blend rates
« Taxrates
- ~ |° Inflation
. « GDP growth
- N Pr?iuchlvllt{a F::ctnTs | « Material costs
variable activ sad costing).
Global Factors: : v 9 * Labor costs
e Yield rates « Transport costs
« Productivity range + Yeast strain yields + Productivity
¢« Overhead/COGS « Enzymatic technigues « Political risk premium
« Global oil prices +  Pre-processing effects « Cosl ::}f capital
« Global supply costs . Relative supply costs . Submdy_f factor |
\ J L J \» Local biofuel prices
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Managing Uncertaintv#Analvsis Process

Uncertainties Cateqorized

1. Target process(es) to employ
e Associated costs?
2. Product strategy
« Associated revenues?
3. Revenue forecasting
« Competition, economic factors?
4. Process cost analysis
* Productivity variability?
5. R&D planning / decision making
« What decisions, made when?

Process Defined

1. NPV analysis

— Three processes

— Product strategies

2. Volatility simulation
— Monte-Carlo simulation

3. Real Options Analysis

— Use range of NPV end-points

— Add volatility (probability)
— Add key decision points
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ViBeS: Virtual Bioethanol Simulator

~

Custs [ Econometric ]

Analysis

Production Efficiency

( Yeast / Enzymes J

. ransport
L) PPE

ompetition

Financing

e US NREL research

» U of Oklahoma — CEtOH calculator
* [terative development working with industry experts
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ViBeS: Virtual Bioethanol-plant Simulator

PLANT SCALE: 120 |M Gal/Yr

(@ Financmg) @ Feedstock) @pmreatme@ @ Femmaﬁoa

Percent Financed 40% CS Conv (g/imit)]1] Base CS conv factor (gal'mt) 8286687 Enzyme Pricing*|1] Base - Yeast Pricing |1] Base CEtOH Pricing 4] Historic

LT Interest Rate 7.5% Most Likely 23.00 CS conv factor (tgal) 0.01210 Most Likehy $ 0.25 Maxi $ 0.08 Most Likely $ 1.97 |NW | § 419,680,633 ‘
Equity Return{ROR} 7.5% Lowest 20.00 CS per EtOH conccost & 0.65 ini ] 0.15 Most Likehy ] 0.07 Minimum ] 10T |IRR | 21%\
Tax Credit Years 3 Highest 85.00 Totalprocessingcost & 1.08 Maxi : ] 0.30 ini : ] 0.06 Maxi : ] 2.16

Tax Credit (3/gal) | & 0.20 W B [ Elect Sold | 10%]
Corp Tax Rate 30% CS5 $Mt dry 1] Base
|PPE Cost Basis  [11DsM Basis | | [mostLikely 5 45.00

Total SPPE $ 189,686,053 Lowest 5 30.00

Base WACC 7.5% Highest $ 50.00

Tax WACC 6.6%

Operative WACC  |Base WACC

M factor | § 2.25

Plant scale (magy) 120 Salary Cost/ yr 4,266,608

KEY FIGURES .~ MNPV Case Revenues - Expenses . Costs . Scale Transport PPE Basis Depreciation Financing Prices Conversion EtOH Ex

NPV e Scale  Depreciation
e Revenues e Transport  Financing
* Expenses (OPEX)  PPE (CAPEX) < Econometrics
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ViBeS: Virtual Bioethanol Simulator — Key Figures

* PPE cost basis

 Nameplate (CAPEX $/gal output)

» Feedstock conversion factor (gal/mt)
» Feedstock cost

 Enzyme and yeast pricing

 EtOH market price

e Byproduct / subsidy

* 90 distributions

» 10 year project

e Terminal & non-
terminal values
 Normal, triangle &
trend distributions

Percent Financed 40% CS5 Conv (g/mt)| 3] Low CS conv factor (gal'mt) 80.00000 Enzyme Pricing®| 1] Base Yeast Pricing | 1] Base CEtOH Pricing 4] Historic -

LT Interest Rate 7.5% Most Likely &0.00 CS conv factor (t/gal) 0.01250 Most Likely ] 0.25 I axi § 0.08 Most Likely 5 1.87 | v | § 392,598,973 |
Equity Return(ROR} 7.5% Lowest 78.00 CS per EtOH conc cost 5 067 Minimum 5 0.15 Most Likehy 5 0.07 Minimum 5 177 |\RR | 20%|
Tax Credit Years 3 Highest 82.00 Total processingcost 5 1.11 Waxi 5 0.30 Minimum 5 0.06 Maxi 5 2.16

Tax Credit (S/gal) | § 0.20 Wi el T [# Elect Sold | 10%]
Corp Tax Rate 30% C5 $Mt dry 1] Base
|PPE Cost Basis  [11DSM Basis | | [Wost Likely 5 45.00

Total SPPE $ 189,686,053 Lowest 5 30.00

Base WACC 7.5% Highest § 50.00

Tax WACC 6.6%

Operative WACC  |Base WACC

Mameplate factor | § 2.25

Plant scale (may) 120 |Sa|ﬂr}r Cost/yr | $4,266 506 |

N\
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ViBeS: Virtual Bioethanol Simulator

-
Revenues Econometric
Costs Analysis
P
Production Efficiency
[pﬁ;’;ﬂ) ( Yeast / Enzymes j
ransport

Subsidy

k_Costs

) PPE |

Y

[Finanr.:ing

-

END-TO-END OPTIMIZATION

(OPEX & CAPEX)

can be wrapped?

- How do innovations effect process and
plant productivity across PPE,
efficiency, material / processing costs?
-What risk assurance value adds

KWhat is ‘educated basis’ for investment?/

\

——

Financing)

Feedstock)

Pretreatmena

Enz,mes)

Ethanol )

Market )

Percent Financed 40% CS5 Conv (g/mt)| 3] Low CS conv factor (gal'mt) 80.00000 Enzyme Pricing®| 1] Base Yeast Pricing | 1] Base CEtOH Pricing 4] Historic -

LT Interest Rate 7.5% Most Likely &0.00 CS conv factor (t/gal) 0.01250 Most Likely ] 0.25 I axi § 0.08 Most Likely 5 1.87 |NPV | § 392,598,973 |
Equity Return(ROR} 7.5% Lowest 78.00 CS per EtOH conc cost 5 067 Minimum 5 0.15 Most Likehy 5 0.07 Minimum 5 177 |\RR 20%|
Tax Credit Years 3 Highest 82.00 Total processingcost 5 1.11 Waxi 5 0.30 Minimum 5 0.06 Maxi 5 2.16

Tax Credit (S/gal) | § 0.20 Wi el T [# Elect Sold | 10%]
Corp Tax Rate 30% C5 $Mt dry 1] Base
|PPE Cost Basis  [11DSM Basis | | [Wost Likely 5 45.00

Total SPPE $ 189,686,053 Lowest 5 30.00

Base WACC 7.5% Highest § 50.00

Tax WACC 6.6%

Operative WACC  |Base WACC

Mameplate factor | § 2.25

Plant scale (may) 120 Salary Cost/ yr $4,266 506




Model Development Process

* Interviews of scientists & engineers

e Reductive, appreciate complexity & ‘completeness’
e [terative development (cycles of ‘review and revise’)
* Education concerning model mechanics

* Tendency to speculate concerning econometrics

e Organizational considerations:
— Risk appetite
— Avalilable corporate functionality (i.e.: advanced hedging)
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Monte-Carlo Analysis Example

NPV w/TV @ Base WACC / Year 0
0.000 +00

, +  12.0% 88.0% :

NPV w/TV @ Base WACC /
Year 0
Minimum -$1.074E+009
Maximum $3.820E+009
S Mean $695294370.1837
< Mode $593008031.7364
S Median $645120650.6832
= Std Dev $618613159.1494
8 Skewness 0.4653
= Kurtosis 3.4223
> 10% -$51439186.4079
25% $267394574.3026
75% $1.081E+009
90% $1.512E+009
Values 10000

-0.7986
-0.1350
0.5287
1.1923
1.8559
2.5196
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Simulation: Regression Coefficients - Identifying NPV Key Drivers
NPV w/TV @ Base WACC / Year O

Regression Coefficients

EtOH Price ($/gal) / Estimated - | 0.98
$/Mt Dry / Estimated - -
Total EtOH Production (gal) / Estimated - -0.11

Enzymes DSM W2 [$/gal EtOH] / Est Cost/U... | [}
CS conv factor (ton/gal) / Estimated - -0.03'

EtOH Volume (gal) / Estimated - I0.02
Yeasts DSM W2 [$/gal EtOH] / Est Cost/Unit - -0.01I
Waste Products & Associated Expense / Est... 1 0.00%
Clarifier polymer / Est Cost/Unit - 000
Corn Steep liquor / Est Cost/Unit A 000
Waste water polymer / Est Cost/Unit A 0.00%

T T T T T
Q N A © x
o o o o

Coefficient Value

Higher EtOH Price: 98%

Higher feedstock price: -15%

Total production per year (gallons)
Euro/$ exchange rate (earlier version)
OPEX costs (enzymes, yeasts) to productivity factor
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Real Options Analysis

* Thesis project RSM MFM:
‘Decision Support via Real Options Analysis’
* 95% solid valuation / Monte Carlo

 ROA as a decision making process
— Management buy-in/trust factor crucial
— Requires ‘optionality’ paradigm understanding
— Transparency
— Agency factors

* R&D project management
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Example: Biofuel Plant Decision Tree

INVESTMENT =
Full POC Plant OPTIMAL L
€2,500 [ €500 ]
€1,200
|MoDERATE 03
D1 I €1,500 | eas0 |
€175
Low 0.5
€150 [ e |
. - £2,500 €1,500 |
-£1,200
MODERATE 0.2 D2
€1,500 €300 | €630
DECISION 2A
Build Full POC Low 0.2
__| Plant or Abandon || €150 €30 |
Small
0.5 ABANDONMENT
INVESTMENT
Small POC Plant
Dia |_|= q D2
DECISION 1 -£ 600 €315 £0 €0
Build Full-Scale l
POC Plant or Small D1 ‘/
PO Plent €240 INVESTMENT OPTIMAL 0.6
Small licensing £1,700 €1,020 |
program
€300 MODERATE 0.3 D2
@_ £1,000 €300 | €1,050
DECISION 2B
Small scale LOW 0.2
llicensing program or| €150 €30 |
Abandon Small ABANDONMENT
DO NOTHING
Business as usual L5 D2
& €0 | €0
€0 D1b
€525
D1 i X i [_eo |

€0

Add management
decision points,
investments
required, and
probabilities

NPV valuation of
each node in
scenarios (DCF)

Work backwards to
probabilistic
‘inherent value’ of
management option
to expand/contract at
each step

Choose for highest
NPV value at each
decision point

Revise as
probabilities,
decisions, and
values as time
progresses




Precision Tree Implementation

2003 0.0z
:25uui< 1300 |

Chanie
-175
0,03
300
0,03
-1050

Dieizion
1255
B0 < 0.0%%
2500 TO00
Chanie
0.0%%
-300
0.0%%
-1650
Decizion
1255
40.0% * 40,03
1700 11005
Chanie
1255
30003
4005
30003
-449.5

Dleizion
4255

0.0z
I -599.5
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Take-Aways

e Clarify ‘known unknowns’
— Between CAPEX & OPEX
— Overall profitability
— Key CAPEX & OPEX reduction technical targets
— Productivity
—Value of co-product , subsidy, and recovery

» Useful for focusing discussions
— Internal decision making
— Partnership discussions
— Investment analysis
— Market dynamics
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Conclusions
« CEtOH production not clearly profitable yet

— Technology developing...
— Sensitive to subsidies and mandates
— Need to keep major stakeholders ‘dancing’

e Qutsized concerns
— OIl (EtOH) & feedstock costs

— ForEx, interest rate (CoC), inflation
— Susceptible to hedging and focused control

e Scale

— Assumes proportional scalar CAPEX and OPEX...

— Observable profitability benefit to scale (to 200 mgy)

— Additional benefits of regional scale: feedstock/EtOH market-making
— Anecdotal supporting evidence in brewery industry
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Recommendations

 Where are we today?
— Sustainability & ‘shareholder’ business model legacy

e Difficulty bootstrapping sustainability projects
— Marginal profits
— Catch 22: Subsidy & R&D < Investment
— Complex relation: CAPEX, OPEX, financing, dep...

» Advice
— Credit crisis: insight into systemic risks...
— Sustainability: reverse engineer & manage systemic risk
— Bring systemic conversations together
— Bring agency interests together (megaproject risk mgmt)
— Organizational need for actionable risk management (RR)

Slide 19 Biomatica BV



Possible Future Simulation Development

* Fermentation
e Extended market competition simulation

* Real Options Analysis process

— R&D project decision making process
— Project risk management

e Partnership & co-investment analysis
* Deeper economic & econometric analysis
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Example: Fermentation Simulation

Material and energy

Chemical Reactions Chemical Kinetics Bal

Unstructurad __555333333333333335_ - Structured

Must idEEIEEI'.‘[ case, cal[ - Balance Growth! Muﬂlmmpunant avamgef'f
pnpulatlun treated as one- «1— mll t:lesmptm o
i mrnpemnt soltte i

Imag "';55555555@@;zzzzzzzzzzzzzzzzz]ﬁ'-wﬂra‘uézz

call cell

~ Singlecomponent, | Balance Growth
hetemgeneuus lm:lvidual ﬂ-—-—-_ desnnptm of cell-tu-cellf |

= Z-?-'ku‘iﬂ; (. th-D&E+F =@

General Dynamical Model of Bioreactors described by Bastain and Dochain
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Example: Market Competition Simulation

Integrated Biorefinery Project Locations

g O Click on icon to view facility's factsheet 'l
| — A RSA,

pacific Ethanol| |,. —~ A -3
|\ -»-“- _Inl -.-._I I | e Mascoma ‘_| -", . -
" ZeaChem ) [ | II V. il ' o | \,

/ f S — —'Hambeau { i
[= { \ I: ! a f . ,ﬂ,F| » L
B | | wwre@ [\ ) ST FS
': ] f —Fpat' () e | [ Sdanyme @ (7

o { EﬂE‘tD s wm}_-. - E azy . v,

.'I II 5 1 ¢ I |' # Ty .I
‘ Ay , —— Clear Feels Elev&nceﬂ Hﬂ"ﬂm il = 1Y

i [ ® | — - Pl 2
lopos [ 4 G . o el
® J—— [ Oneng '} LA e

Fs | | 'r"-_-..l-- - . .'

Enerker’ @ CJ Blue Fife

e | N TP (O Range Fusls

- LA~

1 Verenium @

@ uor YN igend @ _ @meos
. 1 : Project Scale '
& =% @ Researchand Development
T @ Filat
@ Demanstration
) Commercial

Source: US Department of Energy: http://wwwl.eere.energy.gov/biomass/integrated_biorefineries.html
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