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large variability across studies can be explaingthle degree to which particular inputs (i.e.
nitrogen, farm labor) are controlled for, and thaywthat fossil energy consumption is
allocated to the various co-products.
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1. Introduction

Biofuel production, in both developed and develgmountries, has been increasing since the
early 2000s. A significant proportion of United t&& (US) corn production (more than a
third), European Union (EU) rapeseed productionrértban half) and Brazilian sugar cane
production (almost half) is being channeled inte &mergy market. The rapid and continuing
growth in US bioethanol and EU biodiesel producti®rue mainly to public policies. The
EU and the US support the development of biofuetsugh subsidies, tax exemptions or
mandatory blending in gasoline or diesel. Takingcoaot of the subsidies at the
Community/federal level and member state/statelde\&eenblik (2007) finds that support
for biofuel production reached USD 4.5 billion imetEU and USD 6 billion in the US in

2006

Public authorities justify and legitimize suppodr fbiofuel production based on several
motives. One of the main ones is encouragementtier production of renewables to
substitute for conventional fossil fuels in an aipe to mitigate climate change and reduce
dependency on energy imports. Other motives inclugeiding an outlet for agricultural
production to support farm incomes or/and help he teform of agricultural policies.
Recently, the environmental balance involved infu®b production and use has been
questioned in several OECD countries, and resutteddilution of the initial support. Some
potentially negative effects of biofuels, e.g. catmpon over land and water with food
production, have led several developing countreesetexamine their objectives (Global

Bioenergy Partnership, 2009; Searchinger, 2009).

It is becoming vital to assess whether the non-ptablenefits related to biofuel are large

enough to compensate for its negative externalisesh as use of land, fertilizers and water

! Preliminary estimates for 2008 suggest that tliggges will be much higher, see www.globalsubsidieg.
Brazilian ethanol production is currently driven mady market prices than by subsidies, but initialas largely
government driven; there is still some mandatogntiing with gasoline.
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for non-food production, and the cost to taxpayerd consumers. Reductions in Greenhouse
Gas (GHG) emissions are the most important issgardeng the potential benefits of
biofuels. Other non-market benefits are likely taypa more limited role in an overall cost-
benefit analysié. A large body of work that relies on Life Cycle Ayses (LCASs) to
investigate biofuel production, provides very diffiet, sometimes contradictory results for
key issues such as net energy value and net GHehds(Menichetti and Otto, 2009). The

wide variability in these results makes it diffictd come to any firm conclusions.

Although a focus on the benefits in terms of reaunst in GHG emissions would seem useful,
some recent findings have introduced controvergy flow emissions savings are measured.
It seems that it is necessary for some major s@ienincertainties to be resolved. First, it is
possible that current methodologies underestimatte giramatically the net nitrous oxide
(N,O) emissions from agricultural production (Crutzeinal., 2007). Because of the high
global warming power of this GHG (300 times morarttcarbon dioxide - C{) concerns
have been raised about the impact on GHG of ermayyproduction. Also attention has been
drawn to the indirect consequences in terms of GéfGglobal changes in land use
(Searchinger et al2008). A major expansion in biofuel production wblkad to further
carbon releases from forest and pastures beingecuvinto land for agricultural production.
Changes to land use result in increased non-G&® releases, in proportions that are
controversial, and with effects that are not yedanstood. Some of these effects are indirect
(e.g. US use of corn for ethanol competes for leuitth other crops, results in lower US
soybean production and indirectly increases pueh#Essoybean by the EU from Latin
America, with consequences on land use in Argerdgmrazil). Hence, LCA would need to

be supplemented by a detailed economic model atal ataland use and agro-ecological

2 For example, even in the most optimistic scenatisal biofuel production would only slightly deBtJ and
US oil imports, and dependence from foreign soureesld remain high. Other positive externalitiescls as
increasing rural employment, are not believed tecafconsiderably the outcome of a cost benefitlysigm
(European Commission, 2006).
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conditions to capture indirect changes in GHG eimiss(Fargione et al., 2008). Finally, the
GHG balance is likely to vary with the quantitiesbaofuels produced, and these variations
will be non-linear due to the need to mobilize émstwhose marginal productivity is often
decreasing. That is, the validity of LCAs beyondrgnaal increases in biofuel production

appears limited.

All these additional factors suggest that assessirgmpact of biofuels in terms of GHG
emission reductions requires consideration of ti@nges in prices in interrelated markets,
relationship between global land use and pricepachon livestock and feeding methods,
estimates of carbon dioxide (@Cand methane (CHlreleases, and a reassessment of the
nitrogen cycle in soil, water and the atmospherewtth et al., 2009). Such a global GHG

assessment seems beyond current scientific capacity

In this study, we do not attempt to assess the G®HI@nce; rather we focus on the energy
balance of biofuels, i.e. the degree to which comsiion of fossil fuel is reduced when
gasoline and diesel are replaced by biofuel. Thian important building block in the GO
balance. It is less controversial than a compld#&alance assessment, subject to in terms

of the considerable uncertainties

Even on the seemingly more straightforward issueerdrgy balance, results vary widely
across studies. In a path-breaking study, Farrelale (2006) scrutinize the hypotheses
underlying a group of studies on corn ethanol, eady out a harmonization exercise by
replacing the "odd" values found in some studieth ilie seemingly more suitable values
found in others. Their objective was to estimateslable value for the net energy of corn
ethanol. Although we build on Farrell et al.’s nmdblogy, we do this from a different

standpoint. Rather than trying to harmonize thalltesof these studies and reducing their
variability, we aim to uncover the main determirgaat this variability. Our objective is to

unravel how the results are affected by the chofca particular method for controlling the



energy content in inputs, estimate indirect energysumption through capital or labor, or
allocate energy consumption across co-productsfe@iit authors have made particular
assumptions, which at first sight appear harmlesswhich may have a significant effect on

the results obtained.

2. Methodology

The various studies published in journal artickeorts and working papers, on biofuels,
range from finding a very positive balance to aateg balance. That is, in the latter case, the
production of biofuel uses more energy than wtsatdambustion can actually yield (calorific

power or heating value). Careful examination ofstheesults suggests that this variability

would emerge irrespective of feedstock, type ofumband country of study.

In order to unravel the determinants of this disitug variation in the estimations of the
energy efficiency of biofuels, we carry out destvip statistical and meta-analysis of these
studies. This requires an objective sampling prapedf the studies to ensure that there is no
selection bias. To construct our sample, we imptaatea two-step selection protocol. First,
we sent a questionnaire to eight of the researciwerking on LCA and biofuel impact
assessment in public universities and researclersgrib ask which bibliographic databases
and keywords they used in their work. The resposkesved that there was little variation in
these, which suggests that including more scientigtuld make only marginal differences.
We carried out searches on these data sources th&ngywords indicated, in both English
and French.We checked the references mentioned in the sdisttielies to expand our set of
studies. This exercise produced 118 studies asged® energy efficiency of one or several

types of biofuel. We indexed these studies usibfjdgraphic software (JabRef®) in order to

% The quoted sources were Web of Science, CAB Atistr&conlit and the electronic catalogue of Blagkw
and Elsevier, as well as Google Scholar (some emtlalso indicated the use of regular Google). Téedu
keywords were "ethanol", "biodiesel", "energy vd|udiofuel" in various pairs and combinations. Rdhat the
search indicated studies that were not availabl¢herinternet or in published journals. In suchesasuthors
were approached. A few of them sent the whole stpdyer version.

5



make it easier to access the main text and tables.content of these studies was examined
and information on the different steps in the lifgcle analysis (i.e. amounts of input per

hectare, yields, co-products, coefficients) wasieeéd and collected in a spreadsheet. We
conducted a careful treatment of this informatiorebsure that all data were in comparable

units. Finally, we collected and encoded quali&aiiormation from these studies.

Not all of the studies were suitable for our pupasnd some were eliminated. Some were
based on non-original data (5 cases); others datplicresults published in other papers, or at
least relied on the same figures in relation toltBé&\. Sixteen studies provided conclusions
although no LCA was carried out, or at least naulisswere provided. In some, the
methodology was described badly and was not clbautawhich inputs were taken into
account (17 cases). We also eliminated studiesctmapletely ignored the energy costs either
of the agricultural production phase or the proicesphase (13 cases). Finally, some studies
presented only aggregate results or not sufficiletail to compute net energy balance in a
way that was comparable with the results of theemwtstudies. We were left with 59
observations which we use for our analysiBhe list of studies used in our analysis is
presented in the appendix. It is possible that gbkection process generated a bias: for
example, studies with “sloppy” reporting of LCA uits may also have taken shortcuts that
would bias net energy results. However, we belignat most of the sampling bias has been

eliminated and that our data are sufficiently hamimed to enable comparison.

The statistical analysis also requires that theéouar coefficients and explanatory variables
and the main variable of interest are in comparabiés. Here our focus is on Net Energy
Value or NEV. Let Rpu be the total energy expended to produce 1 litdniafuel, Euputhe

energy contained in 1 liter of biofuel angyfmdaucithe energy credit attributed to co-products.

* Note that we distinguish between "observations! smudies, since some studies provide results dversi
feedstocks, each of which is an observation insample. In the meta-analysis, two outliers in @itrdf usable
studies were excluded by the Hadi test, i.e. oomfEuropean Commission (1994) and one from Pimemte!
Patzek (2005).
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NEV, i.e. Butpur(EinpurEcoprodud) 1S @ Simple measure that is easy to managthere this
measure was not in joules per liter, we construdtedom the results. The final sample
includes 54 variables. These explanatory variabdsch are potential determinants of the
various net energy values in different studiesluite type of feedstock, inputs to feedstock
production, transportation and processing, theargy content (including capital and labor),
country, year, energy source (e.g. coal, eleggribitomass such as bagasse), and allocation of

the various co-products. The database was thetedreaing the Stata® software.

The studies in our working sample cover productidnbiodiesel and ethanol, based on
several types of feedstock. The number of usahldiest in our sample differs widely
depending on type of feedstocks. So does the nobssof crop specific results. For example,
comprehensive information on NEV and explanatonyaldes is available for 30 studies that
examine production of corn based ethanol, whiley dwlo comprehensive LCAs deal with
sunflower based biodiesel, which introduces thedss possible individual outliers and their
effects. For this reason, where we need to cofdrahtrinsic variability in the sample, some

of the analyses focus on the corn subsarhple.

3. Results and the sources of heterogeneity

Our examination of the sample studies suggests wadi@bility in NEV and some of the
explanatory variables. In particular, the extentvtach fossil energy is accounted for in the
production and transportation of inputs and outptlts values of parameters such as yields

from the farm and processing sectors, and how odymts are accounted for, vary greatly.

The NEV of biofuels based on different feedstocks. Figure 1 depicts the median NEV and

dispersion for biodiesel or ethanol derived fronffedent crops. We can see that median

® Because some studies directly deduct the eneogy $ome co-products from the input (i.e. bagasseigar
cane) and other count separate credit for it, ugingt energy ratio rather than a difference wbeldess
straightforward.

® For example, nitrogen application rates will differ corn and soybeans since the latter is a legwitich can
fix atmospheric nitrogen through interaction wittdalating bacteria.
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energy value per liter is slightly higher for biedel from rapeseed than for ethanol from
sugar cane, even without correcting for the diffiér@lorific power of biodiesel and ethanol
(NEV is expressed in terms of net energy, i.e.gsuper liter of biofuel, while the energy
content of a liter of biofuel differs between etbbhand biodiesel). This finding contrasts with
what is generally assumed. One explanation foray tve that the sample of studies on sugar
cane includes some rather old studies and sevasalschased on US cane, while Brazilian
cane ethanol is poorly represented in the samplessible because the Brazilian studies are
in Portuguese and were not identified by our samgpprocedure. Some of the studies on
Brazil are also rather old and may refer to a tetdgy that has now improved. Figure 1 also
shows that two studies on rapeseed (European Caiomis1994; Janulis, 2003), which
provide results of a very high net energy balaace driving average results. Although a core
principle of this type of analysis is not to remawatliers, it is notable that the net energy

value derived from other studies, on average nmlai to that for cane based ethanol.

Another interesting result is the very large vaitigbin the results for biodiesel from
rapeseed and ethanol from corn, compared to tlmwssu§ar cane ethanol, despite the sample
including studies on Brazil and US states in theetacase (Figure 1). It may be that the
production process is more standardized or is gmplterms of inputs to the agricultural and
processing phases. Median NEV for other crops sedan samples that are too small to
allow useful interpretation. Overall, net energyueais lower for cereal based than sugar cane

ethanol.
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Figure 1: Median Net Energy Value and Dispersion byreedstock

The issue of co-products. A classic problem with joint production is that tbas neither a
theoretically consistent nor satisfactory way ofo@dting inputs unless the technology
displays particular and rare forms of separabilByackorby et al., 1978). Our sample of
studies uses different methods and makes diffeassimptions to allocate the fossil energy
consumed by different co-products. Figure 2 sholes variability in the results for the
different co-products. For rapeseed and soybeaedbasodiesel and, despite the small
sample, wheat based ethanol, the assumptions nizmé ao-products seem to be more
important drivers of the results than in the cassugar cane or even corn based ethanol. The
valuation of co-products (which include oilcake difer feedstuffs and some co-products
from the processing phase such as glycerin) hagya Influence on the NEV of rapeseed and

soybean based biodiesel.
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Figure 2: Median and Dispersion Co-product Credit h Fossil Fuel Energy

Generally, the issue of co-product valorizatiorcamtroversial in LCA, with some studies
considering particular co-products as valuable ahdcating to them some of the fossil
energy used in production, while in others the sam@roducts are considered to be waste.
Some by-products have some value as feedstufiriiliZers, but their concentration may be
so low as to require an intermediate processingsghar their use may entail logistical
problems, which render them economically unvialeere may be a possible economic
valorization, but only in relation to small quaidg, that is, a co-product based on a small
quantity, is an useless by-product when larger tjies are involved. Economic valorization

also depends on potential new outlets or the mamke of substitutes.

"E.g., it is unclear whether vinasses from whedtsugar beet pulps produced at concentrations-d5% dry
material are easily valued by the feed industrfaomers. Typically, some of the very clean &fat is produced
with wheat ethanol could be used by the soft drimkkistry for carbonated sodas, but this outlet ldche
quickly saturated. Among the products that could doasidered valuable or not depending on levels of
production, are glycerin, a co-product of the Ewap biodiesel industry, whose supply may exceedaddm
The use of rapeseed cake as a feed for livestarkuption is dependent on the price of soybean cakigh is
driven by exogenous factors such as Asian demand.
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Also, choosing to allocate energy use as a prapouf the physical volume of each output,
or of its energy content, affects the overall ressulithough the more recent studies tend to
use the "displacement method", which is seen asgdess arbitrary, it is still necessary to

make some assumptions (Shapouri et al., 1995).

Fossil energy consumption in agriculture. Many of the differences in the results for NEV
across studies stem from the different assumptmoade regarding energy consumption via
agricultural inputs. There is large variabilityboth agricultural yields and amounts of inputs
per hectare. Nitrogen, for example, accounts ftarge share of the energy consumption in
agricultural production: there are huge variationboth application rates (kg/ha) and energy
content (MJ/kg) across studies. The energy consumeadrms of nitrogen use is a major
driver of overall fossil energy consumption in agttural production. This applies
particularly to sugar cane based ethanol, but mlsome extent to rapeseed based biodiesel

(Figures 3a and 3b).

Other inputs that contribute to the total energgstomed are the fossil fuels (gasoline, diesel
and fuel, the last term being used mainly in nonefican studies). Again, input/output
coefficients for fossil fuels differ a lot acrostudies. The variation in the unit usage of
potassium and phosphate is also high across stedegsthough these fertilizers account for a
smaller share of the overall energy consumptiobokaa variable that includesustom work
and human labor (caloric intake by farm workersassidered in a handful of studies) is

included in the energy consumption of the agricaltphase(Figures 3a and 3b).

8 E.g., assume that a study on wheat ethanol talasiat of the straw used to provide energy in tleeg@ssing
phase; this might affect assumptions about theaestiemical fertilizers required to replace the switrients
exported with the straw.

° Here we use the same aggregation of heterogenams bf energy as the one used by Farrell et @0gR
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Sources of variation in results for industrial processing. Once we control for type of
feedstock (i.e. agricultural yield in kg/ha, refipeyield in liter/kg of feedstock, volumetric
yield in liters/ha), estimates of conversion fast@nd yields vary less across studies in
relation to the industrial processing phase (segirEs 4 and 5). In the biorefinery phase,
there is intrinsic convergence of coefficients e@udy the physical starch, sugar and oil
content in the agricultural raw material. The bigfgeariation is found in processing yields for
rapeseed. Overall, yields of biofuel in volume pectare of corn show little variation across
studies, and only limited variation in relation $ogar cane and rapeseed. Because of the
variations in energy content, there are large diffees in overall energy output per hectare

for rapeseed based biodiesel.

Direct use of primary energy accounts for the largdhare of energy consumption in the
processing phase (Figure 6). Because the coeffic@renergy use differ, particularly the use

of coal in studies on US ethanol, primary energy aiso differs significantly across studies.
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4. Meta-analysis

The meta-analysis allows us to disentangle thai@mites of different explanatory variables
and approaches on the NEV results in our samplstuafies. This method is not without
criticisms, which are well discussed by Nelson &edinedy (2009). They identify problems
such as heteroskedasticity and correlated obsengtissues that we attempt to minimize by
using discrete variables and appropriate estimatemhniques (e.g. heteroskedasticity is
corrected by computing White-corrected standardrgyrsee White, 1980). Using the Hadi
test, we also exclude outliers from our sample. tAeocriticism often raised against meta-
analysis is that it may combine estimates thatnateactually comparable. Examples would
include the combination of studies based on differieedstocks or including different

explanatory variables. However by controlling fdrese differences, the meta-regression
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method allows us to explore whether different sgtiyield systematically different NEV

results.

In meta-regressions, the variance in individuainesties is explained by a set of right-hand
side variables, which quantify the different atitds in each study. Here, we estimate the

following equation:
Yj=a+ X]+ ¢ i=1,2,..,N Q)

whereY] is the net energy value reported in styd)j is the matrix of the meta variables
included to explain the variation in net energyueabetween studies, apds the vector of
the meta-regression coefficients. Among the exptagavariables, we can distinguish
between ethanol and biodiesel with dummy varialtkeg replace the constant term. We
control for some aspects in the agricultural phiaseé could affect significantly net energy
value. We use several approaches, from a sim@entore complete model. There is indeed a
large variability in the degree of detail providey the different studies regarding the inputs
considered in the LCA. The way this was handled teabuild rather aggregated variables
and to run a regression on the basis of dummiesdotrol, dummy for quartiles, and actual
values, and to refine the specification using ttaistical significance of the variables. The
simpler specifications include only a few explamgteariables, treated as dummies, while the
more sophisticated forms include coded variablesetbaon quartiles. In particular, we
investigate whether the value applied to nitrogethe calculation affects the results. We also
investigate whether the control for co-products #redapproach used for the allocation of co-

products influences net energy value.

Table 1 presents the results. Estimated coeffisiamé reported, as well as their standard
errors in parentheses. One star denotes signifcahdhe coefficient at the 10% level or

better, two stars denote significance at the 5%ller better, and three stars indicate
significance at the 1% level or better.
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Column (1) shows the regressions for the net eneafjye on the two dummies for biodiesel
and ethanol. Both show a positive and significafluence on net energy value. In Columns
(2) and (3) control dummies for fertilizers (niterg phosphorus, potassium and lime), farm
labor, and co-products are equal to 1 if the uydeglcalculation of net energy value includes
these elements. Net energy value is negatively d¢teplaby fertilizers and farm labor
consumption during the agricultural phase, whilé ipositively influenced by co-products.
Controls for biodiesels. ethanol, fertilizers, farm labor and co-produpi®vide good

explanations for the variation across studies trenergy value.

Column (3) deals with the method used to allocatproducts. We restrict our estimations to
observations that consider co-products in the netgy value calculation. Various methods
can be used: displacement allocation, weight dlioca energy allocation, market value
allocation. We investigate whether the displacena&luication method provides similar or
different results from those obtained using othethmds. Some studies use displacement and
a second approach to evaluate co-products: on¢éhéomgricultural phase and one for the
biorefinery phase (see, e.g., Lorens, 1995). Inu@al (3), the dummy "displacement
allocation method for co-products” is set to zesp these observations. The results suggest
that using the displacement allocation approackiges a lower net energy value. However,

the estimated coefficient is significant only a¢ tt0% level.
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Table 1: Meta-regression Results?

Dependent variable Net Energy Value
Model & feedstock Q) - Al (2) - All (3) - All 4y Al (5) - Corn
Biodiesel 18.89***  20.08***  31.30***  19.90***
(4.63) (4.32) (4.37) (4.44)
Ethanol 5.14**  10.21***  19.45%*  10.40***
(1.40) (3.10) (2.62) (2.65)
Control for fertilizers -9.60*** -8.32**
(3.02) (3.52)
Control for farm labor -7.85%** -1.54 -6.69*** -4 5%*
(2.93) (2.17) (1.94) (1.55)
Control for co-products 10.92*** 10.63*** Q. 77***
(1.84) (1.64) (1.68)
Displacement allocation method -4,13*
for co-products (2.43)

Nitrogen (MJ/ha): no control - -

Nitrogen (MJ/ha): < 1st quartile -6.86** 3.45**
(3.07) (1.34)

Nitrogen (MJ/ha): [1st quart.; 3rd -10.19%** -0.43

quart.] (2.75) (1.52)

Nitrogen (MJ/ha): > 3rd quartile -14.01%* 729
(3.05) (2.35)

Number observations 57 57 37 57 30

R2 0.415 0.775 0.873 0.816 0.771

aNote: Standard errors in parentheses with ***afid * denoting significance at the 1%, 5% and 189&ll

Column (4) controls for the value of nitrogen (Ma)hnstead of using a simple dummy for
fertilizers. We define a categorical variable, whiakes the value O if the underlying study
does not include nitrogen and takes the valuetof3, depending on the quartile in which the
observation appears (1 for observations in the fisartile, 2 for the second and third
quartiles, and 3 for the last quartile). Due to tncollinearity, the first category is dropped
from the estimations. Estimated coefficients fag three remaining categories are negative
and significant at the 1 percent level and the iramks as expected: the higher the value for
nitrogen in the calculation of net energy values Higher the negative effect of nitrogen on

net energy value.
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Column (5) reports the results for corn only. Estied coefficients for farm labor and co-
products are fairly similar to those for the whemple. Results for the nitrogen quartiles are
slightly different: the coefficient estimated fdret first quartile is positive and significant,
while those for the second and third quartiles aoé significant. The ranking remains

unchanged.

5. Are there author specific biases?

The same organization or the same author have soagetfpublished several studies, all
included in the sample. Should this author/orgampause a peculiar methodology that leads
to either particularly high or low results, this ynaffect the analysis. For example, it is
worrying that five of the seven studies that fireyative NEV for corn based ethanol involve
the same coauthor. At the other end of the spectseneral studies by researchers associated
to a particular laboratory tend to find very higlEW As already mentioned, the essence of
our approach is that studies cannot be excludeoh filoe sample on aad hoc basis;
nevertheless, the fact that one particular autheoy be driving the average results up or down

must be kept in mind.

Those studies that specify rather conservativer(ogtic) estimates for a particular parameter
for a given input, often do the same for other ispiThis phenomenon is highlighted by the
apparent correlation among the coefficients of dagecultural production phase for corn in

the LCAs (Figure 7). Arguably, this might only meihiat there is a natural correlation among
different types of agricultural inputs, e.g. betwedbe application rates of nitrogen and other
inputs. However, Figure 8 shows that authors whd&emextreme assumptions about key
parameters in the agricultural phase behave similarassumptions related to the processing

phase although there is no good reason why thesables would be correlatéd.Figure 9

19 A possible explanation is that this correlationasised by exogenous factors (such as price ofignavhich
may differ between countries, or over time.
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isolates the studies of three authors (denoted a),lwho tend to find extreme values for
NEV for corn based ethanol in studies on North Anze(top left panel). Studies involving
the same three authors are plotted for the diffevanables in our sample (other panels in
Figure 9). It is noticeable that, even for variatileat are unlikely to be correlated, such as the
fossil energy content of nitrogen, the energy camedi through farm labor, the co-product
credits, or even the conversion yields of corn ietbanol, these three authors choose
parameters that are in the low (high) range ofaesumptions from the whole sample of

studies.

The recent efforts for standardized LCAs using 18@&tified methodology should help

removing the heterogeneity in the assumptions rbgdmithors/organizations.
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Figure 7: Correspondence between High and Low Assuptions regarding Key

Parameters across Studies
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6. Conclusion

The controversy in many OECD countries over pupdikicies that encourage -- and to a large
extent have triggered -- the development of bicgfugloints to the need for cost-benefit
analyses. Assessing the net reduction in GHG eomsss a central component in the benefits
of biofuels. The recent decisions of both the Ed #re US to impose that biofuels achieve
minimal GHG savings in order to benefit from puldigpport also stress the need of robust
methodology for measuring net emissions. Howewssremt findings on non-G@ases add a
new dimension to the controversy over net GHG gmirHow to account for indirect

emissions caused by land use changes has also decoomtroversial issue.

Large differences in the benefits of biofuels cambserved between studies, even when one
does not address the complex issues of land usgyebaand the extra layer of controversy
related to the estimation of net emissions of lglgibal warming power gases. In particular,
we observed that results regarding the energy balari biofuel vary a lot for biofuel
produced from a particular feedstock. Because #teenergy balance is a building block of
the estimates of net GHG savings, this raises ti@stgpn of the sources of these differences,
and how much of the variance in the results coelddlved by standardization of life cycle

analysis methods.

Focusing on the Net Energy Value of biofuels, oun svas not to try to harmonize these

different methods in an attempt to find a “true’lueafor the net energy balance of biodiesel
and bioethanol, but rather to assess the sourcéseofarge variations in results between
studies. We gathered a sample, with as little selebias as possible, of the many published
studies in this area and treated the results toentladdm comparable (i.e. expressed in the

same units).

Descriptive statistics make it possible to provale assessment of the average and the
variance in NEV for biofuel produced from differdeedstocks. They also enable assessment
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of the main sources of the variations in the residt NEV. Meta-analysis shows that these
results are highly dependent on key variables, sisctype of feedstock or nitrogen and labor
consumption levels observed (or assumed) in agui@ilproduction. The fact that within our
sample, various authors tend to make assumptiomst dbe coefficients that systematically
are in either the low or the high range of possiijares, suggests that there might be an

author effect.

The assumptions regarding the fossil fuel credssgaed to co-products are also important
determinants of the final results for NEV. Ongostgndardization of the LCA methodology
will facilitate the resolution of some of the marejor controversies and should narrow the
range of results for NEV. Inevitably, there will Beme grey areas in terms of what can and
should be taken account of as co-products becdnese value is dependent on production
levels and the economic environment. And, becaoggraducts play such an important role
in the overall assessment of net energy savings iinlikely that results will converge

completely even with a more standardized LCA methmgl .
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