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Executive summary

Study aim

Advanced or “second generation” biofuels are exgzedio have an important role in

mitigating potential negative impacts of expandeofuel production and use. However,

despite important technological advances of theé fleasyears, second generation biofuels are
largely still at a demonstration stage and seelmetéacking investment to move toward full

commercialization. One of the main barriers hammgea more significant market share for
advanced biofuels are perceived risks of seconérgéon biofuel projects. First and second
generation technologies have very different risbfifgs, which translate to different costs of

capital for biofuel projects employing more estsiid or newer technologies. Higher
perceived risks will result in higher cost of capitThis influences the rate of market

deployment and consequently affects their technodbdgearning curve and further cost

reductions.

The main objective of Elobio’'s WP7 was to:

1. Understand the risks related to first and secomeigeion biofuel projects.

2. Evaluate their impact on the cost of capital.

3. Assess what policy options can overcome the initi@estment hurdle for advanced
biofuels, lower their cost of capital and achievdev market deployment.

Methodology

To answer these questions, a combination of qtisbtaand quantitative methods was

employed. The basic methodological steps undertakm this study were:

1. Define risk-profiles for first and second generatibiofuels and the related financial
parameters based on input obtained through int@svand a survey of biofuel financing
experts.

2. With a newly developed cash-flow model, calculassdiine weighted average cost of

capital (WACCSs) using the financial parameters et in the survey and price data for

feedstock, biofuels and by-products.

Define a number of policy cases outlining biofugbgort measures.

Analyse potential future biofuel development patysyausing the WACCs calculated in

step 2 and policy measures defined in step 3 itr&ig, a techno-economic model which

optimizes the biofuel mix for a given set of inpprameters, including biophysical
feedstock supply and cost and a selected set miypokasures.

5. Assess the effectiveness and efficiency of diffeqgolicy measures to achieve higher
market deployment of second generation biofuels.

W

Results

The risk profile analysis indicates that technolagk is the main hurdle towards wider
market deployment of advanced biofuels. Lack ofisieht technological track record makes
conventional finance sources wary of funding bibfpeoduction installations employing

second generation technology. Until the perceivechrology risk is overcome, second
generation biofuel projects can only obtain finagcthrough grants or from venture capital,
which has a much higher risk-tolerance than otben$ of equity (and debt) but also requires
a much higher return on investment. Compared & fieneration, the cost of capital for
second generation biofuel projects is in the raofyéhree to five times as much. Without
additional support, the biofuel market does nobwallsecond generation installations to
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generate sufficient returns to be of serious istete any form of private capital supplying
project finance.

Therefore, policy instruments will need to play iamportant role in supporting (at least
initial) market deployment of advanced biofuels.

When planning policy support, we should distinguisttween a “pre-commercial” phase,
when both the cost of capital and cost of technokag very high and a “market-expansion”
phase, where a proven technological track recosl rhade conventional project finance
sources (including debt) available thus signifibaidwering the cost of capital, while at the
same time technological learning effects have edatbwering the cost of this capital
intensive technology.

Bringing some initial capacities on the market das achieved with different support

measures at very different policy cost. Policy opsi tested for effectiveness in bringing the
necessary initial capacity of advanced biofuelstiom market include project investment
subsidies of different levels, excise tax breald tte ‘double counting’ as included in the EU
renewable energy directive. Of these, only a sultisfadirect investment subsidy of over

50% of capital investment seems to be able to brttdg initial investment gap.

Such high subsidies are of course not sustainaliteeilong term. However, a discontinuation
of all support after initial market introductionudd result in advanced biofuels remaining a
niche player in the middle term. This is becaus¢aup020 there may be sufficient potential
supply of cheap first generation feedstock, whidmtimues making conventional biofuel

installations more competitive and attractive teestors. Thus, if there is an aspiration for
advanced biofuels to move from a niche market tocse substantial supplier of transport
fuel (around 20% by 2020 and over 30% by 2030 efdhthe total biofuel market) in the

middle term, some sort of policy support is likdty be necessary even after the initial
investment hurdle has been surmounted.

Of the policy combinations tested in this study thost favourable one to achieve a higher
market share for advanced biofuels is high initlsdestment subsidies (discontinued after
commercialization is reached) coupled with douldanting, which is also terminated after a
certain period of time; in our case, by 2020. THilfits purpose best, this support measure
should be discontinued as soon as learning effete lowered the cost of the technology
enough to make it more competitive with conventidrafuels. Otherwise, double counting
can reduce the overall size of the biofuel marketleavsubstituting hardly any production of
conventional biofuels with advanced ones. Modelsrshow that if the aim is to have
advanced biofuels contribute roughly 20% of allfbéds 2020, the budget for support will
need to run in the order of several hundred milon

While promoting market expansion for advanced k@tsfuwe must also keep in mind

potential future risks related to significantly ieased demand for lignocellulosic feedstock.
To profit from economies of scale, advanced biofuelduction plants will need to be very

large fequiring around a million tonnes of dry biomasgear) and will represent another

significant demand source for woody feedstock. Marksk might become a real issue for
second generation as capacity expands and feeddemoknd increases for already supply-
constrained woody residues & crops.
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1. Introduction

The ELOBIO research project aims to develop pditiet will help achieve a higher share of
biofuels in total transport fuel in a low-disturgiand sustainable way. The results from WP5
on the relationship between biofuels and marketfdod and feed show that to minimize
potential negative impacts of biofuels, advancedeamond generation biofuels that convert
lignocellulosic biomass into e.g. ethanol or FTselewill need to play a much more
important role than at present. These biofuel ®ujenerally show significantly better
greenhouse gas performances than first-generatiofuells, and have less impacts on
agricultural commodity prices, also because thesadstock base includes a wide variety of
residues. The potential role of second generatiofudls in reducing the environmental and
economic pressures linked to increased biofuel ymthon and consumption has been
recognized by governments worldwide, who are sigrtio offer specific incentives for
advanced biofuels

However, second generation technology is largelyata demonstration stage. One of the
determining factors for its successful commercalan is a conducive investment climate,
which allows for an acceptable cost of capital.sTim turn, to a large extent depends on the
perceived risks related to investment in biofuebjgets. First and second generation
technologies have very different risk profiles, @hhitranslate to different costs of capital for
biofuel projects employing first or second genematiechnology. Higher perceived risks will
result in higher cost of capital. This influencdse trate of market deployment and
consequently affects their technological learninye and further cost reductions.

WP 7 aims at addressing the Elobio objective o¥iding a reliable estimate of the potential
and costs of biofuels, given the application of ddmsturbing policy measures. More
specifically, we seek to evaluate the impact ofséhéiofuel policy measures on the
investment climate for second-generation technekgi

To this end, we try to answer several sub-quesiimasollowing logical sequence:

1. What are the different factors that contributerteestment risk in biofuels and what are
their relative contributions to overall biofuel prot risk as perceived by finance
providers?

2. How do these risks translate into cost of capaaldifferent biofuel technologies?

3. How does cost of capital influence market peneairatates for the different technologies?

4. What is the best policy (or policy mix) to overcortiee initial investment hurdle for
advanced biofuels, thus lowering their cost of tapand achieve wider market
deployment?

To answer the first question we make an initisrat at defining the risk profiles of first and
second generation biofuel projects, based on liuezaand input from experts in the field of
biofuel financing. We then analyze the nexus betwesks related to biofuel projects and
their cost of capital and based on finance expadgments we translate the risk factors into
financial parameters determining biofuel projeats'st of capital (more specifically, the
weighted average cost of capital, WACC). As finstl second generation technologies have a
different risk profile, this will be reflected imeir respective WACCs. We then analyze the

! Please see Elobio report D2.1 for a compreherieeview of biofuel support policies in a numbér o
countrieshttp://www.elobio.eu/fileadmin/elobio/user/docs/WPalicyAnalysis v20080912.pdf
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impact of the latter on market penetration ratesfifst and second generation technologies.
By using Biotrans, an ECN-developed least-costuailsf optimization model, we show how
different WACCs affect the relative competitiven@dssecond-generation biofuels vis-a-vis
their first generation counterparts. And finallye wan explore the effect of specific support
policies on reducing the risk for advanced biofwald hence on their market deployment.
This report presents the results of the work cdrimethe Elobio work package seven, which
originally concentrated on “biofuels potentials,st0 and other aspects of the biofuels
market”, including the investment climate. Howewbe focus of the WP evolved during the
course of the project from a pure potential assessito an assessment of a more “realistic
potential” or “how to bring the potential of ligneltulosic biofuels to the market” and what
are the related policy coéts

The report is structured as follows: section 2ddtrces the topic of risk and finance of
biofuel projects. Section 3 describes the methaglolased in this study, including a short
description of the two models used to generateadhalts. Section 4 discusses the main risks
related to biofuel projects as perceived by invesémd lenders in the sector and in section 5
we present the financial parameters reflectingedsifit risk profiles of first and second
generation biofuels. Section 6 presents the pobdipyions and combinations tested for
overcoming the initial investment hurdle for advedidiofuels and support their wider market
deployment. The model results are also presented Bections 7 and 8 present an important
potential opportunity for second generation proguncplants in the form of heat sales, and a
potential market risk due to feedstock competitwith other wood-based industries. The
conclusions and recommendations are given in se&idgection 9 discusses the limitations
of the analysis that need to be kept in mind winéerpreting the results.

? Biofuel production potentials and the related iicgtions for agricultural commodities have beenradsed by
other Elobio partners, please see deliverables®b \War details.
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2. Financing biofuel projects and the related
risks

2.1 Corporate vs. project finance

The two main options for financing new installasoare corporate and project finance.
Corporate financing (sometimes also refereed tmtasnal or equity financing) can be basis
for credit and collateral. Unlike project-specifimancing, it is not tied to any specific
projects (Short et al., 1995) but is financed dlyeoff the corporate balance sheets of the
mother company. Project-specific financing, on thteer hand, can be defined as the
arrangement of debt, equity, and credit enhanceffoerihe construction or refinancing of a
particular facility in a capital-intensive industwhere lenders base credit appraisals on the
projected revenues from the facility rather thanttom assets or credit of the promoter of the
facility (Simpson, 1992).

There are several considerations in a decisionhwingd take the corporate or project finance
route. Although there are some biofuel projectswkmao be funded through corporate
finance, especially some second generation denatiostrplants, project finance is the route
used by most innovators to bring new technologiés the market, which is why it is also the
focus of this analysis.

When analyzing risks related to a biofuel investmeardertaken through project finance, it is
important to take note that debt lenders and equmgstors have a very different risk

tolerance, which is reflected in the financial paegers they apply as conditions to a project
seeking finance. What is discussed next, are tleacteristics of the two main sources of
capital in project finance and the terms and caomaktthey apply to projects they fund.

2.2 Equity

Equity investors are residual stakeholders withtago profits but only in the case of timely
debt servicing (Einowski et al., 2008). This mednat equity investors can only share a
venture’s profit after debt lenders have been epEe risk for equity providers is thus much
higher than for lenders, which is expressed in digrequired return on equity (ROE),
compared to the interest rate asked by lenderg(L&athmann, 2008).

There are different types of equity investors: wdlial private equity, institutional private
equity (which includes technology-focused privatguigy or venture capital funds) and
corporate investors. A good overview of equity stees is provided by Einowski et al.
(2008). Different types of equity invest in techogies in different stages of the
commercialization process. Generally, technologgnted private equity (venture capital
funds) are those most willing to invest in new tedbgies and represent a potentially
important source of capital for projects using s$ecogeneration biofuel production
technology. However, at the moment, even ventupéalafunds rarely invest in the biofuel
sector (rather, they are looking to invest in ragbwth businesses based on a new
technology or business model). In 2003, the whalganable energy sector accounted for
only 2% of the global overall venture capital invesnts in that year (with biofuels
accounting for just a fraction of those). Howehrs share has been continuously rising since
2000, with a particularly significant increase iargpe (Wustehagen & Teppo, 2006). For the
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case of biofuels, globally, first generation séttracts almost twice as much venture capital
investment than second generation biofuels, althounyestment in the latter has been
increasing at a much faster rate, as seen fromefigu

W Next-Gen
2500 1 m1-Gen

1500

10040

Q4 a a2 Q3 Q4 Q1 Q2 Q3 Q4
2008 2007 2007 2007 2007 2008 2008 2008 2008

Figure 1: Venture capital and private equity inugst in first and second generation
biofuels (in Million US$)
Source: New Energy Finance, 2008

What is important to note here, is that equity sted in first generation projects is matched at
least in equal, and more often, higher amountsdt inance, while this is not the case for
second generation projects, which are mainly furlmiedenture capital (and some grants). In
other words, the total capital flow into first geaon projects is three to five times the

amount that is available to second generation ptaje

2.3 Debt

The essence of obtaining debt financing for a l@bfuroject is the search for credit and the
fashioning of a loan package that provides adecasgarance to a lender that the borrower is
creditworthy so that the loan will be repaid inimdly manner. Alternatively stated, it is the
fashioning of a loan package such that the ris#tedult is reduced or mitigated to bring the
risk within levels acceptable to the lender (Einkies al., 2008).

While an investor may be willing to take some rigkated to a project, (debt) lenders are
much more risk averse and will demand for seveeausties that ensure timely debt
servicing. This is being translated in the finahparameters that lenders apply, such as debt
term, interest rate (i), and debt service coveragie (DSCR), which calculates the amount of
cash the project is required to generate to meetabt obligations (debt servicing to interest,
principal and lease payments). A DSCR of 1 is th@imum required to ensure the
investment (or in our case the biofuel project)egates sufficient income to cover its debt.
Based on expected cash-flows, banks normally setimmum DSCR requirement that
includes some cushion and demand a DSCR higherdhan A DSCR of 1.5 means the
investment (or project) can obtain debt financeéh@namount desired only if it can generate a
cash flow 50% higher than its debt servicing. ®considered from the other way around, a
project with a given cash flow and a required DS@RL.5 can only obtain debt financing
worth two-thirds of its cash flow, the rest will\eto be filled by equity.
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In principle, the riskier the project, the quickee lender will want to be repaid, the higher
the interest rate applied to the loan will be ahd higher the buffer incorporated in the
DSCR.

2.4 The debt-equity ratio and the Weighted Average  Cost of
Capital (WACC) as measure of risk

In the end, most biofuel projects will have arrathder a combination of debt and equity
financing. In fact, sufficient equity capital is usly a prerequisite to obtaining debt
financing, and will have to close the gap betwdentotal investment required by the project
and the maximum obtainable debt. The mix of eqaitgd debt determines both the funding
costs to the business and the risk exposure fantlestors; therefore it should reflect the risk
associated with the project.

The resulting debt-equity-ratio of a typical prdjeenploying well-established technology is
usually between 50/50 to 80/20 or even higher. Tragewith the debt interest rate and the
ROE, the debt-equity ratio determines a projeabst ©f capital. The higher the risk, the less
debt will be available to the project and the megeity it will have to raise. Because equity is
generally more expensive than debt, consequenibkeer project will have a higher cost of

capital than a less risky one.

It is important to distinguish between the ex-aael the ex-post WACC, which can differ

quite substantially. An ex-ante WACC representsrtiieimum financial requirements that

lenders and investors expect a project to meetadifg for their support. The ex-post WACC

can be lower or higher than the ex-ante expectedC@WATf the project eventually generated a
higher profit than initially expected, it will rewa its equity investors with a return on equity
(ROE) higher than the minimum required, which willturn increase its ex-post WACC. This
however, does not mean, the cost of capital of phogect has increased. It is important to
make this distinction here because all the lat&srence to WACC in this report refers to the
ex-ante variant, which aims at capturing the riskel of a project rather than its actual
returns.
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3. Methodology

3.1 Methodology overview

To answer the question how do biofuel-related resftect the market deployment of second
generation biofuels and what policy measures caigae those risks and support faster
intake of new technologies, a combination of ga#ile and quantitative methods were
employed. The basic methodological steps undertekidam this study were:

1. Define risk-profiles for first and second generatibiofuels and the related financial
parameters based on expert input obtained throughviews and a survey.

2. With a newly developed cash-flow model calculateseliae WACCs based on the
financial parameters obtained in the survey andketasrices for feedstock, biofuel and
by-products.

3. Define a number of policy cases outlining biofugbgort measures.

4. Insert the WACCs calculated in step 2 and policyasaees defined in step 3 into
Biotrans, a techno-economic model which optimizes hiofuel mix for a given set of
input parameters, including biophysical feedstoggpty and cost and a selected set of
policy measures.

5. Assess the effectiveness and efficiency of diffeqgolicy measures to achieve higher
market deployment of second generation biofuels.

An overview of the methodology is presented in Fégd while the next sections explain each
step in more detail.

Policy scenarios

Survey l l
of experts in the field Cashflow Blotr.ans quel
of biofuel financing model HIEALS FEG LD 1
} ) consumption; 10
- Input: financial crop/non-crop raw
parameters from materials; 12
Risk profiles Quantified stjir(;\;esy%on:arket conversion steps;
for 1st & 2nd financial i 7 biofuels; 30
' biofuels, countries and a ‘rest
geperatlon parameters: > feedstocks and of world’ category;
biofuels -Debt/equity share by-products; policy measures
. investment
-Return on equity costs; values of _ Output: Optimized
- Interest rate policy support biofuel mix to reach
- Output: WACC target under given
for 1st & 2nd coqstraints and
gen production policy support
facilities l
Result

Evaluation of market deployment of
second generation biofuels under
different policy support measures

Figure 2: Methodology overview
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3.2 Risk profiling survey and quantification of fin ancial
parameters

A number of semi-structured interviews with experntghe field of biofuel financing were
conducted to gain an insider’s understanding ottvhisks are most commonly associated to
biofuel projects and how they affect the projecisst of capital. One of the important points
that emerged from these talks was that an invesgtmtma biofuel producing facility is, to a
significant extent, a qualitative decision. Thejected cash flow of a particular project of
course plays an important role; though the percengks and mitigation measures available
to investors have an even bigger one. Based ore tim#gal discussions, we developed a
questionnaire to achieve a more systematic risKilipigp of first and second generation
biofuels.

The aim of the questionnaire was thus to providgstematic framework of risk perception of
debt and equity finance providers regarding investiminto biofuels and what are the
differences between first and second generatiojegi®and how are they reflected in their
respective financial parameters (interest rate, BSROE etc).

The questionnaire was structured in two partshenfirst one, a biofuel-risk matrix listed the
most important risks associated with biofuel prtgewhich were derived from literature and
expert interviews. In the matrix, the perceivedeleof risk (none, low, medium or high) is
assigned to different types of biofuels to deriwimation on which types of risks are most
relevant for first and second generation, since tldatermines where risk-mitigating policies
should focus on. The outcome of the first parthef questionnaire is presented in section 4 in
the discussion of the main risks associated tositmvent in biofuels projects.
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Table 1: The biofuel-risk matrix
Risk type 1% generation biofuels 2" generation biofuels

Biodiesel from | Bioethanol | Bioethanol |FT-diesel from wood
vegetable oil | from cereals | from straw | processing residues

Project level risk

0 Technology risk

o Other

Market (Trading) risk

0 Variations in biofuel prices

0 Variation in feedstock prices

0 Variation in prices of by-
products

o Other

Regulatory risk

o0 Changes of policy support
schemes)

0 Sustainability criteria

o Other

Geopolitical risk

o Changes feedstock supply
conditions (regime or policy
change in supplying country)

o Other

Marketing (PR) risk

0 Adverse public perceptions of
biofuels

o Other

The second part of the questionnaire asked therexpe quantify short and long-term
financial parameters for biofuel investment, bagedheir experience and expectations. This
period-distinction was made for two reasons: on loanad, to overcome the current effects of
the economic crisis on the cost of capital in gahand on the other hand because long-term
financial parameters, although hypothetical, réfatticipations on the full commercialization
of second generation biofuels.

The questionnaire was sent to a number of experthd field of biofuel project financing
(banks, equity companies and also public fundirenaigs) in various European countfies

In the questionnaire, we distinguished four mogresentative types of biofuels, two first

generation options (bioethanol from cereals andibgel from vegetable oil) and two second
generation ones (lignocellulosic ethanol and FBelle However, the answers received
provided only marginal differences for the typeshivi the groups, hence the answers were
generalized for these two main types of biofueld are also presented in this manner in
section 5. The answers from the questionnaire wese averaged out to provide the most

¥ We would like to acknowledge the help and thamkvluable input the experts consulted at Foréislg
Waterland Private Equity and Kempen & Co. in théHgdands, Alternative Energy Finance in the UK,
IDEA in Spain, the European Investment Bank anddisé of the organizations that preferred to remain
unnamed. Despite significant attempts to engagaéia providers from Eastern Europe, we unfortupatiel
not manage to receive any feedback from the regiaking the original plan to calculate geograpiyeal
differentiated WACCs unfeasible.
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common financial parameters applied to biofuel oty and these were then used as input
into the cash flow model, which is presented next.

Table 2:  Financial parameters table
1> generation biofuels 2" generation biofuels

FT-diesel from
wood processing
residues

Biodiesel from Bioethanol from Bioethanol from
rape seed oil wheat straw

Level of debt
financing (in %)
Level of equity
financing (in %)
Debt-service
coverage ratio
Interest rate (%)

Required return
on equity (%)
Debt-term (no.
of years of debt
financing)

No. of years
after which initial
equity exits the
project

3.3 The cash flow model

This cash flow model has been developed speckidall the Elobio project. It is a simple
excel-based model, which is used to determine ¢ise @f capital for biofuel projects given a
number of data sets (e.g. market prices of feekisiobiofuels and by-products) and
constraints (the DSCR must equal a minimum prerdeted amount, the interest rate is
fixed and the RoOE generated by the project must meequired minimum). It computes the
minimum project return necessary to satisfy theerermined conditions (a minimum value)
for the financial parameters: DSCR, return on dgkand return on equitfRoE). The model

Is thus used to calculate the debt-equity ratia bfofuel project. In case where the input data
(prices) does not allow meeting the minimum pre-Beancial parameters, the model
calculates the price increase necessary by whith8CR and RoE criteria are just met.

Inputs of the model are:

- Technical parameters, such as production capagitions per year, operational time,
technical lifetime if the installation, energy cent of the feedstock and conversion
efficiency;

- Cost and revenue parameters, including capitalscagteration and maintenance costs,
feedstock costs, revenues from sales of biofuelsbgrproducts;

- Finance parameters, which were quantified in theesuof biofuel finance experts and
include the DSCR, loan interest rate (i) and resguneturn on equity (RoE).

It is important to note the discrepancy in the tygefeedstock cost data: first generation
feedstock is based on market price data projectahde second generation feedstock cost
are based on cost curve estimates, which callsaation in interpreting the WACCs resulting
from the cash flow model. The fact that we usarket pricesfor first generation processes
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and cost estimatedor second generation means that the latter’s ymooh costs might be
underestimated, which will increasingly be the cé&sefuture predictions when a larger
demand for second generation feedstock might iseréaeir price. If all else remains equal,
the resulting WACC for second generation might theisin underestimation.

The technical parameters used in the model areidedan detail in Annex 1, while figure 3
shows the calculation steps in the model.

; . Project does not
< |—>
Key input: NPVgr <0 go ahead

. A

« Capital costs Discount
« Biofuel output 0]

(=installation -

capacity) Project Gross GR —loan - tax

> revenues » revenue »| Net

* By-product cashflow ) revenue

quantity & price Discount
* O&M costs v ®
« Feedstock price NPVgg >0
« Biofuel price Divide with IRR function >

| DSCR

«DSCR 2
Max debt
ROE < X

« Interest rate (i) v

« Min required RoE Total investment RoE I—v . price gap

| - debt share

A

* Gov. support

RoE =2 X

y

— Project
| Debt/equity share | goes

ahead

— WACC —

Figure 3: Cash flow model calculation steps

As shown in figure 3, the final outcome of the cflelw model is a WACC, for the given set
of input parameters. By varying these parametersameassess their influence on the cost of
capital.

As mentioned before, the Elobio cash flow modetwaltes an ex-ante WACC, including the
maximum debt share that a project may obtain amihanum required RoE. The actual (ex-
post) ROE might be lower or higher than the oneuwated by the model, however the
investment decision is mostly based on the expdRtdel

The ultimate aim is of course to explore how thetcof capital influences the market
penetration rates for the considered first and s@g@neration technologies. To this end, we
use the WACCs calculated by the cash flow modéh@st into the Biotrans model, which is
explained next.
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3.4 The Biotrans model

3.4.1 Model description

Biotrans is a techno-economic market model, whieleds the most cost-effective biofuel

production chain given projections of demand (baged on biofuel policy targets) and a pre-
determined set of constraints (on potentials aodnelogical progress). The model optimizes
the full supply chain allocation from biofuel rawaterial production, processing, transport
and distribution to end use. Inputs to BIOTRANS aletailed country level biomass

potentials and their costs, technology parametedstlaeir cost (including capital cost), and
support policies while outputs are biofuel costentass and biofuel traded volumes, and
trade flows between countries.

For the analysis presented in this study, we asdhatethe demand for biofuel in Europe
equals to the 10% of transport fuel by 2020 tariget renewable fuels set by the EU
Renewables DirectiVeand 15% by 2030. The target is then treated asbigation that has
to be achieved by a certain biofuels mix. Themoispecific sub-target for second generation.

Along the different steps in the supply chain, &ragl possible between the different member
states. The model uses as input a wide range oingmgechno-economic) parameters

regarding the current European biofuel situatios, well as macro-economic and

technological projections. These projections resulioth a variant for the target year and a
set of constraints for the development towards thiget year, by restricting year-to-year

variations. The output of the BioTrans model inesddetailed allocations of production,

processing, transport and distribution of energypsrand biofuels. Output also indicates the
extent to which member states trade between diffesteps in the production chain.

The current model configuration uses:

10 crop/non-crop raw materials;

12 conversion steps with 2 intermediate productsjXiliary and 6 byproducts;

7 biofuels and associated distribution technolqggies

30 countries and a ‘rest of world’ category: EU3Witzerland, Norway, Ukraine; Brazil and
Malaysia represent ‘rest of world’ for ethanol gradm oil imports, respectively.

This model can support policy makers in the develept of a cost efficient biofuel strategy
for Europe in terms of biofuel production, cost dratle, and in an assessment of its larger
impact on bioenergy markets and trade up to 203Mofe detailed description of the model
can be found in Lensink et al. (2007).

3.4.2 Biotrans adaptations for Elobio

For the purpose of the analysis in this projectesgvadaptations have been made to the
Biotrans model that were not yet available in tleesion described in Lensink et al. (2007).
These adaptations include:

WACC: In the previous version of Biotrans the WACC v@#8s for all conversion processes,
for the whole time horizon. It was useful for tipoject to allow for WACC values that are
differentiated per process type and per year. dtigptation made it possible to have different

* Although the directive requires 10% of transpagilfto be renewable (not just biomass—based) nitdist
probable that the bulk of the 10% target for rergesin transport will still have to come from hiets, the
main uncertainty being mid-term developments irctele propulsion (Londo, 2009).
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WACC values for first and second generation bicfald different values for technologies in
the pre-commercial and commercial stages.

Double countingDouble counting of second generation biofuelstfa target, as described
in the EU renewable directive, has been includedh& model. Since one GJ of second
generation biofuel plus one GJ of fossil fuel cancbunted as two GJ of biofuel for reaching
the renewable fuels target, it means that alsofalssil fuel price has to be included to
calculate the costs of these two GJ.

It has also been possible to switch the double wogiroff at a particular year, once the
amount of second generation has reached a cenaia s the biofuel mix.

Investment subsidieddave been made year dependent as well to alloestigation into
what level of investment subsidy is needed to gebsd generation biofuels introduced and
when the investment subsidy can be phased out.

Heat: Some process chains for second generation biofiasis electricity as a by product. To
make further use of the excess heat, the heatdnatttat can be sold as a byproduct has also
been included in these process chains. We haveedorkth an efficiency of 10% (with
respect to the energy contents of the feedstocks).

Taxation: Taxation of biofuels can be included in an optiatian. This allows studying the
effect of taxation of first generation biofuels s@s non-taxation for second generation
biofuels and what effect it has on the penetrayiear and level of second generation biofuel.
The taxation level can also be varied per calcutayear.



elﬁbia.-

................................... Biofuel policies for dynamic markets o

4. Main perceived risks of biofuel projects

4.1 Basic risk categories

As with all investments, investing in biofuel pration is not without risk. There is a large
body of literature exploring various risks relatéal investments in renewable energy
technology employing a range of risk-categorizatiodager and Rathmann (2008) for
example explain risks in a project cycle, startimigh project development and financial
closure risks, such as delays in obtaining the ssug licenses and permits and continuing
through construction, operation and decommissiorisig. Some classifications are based on
inner or outer project environment, while otherstidguish risk based on the actors carrying
it, e.g. project sponsor risk, regulator’s riskiqeetitors’ risk etc. In this study, we narrowed
our focus on risks that are as specific to biofyetgects as much as possible, hence leaving
out general project development risks, which araresh by any projects competing for
funding.

Another point worth mentioning is that the perceptof risks differ depending on the point

of view; project developers (especially if they a@ also the main investors), tend to have
different views related to the risk related to thgrioject, than do finance providers. In this

study, we focused on the views of the latter, asbiofuel installations financed under a

project finance framework; the perception of thmafice providers is of crucial importance.

We therefore focused on the following five riskegadries:

e Technology risk: includes performance level, unexpe& maintenance, necessary
upgrades etc. Technology risk is especially releyannew technologies which have a
short or even no track-record in large-scale prodnanstallations producing a product
of consistent quality for longer period of time.

* Market risk: mainly refers to fluctuations of theefistock and biofuel prices and the
correlation between the two or lack of it.

* Regulatory risk: as most biofuel production stdfuires policy support it is important
whether investors and lenders consider this sugsoadequate and stable, or insufficient
and unreliable.

e Geopolitical risk: is mainly relevant for produatibased on feedstock from regions with
an unstable political environment where export $age bans can be adopted without
sufficient prior notice.

» Stakeholder acceptance risk: refers to the negatitdicity received by biofuels during
the food crisis of 2007/2008, which was seen aktheaat to the reputation of finance
providers who could be associated to biofuel prtidncand has caused some lenders to
categorically deny funding to any kind of biofuebjects.

The above risks were qualitatively assessed bynabeu of biofuel finance experts through
our questionnaire. The aim of this exercise waget@rmine which specific risks (other than
general project risks) are most commonly associai#id biofuel projects and whether they
differ for first and second generation installaoThe below table summarizes the most
frequent values assigned to the different risk syped it has to be noted, that the answers
received were very consistent across the resposidegt no one thought that technology risk
is low for second generation or that stakeholdeeptance is not at all an issue for first
generation biofuels.
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Table 3: Risk profile of first and second genenmatbiofuels

Risk Type 1st generation 2nd generation

Technology risk Low-medium High

Market risk High Medium

Regulatory/Policy risk High Medium

Geopolitical risk Medium Low

Stakeholder acceptance High® Low

N=7

The answers received from the surveyed experts dhaiv first and second generation
biofuels clearly exhibit very different risk pradg — although similar risks play a role for
each, their perceived influence (or weight) is velyferent. What follows is a short
explanation of each risk type together with songgsstions for mitigation.

4.2 Technology risk

Technologies employed to produce first generatioofubls, such as the biological
fermentation process used to produce ethanol fregars extracted from sugar and starch
crops and the production of biodiesel from vegetabil and animal fats through
transesetrification are technically mature and cenomlly available, thus related
technological risks are low. However, technical ioygments can still be made to
commercial ethanol production routes, e.g. improeedymes to convert starch to sugars
(hydrolysis), improved bacteria (fermentation), @raseparation methods, process and plant
optimization, greater value-added co-products, twhean improve the efficiency of the
process but also initially raise the technologwted risks (IEA Bioenergy, 2009). Thus, there
is still some level of technological risks involveden in first generation technologies, which
might explain the generally “low-medium” level oéngeived risks (although one participant
in the survey even identified them as “high”).

The situation is opposite for second generationfubis. The most advanced second
generation route is the one for lignocellulosicaethl and even this one is still at the
demonstration stage. Although some of the individstages involved in the process are
already commercial (e.g. dilute acid pre-treatmemtid hydrolysis, fermentation and
distillation), technological advances still need ie made in several process steps (e.g.
enzymatic hydrolysis, fermentation of C5 sugarg)th® same time, gasification-based routes
and the Fischer-Tropsch processes involve matatentdogies, already used at commercial
scale. However, there is very limited experienceniegrating biomass gasification with
downstream processes for the production of liguidgaseous transport fuels. Also, each
individual system is generally designed to work arparticular feedstock with narrow
physical and chemical property ranges. Further R&Meeded to determine and optimize
plant configurations that will be technically andoaomically viable based on a variety of
feedstocks. Technologies for the production of raeth from gasified mixed feedstock and
for the production of green diesel, as well as mbthgroduction via gasification are in the
demonstration stage (IEA Bioenergy, 2009). Consetlyyealthough parts of the technologies
employed for the production of second generatiafuiels have been used for other purposes
for some time now, the entire production chain rasainproven on a large, commercial

® Note that “high” in this case refers to “high riskstakeholders acceptance” or in other wordsthiielihood
of stakeholders un-acceptance”. The conversedsfar second generation.
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scale, thus remaining highly risky from the poirftview of investors, as it is still often
unknown in advance whether or not these techndogik ultimately allow the production of
a transport fuel of consistent quality.

Because of all of the above mentioned technicames and because of a lack of sufficient
successful demonstration projects so far, capitavigers see technology risks related to
investments in second generation production fagslias “high,” which completely alienates
risk-averse banks but even most private equity.Z&er (1998) points out, “betting on a
technology risk in an unproven market segment mmetbing even venture capital would
avoid.”

Technology risk is particularly important for sedogeneration because the technologies are
capital intensive and have long lead times. Capn#dnsity of energy technologies (as
opposed to, for example, internet companies) is ohdghe main investment barriers
mentioned by several venture capitalists. Someestgms on how to deal with the challenge
of capital intensity include partnerships in licexygs manufacturing, franchising and
distribution, early exit and pursuing multiple tatgnarkets (Wistenhagen & Teppo, 2006).

From an investor’s point of view, there is not mubht can be done to mitigate technology
risk. To some extent it can be managed by requiangvorking prototype before the
investment is made, and by staging investmentfhaolater financing rounds are tied to the
achievement of certain milestones in technologyettment (Wistenhagen & Teppo, 2006).
However, while this will provide a certain level sécurity for the investors, it might further
extend the project timeline and further delay lasgale implementation.

4.3 Market risk

Market risk refers to the variability of feedstodkpfuel and by-products prices or rather to
the lack of correlation between input (feedstoak) autput (biofuel) prices, thus making the
profit margin rather unpredictable. Even for thesecaof US corn-based ethanol, which
consumes about one quarter of the country’s cooudymtion, the correlation coefficient
between US ethanol and corn futures for the penod 2005 to beginning 2008 had an
absolute value of only 0.4 (CBOT, 2008). The pgoerelations for other feedstocks, such as
wheat and some oilseeds, is even weaker.

This is of course much more the case for first gatien biofuels, because they use foodstuffs
as their main feedstock, which can have high pvimatility. This type of risk became very
pronounced after the food price shock of 2008, wkeweral biofuel producers had to
drastically cut down production or even shut doWweirt operation completely, because the
feedstock has become so expensive and the pricefoiel did not always follow the rise of
production costs, making it uneconomical.

The market risk related to second generation bisfhas less to do with prices and more to
do with quantities (at least initially). Possibketistocks cover a wide range of cheap non-
food crops, residues and waste products, often avitlegative price. Nevertheless, there are
risks associated with provision of sufficient feted& quantities. With current technologies, it
is expected that economical second generation lEsttmaliquid (BTL) plants will need to be
very large (requiring around a million tonnes of diromass a year) to be economically viable
(IEA Bioenergy, 2009). Furthermore, with increasiednand the price for biomass is likely to
start rising, too. Logistical difficulties and pdde future increases in feedstock price reflect
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in market risk for second generation biofuels bgmegceived as “medium” rather than low
with the majority of investors.

The value of chemical co-products must not be wstenated in providing stable revenues,
as they can be a primary financial motivator in deselopment of certain technologies. The
pyrolysis process, for example, produces bioliguith over 200 chemicals that could have a
considerable combined value (some pharmaceuticatkiped through pyrolysis are valued at
over $3,000/kg). Consequently, the successful sioiu of co-product value could be a
turning point in investment decisions (SDTC, 200&vertheless, co-products can also suffer
from quick price swings — the price of glycerinehet main by-product of the
transesterification process plunged with the sungglobal biodiesel production, something
that happened to a lesser extent also to distilgdgrains (DDGs), the main by-product of
first generation bioethanol.

An important difference between technology and rmanksk is that there are ways of
mitigating the latter. Investing in a multi-feedsitoplant, hedging and securing long-term
contracts can increase price predictability, atstlefor the short to middle term. The
biorefinery concept maximizes the use of the bi@mesource and brings revenue from
different markets, lowering the risk of a slumpoime of them. Although market risk remains
high, these mitigation options make it less unadtable and thus a lesser issue compared to
technology risk.

4.4 Regulatory risk

Because most of the demand for biofuels is poiduced, regulatory (or policy) risk plays
in important role in making an investment decisioto biofuels. The main source of
regulatory risk is government regulation of the €¢pidfuel) market. Regulatory risk refers to
possible changes in targets for biofuels, discaatilon of support programs, additional
requirements, such as sustainability criteria ketierestingly, regulatory risk is perceived as a
bigger issue for first than second generation lisfualthough the latter are even more
dependant on government support than their firsegdion counterparts. The main reason
for this is the expectation among capital providérat sustainability criteria will play an
increasing role in governmental support for biosuahd in this respect, second generation
technologies are widely known to perform bettentfiest generation.

As an example of regulatory risk on an EU-leveé EUU Renewables Directive, whose main
purpose is to support the production and use @dwable energy sources including biofuels,
has introduced some additional uncertainties, eéalbetor first generation, with its provision
for a review of the impact of the implementatiortloé target on the availability of foodstuffs
at affordable prices by 2014 at the latest, whigh esult in a significant change of policy
environment for traditional biofuels. From an inwe% perspective, this introduces a
potential discrepancy between the technical andauoda lifetime of his investment, which is
a major deterrent.

Regarding second generation, the directive intredua system of double counting any
contribution from biofuels produced from wastesidaes, non-food cellulosic material, and
lignocellulosic material, providing a specific imteve for second generation biofuels. When
this applies to a quota system for fuel distribsitosecond generation biofuels become
competitive if their additional price compared ts$ils is less than twice the price difference
between 1st generation biofuels and fossils. Sibe @ounter-intuitively, an increasing fossil
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fuel price decreases the competitiveness of segaeneration biofuels (assuming constant
prices of biofuels themselves). This effect maydaenpened by first generation biofuels
being more dependent on fossil inputs than secenérgtion biofuels, their prices therefore
also increasing with higher fossil oil prices, katt least this mechanism complicates an
assessment of the impacts of the double-countiragsure (Londo, 2009).

Another important aspect of regulatory risk is aurgbility requirements, from minimal GHG

reductions to impact on food prices. In this respi@st generation biofuels are widely known

to perform much worse and the expectation amongatgmoviders seems to be that these
criteria will play an increasing role in governmansupport for biofuels, by and large

favoring second generation technologies. Togethén the possible 2014 target revision,

these are likely to be the main reasons for regolatisks seen to be higher for first than
second generation biofuels.

Among venture capitalists investing in the sustal@anergy sector, political risk is seen as
very high and is particularly disliked by investtmscause it seems harder to manage or even
outside their area of influence (Wistenhagen & De2006).

4.5 Geopolitical risk

Geopolitical risk partially overlaps with regulayorisks but refers more specifically to
biofuels that largely rely on imported feedstockhielh makes them subject to political
measures in the feedstock exporting countries. iBhéspecially relevant for first generation
biofuels from cereals or vegetable oils, as thel$eeck they require can be subject to export
bans in periods of higher food prices, as durirggftdod price shocks in 2008. Nevertheless,
this is only perceived as a “medium” risk for tri@aial biofuels.

Mitigation measures for geopolitical risk would sienilar to those for market risk: securing
long-term contracts with suppliers, securing feedstfrom a number of sources, although
this can increase input costs.

4.6 Stakeholder acceptance

Stakeholders (mainly public) acceptance has provdre a very serious issue for investment
into biofuels, mainly first generation. Because tbé negative publicity around possible
impacts of biofuels on food prices and deforestatimany banks decided to categorically
deny funding to biofuel installations. Those thahtinue to do so, are often heavily engaged
in marketing activities to improve the “green imagé biofuels, which add to the costs of
capital for biofuel projects. The public seems &wdna much more favorable view of second
generation biofuels, something that came out vergngly also during the first EloBio
stakeholder consultation (Lundbaek & Londo, 2008).

While public opinion can have a very strong inflaeron lenders and investors’ decisions, it
is not the only one. The auto industry and farnagesalso important stakeholders to consider
when making an investment decision into biofuetsthey will dictate whether biofuels can
be produced and used in the first place. While émsnwelcome the increased demand for
their produce, there has been mixed response tiematto industry, especially before biofuel
obligation schemes. However, this risk only becomese relevant with higher blends, which
are not yet widely promoted in Europe.
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Stakeholders acceptance thus seems to be focus@dy nma short-to-medium term
sustainability issues, which penalize (sometimefidy so) the whole spectrum of first
generation biofuels, translating into high accepgarsk. And while this appears to be low for
second generation at the moment, it will be intangsto see whether this will change in the
future with large scale deployment and particularhen significant vehicle adaptation might
be required to accommodate the higher blends.

Mitigating the risk of stakeholder un-acceptanca fublic relations exercise few banks and
investors are willing to engage in. It involvessdiminating significant amount of information
over a complicated topic, on which even the sdientommunity is not completely aligned.
Since the demand for biofuels is mostly policy ioeld, the role of governments in increasing
public acceptance for biofuels should be much nsigaificant. A credible and consistent
sustainability certification scheme can go a loraywwn lowering this barrier.
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5. Biofuel projects’ cost of capital

5.1 Biofuel project’s financial parameters

The risks examined in the previous section, togethth some more general project-related
risks, have a significant influence on the costcapital for biofuel projects, which was
addressed in the second part of the questionrtdae, we present the average figures for the
financial parameters obtained from the survey amlagain worth noting that there was little
variance across individual answers, except foXBER, which varied between 1.2 and 2.

The short-term figures present in table 4 represkatcurrent status of biofuels project
financing, while the long-term figures are of caessumptions.

Table 4: Short and long-term financial parametess ihvestment in first and second
generation biofuels

FINANCIAL PARAMETERS 1st gen 2nd gen
Short term
Level of debt financing 50-80% 0%
Interest rate 6.5-9% n.a.
DSCR 1.2-2.0 n.a.
Level of equity financing 20-50% 100%
Required return on equity 15-20% 20-30%
WACC 6.6-13.2% 20-30%
Long term
Level of debt financing 50-80% 50-80%
Interest rate 6-8% 6-8%
DSCR 1.2-2.0 1.2-2.0
Level of equity financing 20-50% 20-50%
Required return on equity 15-20% 15-20%
WACC 6.3-12.8% 6.3-12.8%
Source: Expert input
N=7

Depending on its cash-flow, a first generation bé&fproject can obtain 50% to 80% of its
investment needs from a bank at an interest rafebao 9%, while the rest has to be filled by
equity, which for these kind of investments wilpigally require a return of between 15 and
20%. This leads to a WACC of 6% to 13%. For firshgration biofuels it is likely there will
not be major differences between short and longn tnancial parameters, except for the
possible discontinuation of the liquidity surchatbat is currently applied by banks in view
of the credit crunch, which will somewhat lower theerest rate.

Due to its high technology risk, second generabafuel projects are not yet eligible for
bank loans and need to be financed almost exclysiwe equity capital (in absence of
grants), which will require a higher return thanthe case of first generation, typically
between 20 and 30%. Because equity is the onlyné@asource (except for any grants or
direct government subsidies), the WACC equals thE Bt levels of 20 to 30%. While the
high cost of capital is clearly a barrier for inesed deployment of second generation, the
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general expectation is that once the technologys d@ach commercialization, second
generation projects should become eligible fomalar financing structure as first generation,
which means lowering the cost of capital by haleeen more.

The crucial question is of course when second geioer will reach full commercialization,
and this is also where the views of the surveyegueds diverged most. Some expect this
might be the case within 2 years, others see and#gwade passing before second generation
technologies are just as established as first génarones.

Technological risk thus proves to have the highesght on the cost of capital compared to
other risk factors, which were also rated as “hi¢imarket and stakeholder acceptance for
first generation) and again this has to do withliimited or no options for mitigation of this
kind of risk as opposed to the several optionslaks to mitigate market risk.

The figures provided by the biofuel finance expertsisulted within Elobio are largely

confirmed by the financial structure of some bidfpeducing installations (as an example,

Bioenergi Tgnder’s target WACC for their new figgneration plant was 10%) and literature.

Jager & Rathmann (2008) for instance, decomposectiien on equity for renewable energy

projects into the following components:

* arisk-free rate (e.g. 3-5% for 10 year governnieamids);

e an equity risk premium related to the performantsimilar listed asset classes (e.g. a
premium of 4-5% to compare with the typical IRRsofilar listed asset classes of 7-9%);

* in case the equity is provided via a fund, managerfees add 2% or more to the equity
rate, and an illiquidity premium of about 3% mayibeorporated by the investor for the
fact that the shares can not be sold as easilypek sxchange listed funds;

* a technology or “esoteric asset class” premiumnfew and unproven technologies or
institutional situations (e.g. 3-15%); and

* aregulatory risk premium reflecting the risks lo¢ £nergy markets and renewable energy
support schemes (e.g. a -3% reduction for low-ask3% extra for schemes with higher
risk).

This adds up to a required RoE between 15% and 8@4anain factor for the large range
being the maturity of the technology. This assesswas done for renewable technologies in
general and also holds for the case of biofuels.

The main objective of WP7 within the Elobio projegas to identify and define support
policies which are able to mitigate risk relatedneesting in advanced biofuels thus lowering
the WACC for projects employing second generatiechihology.Before proceeding with
policy support and their impact on WACCSs, a shascdssion on the selection of biofuel
chains for the WACC analysis is required. Ideallye would have calculated WACCs for
each biofuel chain included in Biotrans. Howevey tlze risk questionnaire already pointed
out, there is little difference within the first&second generation biofuel groups in terms of
risks, which should be reflected in their similaA®Cs. However, to take into consideration
basic differences in feedstock costs as well, weidéel to take into consideration the
following biofuels value chains:

* sugar-based bioethanol from sugarbeet

» starch-based bioethanol form wheat

» oilseed-based biodiesel from rapeseed

» lignocellulosic bioethanol
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The WACCs for the above biofuel chians, considetbd most representative, were
generalized for the other technologies includeBiotrans.

5.2 Basic WACCs

The first step in the analysis was to calculateWh&CCs for the most representative biofuel
value chains, by including the financial paramegsdefined by expert input into the cash
flow model. For our calculations we took a midditimate of the financial parameters and
the input cost and biofuel prices explained inisec#.2.2 and we calculated for each of the
five biofuel value chains the ex-ante WACC and fir&¢e gap necessary to reach the
minimum financial requirements for the cases wlieey were not immediately met.

For second generation biofuels we also distingaisaepre-commercial phase, where we
assumed no debt finance to be possible and a cariahphase where a similar financing
structure as for first generation would be posshue with a somewhat higher DSCR, to
remain on the conservative side. An overview of flmancial parameters applied, the
resulting WACCs and price gaps can be found inTddade 5 below:

Table 5: Cash flow model input and output

Finan.

. . . Price gap | Price gap WACC
Biofuel type Financial parameters parl:zrtn. ) (in %) (after price gap)

sugar-based DSCR=1.5 7.17%

bioethanol from Interest rate = 7% Yes - 379 -57 (d/e.=80/20)

sugarbeet Required RoE = 15%

starch-based DSCR=1.5 7.17%

bioethanol from wheat | Interest rate = 7% No 37 5.6 d /e'=80/20)
Required RoE = 15%

vegetable oil-based DSCR=1.5 7.17%

biodiesel Interest rate = 7% Yes -534 -52.9 (d/e'=80/20)
Required RoE = 15%

lignocelluslosic DSCR = not relevant 30%

bioethanol Required RoE = 30% No 577 87.3 (d/e=0/100)

pre-commercial phase

lignocelluslosic DSCR=1.8 7.84%

bioethanol Interest rate = 7% No 9 14 (d/e.:73/27)

commercial phase Required RoE = 15%

FT-diesel DSCR = not relevant 30%

Pre-commercial phase | Required RoE = 30% No 105 10.4 (d/e=0/100)

FT diesel DSCR=1.8 7.17%

Commercial phase Interest rate = 7% Yes - 428 42.4 (d/e.=80/20)
Required RoE = 15%

The WACC figures in table 5 represent the minimumavricial requirements for each biofuel
chain. They show that in the case of a biofuelgattion, some chains (sugar-based bioethanol
and vegetable-oil based biodiesel) meet the reop@nés of debt providers and equity
investors without needing any government supporti would do so even if the average
market price for biofuels was almost half lowerrthahat is projected by OECD-FAO, all
else equal (see appendix 1 for feedstock priceeptions). Agricultural price shocks of the
type witnessed during the 2007-2008 food crisesdcoluicourse turn the situation around.
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At the same time, it shows that under the prediotadket conditions, the other biofuel chains
are not very attractive to the average investoredttibased bioethanol for example needs a
small support to generate sufficient returns toaattprivate capital, whereas both second
generation chains will need very significant levefssupport to attract the venture capital
required to help it cross the bridge to a fully ecoencial phase (the equivalent of roughly a
10% price increase for FT diesel and almost 90%Hercase of lignocellulosic ethanol). The
bigger the price gap, the more support is needed.

What the above table also illustrates is that oRde diesel production reaches full
commercialization, it is likely to become almost airactive to investors as the first
generation biofules offering the best returns atrtftoment.

As discussed in the previous chapter, technolagkyisi the biggest hurdle to overcome before
conventional (and cheaper) finance sources becosagable to second generation biofuel
projects. Overcoming technology risk (as perceibgdfinance providers) means nothing
more than a proven technological track-record, rorother words, sufficient installed
production capacity on a commercial scale operatbeg@dily over a certain period of time.
The main aim of second generation policy suppooukhtherefore be to bring some initial
quantities to the market. The following chaptercdsses what would be the best policy
combination to achieve this.
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6. Policy support to second generation

6.1 Overcoming technology risk to full commercializ ation

The WACCs calculated by the cash flow model aboeeevinserted into Biotrans to add the
cost of capital to the investment costs in the rho&le discussed above, given the current cost
of the technology and the predicted biofuel pritesre will be hardly any private capital
willing to invest in a second generation biofuehtee. This is confirmed by a Biotrans run
where all first generation biofuel chains are sabj® a WACC of 7.17% and second
generation technologies are facing the currenityead a 30% pre-commercial WACC until
2015 and 7.17% thereaftewhich is a rather arbitrary period-distinctionsbd on the mid-
point expectations of the surveyed finance expertthe commercialization of2generation.
As can be seen in figure 4, without any supportirgpsure there will hardly be any second
generation technologies by 2030, if current magget financing conditions persist, because
first generation biofuels, especially biodieselll wimply be cheaper to produce and much
more attractive to investors (those not concernigal stakeholder acceptance).
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Figure 4: Biofuel mix under WACC = 7.17% for firgeneration technologies and 30% for
second generation until 2015 and 7.17% thereafter

The first question to be answered was thereforenvda® we reasonably assume that second
generation technologies will have reached full caroalization (from the point of view of
finance providers) and what kind of policy supgerbest suited to achieve it? As mentioned
before, the expectations of finance experts vadelyiin this regard, from 2 to 10 years. The
cash flow model runs have shown that private chpitane is unlikely to flow into second
generation production capacities in sufficient levender the current and predicted market
conditions, hence some sort of policy support Wwél needed at first to bring some level of
installed capacity on the market. Once that isead, two cost-reducing effects should take
place:

® Assuming they will be eligible for the same finamstructure as®igeneration once they reach full
commercialization.
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a) reduced technology risk making it eligible for ddlitance and equity other than
venture capital, leading to a considerably reduwmesd of capital and
b) learning effects reducing the cost of the techrmplog

The very high WACC of 30% will then be replacedwihe 7.84% and 7.17% WACC for
lignocellulosic bioethanol and FT diesel, respesdtiyvand it will be calculated over a smaller
base, because the cost of technology will have beeaght down by learning effects, thus
significantly increasing the competitiveness ofosgtgeneration technologies.

Three policy options were tested for their abityintroduce into the market a level of second
generation that would allow for learning effectsstart taking place and the technology to be
considered sufficiently proven. The *“sufficient’vid of market introduction for second
generation to be considered commercial has beeewbat arbitrarily set to cca 10% of the
biofuel market. The policy options tested wereftiilwing:

1. Investment subsidy of different levels (50%, 60% &0% of total project costs)

Investment grants or direct subsidies are an inapbrsupport measure for technologies not
yet interesting for conventional finance sourcegsBbsidizing a part of the investment costs,
governments shoulder part of the risk by lowerihg total amount which needs to be
provided by investors. For installations employsgrond generation technologies this can
have a very high impact on the final cost of thedoict, since capital costs (into the
production facility) represent a very high propontiof total project costs (as opposed to the
case of first generation, where capital costs awcdar only up to one third of total
production costs).

We tested a situation where all second generatigtaliations could be granted a direct
subsidy covering 50%, 60% or 70% of their totalesiment costs. The subsidy would be
available as long as it take$®Zjeneration installations to overcome the technplogk
barrier and reach a lower WACC typical for matwehinologies.

2. Tax break for second generation biofuels

For this case we take the fuel taxation in Germasya benchmark and assume that all first
generation biofuels (used in low blends) are sulifethe same tax levels as fossil fuels (that
is 47 €ct per liter for the case of first genenatinodiesel and 66 €ct per liter for first
generation bioethanol), while second generatiofuble are completely exempt from taxes.

We examined two different possible impacts of texaand tax exemptions:

a) An interesting, though highly hypothetical case,uldobe one under conditions of an
obligation and no imports. In this case, the taxpprtion that could not be absorbed by
the margin of the lowest-cost first generation b&fchain would be transmitted to
consumers as a biofuel price increase. As sugadbathanol is the lowest cost
production chain for ethanol, we assume that ireads of low-cost import competition,
sugar-based ethanol producers would be settingrtbe of ethanol in Europe. Their price
gap would be able to absorb 379 of the 836 €/t@urasd tax on ethanol (a complete
reversal of the tax break enjoyed until recentlysermany, for example). The difference,
in this case 457.5 €/ton, would be transferredaimsamers in the form of a biofuel price
increase, which could be exploited by producerssefond generation bioethanol on
which a tax is not imposed.
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For the case of biodiesel, a full tax of 534 €/[{gonsistent with a full phase-out of
Germany’'s 0.47 €/I former tax break), just equbks average margin of vegetable-oil
based biodiesel, making a tax-induced price inergagentially exploitable by FT-diesel
producers unlikely.

b) A more realistic scenario, where a certain degreenports from outside the EU are
possible and hence there is no tax-induced proease of biofuels.

3. Double counting

The double counting mechanism allows second gearrhiofuels to count twice as much as
first generation towards biofuels targets. This nsedahere can also be price differentiation
between the two biofuels generations. The priceséaond generation biofuels can now equal
the oil price plus twice the difference betweestfgeneration biofuels and the oil price. (At
the moment, the price for all biofuels is deterrditg the cheaper first generation biofuels.)

2" generation price = fossil oil price + 2 x (1ehgration biofuels price — fossil oil price)
Results

The conclusion from those model runs was that eeifall tax differentiation (with or
without a tax-induced biofuel price increase) nawulle counting is alone sufficient to
overcome the significant investment barrier thabsed generation technologies are currently
facing due to insufficient technological track-ret'o Only a very high investment subsidy
level of 70% of total investment costs seems talile to overcome this and introduce some
second generation capacity into the market. Eveh auhigh subsidy seems to only become
interesting to biofuel producers by 2016, when deenand for biofuels is too high to be
covered by the cheapest first generation optiohs;tware starting to run out. Clearly, such a
high level of support is not sustainable in thegloan, from a budget point of view, and is
mainly meant to achieve the introduction of secgederation technologies, after which it has
to be discontinued or replaced by less capitahsitee support options.

For example, if the 70% subsidy is maintained fusther 2 years after the first appearance of
second generation on the market, by approximately8 2hey could reach some 10% of the
biofuel market share, at which point it would basenable to assume (although as mentioned
before, completely arbitrary) that there would beffisient proof of technological
performance to eliminate or significantly lower tteehnology risk, thus opening to second
generation biofuel projects the possibility of dbtag other finance options than venture
capital and in turn significantly lowering their V@A. At the same time, the learning effects
would start lowering the cost of the technology mghkit more competitive compared to first
generation installations.

" Graphically, the results of these runs and the fansubsidy levels of 50% and 60% of investme@sts look
exactly like figure 4.
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Figure 5: Biofuel mix under a 70% investment sdipgor second generation biofuels until
2018, first generation WACC of 7.17%, second germaraWWACC of 30% until
2018 and 7.84% and 7.17% thereafter for lignooediigl bioethanol and FT diesel,
respectively

As can be clearly seen from figure 5, FT-diesdhis dominating second generation biofuel
on the market. This is due to the already mentiologeer production costs compared to
lignocellulosic bioethanol, which will make it moegtractive to finance providers once the
initial investment hurdle is overcofhé&ven so, the FT-diesel share drops after 2018 e
investment subsidy is discontinued. However, at f@nt learning effects have already
started reducing the cost of the technology andesdemand for biofuels is growing in the
scenario runs, they are becoming increasingly @i resulting in a steady growth from
2020 (10% market share) towards 2030 (34% marlae¥hLearning effects also explain the
difference with the scenario represented earliefignre 4, where just an arbitrary drop in
WACC did not result in any deployment of secondegation biofuels and therefore did not
give the opportunity to reduce their cost due &oneng.

Significant investment support thus seems to bess=ry to achieve the introduction of some
noteworthy quantities of second generation biofoek® the market. However, the above case
still does not reach the 30% market share for aclémiofuels by 2020, as advocated by the
European Commission, because the total productiets @re mostly still higher than for first
generation biofuel chians. To achieve a higher etaghare for second generation, a
combination of policy support options will be nedd#or a limited time period at least) also

® However, Biotrans cost supply curves for lignadelsic ethanol might need to be revised soon,gfrétently
announced technological advances prove to be apthec Danish company Novozymes plans to launchwva n
enzyme sometime this year, which should allow ¢e$kel ethanol to be produced for less than 2 dopars
gallon, which is about 37 eurocents per litre (Gagessletter, 17-02-2010). At the same time CelkilSsiences
International (CSI) have developed a new pre-treatrprocess to ensure more efficient conversiarebfilose-
based biomass into sugars, which will reduce theuwminof enzymes required resulting in direct c@stirsys
(Gave newsletter, 29-03-2010).
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after they have been fully commercialized. In tlextrsection, we evaluate the effectiveness
and efficiency of a number of policy scenarios aignio reach an approximately 30% share of
second generation biofuels on the market by 2020.

6.2 Towards a 30% biofuel market share for second
generation technologies

After having established how much support might beeded to achieve full
commercialization of second generation biofuels, @m is to find the policy mix that will
achieve their higher market share at the leastyaibst. We composed and tested a number
of policy cases with different combinations of pglisupport options during the pre-
commercial and commercial phases of second geaerptoduction chains. Table 6 presets
the six most interesting of the nine policy comitioras we tested (the full overview table and
the graphs and explanations of the remaining tbases are available in Annex 2).

Table 6: Overview of selected policy cases

Pre-commercial phase | Commercial phase
1 | Investment subsidy
a | Investment subsidy 70% for the year of Continuous investment subsidy of 30%
introduction + 2 years thereafter
b | Investment subsidy 70% for the year of Gradual subsidy phase out: 30% first 4 years after
introduction + 2 years after full commercialization, 15% subsequent 4 years,
0% thereafter

2 | Tax break (+investment subsidy)

Full taxation of all biofuel (836.5 €/t for Full taxation of 1% gen and partial taxation of 2
bioethanol & 534.1 €t for biodiesel) gen (418 €It for 2™ gen bioethanol and 267 €/t for
+ 70% investment subsidy until year of FT diesel)

introduction + 2 years after

3 | Soft loan (+investment subsidy)

Investment subsidy 70% for the year of Soft loan 1%
introduction + 2 years after

N

Double counting (+investment subsidy)

a | Investment subsidy 70% for the year of Double counting
introduction + 2 years after + double
counting

b | Investment subsidy 70% for the year of Double counting discontinued after 2020
introduction + 2 years after + double
counting

1. Investment subsidies

As we saw in the previous section, investment slibsiare an effective way of bridging the
gap to commercialization of second generation leisfthus reducing the cost of capital from
few tens of percent typical for venture capitaladdew percent characteristic of a project
developed with conventional finance.

Investment subsidies are equally effective in hglpisecond generation technologies
achieving a higher market share. Clearly, the highe investment subsidy, the more second
generation production capacity we will see on therket. As mentioned before, however,
investment subsidies are a very costly policy mesasinich cannot be maintained forever. In
cases la and 1b, we therefore compare the effectohtinuous investment subsidy of 30%
(after full commercialization for second generatismeached) and a gradual phase out of this
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support measure (30% subsidy for the first 4 yeditsr commercialization, 15% for the
following 4 years and no more thereafter). The iotpaon second generation penetration
under these two options can be seen in figuresn8®Hh.
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Figure 6a: Case la - biofuel mix for the case @7 investment subsidy until
commercialization is reached and 30% thereaftast(fgeneration WACC of
7.17%, second generation WACC of 30% until 2019 &®4% and 7.17%
thereafter for lignocellulosic bioethanol and F&s#l, respectively)
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Figure 6b: Case 1lb - biofuel mix for the case of%70nvestment subsidy until
commercialization is reached, 30% for the firsteang thereafter, 15% for the following 4
years and a complete discontinuation by 2027 (WAE&se as in case la)

Both cases achieve of the same deployment of segamelation biofuel (FT diesel) by 2020,

some 22%, since the subsidy levels are the samkthbat date. More interesting is the

development thereafter. By 2030, a continuous siybsf 30% of investment costs helps

second generation biofuels reaching approximatépp 4narket share (or 901 TJ) at a total
cost of approximately 14.5 billion €, compared &8 (or 732 TJ) in the case of a gradual
subsidy phase-out, at a cost of around 7 billiowtich is 19% less second generation biofuel
on the market at half a policy cost compared torginuous subsidy. Again, the main reason
for the difference is learning effects.

2. Tax break

Tax exemptions for biofuels have played an impdrtate in promoting the use of first

generation biofuels in many countries, albeit a& ttost of large tax revenue losses for
governments. However, as initial runs have showthsa strategy is not sufficient to

overcome the initial investment barrier for secagheration technologies. Nevertheless, in
combination with an initial period of investmentbsidies, tax differentiation between first

and second generation biofuels could be warrargedsapport option.

In all cases first generation biofuels were fullpdaconsistently taxed across Europe
according to the German tax levels of 836.5 €/tdtiranol and 534.1 €/t for biodieeln
addition, investment subsidies of different lewskre added until second generation biofuels
became noticeable in the biofuel mix.

° This is of course not a realistic scenario, assextaxes differ significantly across Europe, néwless it gives
an indication on the level of cost of such suppoticy.
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We tested combinations of different tax exemptievels for 2° generation (full and partial),
timing of tax reduction introduction (pre-commetc@ commercial phase) and levels of
complementary investment subsidy and found thatadigb tax exemption of second
generation is best introduced after commercialirathas been achieved through a 70%
investment subsidy (as in case 1), which is disnartl after second generation biofuels
reach approximately 10% of market share. (The texfl the other runs are presented in
Annex 2.)
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Figure 7. Case 2 - biofuel mix for the case of @67investment subsidy in the pre-
commercial phase and reduced taxation (50%) ofrekgeneration biofuels for
the commercial phase

This kind of policy combination achieves a marketre of about 25% for second generation
biofuels and an almost 47% share in 2030. The fmfty cost comprised 2.7 billion € of
investment subsidies and over 19 billion € of cuatiué tax revenue loss, due to reduced tax
income from sales of second generation biofuel. Eamed to other combinations of lower
investment subsidy (50%) and continuous tax exempt{(both full and partial) through both
the pre-commercial and commercial phases (see ARnéRis is the cheapest policy option.

3. Soft loan

After second generation technologies become eéigibt debt financing, subsidizing the
interest rate of the bank loan also becomes a lgessiuipport option, which directly lowers
the projects’ cost of capital. Biotrans runs halkreven that on its own, soft-loans subsidizing
1 or 2 percentage points of the bank loan are alohesufficient to achieve high market share
for second generation biofuels. However, this imsgnt can be used in combination with
other support options, reducing the need for dineegstment subsidies and representing a
potentially cost-efficient complementary option.

Figure 8 presents a situation in which a 70% imaesit subsidy is employed to bring second
generation biofuels to the market (as in casesdl2anthen discontinued two years after the
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initial investment barrier is overcome, after wheclsoft loan of 1% is introduced as the only
support option.
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Figure 8: Case 3 - biofuel mix for the case of &oc7thvestment subsidy in the pre-
commercial phase and soft loan of 1% for secon@mgion biofuels thereafter

This policy combination achieves a second genaratiarket share of 14,7% in 2020 and
almost 36% by 2030. The total policy costs are2ffebillion € initial investment subsidy and
just under 1 billion € of loan subsidization costs.

If a continuous 10% investment subsidy (throughsadond generations’ commercial period)
iIs added to the soft loan, a market share of 16r¥v¥eached by 2020 and almost 37% by
2030, at a total cost of almost 7 billion € invesi subsidies (2.7 of which in the pre-
commercial period) and almost 1 billion € of loambsidization costs. An almost double
policy cost for a marginally larger market shareg(&\nnex 2).

4. Double counting

Double counting was introduced by the new Renewdbiergy Directive in 2009 and
currently represents the main supporting optionsrond generation biofuels in Europe. Its
effectiveness is still not entirely clear. Whilecieasing the competitiveness of second
generation compared to the first, this advantageesvawith fossil fuel price, adding an
element of uncertainty for investors and lend@fBhis is difficult to quantify but it will most
likely be reflected at least in a higher DSCR regmient by banks for second generation
installations”.

Double counting also means that the proportioneafoad generation biofuels entering the
market for transport fuels, can be matched by anvatent amount (based on energy content)
of fossil fuel. This reduces the total size of thiefuel market, potentially challenging the
very drivers for biofuel policy support.

19'See Londo (2009) for a detailed explanation.
" Note that this possible effect on the WACC haben included in the double counting runs with Bios.
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As the initial runs have shown, double countingitsnown does not represent a sufficient
incentive to bring significant amount of second gyation biofuels to the market. However,
coupled with a high investment subsidy, even if ldiger is discontinued shortly after the
initial investment barrier is overcome, it can a&sk@ high market share for second generation
biofuels at low policy cost. As can be seen frogufe 9a below, a combination of double
counting together with a 70% investment subsidyil uhie year of second generation
introduction and two years thereafter, yields akegshare of 18% in 2020 and almost 31.5%
by 2030 at a total policy cost of only around 86illiam €. This is significantly lower than
any other policy combination assessed so far. Hewet must be noted, that under this
scenario, the total amount in absolute terms df batfuels in general and second generation
in particular, are smaller than under any other caisalyzed so far, the difference being
almost twice as much compared to the tax break case
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Figure 9a: Case 4a - biofuel mix for the case ofiale counting of second generation
biofuels and a 70% investment subsidy in the praroercial phase and only
double counting thereafter

The reason lies in the already mentioned possibtit match any amount of second
generation biofuels by equal amount (in energy eainterms) with fossil fuels, allowing

them to fill part of the biofuel obligation quotat the same time, by comparing the volumes
of first generation biofuels for the various scémsirso far, we see that double counting of
second generation hardly displaces any signifieanbunt of first generation production.

However, what double counting does achieve is atieeanarket introduction of second

generation biofuels compared to all other casesribesl so far.

It thus appears that double-counting can be a weesf-efficient way of speeding up the
introduction of second generation into the bioforket, but less effective in significantly
expanding its production capacities in the longar, mlthough it does support a fair relative
market share for advanced biofuels. This is to dasxtent because double counting
diminishes the total size of the biofuel markethea than significantly increasing production
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volumes of second generation biofuels. Becaushisf it is not an instrument that should be
used for a prolonged period of time; otherwise urd$ might remain a niche market,
representing less than 10% of the transport fueketdy even 2030.

Double counting should, similarly to expensive isiveent subsidies, be seen as a means to
bridge the technology risk barrier to full commaii@ation of biofuels and support initial
capacity levels until learning effects start desine@ the cost of the technology.

Such a case is presented by figure 9b below, wéldws the biofuel mix under a situation
where initial second generation production capasisupported by both double counting and
a 70% investment subsidy. The latter is discontinueo years after first market introduction
of second generation biofuels, while double-counttabolished in 2020.
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Figure 9b: Case 4b - biofuel mix for the case aflile counting of second generation biofuels
and a 70% investment subsidy in the pre-commeptiake and only double counting until
2020

Unsurprisingly, the two scenarios lead to the saehative and absolute amount of second
generation biofuels until 2020 (ca. 18% of all bigis), while the developments thereafter are
much more interesting. When double counting isahsoued, there is a sharp increase in
biofuel production, both first and second generatihich now needs to fill the gap created
by fossil fuels not used anymore to cover parthef biofuel obligation. This indicates that
second generation technologies will at that poiavehreached sufficient technology cost
reduction to become attractive competitors to fysheration installations, even without any
other significant support. Under this scenario, 2080, second generation represents 36% of
the biofuel market share (compared to 31.5% withtinoous double-counting) and 50%
higher volumes in absolute terms. In both casepadliey costs do not reach 1 billion €.

The main reason for second generation being aldelieve a significant market share in this
case even without any additional support measigegain learning effects. Double counting
has, in combination with a high investment subselel, brought second generation into the
market a few years earlier than any other poliaylomation analyzed so far. Earlier market
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introduction means that by 2020 learning effectsuiohave reduced the cost of the
technology more, than if they only started by 20d$in most other cases). The conclusion is
that double counting is a very cost-efficient coempéntary measure to achieve market
introduction of second generation biofuels into tiarket but needs to be discontinued after a
while to fulfill its purpose best.

It is worth noting that the results presented hmxgether with the related policy costs,

strongly depend on technology learning rates. dfieng does not go as well as expected,
penetration rates for second generation wouldrfalthout some continuing support and for

such support additional funding would be required.
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7. Potential opportunity: heat sales

Synthetic biofuels- BTL technologies - generatepbig heat, which is lost. When the
technology risks are overcome and those gasificatehnologies comprise a larger market
share the amount of surplus heat will be significarhis surplus heat, however, can be
utilized. For instance, it can be sold to the hearket, particularly, to the district heating
systems.

The total amount of heat delivered to the EU Mentitetes district heating (DH) systems in
2003 was 2034 PJ (see Elobio D6.1 and 6.2) angdtential for DH to grow is large in most
member states. Werner (2006) estimates a doubfitigeopresent total DH deliveries in the
specified region in total up to 2020. However, asislg, e.g., that biofuel/heat co-generation
needs to deliver heat to the DH system a certaouatof hours of the year to be introduced,
it will not be possible to use the entire heat sink

The diversified and local character of DH systemsot captured when assessing national
data instead of systems level data. Hence, thalaictypact of introducing biofuel/heat co-
generation is somewhat different than presentethis paper. First, we overestimate the
possibility for biofuel/heat co-generation since agsume that it is possible to implement it in
all individual DH systems independent of their si&econd, performing the analysis with
information at the individual DH systems level (ceming e.g., load curve and heat supply
options) would also influence the outcome to soxterd. The impact of introducing a new
technology, when using an aggregated descriptiorthef national DH systems, will be
sensitive to the slope of the national load curwethe affected heat supply options. The
impact will thus vary between countries and sc@sarFor a discussion of the impact of
introducing a new technology on the use of a aerteat supply option, when using an
aggregated description of the national DH systam®s,Knutsson et al. (2006).

Assuming a different annual load curve influendes dutcome, depending on how large a
difference is assumed. In countries with less @igteat demand during the year than given
by the annual heat load curve used, the possdslifor biofuel/heat co-generation to be

introduced in the existing DH system might be seralhan found in this study. In countries

with a more constant heat demand during the yeaopiposite is true.

In reality, an individual DH system is not alwaysnipletely connected, i.e., there may be
limitations in the transfer capacity within the . Thus, it might not be possible to replace
several heat supply capacities at different locatiwith one biofuel/heat co-generation plant.
However, a comparison of the size of DH producfrom biofuel/heat co-generation and the
size of individual DH systems will indicate the iorpance of the size issue.

Policies intended to promote biofuels for transpordy also improve the interest for
biofuel/lheat co-generation. Other policies will editty and/or indirectly influence the

prospects for biofuel/heat co-generation, with utate net effects. Policies intended to
promote heat from renewable energy sources mighultte biofuel/heat co-generation but
will also stimulate biomass-based combined heat pmder (CHP) and heat-only boilers
(HOB). Similarly, policies promoting renewable dlegdty might stimulate biofuel/heat co-

generation plants that also generate electricity, tbey will also stimulate biomass-based
CHP plants and biomass co-firing in coal-fired Cpiénts.
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Heat sales are a revenue stream available onlydonsl generation installation, and can
potentially affect their profitability, or, at lelamitially, decrease the need for policy support.
To establish the magnitude of heat sales impaceweerformed all policy cases including the
heat sales. In table 7 we present some of the imeséesting results.

Table 7: Overview of second generation biofueldpiiion volumes, market share and
policy costs with and without heat sales

Year of Invest. Soft Total

2" gen relative relative subs. Tax loan policy

introduct.  [TJ]2 ™ [%] [TJ] 2™ [%] costs losses costs costs

Case gen 2020 2020 gen 2030 2030 [M€] [M€] [M€] [M€]
la 2016 317,565 22.0% 901,139 41.0% 14,624 - - 14,624
1a heat 2012 556,743 38.5% | 1,232,444 | 56.1% 20,815 - - 20,815
1b 2016 317,565 22.0% 732,381 33.3% 7,342 - - 7,342
1b heat 2012 407,839 28.2% 913,479 41.6% 6,609 - - 6,609
2 2016 361,130 25.0% 1,028,806 | 46.8% 2,716 19,326 - 22,042
2 heat 2012 676,172 46.8% | 1,835424 | 83.6% 2,614 39,365 - 41,979
3a 2016 212,468 14.7% 789,775 35.96% 2,716 - 998 3,713
3a heat 2012 377,334 26.1% 933,012 42.49% 2,614 - 1,471 4,085

5a 2013 219,954 18.0% 526,190 31.5% 861 - - 861

5a heat 2011 297,816 26.0% 610,320 38.5% 889 - - 889

5b 2013 219,954 18.0% 790,205 36.0% 861 - - 861

5b heat 2011 297,816 26.0% 928,113 42.3% 889 - - 889

As can be seen from table 7, heat sales can paltgntiave two positive impacts on the

development of second generation biofuels:

a) They may increase the speed of introduction of seéameneration by a couple of years
(more or less depending under which support schéménstallation would operate). An
earlier introduction rate also means the technolagwing towards competitiveness
sooner.

b) Increasing market share. In all presented caseglitference is quite substantial, ranging
from 30% to 80% more second generation biofueldyred in absolute terms.

The most important message from table 7 is, howekat heat sales can support a continuing
expansion of second generation production whilecpaupport is gradually phased out, as is
demonstrated in case 1b (where investment subsidgradually reduced and finally
discontinued), thus reducing the total cost ofgbbcy. By contrast, where policy support is
continuously provided per unit of capacity instdller biofuel produced (and sold), as is the
case with continuous investment subsidies and xarptions, the policy costs can escalate
very fast.

Present and prospective future DH systems in tbiglual EU countries show that it can
offer a substantial heat sink for surplus heat froiwfuels production using the biomass
gasification route. The linking with district heagi can serve the purpose of improving cost
competitiveness of this biofuel option. Howeveg tmplementation potential depends on the
cost-competitiveness of this heat supply option garad to, in particular, fossil-fuel-based
CHP but also the future use of industrial surplesithand heat from waste incineration.
Further, there are some serious logistical issimeeg tight prevent second generation
installations to exploit the benefits of heat salBd. plants will most likely have a large
capacity, and will be located in a harbour area.sAsh, even if there is a district heating
system available, it is questionable whether thatihg system has sufficient capacity to
absorb the large amount of excess heat produc&dLbglants.
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8.Potential risk: competition with other ligno-
cellulose-based industries

Although market risk is not yet seen as a significssue for second generation biofuel
production, continuous provision of cheap and abuantlgnocellulosic feedstock is likely to
become a challenge. Wood, in all its forms, hasrg large number of applications and many
forestry based industries are already competingvfrd resources in their many forms.

Because the market for wood residues is very isgarent, it is rather difficult to make a
precise estimate of the flows of wood residuestsadifferent applications. According to a
UNECE/FAO study on wood resources availability alednand (UNECE/FAO, 2007) there
are data weaknesses on both the supply side (trcydar on woody biomass outside the
forest, post consumer recovered wood and loggisglues) and on the consumption side
(especially on wood use for energy and on converfotors calculating wood raw material
equivalent from units of products). The UNECE/FAQ@B805 wood resource balance for
EU/EFTA shows that material use (sawnwood, pulp @ayoker, wood-based panels and other
products) account for about 58% of total wood usthe region (821 million m3) and energy
use accounts for the remaining 42% (mainly privaesehold use, internal industrial use,
power and heat production, and a substantial shiadifferentiated). Statistics for energy
applications, however, are known not to includeflallvs. Particularly trade flows of wood
pellets used for co-firing are difficult to determei partly because of missing or vague trade
definitions (UNECE/FAO, 2007). Nevertheless, theoddalance clearly shows that energy
and material uses are of the same order of magnitud

Future assessments of wood uses predict a fasrelase of energy use compared to material
uses. The amount of demand from the energy sedficdepend on bioenergy targets and the
level of support they will receive from governmebts also on the relative competitiveness
of bioenergy options with other renewables. Onltasis of this data it can be calculated that
by 2020 the combined shortfall of wood supply irrdpe could reach 300 million¥nwhich
does not even include any potential demand foptbduction of second generation biofuels.

Figure 10 shows the resource base of a middle chg®ssible developments for second
generation, for example case 5b described in tlegiqus section. We can see that wood
processing residues are the most important feddstmarce, followed by agricultural residues
and woody crops.
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Figure 10: Resource base of biofuel mix achievadeu policy case 5b

Wood residues and woody crops would in this caggesent almost 0.5 EJ of biofuel
feedstock by 2030. Assuming that 1 metric tonne dvequals about 1.4 cubic meters (solid
wood) and the energy content of wood fisehbout 18-22 GJ/g simple back-of-the-envelope
calculation shows that if second generation bigfwebduld reach a 30% market share over the
next two decades, it would add an additional 800@ million m3 of demand for forest wood,
woody crops and residues, increasing the gap batwepply and demand and competition
among all forestry-based sectdrs

Unless more wood resources in Europe are mobilitheddeficit will have to be imported or
shared by all industries and will likely resulthigher wood prices and lower growth for all
forestry-based sectors.

Unfortunately, price changes of wood residues, imgifeedstock for BtL plants, are very

difficult to estimate because they are not tradedestablished trading platforms. Lack of
consistent price data could also be one of theorsag/hy feedstock provision is not yet seen
as an issue for second generation plants. Howsevidr, increased BtL capacities and the
corresponding increased demand for lignocellulésexistock, market risk could very likely

become a reality for second generation plants &s we

21n terms of competition with the stationery secthe utilities’ demand for biomass feedstock feah&
power production depends a lot on CCS developmeetsElobio deliverable D6.
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9.Conclusions and recommendations

Second generation biofuels have an important lpelay in a more sustainable transport
system. They are generally more acceptable to msiasieholders (as discovered during
stakeholder consultations in WP4) and can allev@adéential environmental and social
pressures caused by increasing biofuel demand winidd(as described in WP5). However,
while desirable for many reasons, they are noegenhomically attractive enough to draw the
type and amount of capital necessary to meet ailishexpected of them.

The aim of Elobio WP7 was to assess the main imest hurdle preventing advanced
biofuels from becoming a competitive player on thefuel market. An analysis of risk
profiles of first and second generation biofuelscading to finance experts revealed that the
biggest hurdle for second generation is technol@&ky which cannot be reasonably mitigated
by a contractual arrangement of a project seekitante, but requires a steady technological
track-record. This can be achieved by bringing #icaf amount of second generation
production technology on the market. Until thene thnly finance sources for advanced
biofuel projects are grants and venture capitaicivimplies very high cost of capital, even
three to five times the cost of capital for firgngration projects. The current biofuel market
situation does not support returns of the type irequby venture capital, making advanced
biofuels an unattractive investment option.

To overcome this initial investment hurdle, a digaint level of support is likely to be
necessary. The effect of risk mitigation policies tbe cost of capital is difficult to model
explicitly on a macro level. However, since tectuyyl risk is best mitigated by increasing the
amount of installed capacity until there is suffiti proof of the technology’s performance,
we can reasonably assume that after such poietished, conventional finance sources will
consider financing projects employing second gdimratechnology, thus significantly
lowering the projects’ cost of capital. Differenbligy options or combinations can help
second generation achieve the necessary marketrp@me to be considered “a fully
commercialized technology” at different policy st

When searching for the optimal solution, we shaliktinguish two “phases” of support for
advanced biofuels: the “pre-commercial phase”, whtdre aim is to bring some initial
quantities to the market so that investors can mectamiliar with the technology and the
“market expansion phase” where the aim is suppbntties sufficient to meet a significant
share of the demand for biofuels.

Model runs with Biotrans show that the most effextioption to overcome the initial
investment barrier are high investment subsidiegxicess of 50% of total investment costs;
they are a relatively costly option but it is imgzott to note they do not need to be in place for
a long time. Tax breaks and double counting orow® do not appear to be sufficient to
overcome the initial investment barrier.

Once the initial investment hurdle is overcomeyreay effects and lower cost of capital

should make second generation biofuel projects nimteresting for investors. However,

model runs show that until 2020 there could beigefit supply of cheaper first generation
feedstock to keep the still more expensive advabagfdel chains a niche market. To expand
their market share beyond 10%, some sort of pdigyport will remain necessary beyond
successful commercialization of the technology.
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Table 8 presents a summary of the effectivenessHimiency of achieving a higher market
share for advanced biofuels for some promisingcgadiptions. The number of plus (+) and
minus (-) signs indicates the strengths of a pobpyion/combination in achieving a high
share of second generation biofuels (effectivenatssg) low policy cost (efficiency). Thus,
more pluses indicate a higher market share, wfeleer minuses (or even a plus) indicate
lower policy costs.

Table8: Effectiveness and efficiency of advanced biokigdport options

Effectiveness Efficiency
Policy option(s) (market share of 2nd gen (total policy cost in
by 2030) €2005/GJ biOfUG')

la: Continuous investment subsidy +++ --
(>50% of investment costs) (~40%) (~15)
1b: Investment subsidy gradually ++ --
phased-out (~35%) (~10)
2: Initial investment subsidy + +++
subsequent partial tax break (~45%) (~20)
3: Initial investment subsidy ++ -
+ subsequent soft loan (~35%) (~5)
4a: Initial investment subsidy + ++ +
continuous double counting (~30%) (~2)
4b: Initial investment subsidy +

. . . ++ +
double counting discontinued after _aro N
2020 (~35%) (~1)

Of the policy combinations tested in this studye tmost favourable one is high initial

investment subsidies (discontinued after commetzeitibn is reached) coupled with double-
counting, which is also discontinued after an atiperiod. To fulfil its purpose best, this

support measure should be discontinued as soaaasrig effects have lowered the cost of
the technology enough to make it more competitivilh wonventional biofuels. Otherwise,

double counting can reduce the overall size oftioduel market while substituting hardly

any production of conventional biofuels with advwationes. Again, we made an arbitrary
decision to discontinue double counting less them years after market introduction of
second generation biofuels although some more ndse@uld be needed to establish more
precisely when the cut-off date should be.

Tax incentives similar to those used to promots fijieneration biofuels would also be a very
effective mean to increase market share of advabitddels, however their high cost (in the
form of tax revenue loss) does not make it a soabde incentive, even for the medium term.
A more general conclusion is that to avoid poliogts escalating beyond maintainable levels,
any support measures given per unit of capacitialiesl or biofuel produced (and sold),
should gradually be discontinued. An added benéfad support measure “with a deadline” is
that it might also increase the sense of urgently prioject developers and investors eager to
cash in on the limited amount of incentives, thusesling up development of first capacities.

It is important to note again that both the effemtiess and the efficiency of the above policy

measures depend considerably on the following aetofs:

« what market share exactly would need to be reablgeskcond generation technology to
be considered sufficiently proven and,



eIObia.-

................................... Biofuel policies for dynamic markets o

* how fast would technological learning lower thetaafshe production technology?

Regarding the former, the roughly 10% market slesuimed to be sufficient in this study
can be considered a realistic amount, making olicypoosts results an upper-side estimate.
On the other hand, the technological learning cumneduded Biotrans is a fairly optimistic
one, which could lead to a faster lowering of pretthn costs for second generation biofuels
and consequently to lower subsidy levels. We ditlattempt to quantify the net result of
these two opposite effects. It is nevertheless cthat if the aim is to have advanced biofuels
contribute a noteworthy amount of transport fugl020, the budget for support will need to
run in the order of several hundred million €.

There are other important developments that caadspp or slow down market deployment
of advanced biofuels. Heat sales can support inttboh of second generation biofuel/heat
cogeneration and most importantly support markgbaegion while policy support is
gradually phased out. However, the size, proxiraitg seasonal character of the heat sink are
significant issues to be resolved before this syynean be exploited.

While promoting market expansion for advanced k@sfuwe must also keep in mind
potential future risks related to significantly ieased demand for lignocellulosic feedstock.
To be economical, advanced biofuel production glamil need to be very large and will
represent another significant demand source fordywdeedstock. Market risk might become
a real issue for second generation as capacitynelspand feedstock demand increases for
already supply-constrained woody residues & woaops.

There are other risks to second generation biafo@ins which, although less prominent than
technology risk, are nevertheless important foirteeady development and increased use.
Government risk, for example, can be mitigatedrapgparent, clear and long-term policies,
which give the right signal to business developamsl finance providers. This does not
necessarily mean heavy long-term subsidizatioreodsd generation installations but rather a
policy environment allowing a high degree of certgiin the evaluation of long-term
investment decisions.

Finally, it is worthwhile to contrast our findingsith the views of stakeholders on biofuel
support options collected during consultation ind\(BeeLundbaek & Londo, 2008 and Duer
et al., 2009 for more details):

 Farmers seem to prefer a mandatory target for ®tfuand no specific support for
second generationThis can imply that opportunities from growingdaproviding
lignocellulosic crops are not yet fully recognizekt. the same timehere is a growing
market with fairly high prices for biomass from ewgllow in Sweden. However, farmers
seem reluctant to adopt this crop in their cropmirgtegies — presumably because the
crop is a perennial crop and thus more prone ks iiis shifting prices over the years, but
perhaps also out of lack of knowledge on yields ahtiow to manage this crop.dve
information dissemination on potential income frampplying feedstock to advanced
biofuel producers among farmers’ organizations aogport for introduction of new
crops might be beneficial.

* Vegetable oil producerwant any tax exemptions to be consisasrbss countriesThis
would be difficult to achieve as excise taxes arlieeaks are decided on a member state
level. However, homogeneity might come from the faat due to its high policy cost tax
exemptions are being replaced by obligations.
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« A suggestion from academia included an advise ag&ilending mandates and in favour
of counter-cyclical mandatdg.g. a blending target that is high when feedsioates are
low and vice versa) however this would significgnticrease the investment risk into
biofuel plants, specially because market fluctustizvould now mean not only high input
costs but a potential shut-down of production. éilthh this remark was primarily
intended for first generation biofuels, it couldcbme relevant for second generation as

well, if other forestry-based industries (e.g. p&lppaper, fibre-boards) start suffering
from high input prices.
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10. Analysis limitations

Significant data and methodological challenges vesreountered in the course of the study
and not all were fully resolved. Hence, some cauisorequired when interpreting some of
the results.

The implications of investment risks on a macreelere significantly more difficult to assess
than on a project level (where Monte Carlo analis@ften successfully applied). The aim of
this study was to analyze the implications of petjevel risk on the biofuel sector’s
developments. For this, we needed to rely on a eurabassumptions and expert opinions,
often based on qualitative assessments.

The data sample on financial parameters for biofuejects provided by biofuel finance
experts is rather small and mainly based on ingugxperts from Western Europe, thus does
not sufficiently account for possible geographid#ferences. If the cost of financing a
biofuel project in Eastern Europe is significanttygher, this might negatively affect
productive utilization of the large biomass supplyhat region. (E.g. if the money to finance
the production capacity is in Western Europe batdheapest feedstock is in East Europe, in
reality, those two might not come together, whismot considered as a possible limitation
here.)

The model further assumes unlimited supply of epid projects meeting the WACC
criteria. However, in reality several reasons dbnote to limiting the flow of capital to
biofuel projects. The potential negative impact agricultural prices and biodiversity has
prompted several banks from categorically denyimgrfcing to first generation biofuel
projects. The financial crisis and the resultinqueed lending capacity of several banks are
another strong reason for the short term. In thspect, the analysis presented here should be
interpreted as a rather optimistic case, esped@allfirst generation production.

Because we use market price data for first germgrdedstock and cost-data for second
generation feedstock we might be underestimatiegptioduction costs of second generation
biofuels. In turns, their casflow might be ovenestied and the WACC underestimated. As
mentioned before, this is probably less of an igsu¢he first quantities of advanced biofuels
coming onto the market, but it is a bias that contilease proportionally with competition for

second generation feedstock.

The modelling of biofuels is based on optimisatiora least-cost fuel mix meeting a given
demand for biofuels. This leads to quite radicalices between biofuel chains, also when the
cost differences between the chains are relativaehor (this is why none of the graphs shows
any bioethanol, for instance). In reality therelwaiways be niche situations, in which costs
differ from the average, and investors will haveparfect information, so biofuels with
slightly higher production costs may be introdueegway (Refuel, 2008).

And finally, we do not take into consideration #iféects of corporate finance investment on

second generation technological learning — becaliggs our input data on costs of advanced
biofuel production chains might be on the conseveatide.
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12. Annex 1: Cash flow model technical
parameters and calculation steps

Technical parameters

Production capacity (Q)
The production capacity is the maximum biofuel etitpossibly produced by the biofuel
installation and is expressed in tons of biofuelysar (tons/y).

Operational time

The operational time of the biofuel installationaissumed to be constant over the year and
allow for an even monthly distribution of the totaarly biofuel production capacity. The
total operational time is assumed to be 8000 hpeasAvhich equals to a 91% availability.

Technical lifetime
The economic life of the biofuel installation ithumber of years the installation can operate
with just regular maintenance and is the sameamaad in Biotrans (20 years).

Energy content and conversion efficiency
Both these parameters conform to those in the #&istrmodel and can be found in
Deurwaarder et al. (2007).

Cost and revenue parameters

Production costs are the costs incurred in allsstégghe project leading to the production and
distribution of the product (biofuel in this casd)he main cost categories are:

Capital costs (g

The capital costs equal to the investment requineouild the biofuel production plant or in
other words the investment into fixed assets. Tiejude the development cost of the
production facility site (building, road etc) andettechnology costs: the installation that is
used for the conversion processes, the storagktiéscior the feedstock and biofuels until
they are transported to the blending point (or pofrdistribution).

There is a considerable difference in the technployestment costs between first and
second generation biofuels — the latter being Saaitly higher.

Operation and maintenance costs (O&M

Three types of operation and maintenance costbeatefined: variable costs (O&\) that
depend on the production (€/ton), annual fixed(@&M.; in €/yr) and miscellaneous costs
(ENton). As far as costs for insurances or waresndre concerned, they are assumed to be
paid for in the purchase price of the equipmentthgir costs can be included in the capital
costs. Typical O&M costs are costs for scheduled anscheduled technical maintenance
(often based on maintenance contracts), insurdaicd,rent, taxes (excluding corporate tax)
and management costs.

Both capital and all O&M costs included in the cdlslwv model refer to the cost estimates
gathered for the Refuel project and can be fouridearwaarder et al. (2007).
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Feedstock costs {F

Feedstock costs are the costs incurred to secarbitimass that is converted to biofuel and
includes the market price paid for crops and thinsport to the biofuel plant or the price
and collection costs associated with the residugswould be used to produce the biofuel.

Most crops used in the production of first generatbiofuels are traded on the global agro-
commodities markets, and their prices are easibesgible and published by a number of
organizations tracking development on the globaicafjural markets. The market price
projections for starch crops and vegetable oilglusehe cash flow model are derived from
the OECD-FAO Agricultural Outlook 2009-2018 data&£09) for the period until 2018 and
assumed constant thereafter. The original pricestlie agricultural crops were world
purchase prices originally published as real prine®007 USD, which we converted to EUR
based on an average exchange rate as publishé Butopean Central Bank (2010) for the
years 2008, 2009 and 2010 (until February) andnasduconstant thereafter. Finally, we
deflated both feedstock and biofuel prices to 2@8&Ils (the price level used in Biotrans)
with IMF’s world inflation figures from the World @&nomic Outlook (October 2008).

Second generation feedstocks require a completéyreht approach. Unfortunately, there is

little or no published evidence on trade transactiwith lignocellulosic crops or residues.

What trade is there in these commodities is usuailBterally agreed upon and prices are
rarely disclosed, making their systematic traciimgually impossible. Hence, for the case of

second-generation feedstocks we relied upon tlosir @stimates as published by the Refuel
project (Deurwaarder et al., 2007).

This discrepancy in the type of feedstock cost daths for caution in interpreting the
WACCs resulting from the cash flow model. The fdwat we usemarket pricesfor first
generation processes amst estimatesfor second generation means that the latter's
production costs might be underestimated, whicH initreasingly be the case for future
predictions when a larger demand for second gdnarégedstock might increase their price.
If all else remains equal, the resulting WACC facend generation might thus be an
underestimation.

Revenues

A biofuel project can have several revenue streams:
» biofuel sales

* by-product sales

e government incentives

The prices used for the calculation of revenuemftmofuel sales were also taken from the
OECD-FAO Agricultural Outlook 2009-2018 dataset@2)) which similarly as the feedstock
prices were assumed constant after 2018. As thisespvere published in EUR, no currency
conversion was necessary, only deflation from @ms2007 to 2005 price levels was again
performed by using IMF's world inflation figuresofin the World Economic Outlook
(October 2008).

We take account of different by-products into thestc flow model. For first generation

production chains we include animal feed produathsas rape meal and dry distillers grain.
Unfortunately, we could not find price forecasts tliose by-products, therefore we used F.O.
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Lichts’ World Ethanol and biofuels reports betwegapt 2008 and May 2009 to derive
average rape meal and DDG prices for 2008 and a88%ssumed them constant thereafter.

For second generation production chains the coymtomh of electricity and heat are
accounted for. The prices of electricity are theasas used in Biotrans, see Deurwaarder et
al. (2007). The prices for heat included in the si@de based on expert judgménts

Although mentioned here, government incentives iffer@nt forms are less of a direct
income stream and rather a way to lower productiosts; as discussed in section 6 under
policy scenarios.

Finance parameters

Weighted Average Cost of Capital

As discussed in section 2, the financing sources floiofuel installation (referred henceforth
as a biofuel “project”) broadly fall into two cat@ges: equity and debt. Although other forms
of capital exist and could be employed to finandaaduel project as well (e.g. mezzanine),
the cash flow model focuses on these two.

The return on debt (or the bank interest rate)tiig, return on equity (RoE), the debt/equity
ratio (d/e), together determine the weighted aweregsts of capital (WACC), which is
calculated as: WACC = eRoE +d * i * (1-corporate tax) and ed-=1.

An important feature of this particular cash flovodel is that it explicitly takes into account
the debt service coverage ratio (DSCR). The DSCRraenes the amount of debt a project
can obtain given its projected cash flow, thusdliyedictating the debt equity ratio, which is
a key variable in determining the weighted averagss of capital (WACC).

All the values of the financial parameters usedhm cash flow model are based on expert
input obtained through the questionnaire.

Taxes, write-offs and time periods

The cash flow model should take all applicable sax&o account, whether on federal,
national, state or local level. All taxes, writésoéind interest payments are deducted from the
fiscal profit. There is no tax on negative profin average corporate tax rate of 25.5% is
assumed for all biofuel projects.

The write-off period Ta=Tp) is typically 20 years.
The cash flow model distinguishes the followingipés (typical values):
- Technical life of the projecttb=20yr
- Policy period: Tp varies for different measures, see section 4.5 ifdividual
measures
- Duration of bank loariTr=20" yr
- Depreciation periodTd=20 yr

13 price for surplus low-temp heat will depend on Wil is substituted. This study considered 8&1&J.

14 At the time this study has been conducted, the fEiods granted by banks were generally muchtehtiran
20 years due to the financial crisis. However, hseghe time horizon of the models is 20 yearsaredooking
at the average longer term loan term, which aedyliko go back to the longer, pre-crisis period.
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Cash flow calculations

The biofuel cash-flow model differs from the conttenal cash-flow models. The latter
normally compute the project return, whereas tlodulel cash flow goes a step further and
uses project returns projections to determineass of capital.

This is achieved through the following calculat&irps:

1. Define theinitial investmentor the amount that needs to be financed (in ose tiaese are
capital costs as defined in the Biotrans model (@aarder et al., 2007).

2. Calculate thgross revenue (GR)
The gross revenue is calculated as:
GR(t) = (S(t) + p(t)+2Bp(t)*np - Fe(t)-O&Mc (1)) * Q(t) - O&MeA(t)
t year of project operation, @ <T

GR(t)gross income at yeain €

S(t)subsidy per ton of biofuel produced in €/ton ,gphcable, otherwise 0
pb(t) biofuel price in yeat in €/ton

By(t) value of by produap in €/ton biofuel

np conversion factor from ton biofuel to ton byprodpct

Fc(t) feedstock cost in yeain €/ton

O&Mc.(t) the variable fraction of O&M costs in yetin €/ton

Q(t) production capacity in tons/year

O&M_«(t) the fixed fraction of O&M costs in yeain €/ton

3. Calculate the project'$sR’s net present value (NRM4) by using the pre-determined
return on debt (i) as the discount rate.

4. Define the DSCR (based on expert input).

5. If the NPVsr is bigger than 0O, then divide it with the DSCR totaan the maximum
amount of debt the project can obtain. The gaféototal initial investment amount that
needs to be financed should be covered by equigyndv have théebt/equity ratioof
the project.

Reality check: for_first generationmiofuels, the debt financing should range betwgén

and 80%. If the project cannot obtain 50% debiyilit also not be attractive enough for
equity providers and will not go ahead. On the ottend, due to optimization of finance,
it cannot have more than 80% debt, even if the ¢lash allows it. The model gives a
warning when the calculated debt share is not batviee required bounds.

For second generatigrojects, the debt share should be allowed teceass from 0% (in
the initial study period) to 50-80% after full coramialization.

6. Subtract amortization and interest amount from ghess revenue to obtain the taxable
revenue and from that subtract the (corporate)darive at thaet revenue after tax.
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7. Using the calculated equity amount from step 5Sthedhet revenue after tax theturn on
equity RoE can easily be calculated. This “calculated” RoHI We contrasted to a
predetermined RoE value (X) based on expert coatsuiis. If:

« the calculated RoOE is lower than X, then the pitojlees not go ahead;

» the calculated RoE is equal to X, then the prajees go ahead;

» the calculated RoOE is bigger than X, then the maihelnges one of the key
parameters (either lowers the biofuel price oreases the feedstock price) until
the calculated RoOE is exactly equal to X.
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13. Annex 2: Overview of all policy cases

Table A2.1: Overview of all policy cases testedElobio WP7:

Pre-commercial phase Commercial phase

1 | Investment subsidy

a | Investment subsidy 70% for the year of Continuous investment subsidy of 30%
introduction + 2 years thereafter

b | Investment subsidy 70% for the year of Gradual subsidy phase out: 30% first 4 years after
introduction + 2 years after full commercialization, 15% subsequent 4 years,

0% thereafter

2 | Tax break (+investment subsidy)

a | Full taxation of 1% gen (836.5 €/t for Fr%ll taxation of 1% gen and full tax exemption for
bioethanol & 534.1 €/t for biodiesel) 27 gen,
+ 50% investment subsidy until year of
introduction + 2 years after

b | Full taxation of 1% gen (836.5 €/t for Full taxation of 1% gen and partial taxation of 2
bioethanol & 534.1 €t for biodiesel) gen (418 €/t for 2™ gen bioethanol and 267 €/t for
+ 50% investment subsidy until year of FT diesel)
introduction + 2 years after

c Full taxation of all biofuel (836.5 €/t for Full taxation of 1% gen and partial taxation of 2
bioethanol & 534.1 €/t for biodiesel) gen (418 €/t for 2™ gen bioethanol and 267 €/t for
+ 70% investment subsidy until year of FT diesel)
introduction + 2 years after

3 | Soft loan (+investment subsidy)

a | Investment subsidy 70% for the year of Soft loan 1%
introduction + 2 years after

b | Investment subsidy 70% for the year of Investment subsidy of
introduction + 2 years after 10% + soft loan of 1%

4 | Double counting (+investment subsidy)

a | Investment subsidy 70% for the year of Double counting
introduction + 2 years after + double
counting

b | Investment subsidy 70% for the year of Double counting discontinued after 2020
introduction + 2 years after + double
counting

Runs results

Case 2aA continuous full tax exemption of second generatitbes increase their market
share to 45% by 2020 and over 90% by 2030, asiedeyure 7a. However, the tax revenue
losses for this case amount to a cumulative figoke/7.5 billion €, adding the total
investment subsidy of 2.5 billion € makes suchemnado unrealistically costly.

59
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Figure A.2a: Case 2a - biofuel mix for the casecaftinuous full taxation of first and no
taxation of second generation biofuels and a 50#éstment subsidy to second generation in
until market introduction and 2 years thereafteA@Cs same as in case la)

Case 2b: Second generation biofuels are grantedl tak exemption in the pre-commercial
phase and only a 50% tax reduction in the commigpbiase (meaning that cellulosic ethanol
would be taxed at 418.25 €/t and FT diesel at 267 @nder such a scenario, the biofuel mix
on the market would be as shown in figure A2.b Welo
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Figure A.2b: Case 2b - biofuel mix for the caseaftinuous full taxation of first and partial
(50%) taxation of second generation biofuels an808&c investment subsidy to second
generation in until market introduction and 2 yehereafter (\ WACCs same as in case l1a)

Under this scenario, second generation still irsweats market share to 25% by 2020 and
over 47% by 2030, also at the still high cost oh@t 20.5 billion € in tax revenue loss and
investments subsidy costs of 2.5 billion €. Comgdoethe first case analyzing the impact of
investment subsidues (70% in the pre-commercial 20% during the commercial phase),

which also achieved a second generation marke¢ stianver 40%, the policy cost of a partial

tax break is much higher (by almost 10 billion €).
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Figure A.2c: Case 3b - biofuel mix for the caseao?0% investment subsidy in the pre-
commercial phase, continuous 10% investment subaidy soft loan of 1% for second
generation biofuels thereafter
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