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Abstract
Purpose Despite the potential value it offers, integration of
life cycle assessment (LCA) into the development of environ-
mental public policy has been limited. This paper researches
potential barriers that may be limiting the use of LCA in pub-
lic policy development, and considers process opportunities to
increase this application.
Methods Research presented in this paper is primarily derived
from reviews of existing literature and case studies, as well as
interviews with key public policy officials with LCA experi-
ence. Direct experience of the author in LCA projects with
public policy elements has also contributed to approaches and
conclusions.
Results and discussion LCAs have historically been applied
within a rational framework, with experts conducting the anal-
ysis and presenting results to decision-makers for application
to public policy development. This segmented approach has
resulted in limited incorporation of LCA results or even a
broader approach of life cycle thinking within the public pol-
icy development process. Barriers that limit the application of
LCAwithin the public policy development process range from
lack of technical knowledge and LCA understanding on the
part of policy makers, to a lack of trust in LCA process and
results. Many of the identified barriers suggest that the failure
of LCAs to contribute positively to public policy development
is due to the process within which the LCA is being incorpo-
rated, rather than technical problems in the LCA itself.

Overcoming the barriers to effective use of LCAs in public
policy development will require a more normative approach to
the LCA process that incorporates a broad group of stake-
holders at all stages of the assessment. Specifically, a set of
recommendations have been developed to produce a more
inclusive and effective process.
Conclusions In an effort to effectively incorporate LCAwith-
in the overall public policy decision-making process, the
decision-making process should incorporate a multi-
disciplinary approach that includes a range of stakeholders
and public policy decision-makers in a collaborative process.
One of the most important aspects of incorporating LCA into
public policy decisions is to encourage life cycle thinking
among policy makers. Considering the life cycle implications
will result in more informed and thoughtful decisions, even if
a full LCA is not undertaken.
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1 Introduction

The development of good public environmental policy that
delivers the desired results requires the consideration of rele-
vant information, including environmental impacts, as well as
impacts on stakeholders. Life cycle assessment (LCA) offers a
tool to provide comprehensive environmental impact informa-
tion that can be applied within the public policy development
process. Public policy-making is listed by ISO as one of the
potential direct applications of LCA (ISO 2006).

ISO states that LCA can assist in decision-making in in-
dustry, governmental, or non-governmental organizations
(ISO 2006), which would presume to include public policy
development. According to the Society for Environmental
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Toxicology and Chemistry (SETAC), the goal of applying life
cycle thinking to public policy is to identify opportunities for
reducing environmental impacts associated with products or
activities over the entire life cycle (Allen et al. 1995).

Life cycle assessment (LCA) has been used by
decision-makers across the European Union, Japan,
Australia, and many other countries to inform public
policy (CIELAP 2009). However, LCA has not been
used within public policy development as much as it
has been applied to other applications such as product
design (Allen et al. 1995). This may be due to the inher-
ent challenges associated with integrating LCA into the
public policy process, as well as the relative strengths
of LCA within certain applications such as product
assessment.

Research also suggests that direct application of life
cycle assessment results within the public policy arena
has been limited, often despite the official incorporation
of LCAwithin the process. There are a number of possible
reasons for this disconnect. Decision-makers may not be
completely comfortable with LCA and may be unclear on
reasonable expectations for the process. In addition, incor-
porating life cycle assessment into the decision-making
process can be fundamentally challenging, as the very
nature of the results includes a variety of indicators that
may not be directly comparable, and may not lead to clear
conclusions.

Despite the potential challenges, LCA offers a valuable
tool for assessment of the full environmental impacts of
public policy options. Facilitating its increased application
in the public policy arena could improve the decision-
making process and ultimately lead to better environmental
outcomes.

2 Policy development paradigms

There are two primary theories under which public policy is
developed (Bras-Klapwijk 1998):

1. Discourse theory stresses the need for an open and inclu-
sive process in which stakeholders learn about each
other’s perceptions on the issues, with a focus on commu-
nication and understanding.

Within a discourse framework, the key function of an
LCA is to support and stimulate sound discussion, with life
cycle research helping to create a full and open communi-
cation process between stakeholders with differing inter-
ests and perspectives. Discourse theory therefore focuses
on the process and participants, with the information being
supportive.

2. Rational theory emphasizes quantification and objectivi-
ty, with technical information being the key factor in the
process.

Under the rational paradigm, researchers provide the policy
maker with neutral, objective, applicable information that will
directly assist in formulating the most effective policy (Bras-
Klapwijk 1999). LCA can thereby improve the public policy
process by providing decision-makers with relevant informa-
tion in a comprehensive way (Allen et al. 1995). This rational
approach is particularly relevant and useful in technically ori-
ented public policy decisions such as infrastructure design or
technology choices.

Bras-Klapwijk (1999) asserted that the rational paradigm
of sound policy-making and analysis is dominant in the LCA
scientific community and that the LCAmethodology has been
primarily developed within this rational theory. To fit within
the rational paradigm, LCA results need to be conclusive, as
well as objective, so they can help to identify the best public
policy that will provide the most efficient means of achieving
environmental goals. However, it is well recognized that LCA
results may not always offer conclusive results and that there
are many areas of evolving scientific knowledge in terms of
impacts. This leads to a level of uncertainly in LCA that must
be acknowledged and considered by decision-makers.

Decision analysis suggests that, in the light of uncertainty,
it would be presumptuous to define a single optimum choice.
Rather, it is preferred to develop a strategy, within which spe-
cific choices may evolve over time based on the current situ-
ation (de Neufville 1990). This lends itself more to a discourse
theory approach to public policy development.

Bras-Klapwijk (1999) goes further to conclude that the
rational paradigm is not valid for public environmental poli-
cies and that the discourse paradigm provides a better alternate
framework. This premise is incorporated into proposed policy
elements presented later in the paper.

3 Application of LCA to public policy development

LCA has many potential applications within public policy
development because of the common desire for policy to re-
duce environmental impacts, and the resulting need to identify
opportunities for environmental improvement and assess en-
vironmental trade-offs between potential options (Allen et al.
1995). Within public policy development, LCAs are often
conducted with the intention to provide additional quantitative
information on which to base decisions regarding policy de-
tails. The European Union concluded that LCA provides the
best available framework for assessing the potential environ-
mental impacts of products (EU 2011), and this could be ex-
trapolated to assume that this would apply to processes, as
well. Assuming that environmental impacts are an important
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consideration within public policy decisions, this suggests that
LCA can provide valuable information on which to base pol-
icy decisions within this context.

Reed (2012) asserts that LCA could play an important role
in the legislative policy process through contributions to prob-
lem identification, policy implementation, and policy evalua-
tion stages. Specifically, in terms of policy identification, LCA
can sometimes provide unforeseen information. LCA can also
help in establishing implementation procedures and educating
about the outcomes the policy decision will produce. And,
finally, during policy evaluation, LCA can provide a compar-
ative tool to measure policy effectiveness.

ISO suggests that, generally, the information developed in
an LCA study can be used as part of a much more compre-
hensive decision-making process (ISO 2006). The Canadian
Institute for Environmental Law and Policy (CIELAP) adds
that LCA can provide a valuable contribution as it allows
decision-makers to consider and address potential unintended
environmental consequences that may not be otherwise antic-
ipated, and may undermine the potential for a decision to
make an overall environmental improvement (CIELAP
2009). SETAC further suggests that the use of life cycle con-
cepts and tools can link scientific and policy-making commu-
nities in an overall effort to find an appropriate balance be-
tween economic and environmental considerations, by mov-
ing fragmented end-of-life approaches toward more holistic
decision-making through a framework that can combine in-
formation from other tools such as risk assessment and envi-
ronmental planning, which are often considered separately
(Allen et al. 1995). LCA also has a broader scope than most
other tools and therefore can potentially provide long-term
vision that can identify opportunities for the largest improve-
ments (Allen et al. 1995).

As a specific example of the opportunity for LCA to con-
tribute to public policy, EUROPEN suggests that the role of
LCA within waste management policy is as a continuous
benchmarking tool to maximize efficiency of resource use
through a case-by-case approach (EUROPEN 1999). The
extensive use of LCA both within industry and public institu-
tions further validates the perceived value that this tool offers
the decision-making process.

At the global level, the United Nations Environment
Programme (UNEP) and the Society for Environmental
Toxicology and Chemistry (SETAC) launched an
International Life Cycle Partnership, known as the Life
Cycle Initiative (LCI), to enable users around the world
to put life cycle thinking into effective practice. The LCI
uses a long-term (2002–2016) initiative that was devel-
oped in three phases to facilitate the generation and up-
take of science-based life cycle approaches and informa-
tion for business, government, and civil society practice
worldwide as a basis for sustainable consumption and
production (LCI 2014).

Specifically, the USA has been relatively slow to integrate
LCA into public policy, particularly as compared to Europe,
where life cycle thinking is widely encouraged, implemented,
and evenmandated through policy (Reed 2012). However, life
cycle information is beginning to play a larger role inside
American governmental policy. Federally, LCA was applied
to the Energy Independence and Security Act of 2007 to de-
termine if the threshold standards for emissions reductions
were being met. This is the first and only time federal regula-
tory policy mandated the use of LCA on a product or system.
However, the Environmental Protection Agency (EPA) has
been instrumental in the development of standards and meth-
odologies, including the LCA software Tool for the Reduction
and Assessment of Chemical and Other Environmental
Impacts (TRACI). The EPA also uses life cycle approaches
in some of its initiatives, such as the Design for the
Environment partnership program (Reed 2012). The use of
LCA in policy development at the federal level appeared to
get a boost with the identification by the National Research
Council of LCA as one of the most appropriate tools that can
be applied in the proposed EPA Sustainability Assessment and
Management process developed to better incorporate sustain-
ability into decision-making at the agency (NRC 2014).
However, discussions with internal staff at the EPA suggest
that this has not in fact led tomuch increase in incorporation of
LCAwithin the agency to date.

At the same time, there are numerous examples of the use
of LCA at the US state level, including the California
Environmental Protection Agency’s Department of Toxic
Substances Control’s evaluation of alternative hazardous
waste management systems; Oregon Department of
Environmental Quality’s LCA of mail order packaging,
LCA-based approach to preventing construction and demoli-
tion waste, as well as life cycle thinking in the development of
recommendations for reducing greenhouse gases related to
waste management; and California’s Department of
Resources Recycling and Recovery’s (CalRecycle) compre-
hensive LCA of California’s used lubricating and industrial
oil management process (Reed 2012). This last example offers
considerable insight into the process of incorporating LCA
into the public policy process and will be discussed further
as a case study.

4 Barriers to applying LCA to the public policy
process

Despite its perceived potential value, literature suggests that
the positive impact of LCA on public policy to date is limited.
Assuming the additional information LCAs contribute to the
decision-making process offers a positive contribution, there
must be barriers preventing its lack of greater influence, which
may include one or more of the following:
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1. Decision-makers lack the background or technical literacy
to interpret and incorporate the results of the LCA.

This is a very tempting conclusion for the rationally
minded LCA professional to account for the failure of
comprehensive LCA results to be incorporated into public
policy decisions. Many key decision-makers may be in
fact be unfamiliar with LCA (Allen et al. 1995) and there-
fore may be unclear on how LCA results fit within the
policy development process. This lack of familiarity may
also create reluctance on the part of decision-makers who
feel they lack the expertise needed to incorporate or inter-
pret LCAwithin their process. In addition, LCA tends to
be filled with jargon and populated by experts and can be
confusing to those unfamiliar with LCA concepts (Reed
2012).

2. Technical results are not presented in a way that can be
positively utilized by decision-makers.

This barrier is related to the first one, in that decision-
makers can only incorporate information that fits within
their decision paradigm. Regardless of how valuable the
information may be, if it cannot be readily utilized, it will
remain outside the decision-making process. This is exac-
erbated by the reality that decision-makers tend to want
LCA results to be presented in a simplified format that
indicates an obvious Bwinner,^ despite the fact that this is
neither reasonable or desirable (Reed 2012).

However, decision-makers are no strangers to being
faced with complex decisions and large amounts of infor-
mation, so if they are convinced that LCA can assist in the
process by presenting important information in a compre-
hensive yet focusedmanner, they are likely to embrace the
addition.

3. Decision-makers have a lack of trust of LCA results or the
overall process.

Lack of acceptance of LCA as a decision-making tool
was identified by SETAC as a barrier to its incorporation
into the process (Allen et al. 1995). Since LCA is an
information tool, decision-makers must value the infor-
mation in order for it to be considered in policy develop-
ment (Reed 2012).

4. Clear or consistent results may be lacking as outcomes of
the LCA.

LCA results are not always conclusive, and this may
present particular challenges when multiple stakeholders
with competing interests are involved (Bras-Klapwijk
1999). This seems intuitive, since any potential ambiguity
in the results can be seized upon by opponents to a par-
ticular decision to assert why an alternate choice should
be made.

In addition, varying or even conflicting results can also
be produced by multiple LCAs based on differing under-
lying assumptions (Bras-Klapwijk 1999). This does not
lend itself to confidence in the resulting outcomes.

However, uncertainty is normal in many aspects of
decision-making, including environmental assessments,
and decision-makers should be encouraged to embrace
the additional perspective that life cycle thinking can
add to the decision process, rather than looking for key
conclusive outcomes.

5. LCA results are not seen as neutral
Historically, LCA results have tended to support the

interests of the study sponsor, which has not tended to
improve confidence in the neutrality of the process
(Bras-Klapwijk 1999). Even with the progress in LCA
standards, there is still variability in how LCA can be
applied to different systems, leaving the potential percep-
tion that it can be tailored to produce information that
supports a specific agenda (Reed 2012).

6. Governments lack a framework for integrating LCA in-
formation into the decision-making process.

Governments lack a framework for integrating LCA
information with other factors, such as economics and
social impacts, that are considered in the decision-
making process (Reed 2012). This suggests the need for
more guidelines on effectively integrating LCA into the
policy development process.

This is exacerbated by the tendency for the policy-
making process to be fragmented, making it more chal-
lenging to integrate a holistic approach like LCA.
However, this recognition can ultimately lead to a more
robust and integrated policy framework.

7. Government agencies bring specific interests to the pro-
cess, potentially limiting the scope based on internal focus
and knowledge.

The various missions of government agencies can cre-
ate a barrier to effective incorporation of LCA in public
policy by limiting the assessment to a reduced range of
indicators, thus narrowing the scope and potentially ex-
cluding important impacts outside this scope (Curran
2014). This focus on a narrow range of impacts is often
driven by specific priorities and funding limitations (Leith
2014).

Defining a framework and process for agencies to in-
tegrate LCA into public policy decisions will help to mit-
igate any tendency to prematurely narrow the scope.

8. Comprehensive public LCAs require considerable re-
sources to complete.

Even though it is hoped that the compilation and ex-
pansion of life cycle inventories will gradually drive
down the significant resources required to complete an
LCA (Reed 2012), the higher standard of accountability
associated with a public policy LCA is reflected in a sub-
stantially higher cost than a standard comprehensive
LCA. This was demonstrated in the $2.5 million, 2.5 year
process undertaken by CalRecycle in its Used Oil LCA
(Carlson 2014a). This example is further discussed as a
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case study later.
The perceived additional time and cost associated with

incorporating LCA can lead to hesitancy on the part of
decision-makers who may prefer to expedite the process.

9. Complete and accurate inventory data may be difficult to
find.

Lack of accurate inventory data is a challenge to ad-
vancing LCA in public policy, and life cycle inventories
may rely on survey data that is unverified or incomplete
(Reed 2012). Data availability, applicability, and quality
are generally issues that need to be resolved (Allen et al.
1995). This remains a significant barrier to using LCA in
policy development (Leith 2014).

A number of these barriers suggest that the failure of LCAs
to contribute positively to public policy development is not
due to any deficiency within the LCA, but rather the process
within which the LCA is being incorporated.

5 Addressing barriers to incorporation of LCA
in policy development

An overall methodology that has been recommended to over-
come the barriers to effective use of LCAs in public policy
development suggests a shift toward the discourse theory,
where a more open and qualitative approach is taken and rich
and balanced arguments on normative and factual issues is
central (Bras-Klapwijk 1998). This move toward a more qual-
itative process has the potentially to mitigate many of the
process-related barriers identified.

This type of approach is supported by the EU in its asser-
tion that LCA should be used as a decision-supporting tool
rather than a decision-making tool, because the LCA process
does not fully take into account economic and social impacts
or some local factors (EU 2011). This suggests that the value
of LCA lies in the effective integration of information it pro-
vides within a broader, more holistic process. Hofstetter
(1998) supports this in his observation that LCA is a decision
support tool that is an integral part of the decision-making
process and therefore cannot be isolated from this process.

This type of normative approach recognizes that, while
LCAs are seen by technical experts as objective, and their
process strives to maintain this, LCAs contain an implicit
normative framework that may not match special interests’
perception of the kind of evidence that needs to be considered
(Bras-Klapwijk 1998). This is much different than a lack of
technical objectivity. Rather, it recognizes that a focus on tech-
nical rigor has the danger of reinforcing the paradigm that only
scientifically verifiable information adds value to the process.
If allowed to permeate the process, this attitude can disenfran-
chise stakeholders, who may have opinions and concerns that
they cannot express in technical or quantifiable terms.

In practice, LCA practitioners strive to be objective and
avoid making normative choices, instead leaving that role to
the policy makers. However, LCA results depend on method-
ological choices made during the process, which are influ-
enced by the values and perspectives of the practitioner and
commissioner of the study (Ekvall et al. 2007).

Bras-Klapwijk (1999) argues that practitioners need a nor-
mative starting point from which to develop a good technical
analysis, and this should be done in a transparent way to
support policy makers. Hofstetter (1998) further suggests
abandoning any attempts at separating objective from subjec-
tive steps within the LCA process, and instead recognizing
that the entire process is embedded within what he terms as
the Bvaluesphere.^ This asserts that values do not just come
into play when results are interpreted but rather are imbedded
throughout the process (Hofstetter 1998). It can be argued that
value judgments are present in the life cycle inventory stage
(choice of methodology and boundaries), the life cycle impact
assessment stage (classification and characterization), and the
weighting of results. (Lazarevic et al. 2012)

The reality of subjectivity is embedded within the LCA
name itself, with Blife cycle assessment^ trumping Blife cycle
analysis^ early in the development of the methodology, as a
result of the recognition that LCAs include subjective ele-
ments (Baumann and Tillman 2004). It is also important to
note that all tools that analyze environmental systems suffer to
some extent from issues associated with imbedded values, not
just LCA (Ekvall et al. 2007).

Bras-Klapwijk (1999) suggested addressing issues associ-
ated with the rational LCA paradigm by improving accuracy,
comprehensiveness, and objectivity of the LCA process, as
well as enhancing scientific discussion of LCA results through
transparency and sensitivity analyses. The ISO standards have
arguably contributed greatly to standardizing the methodolo-
gy used to conduct LCAs and have also served to increase
transparency and scientific quality. At the same time, moves
to make LCA more accessible and transparent through pro-
jects offering open source software and data have the potential
to increase data quality and availability, while also building
participation and trust in the LCA process.

SETAC proposed a list of priorities for effectively incorpo-
rating LCA within the public policy development process
(Allen et al. 1995):

& Ensure stakeholder involvement occurs early and through-
out the process.

& Encourage strong partnerships among stakeholders.
& Document and communicate successful LCA applica-

tions, and use case studies to identify barriers and issues.
& Encourage organizations to apply LCA to decision-

making processes.
& Educate public policy decision-makers on the concept and

use of life cycle thinking and LCA.
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These foundational process elements have been built upon
and expanded to provide a list of specific process recommen-
dations that have the potential to address the previously
outlined barriers to effective inclusion of LCA information
in the decision-making process. These recommendations are
also consistent with the Core Values for the Practice of Public
Participation set out by the International Association for
Public Participation:

1. Involve decision-makers and other stakeholders actively,
wholly and genuinely throughout the LCA process.

& Bring decision-makers into the LCA process early
and educate them on how LCAs work, and their po-
tential contribution to the decision-making process.

& Provide for adequate facilitation to accommodate the
complexity of a multi-stakeholder process and fully
engage the range of stakeholders.

Hofstetter (1998) asserted that LCAs have histori-
cally been dominated by the inventory analysis. As
such, LCAs are traditionally conducted by experts,
with little ongoing involvement of stakeholders, aside
from initial contact during the goal and scoping stage,
as well as at the conclusion of the project to report
outcomes. On the other end of the spectrum is a par-
ticipatory analysis process, where stakeholders are
actively involved throughout the process (Bras-
Klapwijk 1999).

Bras-Klapwijk (1999) asserts several reasons for
using a participatory process, including that stake-
holders learn about the issue throughout the process,
rather than only at the end, gaining a greater under-
standing of the results, and buying into the process.
Stakeholders also gain insight into underlying norma-
tive issues and assumptions, and ongoing interaction
of stakeholders can result in increased collaboration
and consensus, as stakeholders gain understanding of
the perceptions, values, and interests of other stake-
holders, ideally building mutual understanding and
respect. Ultimately, stakeholder involvement is likely
to improve the quality of the study, since stakeholders
provide information and insight that can greatly ben-
efit the process, and ongoing input from a range of
stakeholders serves to focus the research to issues that
are truly relevant, while not excluding potentially im-
portant questions. Ultimately, through a participatory
process, there is the potential of building group con-
sensus on strategies for moving forward.

Early involvement of stakeholders can also have
the complementary benefit of facilitating the process
of collecting data and other information required for
the LCA (Allen et al. 1995).

Ultimately, if stakeholders are involved in the early

development and framing of the study, and feel they
have an influence on choices made throughout the
process, there is a greater chance that the results of
the LCA will be taken into consideration in the sub-
sequent decision-making process (Baumann and
Tillman 2004).

2. Translate values and limitations of LCA concepts and
methodologies into language decision-makers under-
stand.

Decision-makers involved in the LCA process from
the start of a project will inherently gain LCA and process
understanding though this involvement. However, de-
scriptions and results delivered as part of any project
reporting need to be presented in a simple yet comprehen-
sive way, avoiding overly technical language and jargon
that is readily understood only by those with intimate
knowledge of the industry. This will encourage longevity
of the results, and incorporation by decision-makers who
may have not been directly involved in the process.

3. Provide case studies of successful applications of LCA in
public policy to give confidence to its use within the pub-
lic policy arena.

Examples of successful use of LCA in public policy
will inspire confidence and encourage decision-makers,
such as government officials, to incorporate LCA into
the policy development process by developing frame-
works for integration of LCA information. The first few
public policy LCAs are bound to be initiated by leading
public agencies, who are blazing the trail for subsequent
public policy LCAs, ultimately allowing for evolution of
the process to address barriers identified by these leaders,
and for incorporation of this approach to becomemore the
norm.

4. Present assumptions and uncertainties transparently with-
in the process, and actively involve stakeholders in all
discussions regarding these factors.

As part of the transparency of the technical compo-
nents, the strengths and weaknesses of LCA should be
outlined and understood by all stakeholders, along with
a clear plan for integrating LCA results into the overall
decision-making process. This should occur early in the
process, well before an LCA is undertaken, in order to
ensure the LCAwill add value to the process, and receive
due consideration.

If the resulting report is fully transparent, with meth-
odology and assumptions openly reported, there is less
need for a formal critical review, since arguably anyone
can critically read the report (Baumann and Tillman
2004), and stakeholders have been actively involved
throughout the process.

The move toward increased access and transparency of
LCA is an important step in improving trust in the
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process. Examples of this include the LCA Digital
Commons project, driven by the US Department of
Agriculture, which goal is to provide open access to
LCA datasets and tools, making LCA data more openly
accessible (USDA 2014). Another example is Open LCA,
conceived in 2006, providing the only widely available
professional, full scale Open Source LCA software
(openLCA 2014). This concept of opening both the soft-
ware and data to public scrutiny, while also encouraging
two-way data flow, is a step toward developing a public
LCA system. This step can only serve to increase trans-
parency, rigor, and ultimately confidence in associated
LCA outcomes. A more open LCA system also has the
potential to reduce the resource burden associated with
comprehensive LCAs.

5. Ensure the project team represents the full range of stake-
holders affected by the policy, and vested interests are
balanced.

SETAC suggested building a stakeholder partnership
as part of the process to build trust and credibility, and
encourage increased engagement in the process and its
outcomes (Allen et al. 1995). This requires serious rela-
tionship building to be incorporated into the overall pro-
cess, which may require additional time to be effectively
implemented.

In an effort to effectively incorporate LCA within the
overall public policy decision-making process, there may
be an opportunity for the decision-making process to in-
corporate a multi-disciplinary approach that includes tech-
nical LCA experts, as well as economic and social ex-
perts, together with a range of stakeholders and public
policy decision-makers in a collaborative process.

Baumann and Tillman (2004) support this concept by
arguing that LCA models elements of natural, social, and
technical systems and therefore needs to be multi-
disciplinary in nature. They assert that inventory analysis
primarily involves engineering skills, while impact as-
sessment requires expertise in natural science, and
weighting incorporates social science elements
(Baumann and Tillman 2004).

Through a transparent, inclusive, and collaborative
process, the various stakeholders involved in decision-
making will be more likely to embrace and fully utilize
the opportunities presented by the LCA phase of the pro-
cess. It is critical that the decision-making process ad-
dresses the needs and particular constraints of all stake-
holders and contributors. This needs to happen early in the
decision-making process and recognize the role that var-
ious elements, including LCA, can and should play. By
outlining this early, expectations of various process ele-
ments will be specific and realistic.

Effective participation of stakeholders with divergent
interests can be challenging, however, and strong

facilitation is a key element to encouraging mutual trust
and open communication (Bras-Klapwijk 1999). This
shifts the role of the analyst to facilitator, as well as tech-
nical expert. Alternately, a qualified facilitator may be
brought into the process to guide the ongoing input and
involvement of multiple stakeholders.

Essentially, it is the development and implementation
of a well-designed overall process that will facilitate ac-
ceptance and effective incorporation of specific phases,
including the integration of technical LCA results.
Conversely, a process that is seen as non-inclusive or
leading to a predetermined outcome will be destined for
failure, regardless of the rigor of the technical components
it contains.

Case study research conducted by SETAC suggested
that public policy that incorporates life cycle concepts
requires acceptance by all interested stakeholders and that
their participation throughout the process is important
(Allen et al. 1995). Ultimately, since LCA is an informa-
tion tool, decision-makers must value the information in
order for it to be considered in policy development (Reed
2012).

Process recommendations will be further discussed
within a case study context in a subsequent paper that will
review two primary public policy LCAs in US and
Canadian examples.

6 A broader process—life cycle thinking

The use of LCA within a public policy framework is more
complex than other applications in that the decision-making
process itself is more complex as a result of the multiple
players involved, bringing diverse interests, viewpoints, and
backgrounds (Bras-Klapwijk 1999). Public policy decisions
vary greatly, from narrow mandates to broad policies, and
involve a wide range of institutions, from local municipal
departments to federal agencies. As a result, the way LCA is
applied within the public policy process can and should be
different, based on its audience (Allen et al. 1995).

The life cycle approach can be presented on a continuum,
from the qualitative (life cycle thinking), to the quantitative
(comprehensive life cycle assessment) (Allen et al. 1995):

Life cycle thinking↔Life cycle assessment

Considering the potential to utilize different levels of life
cycle approach along this continuum offers a variety of options
for different decision processes. This recognizes that, despite
the value that LCA can add to the decision-making process, a
full LCA (as represented on the quantitative end of the contin-
uum) may not always be an appropriate addition to a public
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policy development process. In cases where resources, includ-
ing both funding and time, are limited, LCAmay simply not be
a viable option. The reality is that smaller organizations may
not be able to utilize LCA, even when its potential contribution
is recognized (Allen et al. 1995). However, in these cases,
embracing life cycle thinking can still add considerable value
to the process, even in absence of a full technical LCA.

Integrating life cycle thinking into existing policies or pro-
cesses has the potential to increase their rigor and value. An
example of how life cycle thinking has been incorporated into
public policy is the development of Integrated Product Policy
in the EU that attempts to bring together policies such as
Extended Producer Responsibility and eco-labeling
(Baumann and Tillman 2004). There is also the potential to
incorporate an increased level of life cycle thinking into envi-
ronmental review processes such as the Environmental Impact
Statements (EIS) and Environmental Assessments (EA) fed-
eral agencies are required to prepare under the National
Environmental Policy Act (NEPA), as well as other federal,
state, and provincial environmental review practices.

Perhaps one of the most important aspects of incorporating
LCA into public policy decisions is to encourage life cycle
thinking among policy makers. Considering ramifications of
decisions based on their full life cycle is good practice for all
managers and politicians, and this approach can be adopted
even without the need to undertake intensive life cycle assess-
ments. Considering the life cycle implications will result in
more informed and thoughtful decisions, even if a full LCA
is not undertaken (Allen et al. 1995). It has also been suggested
that the educational value of a conceptual application of LCA
in helping to generally identify the results, key sensitivities, and
uncertainties cannot be understated (Lazarevic et al. 2012).

While encouraging life cycle thinking among decision-
makers at the conceptual level, it is important to embrace the
intent of the full range of potential environmental impacts
throughout the life cycle, rather than a simplistic application
of the concept to a small group of issues or narrow range of
impacts. This will allow the concept to be embraced in a
realistic, yet fulsome holistic way.

7 Case study review

The following case studies are examples of efforts to incorpo-
rate LCA into public policy development. As such, they are
instructive in terms of demonstrating barriers to successful use
of LCA in this application, as well as innovative approaches to
addressing these barriers.

7.1 Alberta scrap tire recycling example

In late 2009, a project plan was developed by the Alberta
Recycling Management Authority (ARMA) to complete a life

cycle assessment (LCA) process for reviewing scrap tire pro-
cessing technologies that could be considered under Alberta’s
program.

This project is an important case study, as it represents the
application of LCA research to development of policy by a
quasi-public body (ARMA is a Delegated Administrative
Authority charged by the government of Alberta with over-
sight of a number of Alberta waste stewardship programs,
including scrap tires). ARMA is made up of a number of
stakeholder representatives, thereby providing a reasonable
proxy of a public policy development body (Table 1).

At the outset of the process, a project outline was vetted
and approved by ARMA, and an initial LCA information
session was held with the Board to provide some background.
This is an example of involving decision-makers early in the
LCA process. However, the resulting experience suggests that
the project should have been more comprehensively reviewed
and approved by the ARMA Board of Directors at the outset,
rather than assigning responsibility primarily to administrative
staff. This would have served to engage the Board as a whole
at a more detailed level, rather than simply providing high
level approval.

Because of the wide-ranging expertise and academic rigor
required for the LCA research, a Project Technical Team was
individually selected and assembled, and interacted directly
with an ARMA Project Management Team. The Project
Technical Team worked with a consulting agency to develop
an LCA process that considered the unique characteristics of
Alberta’s tire management program, building on existing LCA
models, and utilizing available LCA knowledge to the fullest
extent possible.

At the same time, the management team was intended to
provide perspective on the level of comprehensiveness and
types of outputs expected from the model. The expected out-
come was a model with the capability of providing results that
are quantitative, comprehensive, technically rigorous, and
Alberta-specific.

The incorporation of a Project Technical Team to oversee
the completion of the LCA proved to be a successful ap-
proach, as the expertise provided by this team was able to
readily deal with technical process questions as they arose,
and provide an increased level of rigor and accountability to
the LCA itself. This approach provided the equivalent of an
ongoing peer review element that vetted concerns and dealt
with questions as they arose, rather than identifying issues
after the fact.

It is likely that the strong focus on the technical process was
achieved to the detriment of the process as a whole. As already
cited, a strong technical focus can lead to disengagement of
participants in the overall process. This certainly could have
been the case with the Tire LCA process, as the desire to
ensure technical rigor within the LCA led to a focus on this
component that suggested its importance over other elements,
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detracting focus from the holistic process, while also poten-
tially creating unrealistic expectations from higher level
stakeholders.

Ironically, the strong technical expertise offered by the
technical team, while certainly providing the desired rigor to
the LCA itself, may have discouraged the level of involve-
ment from the management team and the ARMA Board that
would have been preferred from an overall process view. This
lack of involvement in turn led to unrealistic expectations of
the project results.

The final LCA report delivered by the consulting firm was
shared with the ARMA Board, and a summary presentation
was delivered to outline the overall results.

LCA results were presented individually by option, as well
as comparatively by parameter, and technical results from the
LCA were also presented in a summary format, as shown in
Figs. 1, 2, and 3 and Table 2. Recognizing the data intensity of
the information presented individually, an attempt was also
made to summarize the information in a composite form that
would assist in ranking and prioritizing options.

Questions and feedback from Board members suggested a
lack of buy-in and acceptance of the results, in spite of these
attempts to present and interpret the results, as well as the
obvious technical rigor associated with the LCA. This reality
is consistent with the literature research in the conclusion that
embracing LCA results is more about overall process than it is
about technical validity.

Applying the proposed process recommendations to the
project could have led to greater acceptance and incorpo-
ration of the results in a number of ways. More active
involvement of the ARMA Board of Directors from the
outset would have resulted in more engagement on the
part of these key stakeholders, improving their understand-
ing of the LCA process, including technical decisions and
limitations, very likely increasing buy-in of the project
outcomes. More active updates and involvement of the
Board throughout the project, particularly during key de-
cision points such as scoping, would have served to keep
them engaged throughout the process, rather than simply
assigning oversight to administrative staff. Regular presen-
tations from project managers at Board meetings, building
on the initial LCA information session, would have
assisted in keeping the Board engaged in the process.

Efforts to present results in a format understandable to the
Board would also undoubtedly have beenmuchmore success-
ful if the Board had beenmore intimately involved through the
derivation of the results, as well as how results would be
disseminated. Skepticism of the results was a reflection of a
general lack of understanding of the process and would have
been mitigated through increased project buy-in. Attempts at
transparency are contingent on a clear understanding of the
issues being addressed, and the process incorporated through-
out the LCA.T
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7.2 CalRecycle Used Oil LCA project example

As part of California Senate Bill (SB) 546 of 2009, introduced
tomake changes to the California Oil Recycling Enhancement
Act (CalRecycle 2014), California’s Department of Resources
Recycling and Recovery (CalRecycle) was directed to under-
take steps related to an LCA for used oil management:

1. Contract with a third-party consultant with recognized
expertise in life cycle assessments

2. Solicit input from representatives of all used oil stake-
holders in defining the scope and design of the life cycle

analysis, in conducting the life cycle analysis, and in is-
suing a draft report for public review and comment

3. Evaluate the impacts of certain components of SB 546
4. Submit a report to the Legislature describing the findings

of the life cycle analysis and provide recommendations
for statutory changes (CalRecycle 2014; leginfo 2014)

The second directive prescribed a level of stakeholder in-
volvement consistent with the process recommendations
outlined previously. The stakeholder involvement process in-
volved in this project made it possible to assess some of the
benefits and challenges associated with this approach.

Broad stakeholder involvement was integrated into the pro-
cess from the outset; however, who stakeholders are and their

Fig. 1 Tire LCA process diagram

Fig. 2 Sample LCA option results Fig. 3 Sample LCA parameter results
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level of involvement was not specifically defined (Carlson
2014a, b). Tomeet this requirement, CalRecycle issued an open
invitation to anyone identified as a potential stakeholder. The
response to this call was strong, with close to 50 industry mem-
bers initially signing up. Of this group, only one Environmental
Non-Governmental Organization (ENGO) joined the project,
Californians Against Waste, despite attempts on the part of
CalRecycle to bring in other non-industry stakeholders
(Carlson 2014a, b). This shows the difficulty in obtaining par-
ticipation from non-profit organizations whose resources are
already stretched. If funding is available, offering to offset par-
ticipation costs for public non-profits may mitigate this barrier.
In this case, CalRecycle was able to represent the public policy
side, which helped to balance the heavy focus on industry
stakeholders. However, increased outside non-profit represen-
tation would have been preferred to provide more complete and
robust input.

Managing the large number of stakeholders engaged in the
process was handled by contracting an expert facilitator to
manage the process and compile information. However, it
was recognized that if numbers had been smaller, the process
would have been much simpler to manage. The difficulties
associated with the large number of stakeholders were exac-
erbated by the process being technical in nature, requiring
significant time investment on the part of participants. This
resulted in attrition in stakeholders, with less than 40 still
involved at the end of the project (Carlson 2014a, b).

Despite the challenges associated with the extensive stake-
holder involvement process, it was seen as a success, as a
result of its openness and transparency (Carlson 2014a, b).

To kick off the LCA process, an LCA 101 session was held
to ensure all participants understood the basics of LCA as well
as the decisions that would be required as part of the process.
Following this initial orientation session, the group debated
fundamental decisions such as goal, scope, boundaries, and
functional units for a number of months.

This intensive process is indicative of the approach taken
throughout the LCA, resulting in the process requiring over
2.5 years to complete, and costing approximately $2.5 million,
exclusive of staff time (including $1.5 million for an economic
analysis). This contrasts to a normal LCA cost of $150,000 to
$300,000 (Carlson 2014a, b). This confirms the significant re-
source requirements potentially associated with these processes.

This large expenditure reflects the higher standard of ac-
countability associated with a public policy LCA. CalRecycle
indicated they felt that they could not afford to have the data
challenged, especially faced with a highly motivated group of
stakeholders who were well funded, and with research abili-
ties of their own. This meant there was little tolerance for
doubt, and as a result, the LCA incorporated more depth and
transparency, and a more intensive third-party review was
undertaken. (Carlson 2014a, b)

To provide a critical review of the LCA, CalRecycle assem-
bled a review panel of experts in the life cycle assessment field
with particular expertise in the life cycle analysis of energy
systems, waste management, and used oil management
(CalRecycle 2014). This approach of assembling a group of
experts to provide overall project review is similar to that taken
for the ARMA tire LCA in Alberta, with the fundamental dif-
ference that the reviewers were brought in at the end of the LCA
to provide a critical review, rather than providing oversight
throughout the project. However, CalRecycle tried to create a
balanced approach by involving the critical review panel chair
throughout the process, while leaving the other panel members
out of the process to ensure more independence and remove the
possibility of bias. At the same time, some review panel mem-
bers were invited to listen in on stakeholder meetings so they
could gain understanding of the issues being discussed and the
rationale behind decisions (Carlson 2014a, b).

One of the conclusions of the reviewers was that more time
should be spent on the conclusions and interpretation of results
for a non-technical audience, to provide more information for
policy makers (CalRecycle 2014). This reinforces the impor-
tance of being able to present the results of an LCA in a format
useable by policy makers. In this case, the LCA itself intention-
ally left out specific conclusions, as CalRecycle took on the task
of delivering a separate report to the Legislature, potentially with
policy recommendations. Therefore, the scope of the LCAwas
to provide technical results only and for CalRecycle to present
preliminary findings to stakeholders prior to the public release of
the report to the Legislature (Carlson 2014a, b). However, this
should probably have been made more clear in the LCA itself,
so readers were not looking for policy recommendations.

8 Conclusions

LCA offers a valuable tool for assessment of the full environ-
mental impacts of public policy options involving product or

Table 2 LCA option rankings

Management option No. of good
ratings

No. of neutral
ratings

No. of poor
ratings

Overall
ranking

TDA leachate 8 0

Crumb 1 6 1 0

Manufactured products:

Rig mats 1 5 2 −1
Curbs 6 0 2 4

Singles 5 3 0 5

Waste-to-energy:

Coal plant 2 3 3 −1
Cement kiln 3 0 5 −2
Incineration 2 3 3 −1
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process choices, and facilitating its increased application in
the public policy arena could improve the decision-making
process and ultimately lead to better environmental outcomes.
The process within which LCA is being incorporated plays a
significant role in the limited success of LCAs in contributing
positively to public policy development. A shift toward a
more open and qualitative approach has the potentially to
mitigate process-related barriers. Increased stakeholder in-
volvement throughout the LCA process and focus on commu-
nication and transparency are key elements to the success of
integrating LCA into public policy decision-making.

Through a more inclusive process, it is hoped that public
policy development will continue to evolve toward increased
incorporation of the valuable environmental information of-
fered by life cycle assessment.
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