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Energy Return on Investment: Toward
a Consistent Framework

Numerous technologies have been proposed as partial
solutions to our declining fossil energy stocks. There is a
significant need for consistent metrics to compare the
desirability of different technologies. The ratio of energy
produced to energy consumed by an energy production
technology—known as the energy return on investment
(EROI)—is an important first indicator of the potential
benefits to society. However, EROI analysis lacks a
consistent framework and has therefore yielded appar-
ently conflicting results. In this article, we establish a
theoretical framework for EROI analysis that encompass-
es the various methodologies extant in the literature. We
establish variations of EROI analysis in two different
dimensions based on the costs they include and their
handling of nonenergy resources. We close by showing
the implications of the different measures of EROI upon
estimating the desirability of a technology as well as for
estimating its ultimate net energy capacity.

INTRODUCTION

Energy is the lifeblood of modern civilization. The complex
globalization of human commerce is made possible by
enormous amounts of fossil fuels. Natural gas and crude oil,
in particular, are ubiquitous in their global roles of providing
food and facilitating transportation (1). When coal is included,
fossil fuels make up 87.7% of global primary energy use (2).
Joint limitations in the size of remaining fossil stocks and the
ability of the atmosphere to absorb their emissions have created
a global sense of urgency in replacing them as humanity’s
primary energy source. History suggests that societies unable to
match increases in size and complexity with increases in energy
have eventually collapsed (3).

In assessing possible replacements for oil and natural gas,
each alternative will present unique trade-offs between energy
quantity, energy quality, and other inputs and impacts such as
land, water, labor, and environmental health (4). When faced
with these choices, policymakers, corporations, and end-users
require a comprehensive and consistent framework for accu-
rately comparing all aspects of an alternative fuel.

Several criteria were used in the past to assess energy
production technologies based on their absolute and relative
yields and assorted costs (5). Some assess strictly economic
flows (e.g., 6) whereas others focus solely on energy flows (e.g.,
7, 8, 9) or emissions (e.g., 10). Low greenhouse gas emissions in
particular are a frequent measure of the desirability of an
alternative technology (11). Other assessments rely on a broad
range of costs in terms of energy as well as environmental and
social inputs (e.g., 5, 12, 13).

Because the goal of an alternative energy technology is to
produce energy, one of the most ubiquitous measures of process
efficiency is the ratio of energy produced to energy consumed
for a given technology. This concept is encapsulated by
numerous labels and formulations in energy parlance and
literature, such as energy profit ratio, net energy (14), energy
gain (3), and energy payback (15). In this article we focus on an
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equivalent concept—the energy return on energy investment
(EROI) (16, 17). Although this concept is used explicitly in only
a minority of net energy analyses, it is implicit in any study that
uses net energy as a criterion and has been used recently as a
synthesizing concept for multiple analyses of biofuels (7, 18). It
has been used to examine nuclear energy (19, 20), ethanol (7, 18,
21), other biofuels (12, 22), wood energy (17), and other
alternative energies (23, 24). It has also been used to assess the
energy efficiency of various fossil fuels (8, 16).

The current EROI formulation is related to optimal foraging
analysis in ecology and the notion of “yield per effort,” and the
concept is rooted in the technocratic notion of energy as the
ultimate currency (see 25 for an historic overview). An early
coherent expression of the concept was given by Odum (14). In
the United States, it was given the legislative imprimatur by the
Federal Non-nuclear Energy Research and Development Act of
1974, which mandated net energy analysis resulting in a flurry
of net energy studies. Gilliland (26) recommended EROI as the
more appropriate form of net energy analysis, and Cleveland et
al. (27) demonstrated its significance to economic growth.
However, low energy prices, a booming stock market, and
relatively smooth international energy markets resulted in net
energy analysis being given little attention during the past 20
years. Recent energy shortages and price volatility have
rekindled interest.

On the surface, the calculation of EROI as the ratio of
energy outputs to inputs seems relatively straightforward.
However, the concept has proven difficult to operationalize
(28). There still does not exist a consistently applied method-
ology for calculating either the numerator (the energy pro-
duced) or the denominator (the energy consumed) in the EROI
equation. As a result, numerous comparisons are being made in
the literature for the EROI of a given technology or between
different technologies when in reality different researchers are
using different methods.

The ongoing, and often vitriolic, debate about the energy
return of ethanol production is a relevant example. A recent
publication (7) suggests that previous analyses of the EROI of
grain ethanol are errant because of outdated data and faulty
methodology. They attempt to standardize several studies and
introduce modifications of the EROI methodology, including
measuring energy produced per unit of petroleum energy
used. However, because the overall methodology for calcu-
lating EROI is not standardized and the concept is not
precisely defined, the paper has not ameliorated the polari-
zation of the debate, but rather heightened it (see response
letters in 29). At the very least, this lack of precision and
consensus has negative implications for the utility of EROI
analysis, in particular as a tool for decision makers. At the
worst, it leaves the methodology open to manipulation by
partisans in the debate regarding a given technology.

In this article, we review the various usages of EROI in the
literature and place them into a consistent schematic frame-
work. This enables comparison of the different methodologies
in use by making clear both their assumptions and their
quantitative components. We then synthesize the different
methodologies into a two-dimensional classification scheme
with terminology for each version of EROI that would yield
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Figure 1. Direct (darker arrows) and indirect (lighter arrows) inputs
and outputs for technology, T. All primary inputs (energy and
nonenergy) can enter T directly or embodied in other inputs (e.g., the
energy and materials required to build production infrastructure).
Energy costs can also be assessed as required to mitigate
environmental externalities that result from the production process.
On the output side, nonenergy coproducts can be given an energy
credit based on several potential allocation methods.

consistent and comparable results between studies. Finally, we
present some remaining theoretical issues that impact the
interpretation and importance of EROI as an indicator.

FRAMEWORK FOR ANALYZING EROI

Figure 1 presents the physical flows of an energy producing
technology (T), such as a biodiesel production plant. Energy
(EDy,) and other various inputs ({I}) are taken into the plant
and combined or consumed to produce energy in one or more
forms (ED,y) as well as possibly other coproducts ({O;}), i.e.
T(EDin, {Ix}) = {EDou. Oj}. In its simplest and least
informative form, EROI is the analog of the economic concept
of financial return on investment using energy as the currency
and assuming nonenergy inputs to be negligible. This narrowest
definition yields EROI = ED,/ ED;,,.

Although EROI is used rarely in such a simple form
(examples being 17, 30), statistics regarding different technol-
ogies are commonly reported that ignore the energy costs
associated with infrastructure and nonenergy inputs (31). Note
that it is important that T be defined clearly. For example,
biodiesel production can be defined as taking either vegetable
oil or oilseeds as an input with concomitant adjustments in
energy inputs and coproducts.

Nonenergy Inputs

The reason EROI seldom conforms to the above simplistic
formulation is that, depending on the definition of T, ED;,
generally fails to account for additional and significant energy
requirements essential to the production process (Fig. 2, lighter
arrows). This energy is embodied in the nonenergy direct inputs
(32), for example, the agricultural energy required to grow
oilseeds for biodiesel (4). Precise calculation of the energy
embodied in nonenergy inputs can lead to infinite regress. This
may be resolved either through an input-output matrix
framework or by semiarbitrarily drawing a boundary beyond
which additional (and presumably negligible) energy inputs are
ignored (28). The latter is the accepted approach for life cycle
analyses (LCAs) (33).
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The most common form of EROI applies an appropriate
methodology to assess the embodied energy costs of the
nonenergy inputs, which are termed the indirect energy inputs.
For a given production process, this should yield a well defined
set of coefficients, {yy}, that give the per-unit indirect energy
costs of {I;} (e.g., MJ t' soybean). This yields the following
version of EROI:

EROI = ED,,,/(ED;, + Xy,1})

The study of Brazilian ethanol by Macedo et al. (34) is an
excellent demonstration of this, with energy inputs divided into
levels based on whether they are direct or indirect. Some studies
somewhat arbitrarily include the indirect energy costs for some
inputs and exclude the energy cost of others, something that
clearly creates incommensurabilities between studies (7, 35). The
embodied energy costs of labor in particular are difficult to
define but can be significant (4, 36).

In addition to the energy requirements, both direct and
indirect, of T, there are other costs that are irreducible to
energy terms in the sense that they are not normally the output
of a production process with energy as an input. Examples
include land, surface and ground water, and time. These inputs
are difficult (some would argue impossible) to accurately
reduce to energy equivalent measures. We shall refer to these
as nonenergy resources so as to distinguish them from
nonenergy inputs. Nonenergy resources can have direct as well
as indirect components (37). For example, the biodiesel
conversion process requires labor and water. Similarly, the
oilseeds used to produce biodiesel require inputs such as land,
labor, and water in addition to direct and indirect energy
requirements (21, 38).

Such direct and indirect nonenergy resources can be handled
in one of two ways. The most straightforward method is to
identify key, potentially limiting resources and treat them as
disjoint from energy inputs. This yields a new indicator of
efficiency for each resource tracked, e.g. EROI,,,; measured in
MJ ha ' In particular, for nonenergy resource X, EROI} is
given by

Eq. 1

EROIX = EDOM,/(ZEX"klk) Eq. 2

where my gives the direct and indirect per-unit inputs of X
into Iy.

Although this perhaps increases the complexity, this method
has at least two distinct advantages. First, it yields a measure of
production efficiency that can be used in a systems framework
to examine the scalability of a technology, especially in
conjunction with other technologies that may require a different
array of resources. It bears resemblance to the concept of total
factor productivity, which gives a fuller and more accurate
picture of productivity than does labor productivity alone.
Second, a multicriteria approach enables contextual assessment
of a technology. Different countries will be limited in their
growth by different resources (39), a Liebig’s law of the
minimum for economic growth (40). Some resources (e.g.,
water) may be more limiting than energy (41). An ideal energy
technology would have a lower EROI y for abundant resource X
and higher EROIy for scarce resource Y.

Another way to deal with nonenergy primary inputs is to
convert them into energy equivalents via some set of coefficients
({¥x}) for all nonenergy resources X. One justification for this
is that in order for any process to be truly sustainable, it must be
able to regenerate all resources consumed (42). An approach
adopted by Patzek (42) and Patzek and Pimentel (43) is to
assign energy costs based on the exergy of a resource (44, 45),
approximately defined as the ability of a system to do work and
equated with its distance from thermal equilibrium. Resources
such as iron ore and top soil, through their structure, contain a
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certain amount of negative entropy that gives them an inherent
ability to do work. This can also be thought of as the amount of
energy required to reconstitute a given level of order.

Given such a set of coefficients yields the following measure
for EROI:

ED()M[

EDiy+ Y o+ D> Uxmxle
k X k

Assuming consensus around the validity of the energy
equivalents, this measure of EROI provides complete
commensurability by reducing all inputs to a single currency.

EROI =

Eq. 3

Nonenergy Outputs

Just as consideration of the nonenergy inputs yields a fuller and
more complex EROI, so too can the nonenergy outputs be
incorporated to provide a more complete indicator of the
desirability of a process (Fig. 1). To begin, many technologies
yield coproducts in addition to the primary energy product. It
is assumed in most studies that a credit should be given for
these coproducts, which is added to the numerator and thereby
increases the EROI for the process. To do this, each coproduct
O; must be assigned a per-unit energy equivalency coefficient
(vj) that indicates its value relative to the energy product.

The most straightforward method is to assign coproducts an
explicit energy value based on their thermal energy content (13)
or their exergy (43). However, coproducts are seldom used for
their energy content (bagasse in sugar cane ethanol being an
exception). Energy values can also be assigned according to the
energy required to produce the most energy-efficient replace-
ment (4), a methodology equivalent to expanding the bound-
aries of the technology (46, 47). Nonenergy metrics that can
establish relative value include economic value and mass, both
of which are frequently used in LCAs (33, 46).

Once the energy equivalency coefficients are established, the
EROI formulation is modified as follows:

EDo + Y v;0;
EDin -+ Z '))ka

For example, for biodiesel from oilseeds, oilseed meal is a
valuable coproduct most commonly used as a source of protein
for livestock. An energy credit can be assigned to this coproduct
based on its actual thermal content (35), its market value (e.g.,
48), or its mass (e.g., 49). The calculated EROI can vary by a
factor of two or more depending on allocation method.

Note that all coproduct credit assignments will also work for
determining the energy return from nonenergy resources
because they only affect the numerator.

EROI = Eq. 4

Externalities

The analysis so far has considered only inputs and outputs that
are currently recognized by the market. However, many energy
production processes create outputs that have social, ecological,
and economic consequences that are external to the market
(Fig. 1). A full assessment of the desirability of an economic
endeavor should include such impacts because they ultimately
affect the net benefit to society (4). Negative externalities can
include soil erosion, ground and water pollution, loss of habitat,
and loss of food production capacity (5, 50). Externalities also
can be positive, such as the creation of jobs and the
maintenance of rural communities (51).

As with the handling of nonenergy resources, such external-
ities can be incorporated into the analysis in one of two ways—
as separate indicators in a multicriteria framework or through
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conversion into energy equivalents. Thus, if topsoil is lost or
nitrous oxide is emitted as part of the life cycle of the
technology, we can measure EROI,,,;,; or EROlyy. Studies
that include such externalities have been published by the US
Department of Energy (52), Giampietro, Ulgiati and Pimental
(12), and Hanegraaf, Biewinga and Van der Bijl (5). Again, such
measures are useful for assessing the scalability of a process
within a given context by indicating what resources (e.g., waste
sinks) might be strained under increased production.

Negative externalities also can be assigned per-unit energy
equivalency coefficients equal to the energy required to prevent
or mitigate their impacts (7, 13, 53). If we assume a set of
externalities {E;} with energy equivalency coefficients {v;}, then
we must add into the denominator of the EROI calculation the
term Y v;E;. Not many studies have attempted this approach,
however.

Note that the calculation of the externalities produced may
or may not include “embodied” externalities, those that result
indirectly from the production of the inputs. Whereas in general
the same boundaries should be used across the analysis,
sufficient data may not exist to estimate externalities beyond
the boundary of the direct impacts.

Summary of Methodologies

Table 1 lists all of the different formulations of EROI (or net
energy analysis) presented above based on the formulation of
the denominator. For each, we cite one or more studies that
have employed that variation. Whereas all of the works
surveyed fall within the same methodological framework, as
outlined above, it is clear that assumptions and terminology
vary significantly among studies, resulting in conflicting results
and essential incommensurability.

A WELL-SPECIFIED FRAMEWORK
FOR EROI ANALYSIS

In order for EROI analysis to yield results that are clear,
commensurable, and of ultimate use to researchers and policy-
makers, it is essential that the methodology become uniform
and well specified. Such standardization has been successfully
accomplished with LCAs (33). However, unlike with LCAs, it is
probably not desirable or possible that EROI be restricted to a
single meaning and methodology. The different levels of
analysis outlined above are germane to different problems,
contexts, and investigators. The problem arises when the same
term is used for methodologies with different assumptions and
ultimately different goals.

We propose a two-dimensional framework for EROI
analyses with attached terminology that makes clear the major
assumptions being used. Along the first dimension, we identify
three distinct levels of analysis that can be distilled from the
above examples (Fig. 2). These levels differ in terms of what
they include in their analysis. The first level deals with only the
direct inputs (energy and nonenergy) and direct energy outputs.
We term this first order EROI, because although it is the most
precise form of EROI it is also the most superficial, missing
many critical energy inputs as well as ignoring coproducts. The
next level, second order EROI, incorporates indirect energy and
nonenergy inputs as well as credits for coproducts. This is the
methodology used by LCA to estimate the EROI of an energy
technology. Note that second order EROI requires two
assumptions that must be made clear: i) What allocation
method is used for the coproducts (thermal content, price, mass,
exergy, etc.); and /i) What boundaries are used for determining
indirect inputs. To qualify as second order EROI, we suggest
that the boundaries should be drawn such that ignored indirect
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Table 1. EROI formulations in the literature.

Cost Category Direct

+ Indirect + Allocation

Energy Cost = EDj,

Cost = (EDin + > 7klk)

Numerator = EDgy + 0,0

Wood biomass (17)
Wood to electric (38)

Primary Input (X) Cost = X

Soy/Sunflower biodiesel (13)
Solar cells (57)

Cost = Zn)(,klk

Corn ethanol (7)
Soy biodiesel (49)

Numerator = EDoye + >0,0;

Hydroelectric, X = Land (38)
Various technologies, X = Water (5)

Externality (E) Cost = E

Corn ethanol, X = Various inputs (13, 42)
Rapeseed biodiesel, X = Various inputs (5)

Cost = ZTLE,klk

Soy biodiesel, X = Various inputs (49)
Rapeseed biodiesel, X = Water (58)

Numerator = EDqy + >_v,0;

Wind, E = Emissions (31)
Various technologies, E = Soil loss (5)

Energy Equivalents

Various technologies, E = Emissions (59)
Wind, E = Emissions (60)

1) Conversion of externalities into energy: Cost = ED;, + > Ik + D vE;i (7, 42)

2) Conversion of primary inputs into energy: Cost = EDi, + > yklk + > ¥xmxlk (13, 42)

Biodiesel, E = Emissions (49)
Ethanol, E = GHG (48)

energy inputs are expected to be <1% of the total energy
invested to avoid being incommensurable with other studies.
Finally, third order EROI incorporates additional costs (and
possibly benefits) for the externalities of the energy technology.
Admittedly, this is the most imprecise but also the most
accurate of the EROI measures (Fig. 3) in that it presents the
fullest measure of the net energy available to society.

Once it has been determined what can and should be
included in the analysis, the second dimension in our framework
dictates how to include these inputs. We distinguish three
choices for handling nonenergy resources and externalities.
They can be ignored, yielding simple EROI (no modifier on this
axis), they can be converted to energy equivalents, yielding
“total EROL” or they can be handled as separate components
yielding “multicriteria EROL.”

Our framework is presented in Figure 3. Note that while the
grid is 3 X 3, it yields only eight meaningful formulations. We
would argue that the issues of scalability and sustainability
require us to focus on third order forms of EROI. Energy is not

Total Multicriteria
EROI EROI EROI
1st 0 d E[)um EDz)u! ED{)ut
rder
© ED., EDin +Zl/lk1k Ik
k
ED,,+>v,0,
EDW, +ZVJ0, EDH,+ZJ/A1A EDmtr + ZVJOJ
2d Order| —— ‘ I
[EDJVI+Z}/L[/<] +Z%7[“1k ZJZXJ*]’(
& k
ED,, +Y v0,
: ED_+3Vv.0,
ED, +Z7’A I, o Z/: i
rd £ T o~ ,
37 Order +Z‘//1”X.A1A Z”E.k]k
k k
+> DE,

Figure 2. Framework of EROI methodologies. The side axis
determines what to include (direct inputs, indirect inputs, and/or
externalities). The top axis dictates how to include nonenergy
resources (ignore, convert to energy equivalents, or treat as
irreducible.) Note that because simple EROI ignores nonenergy
inputs, it does not have a third order form that accounts for
externalities.
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the only production factor that is or will be limited. Water,
land, and carbon sinks are only three examples of inputs and
impacts of renewable energy production that can limit the
potential of a technology (4, 12, 54). They should be included
explicitly or else their cost in terms of energy should be
estimated.

Finally, note that the different levels of analyses are nested
hierarchically. The computation of a higher order EROI for an
energy production process should readily yield all other forms
of EROI found below it. That is to say, the necessary data were
compiled, and it is merely a decision of which components to
include in the calculation. Similarly, a total EROI calculation
will use the same data set as a multicriteria EROI with the
addition of energy equivalency coefficients. This means that
more comprehensive studies should yield results at least
partially comparable with less comprehensive studies as seen
in a metastudy of ethanol by Farrell et al. (7).

OTHER CONSIDERATIONS

EROI, Nonenergy Resources, and Scale

EROI is generally measured as the ratio of the gross energy
return to the amount of energy invested. However, it has been
argued that this can give a false indicator of the desirability of a
process because of the increasing cost of nonenergy resources as
EROI approaches one (12).

Precision/
Consensus

1st Order
EROI

27 Order
EROI

3rd Order
EROI

Scope/
Accuracy

Figure 3. Relationship between EROI scope and detail and level of
precision and general acceptance. As EROI measures become more
comprehensive in scope and thereby more accurate, their precision
decreases as does the level of consensus around their values.
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Box 1.
Net energy return to land for corn
ethanol

The second order EROI for noncellulosic ethanol from corn is
estimated to be 1.34 (7), which implies that ® ~ 4. The ethanol
EROl;ang= 11 633 MJ ha™" gross energy production (equivalent to
3475 | ha™"). However, the net energy per unit of land is only 2908
MJ ha~". At 2004 levels of gasoline consumption for the United
States, this is equivalent to consuming the net energy production of
42 hectares of cropland per second. If the second order EROI of
ethanol is reduced to 1.2, a decrease of only 10%, the net return on
land decreases by 33% whereas the amount of land required to
achieve the same net yield increases 50%. This has significant
implications for the potential scale of production (12).

Following Giampietro et al. (12), let o« = EROI/(EROI - 1)
be the ratio of gross to net energy produced. w equals the
amount of energy production required to yield 1 MJ of net
energy. From an energy perspective, this is not worrisome
because all costs have been covered. However, the perspective
changes regarding nonenergy resources.

Let EROIy be the energy return for one unit of nonenergy
resource X. Then 1/ EROIy is the number of units of X required
for 1 — MIJ gross energy production. From the above, it is easily
seen that w/EROIy units of X are required, or more generally,
the net energy yielded per unit of X is equal to EROIy/w.
Because w increases nonlinearly (approaching infinity) as EROI
approaches one, a relatively small change in EROI can produce
a large decrease in the net EROI for nonenergy resources. For
energy production processes with significant nonenergy re-
sources such as biofuels, this suggests a low EROI can imply
strong limitations on their ability to be scaled up (4, 12, and
Box 1).

EROI and Energy Quality

The efficacy of EROI analysis is limited by one of its basic
assumptions—that all forms of energy are fungible with a value
determined by their thermal content (16). This ignores the fact
that the quality of an energy source is a key determinant of its
usefulness to society. A BTU of electricity is of higher value to
society than a BTU of coal, a fact reflected by the price
differential between these two energy sources as well as our
willingness to convert coal into electricity at a significant energy
loss.

Some would argue that a technology with a low EROI
should be given stronger consideration if the energy outputs
have a higher quality than the energy inputs—an argument
raised by Farrel et al. (7) in support of corn ethanol, which has
the potential to convert coal (low quality) into a liquid fuel
(high quality). Cleveland (16) has proposed a variant of EROI
methodology that incorporates energy quality. Quality-adjusted
economic analysis can even support subunity EROI energy
production depending on context.

However, the study of prior civilizations suggests that low
energy gain for society as a whole will have negative
implications (3). The more energy required to harvest, refine,
and distribute energy to society, the less that will be left for
nonenergy sectors such as health care, transportation, and basic
industry. This is especially important in a society that has built
its infrastructure around high-energy-return inputs (55). With
regard to future energy scarcity, net energy analysis is more
forward-looking than conventional cost-benefit analysis and as
such is an important tool for policymakers.
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/Ulnmate Net Capacity

Marginal Annual Yield/Costs

Scale

Figure 4. Annual marginal costs and yields from a given renewable
energy source. As the scale of development increases, marginal
annual yields tend to decrease whereas energy costs and external-
ities increase. D =direct energy costs, C =indirect energy costs, and
B = externality energy costs. Gross energy yield X=A+ B + C + D.
The curve A gives the net annual yield accounting for indirect costs
and externalities with the vertical line showing the maximum net
annual yield.

EROI and the Net Ultimate Capacity of Resources

The theoretical graph in Figure 4 summarizes the implication of
the different levels of EROI analysis. The outer curve
demonstrates the marginal annual energy yield from a given
renewable energy resource X (e.g., liters of biodiesel per
additional hectare of crop production. The area under the
outer curve represents the total gross annual yield X. Because
the most efficient areas of production are developed first (e.g.,
best cropland, best wind sites, etc. [56]), the annual yield tends
to decline whereas energy costs tend to rise with scale of
development. Externalities also tend to increase.

The maximum net energy yield, or energy available for
distribution to the nonenergy producing sector of society, is
represented by the area of A+ B+ C, A+ B, or A, depending on
the boundaries of the analysis (first, second, or third order). The
EROI for each marginal unit of development is given by X/D,
X/(C + D), or X/(B + C + D) for first, second, and third order
EROI, respectively.

As can be seen, early in the development of an energy
technology, the percentage of the total energy that is used in
production, under any of the three scenarios, is small. As a
resource becomes further developed, the sum of B, C, and D
becomes greater in relation to the net energy A. This
relationship is quantified by a declining EROI in all three of
its forms. Figure 4 shows that the peak yield in terms of net
benefits to society is reached much more quickly than is the
peak in gross yield.

CONCLUSION

How or whether we transition from a stock-based energy system
(i.e., fossil fuels) to one based largely on flows from renewable
sources may be one of the defining tasks of this generation. New
energy technologies require enormous capital investments and
significant lead time as well as well-defined research and
planning. Aggregating decisions surrounding new energy
technologies and infrastructure will be both difficult and time
sensitive.

As a growing population attempts to replace this era of easy
energy with alternatives, net energy analysis will reassert its
importance in academic and policy discussions. It will be
advantageous to adhere to a framework that is consistent among
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users and attempts to evaluate correctly the complex inputs and
outputs in EROI analysis in ways that are meaningful and
comprehensive. Accounting for the subtle and intricate details in
net energy analysis is difficult, and we do not presume that this
contribution will resolve the controversy regarding what the
appropriate boundaries of EROI analysis should be. However,
in a growing world constrained by both energy and, increasingly,
by environmental concerns, adherence to a common framework
that still provides some methodological variability is essential for
policymakers to accurately assess alternatives.
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