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Recent green public procurement (GPP) initiatives in the U.S.A. rely on the use of the construction
materials EPDs. EPD programs, however, were initiated by the material manufacturers, motivated by
their interest to use EPDs as communication tools, improve production efficiency, and extend outreach.
The goal of GPP initiatives is to produce the environmental improvements, however, it is unclear if the
current EPD programs and GPP mechanisms can reliably support that goal. This study investigates the
use of EPDs in GPP to ensure the environmental improvement of materials (use of EPDs as a procurement
aid) and pavements (use of EPDs as a data source). The objective of this study was to identify pre-
requisites, challenges, implementation frameworks that include stakeholders and ensure environmental
benefits with EPDs. A review of to-date EPD programs for pavement materials, communication with
stakeholders, and analysis of pavement life cycle assessment (LCA) were performed. The use of EPDs that
ensures environmental improvements of materials is contingent on EPD consistency and PCR pre-
scriptiveness. EPDs can be suitable as data sources in pavement LCA due to their availability, trans-
parency, and because they facilitate collaboration and improvements throughout the supply chain.
However, it is noteworthy that if EPDs are used in that capacity, harmonization of all relevant PCRs and
the establishment of aligned pavement LCA framework are necessary for reliable environmental im-
provements. The availability of public background data can support both EPD development and GPP
efforts, by providing transparency, inclusivity, and low costs of LCA. Greater automation, systems for data
transfer and management, and increased stakeholder collaboration can also support GPP in a way that
ensures environmental improvements of pavement materials and infrastructure.

Published by Elsevier Ltd.
1. Introduction

Inclusion of environmental consideration into public procure-
ment, also known as GPP, is gaining popularity worldwide
(Akenroye et al., 2013; Bohari et al., 2017; Adham and Siwar 2012;
Sanchez et al., 2013; Sparks 2018; Zhu et al., 2013). GPP is a practice
of selection of products and services with lower life-cycle envi-
ronmental impacts compared to the typically procured counter-
parts (European Comission, 2008). As such, GPP can incentivize
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improvement of environmental performance and increase the
knowledge of sustainable production and consumption
(Chiappinelli and Zipperer, 2017). In Europe, sectors of information
technology equipment, road vehicles, and buildings have the
legislation related to GPP (Ant�on and Díaz, 2014). In the domain of
pavement infrastructure, recent GPP efforts indicate that environ-
mental impacts are becoming an important consideration. In the
Netherlands, environmental impacts based on pavement LCA are
used as a basis to reduce bidding prices (Ministerie van Verkeer and
Waterstaat, 2015). A pilot project in Belgium used 11 social and
environmental indicators for bidding price reduction, however, the
pilot did not include pavement LCA (Maeck and Redant, 2018). In
the U.S.A., the State of California legislated ‘Buy Clean’ act, which
requires EPDs for select building materials purchased on public
environmental product declarations (EPDs) of pavement materials in
reductions, Journal of Cleaner Production, https://doi.org/10.1016/
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projects beginning from 2020 (California Legislative Organization,
2017). Collected EPDs will be used to develop material-specific
maximum global warming potential (GWP) values as bench-
marks. From 2021, procured materials should demonstrate envi-
ronmental impacts below the benchmark, while the use of
pavement LCAs in bidding is planned for the future. The city of
Portland, Oregon requires EPDs for concrete purchased on city
construction projects starting from January 2020, with plans to
create benchmarks like those in California by April 2021 (OCAPA
and Oregon DEQ, 2016). Similar undertakings have been consid-
ered in Washington State and Minnesota (Carbon Leadership
Forum, 2019; Minnesota Legislature, 2019a, 2019b), while the
accompanying technical and administrative implementation
frameworks are currently in development.

The motivation to achieve environmental improvements and
emission reductions is underpinning GPP efforts. Emerging GPP
initiatives in the U.S.A. rely heavily on the use of EPDs, creating
urgency for industry and State agencies. In the building sector, the
production of EPDs was incentivized through green building sys-
tems (Gelowitz and McArthur, 2016, 2017; Braune et al., 2007).
However, in the domain of infrastructure, production of EPDs was
mainly a bottom-up effort, initiated by material producers
(Mukherjee and Dylla, 2017). The GPP legislationwas initiated after
most of the relevant EPD programs were developed. It is, therefore,
worthwhile to investigate the fit of the existing EPD programs in
GPP in a manner that is likely to produce desired environmental
improvements.

To that end, the objective of this study is to investigate pre-
requisites, barriers, and path forward to the use of EPDs ensures
environmental footprint reductions and that includes stakeholders
in the environmental pursuits. Three roles of EPDs are analyzed: as
a: 1) communication tooldcurrent use of EPDs, 2) material pro-
curement aiddaligned with legislation in California and Portland,
Oregon, and 3) data source in LCA analysis with a broader scope-
daligned with intended future development in California. Section
2 outlines the relevant background on EPDs, current implementa-
tion opportunities and challenges.

2. Background

2.1. EPDs and their use

Environmental labels communicate the environmental perfor-
mance of products. International Organization for Standardization
(ISO) standards defines type I, II, and III labels. Type I labels are
awarded if the product satisfies multicriteria environmental per-
formance and are third-party verified (ISO, 1999). Type II labels are
self-declared claims on one indicator of choice, such as recycled
content or energy consumption (ISO, 1999). Type III labels or EPDs
report multiple environmental impacts reflective of a supply chain,
calculated using LCA method per predefined rules known as PCRs
(ISO, 2006). EPDs are third-party verified (ISO, 2006). Because of
their underlying technical framework and verification, EPDs are
commonly considered as themost comprehensive of the three label
types (Simonen and Haselbach, 2012). PCRs provide specific
guidelines for EPD development set forth by a program operator
through the consensus of the key stakeholders. In recent years,
multiple industries worldwide developed PCRs and EPDs for their
products. Examples include products from food, chemical, horti-
cultural, building industries, metals, detergents, materials, furni-
ture, packaging, electronics, and others (Subramanian et al., 2012;
Gelowitz and McArthur, 2017; Strazza et al., 2016; Santero and
Hendry, 2016). EPDs can potentially be used in several capacities:
as a communication tool, procurement aid, and as a data source,
elaborated as follows.
2

EPDs provide a convenient and standardized means of
communicating product-specific LCA results to users who may not
possess LCA knowledge (Bergman and Taylor, 2011). Str€omberg
(2017) claimed that the key advantages of EPD’s are the efficiency
and cost-effectiveness of satisfying multiple customer re-
quirements, as well as the ease of marketing and communication.
As demand for EPDs is increasing worldwide, EPDs can help man-
ufacturers increase their presence in the global market (Bergman
and Taylor, 2011). EPDs enable producers to perform environ-
mental disclosure while keeping their proprietary data confidential
(da Silva et al., 2007). Producers can also use EPDs to identify the
potential opportunities for internal production improvements
(Braune et al., 2007), granted that consistent methodology is used.

In addition to being used as a communication tool, numerous
sources also specify the potential use of EPDs in procurement. ISO
14025 indicates that EPDs can be used to help purchasers make
informed decisions by considering environmental performance
(ISO, 2006). EPDs have the potential to provide for a meaningful
comparison of functionally equivalent products (Bergman and
Taylor, 2011). Toniolo et al. (2019) investigated European EPDs
developed under 20 program operators and showed the correlation
between European National Action Plans (NAPs) with GPP princi-
ples and a high number of available EPDs (Toniolo et al., 2019).
However, regardless of the recognized potential, the current use of
EPDs in GPP is still limited (Ganassali et al., 2018). Common envi-
ronmental criteria used in GPP include energy efficiency, water
efficiency, toxic chemical content, and use of renewable resources
(Testa et al., 2016). Although LCA can be used to calculate these
parameters, its use to inform GPP is still uncommon (Igarashi et al.,
2015; Parikka-Alhola, 2008; Testa et al., 2016b). Due to a lack of
personnel with LCA knowledge, technical and economic burden of
LCA, environmental impact analysis in support of GPP is typically
simplified (Parikka-Alhola and Nissinen, 2012). As public author-
ities care about preserving non-discrimination and transparency, as
well as the balance of cost, social, and environmental consider-
ations, EPDs partially satisfy their GPP needs (Jelse and Peerens,
2018). Relatively high costs of EPD production can reduce
competitiveness of smaller enterprises in GPP (Jelse and Peerens,
2018).

Currently, most construction material EPDs facilitate a business-
to-business communication of cradle-to-gate environmental im-
pacts. While this limits the scope, EPDs can be treated as building
blocks and a data source in LCA with a broader scope (e.g., cradle-
to-grave). The producers typically have limited control of their
product after it leaves the gate. It is, therefore, reasonable for
producers to pass cradle-to-gate results to practitioners who
possess more reliable information about the product use (Santero
and Hendry, 2016). As data collection and life cycle impact
assessment (LCIA) are the most laborious parts of LCA, leveraging
EPDs as a data source can facilitate and promote LCA (da Silva et al.,
2007). Moreover, da Silva et al. (2007) argued that, as EPDs are
based on standardized and transparent processes, they can provide
for more transparency and consistency as data sources compared to
commercial LCA databases. Strazza et al. (2016) evaluated the use of
EPDs of glass and plastic bottles as data sources for cradle-to-grave
LCA instead of using commercial LCA databases, and average bottle
production parameters from the literature. In this study, EPDs were
identified as preferable because of higher specificity, data quality,
and avoidance of environmental impacts overestimation (Strazza
et al., 2016).

2.2. Consistency and harmonization issues

Of late, EPD programs have grown significantly. However, the
development of PCRs was largely done separately and often not in
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coordination among industries and organizations. The questions of
consistency and comparability of EPDs produced under one PCR, as
well as a lack of harmonization among PCRs that are related in the
supply chain by co-products, have been raised in the literature.

Ingwersen and Stevenson (2012) argued that some PCRs include
issues that can compromise comparability of the resulting EPDs and
prevent users from making comparable claims. They have identi-
fied product category definition, the lack of common data sources,
regional differences, and types of environmental claims as the
potential areas of improvement (Ingwersen and Stevenson, 2012).
PCRs with higher level of prescriptiveness provide for higher
comparability of the resulting EPDs (Subramanian et al., 2012).
Several studies were conducted to evaluate alignment between
different EPD programs and investigate potential harmonization
pathways. Subramanian et al. (2012) investigated a total of 11 PCRs
for four product categories (i.e., dairy, horticultural products, wood
particle board, laundry detergent) and concluded that differences
exist in scope, reported impacts, general requirements, and pur-
pose of PCR. The need for global harmonization of PCRs was
emphasized because products are often used outside of the pro-
duction country (Subramanian et al., 2012). Hunsager et al. (2014)
reviewed 27 programs and identified several potential protocols
for improved PCR alignment. Minkov et al. (2015) analyzed 39
programs and concluded that 75 percent satisfy ISO requirements.
Gelowitz and McArthur (2017) compared 50 EPDs produced under
13 PCRs for building products and identified that over 80 percent of
EPDs missed information required in ISO 14025, which obfuscated
transparency and clarity. Authors identified inconsistencies in life
cycle impact assessment methodology, environmental indicators,
and background data sources (Gelowitz and McArthur, 2017).
Mukherjee et al., (2020) identified harmonization, technical, and
organizational challenges for PCRs of pavement materials.
Harmonization approaches identified in the literature include
mutual recognition among PCRs, as well as the development of
more detailed guidelines for PCR development to supplement ISO
14025 (Minkov et al., 2015). Hunsager et al. (2014) emphasized the
importance of the improved external third-party verification of
EPDs. Improved stakeholder participation was also recognized as
an important consideration for EPD program credibility (Minkov
et al., 2015; Hunsager et al., 2014).

An overall literature agreement is that the improved consistency
of EPDs produced under the same PCR and harmonization of PCRs
of different industries are critical. Ultimately, the improved con-
sistency and harmony among EPD programs is a key prerequisite
for the efficient pursuit of environmental improvements. As indi-
cated by Draucker et al. (2011), lack of consensus and harmoniza-
tion among assessment methodologies may lead to division among
stakeholders, lack of trust in the market, and the additional post-
ponement in the improvement of environmental performance.

3. Methodology

The overarching goal of this study, shown in Fig. 1, is to deter-
mine frameworks and methods that ensure environmental im-
provements when EPDs are used in the domain of pavements and
involve stakeholders in environmental pursuits. Based on ISO
14025, the purpose of EPDs is to facilitate the continuous market-
driven environmental improvement of products. However,
ensuring that the improvement will be achieved requires technical
prerequisites regarding EPD comparability and PCR harmonization
(Fig. 1). The current use of EPD as a communication tool can in-
crease awareness of sustainability but does not guarantee im-
provements per se. To ensure environmental improvements for
materials, consistent and comparable EPDs can be used as a pro-
curement aid that informs material selection. Furthermore, to
3

ensure environmental improvements for pavements while using
EPDs as a data source, underlying PCRs should be harmonized.
(Note that in this study, the improved comparability of EPDs per-
tains to EPDs produced under one PCR, while the PCR harmoniza-
tion refers to reaching the consistency of PCRs of different products
that are related in the supply chaindin this case, pavement ma-
terials.) As indicated in Fig. 1, a shift in EPD use from a communi-
cation tool to procurement aid and data source requires stricter
prerequisites, however has the potential to provide for improve-
ments on a broader scale. To that end, this study aims to define
specific prerequisites, challenges, and, implementation pathways
for the various uses of pavement material EPDs to ensure envi-
ronmental improvements and engage stakeholders. By doing so,
the role of EPDs is leveraged from the communication tool to
procurement aid and a data source.

As an initial step, EPD programs of relevant pavement materials
were reviewed to evaluate their mutual methodological consis-
tency (Step 1a). Concrete EPDs available to-date were reviewed as a
case study that demonstrates how the guidelines of PCR translate
into EPDs (Step 1b). Subsequently, the perspectives of key stake-
holders on the issues of EPD comparability and PCR harmonization
were assessed as a part of a workshop at the American Center for
Life Cycle Assessment (ACLCA) annual conference (Step 2). Lastly, to
inform the use of EPDs to achieve environmental improvements for
pavements, a cradle-to-grave pavement LCA product system was
developed. The fit of EPDs and the potential to use pavement LCA in
parallel with the current pavement design process were investi-
gated (Step 3). Based on these steps, the key prerequisites, chal-
lenges, and opportunities to leverage the use of EPDs to achieve
environmental improvements, both in the domain of materials and
pavements, were identified. Accordingly, the potential imple-
mentation routes conducive to long-term environmental im-
provements and stakeholder collaboration following the current
bottom-up initiatives were outlined.

4. North American PCRs of paving materials

This section summarizes the current EPD programs of the
following pavement materials in North America: asphalt mixtures,
concrete mixtures, cement, and aggregate, as these materials
contribute to the significant portion of pavement material foot-
print. PCRs of other building materials (i.e., flat glass, mineral wool,
structural steel, precast concrete, carbon steel reinforcing bars) are
also available but were out of the scope of this study.

The PCR for asphalt mixtures was created in 2016 by the Na-
tional Asphalt Pavement Association (NAPA) and is valid from 2017
to 2022 (NAPA, 2016). Stakeholders from the asphalt industry,
public, and private owners of transportation assets were involved
in the development (Mukherjee and Dylla, 2017).

The PCR for portland cement concrete was initially published in
2013 under Carbon Leadership Forum (CLF) and with the National
Ready Mixed Concrete Association (NRMCA) as a program operator
and stakeholders from concrete industry and academia (referred to
concrete PCR v 1.1, hereafter) (Carbon Leadership Forum, 2013).
This PCR lasted until March of 2019. The industry average EPDs for
concrete were developed for the U.S.A. (NRMCA, 2016) and Canada
(CRMCA, 2017). On the expiration, concrete PCR was updated in
March 2019, with NSF International as a program operator (NSF
International, 2019). The new concrete PCR is compliant to ISO
21930 (ISO, 2017) and has a 5-year validity period (referred to as
Concrete PCR v 2.0, hereafter). This document was created through
the collaboration of stakeholders from the building industry (i.e.,
manufacturers, organizations), users, Oregon Department of Envi-
ronmental Quality (DEQ), and LCA experts.

The PCR for construction aggregates was issued in 2016 under



Fig. 1. Step-by-step study overview.
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the American Society of Testing and Materials (ASTM) as a program
operator (ASTM International, 2017). Construction aggregates
include sand, gravel, crushed stone, crushed concrete, iron slag,
steel slag, or any combination thereof. The interested parties
involved in the PCR development were producers and suppliers of
construction materialsdaggregates, primarily, industry associa-
tions, and academia.

ASTM also served as a program operator for the two PCRs for
cementitious products, issued in 2014, with a 5-year validity
period. One PCR pertains to portland, blended hydraulic, masonry,
mortar, and plastic cements (ASTM International, 2014a), while the
other covers ground granulated blast furnace slag (i.e., slag cement)
(ASTM International, 2014b). Industry average EPDs for portland
and slag cement were also created by Portland Cement Association
and Slag Cement Association (PCA, 2016; Slag Cement Association,
2015).

Additives, admixtures, and other chemicals were recognized as a
data gap (NAPA, 2016). In Europe, the PCR for concrete admixtures
was developed by Institut fur Bauen and Unwelt (IBU) and Euro-
pean Federation of Concrete Admixtures (EFCA) (IBU, 2014). Model
European EPDs that represent conservative estimations of envi-
ronmental impacts of admixtures production are available (IBU,
2014). Comparable efforts in the U.S.A. are yet to be undertaken.
However, as concrete, asphalt, and their constituents are typically
produced locally, establishing PCRs for these materials is likely
prioritized over admixtures.
5. Consistency of PCRs

As evident from Section 4, PCRs for different materials were
created by different entities and with different stakeholders
involved. As no overarching authority was overseeing and harmo-
nizing these efforts, some inconsistencies have emerged
(Mukherjee et al., 2020). As stated earlier, EPD production was in
part a bottom-up effort initiated by producers (Mukherjee and
Dylla, 2017). However, in the case of concrete, EPD production
was incentivized through green building systems relevant to ver-
tical construction. For instance, one LEED v4 credit is awarded for
the submission of 20 EPDs. One more LEED credit can be earned if
the products that constitute at least 50 percent of cost demonstrate
impacts below industry average in at least three categories.
Therefore, the consistency and comparability of EPDs in the case of
building products was likely a secondary concern. Additionally,
4

purchasing considerations of the public and private sector also
differ. Therefore, EPDs suitable in one context may not satisfy the
requirements of the other.

Methodological compatibility and compatibility of data sources
are discussed in the following sections, aiming to evaluate the
potential suitability of EPDs in GPP, as well as a data source in
pavement LCA in a way that provides for an unambiguous assess-
ment of the environmental performance and potential benefits.
5.1. Methodological consistency

In the most general terms, the reviewed PCRs follow the same
cradle-to-gate scope and include raw materials acquisition, trans-
portation, and manufacturing (phases A1, A2, and A3). Cutoff
criteria, impact assessment methodology, and mandatory reported
impact categories closely correspond among the PCRs. Methodo-
logical differences among PCRs and their implications on the EPD
comparability, compatibility as a data source, and pursuit of envi-
ronmental improvements are discussed as follows.

Regarding use in procurement, the validity period of PCRs and
EPDs is an important concern. All reviewed PCRs have a 5-year
validity period. Cement, aggregate, and concrete EPDs developed
under these PCRs also last for 5 years from the publishing date.
Conversely, asphalt EPDs are valid until the end of the PCR’s val-
idity. The advantage of the approach taken by the asphalt industry
is that there are no concurrently valid EPDs produced under
different PCRs, which provides for comparability.

Regarding EPD use as a data source, the difference in the
declared unit among the PCRs is noteworthy. The declared unit for
concrete is volumetric (1 m3), while the declared unit for asphalt is
mass-based (a short ton). This difference likely stems from the units
in which the material is typically purchased. If used in pavement
LCA, EPDs may have to be complemented with the density to
ensure mass balance. The declared units for aggregate and cement
are mass-based. Table 1 presents a summary of the impact cate-
gories specified in different PCRs. As seen in Table 1, the required
environmental impacts are the same in all PCRs. In addition to
mandatory impact categories, the concrete PCR v 1.1 specifies
several optional impact categories, which are not included in
aggregate and cement PCRs. The concrete PCR v 2.0 specifies carbon
sequestration as an optional impact category, however, the details
on how this impact should be evaluated are not specified. Differ-
ences exist in reporting of energy and resource use among the PCRs.



Table 1
Impact categories and inventory terms specified in different PCRs.

PCR Asphalt Concrete PCR v
1.1

Concrete PCR v
2.0

Aggregate Portland
cement

ISO
21930

Impact categories Global warming potential R R R R R R
Acidification potential R R R R R R

Eutrophication potential R R R R R R
Smog creation potential R R R R R R
Ozone depletion potential R R R R R R

Energy consumption inventory Nonrenewable fossil fuel energy R* R R R R R
Nonrenewable nuclear energy R R R

Renewable energy (solar, wind, hydro,
geothermal)

R* R N R R N

Renewable energy (biomass) R R R

Resource consumption
inventory

Non-renewable material resources N R R R R R
Renewable material resources N R N R R N

Fresh water consumption R R R R R R
Non-hazardous waste N R N R R N

Hazardous waste N R N R R N

Optional impact categories Carbon emissions from biofuel consumption N O N N N N
Energy from waste recovery N O N N N N

Carbon sequestered in product N O O N N O
Total waste disposed/recycled/reused N O R N N R

Content declaration/chemical of concern N O N N N O
Particulate matter emission N O N N N N

Note: R-requested, O- optional, N- not specified; *- fuels reported both as material and as energy.
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For instance, the asphalt PCR does not specify waste reporting, due
to the assumption that the asphalt production is a closed-loop
process with no waste output. In other PCRs, waste production is
reported as ‘hazardous’ and ‘nonhazardous’waste or total waste, as
shown in Table 1. The asphalt PCR does not prescribe reporting of
renewable and nonrenewable material resources, while this
assessment is part of aggregate, cement, and the concrete PCR v. 1.1.
Renewable and nonrenewable energy consumption is mandated in
all PCRs, either in separated categories shown in Table 1, or
aggregated. The exception is the concrete PCR v 2.0, which requires
only reporting of non-renewable energy andmaterial consumption.
Consequentially, while pavement material EPDs can potentially be
used to estimate the environmental impacts in LCA analysis with a
broader scope, energy, and materials inventory would be chal-
lenging. Table 1 also summarizes the requirements of ISO 21930,
which is a new standard intended to facilitate consistent reporting
of EPDs of building products. As seen in Table 1, mandatory impact
categories of ISO 21930 match those of current PCRs. However, in
terms of energy and material inventory, ISO 21930 is flexible, as the
reporting of the use of primary, secondary resources, water, abiotic
depletion potential, and waste are required but the respective
impact categories are not accurately defined. This may cause
further ambiguities in the assessment if EPDs are used as a data
source.

Another methodological inconsistency that can have an impact
on EPD use as a data source is the allocation of slag (Mukherjee
et al., 2020). In aggregate PCR, steel slag aggregate is considered
with the economic allocation, while in all other PCRs, slag is treated
as a byproduct with no economic value, accounted through the
upstream transportation. The PCR for steel products defines slag as
a co-product and recommends system expansion (SCS Global
Services, 2015). Slag is an example of a product that crosses
boundaries of different industries that produce or use slag and, as
such, should be treated with caution to avoid omission or double
counting. This example illustrates the necessity to harmonize PCRs
across the industry sectors that share system boundaries for
adequate accounting in pavement LCA.
5

5.2. Consistency of data sources

LCA is data-intensive. Hence the data quality and selection of
background data sources from PCRs directly translate into the
reliability of EPD (Mukherjee et al., 2020). All reviewed PCRs
require users to report the assessment of data quality in terms of
technological, temporal, geographical representativeness,
completeness, and reliability. The background data sources for the
two concrete PCRs and asphalt PCR are listed in Table 2. In the
aggregate and cement PCRs, background data sources are not
specified. Differences in background data choices among PCRs
relevant to EPD comparability and PCR harmonization are dis-
cussed as follows.

Concrete PCR v 1.1 recommends background data sources, while
the PCR v 2.0 prescribes background data sources, as does the
asphalt PCR. Prescribed background data sources provide for a
higher level of consistency and comparability of EPDs
(Subramanian et al., 2012; Minkov et al., 2015) and are thus
favorable in GPP. When background data is prescribed, the results
reported on EPD should reflect actual differences in the production
process, which enables a sound assessment of environmental im-
provements. As the cement and aggregate PCRs do not address the
background data, the comparability of the resulting EPDs can be
compromised. In the asphalt PCR, flows that should be covered by
primary (i.e., foreground) versus secondary (i.e., background) data
are differentiated, which is recommended in Guidance to PCR
Development (Minkov et al., 2015). This practice is not part of any of
the other PCRs analyzed in this study.

The comparison of data sources in the current concrete and
asphalt PCRs in Table 2 indicates a consensus on the background
data for portland cement and transportation. Conversely, the pre-
scribed data sources for other flows differ. Mukherjee et al., (2020)
argued that while asphalt PCR prescribes public data sources,
thereby prioritizing data availability and transparency, concrete
PCR includes proprietary background data sources, which indicates
the prioritization of data quality. It is also likely that proprietary
databases provide higher convenience compared to public data
sources. In the context of GPP, inwhich transparency, inclusiveness,



Table 2
Data sources in concrete and asphalt PCRs.

Prescribed vs.
recommended

Concrete PCR (Carbon Leadership Forum,
2013)

Concrete PCR (NSF International,
2019)

Asphalt PCR (NAPA,
2016)

Data Ownership

Recommended Prescribed Prescribed

Portland cement NREL (2012) PCA (2016) PCA (2016) Material manufacturers
(industry)Fly ash Considered as recovered material Considered as recovered material Not applicable

Slag cement LCI of Slag Cement, U.S.A. version 2003 Slag Cement Association (2015) Cutoff rule
Natural aggregate ecoinvent or GaBi ecoinvent 3.4. world version 2001 Marceau et al. (2007)
Crushed aggregate ecoinvent or GaBi ecoinvent 3.4. world version 2001 Marceau et al. (2007)

Admixtures EFCA version 2005 EFCA, 2015 (IBU, 2014) No data currently

Water Site specific data ecoinvent 3.4. Not applicable Background data
Crude oil at refinery Not specified Not specified NREL (2012)

Natural gas at refinery Not specified Not specified NREL (2012)
Transportation NREL or EPA NREL (2012) NREL (2012)

Electricity generation US EPA eGrid ecoinvent 3.4. U.S.A. version 2015 Greet version 2015
vevers

Electricity emissions NREL (2012) Not applicable Not specified
Site generated electricity NREL (2012) NREL (2012) Not specified
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and low-cost play key roles, public background data sources may be
preferential (Jelse and Peerens, 2018), assuming that the quality of
the data is not compromised. Therefore, the development of quality
public background data is a pivotal component to support GPP of
pavements and pavement materials. Initiatives such as Federal LCA
Commons focused on making Federal LCA data publicly available
can underpin and support GPP efforts in numerous domains
(USDA- Research Education and Economics, 2018). Table 2 also in-
cludes the data ownership, representing the likely source of the
data if stakeholder involvement is a priority. For materials, manu-
facturers are the data owners, while the common flows such as
water, transportation, and energy can be considered as background
data.

6. Review of concrete EPDs

The concrete industry started developing EPDs before other
material industries. When this research was conducted, numerous
publicly available concrete EPDs produced under the PCR v 1.1 were
available. In this section, those EPDs were reviewed and assessed in
terms of data quality and background data sources to evaluate their
comparability and suitability in GPP. The review included a total of
77 available EPDs documents, with over 1200 concrete mixtures
from ready mix plants in North America. Most EPDs report impacts
of multiple concrete mixtures produced in one facility. For this
analysis, 77 EPDs were clustered into 31 groups. Each group
included all available EPDs pertinent to one plant, created by one
EPD developer, using one set of background data. Such clustering
provided for the analysis of background data choices, regardless of
the number of mixtures included in EPD.

6.1. Data quality

Fig. 2 shows five data quality categories of the background data
used in different EPD groups, namely technological, temporal,
geographical representativeness, completeness, and reliability
(Carbon Leadership Forum, 2013). The data quality is reported by
the EPD developer and evaluated through the third-party verifi-
cation process. Ratings on the vertical axis follow the grading sys-
tem: poor ¼ 1, fair ¼ 2, good ¼ 3, very good ¼ 4. The numbers
associated with each flow in the legend of Fig. 2 indicate the
number of EPD groups included in the analysis.

The technological representativeness, completeness, and reli-
ability of the data assessment shown in Fig. 2 vary from ‘good’ to
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‘very good’ (grades from 3.18 to 3.53 for all flows). On the other
hand, data quality in terms of geographical and temporal repre-
sentativeness ranges from ‘fair’ to ‘very good’ and is generally lower
than the previous three categories (grades 2.87 and 2.97 on average
for all flows). Variability in reported data quality expressed as a
standard deviation of grades ranges from30 percent of the grade up
to one grade. For the technological representativeness of fuels and
slag cement, and completeness for the fuels, there was no variation
in the reported data quality, however, this is likely due to the
limited number of EPD groups reporting data quality for slag
cement and fuels. The analysis of reported data quality indicates
that the room for improvement exists in the geographical and
temporal representativeness of the background datasets. This may
be because the available databases generally originate from Europe.
Additionally, the relatively low temporal representativeness may
indicate that some data is obsolete. These findings underscore the
need for the development of the quality U.S.A.-based datasets with
regular update mechanisms.
6.2. Data sources

Fig. 3 presents the distribution of the data sources used to
develop concrete EPDs. The number listed in the title of each sub-
chart shows the number of EPD groups included in the ana-
lysisdcorresponding to the number listed in the legend of Fig. 3. As
seen in Fig. 3, the data for aggregate primarily originated from the
ecoinvent and GaBi. One EPD group utilized aggregate EPD, which
provides an example of EPDs of material constituents used as data
sources in EPDs of composite materials. For portland cement, the
most EPD groups used GaBi. Three EPD groups relied on PCA’s in-
dustry average EPD (PCA, 2016). In one EPD group, primary data for
cement production was used, as the facility produces both cement
and concrete. For slag cement, 80 percent of EPDs used Slag Cement
Association industry average EPD (Slag Cement Association, 2015).
However, the use of slag cement was reported in only 10 EPD
groups. GaBi was the most frequently occurring data source for
water. Although water consumption is reported in every EPD, the
data for water processing has been reported in 23 out of 31 EPD
groups. The data for admixtures largely originates from EFCAmodel
EPDs (IBU, 2014), while some EPDs developed by BASF Chemicals
used the combination of GaBi and the primary BASF proprietary
data for admixtures. Electricity, fuels, and transportation data are
important parts of LCA for most common products. In most of the
analyzed EPDs, electricity data sources were ecoinvent and GaBi.



Fig. 2. Assessment of data quality for concrete EPDs.

Fig. 3. Use of data sources used to develop concrete EPDs.
Note: The data category ‘EPD’ pertains to facility-specific aggregate EPD in the case of aggregate, industry average EPD in the case of Portland cement (PCA, 2016), and industry average EPD
in the case of slag cement (Slag Cement Association, 2015).
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USLCI database was most used for fuels, followed by ecoinvent.
Data sources for fuel were reported for only 11 out of 31 EPD
groups, therefore this assessment may be incomplete.

The results summarized in Figs. 3 and 4 indicate that consider-
able variability exists in both data sources and data quality among
EPDs produced under concrete PCR v 1.1. As a result, the compa-
rability of these EPDs may be hindered. The difference in environ-
mental impacts may stem from the difference in production
efficiency or from the variations in the underlying data. Accord-
ingly, the actual impact reductions resulting from production im-
provements cannot be guaranteed by these EPDs, which may lead
7

to poorly informed GPP decisions. As the concrete PCR v 2.0 pre-
scribes the background data, it is expected that the comparability of
the future EPDs will be improved. Nonetheless, some of these older
EPDs are still valid and their use in procurement should be per-
formed with caution.

7. Stakeholders’ perspectives

Communication with stakeholders during the development of
PCR has been identified as an important area of improvement for
current PCRs (Minkov et al., 2015; Hunsager et al., 2014). This



Fig. 4. An example of asphalt pavement product system for LCA for cradle-to-grave scope.
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section summarizes the discussion with three stakeholder groups
at the ACLCA workshop: material manufacturers, public govern-
ment agencies, and LCA consultants. Stakeholders perspectives on
the current EPD programs and important future developments
were gathered using the following questions:

� What does your stakeholder group care about when it comes to
EPDs and their use in GPP?

� What issues with EPDs exist that concern your stakeholder
group?

� What issues do you consider the most urgent to address?
� What solutions do you propose for moving forward?

After 30-min discussions in breakout groups, representatives of
each group reported the key discussion points, summarized as
follows.
7.1. Industry (material manufacturers)

Material producers want EPDs to be reflective of continuous
improvements in their production efficiency and emissions
reduction. Additionally, the producers expect that their production
improvements demonstrated through EPDs will be rewarded at the
market. Current EPDs, however, report the footprint of the pro-
duction at one point in time (Bergman and Taylor, 2011) and do not
report relative improvements. EPDs last up to 5 years, which is a
relatively long period, considering that production changes can be
made more frequently. Accordingly, there is a need for tools and
systems that enable EPD updates in a time- and cost-effective
fashion. An optimization feature, to inform material manufac-
turers of ‘hot spots’ and improvement opportunities, is currently
not available in EPD software packages, despite the manufacturers’
interest.

Industry representatives stated that the fairness of product
representation is an important concern. The representativeness can
be improved by specifying appropriate performance characteristics
of a product, making sure that PCRs reflect industry dynamics, level
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of comprehensiveness required, and by harmonization of PCRs.
Increasing the specificity of material’s performance metrics
required in PCRs is expected to provide for more appropriate
product representation and improved comparability of EPDs.
Additionally, simplifying EPD formatting can also improve
comparability and ease of communication. To improve and facili-
tate the verification process, EPD software packages should break a
procedure into smaller elements and provide several checkpoints
to validate if the results are within a reasonable range. The current
legislation specifies the use of facility-specific EPDs (California
Legislative Organization, 2017), while the product-specific EPDs
may be more applicable in GPP and product selection. The tradeoff
between comprehensiveness and level of effort to produce EPDs
was also discussed. The need for time, financial resources, and staff
are also recognized as a crucial need.
7.2. Government agencies

The representatives of government agencies recognized the
need to improve the consistency and comparability of EPDs. Po-
tential solutions they proposed include the prescription of consis-
tent background datasets and making sure that the products are
represented by the appropriate performance metrics. Agency rep-
resentatives argued that EPD programs should be reflective of the
geographic specificities and local material production. Agencies
would like to have the capability of assessing tradeoffs and making
decisions between the actions that can be taken nowdpertinent to
material selection, design selection, construction versus those that
can be performed in the future phasesdmaintenance, use, end-of-
life. Agencies are also concerned with network-level impacts,
whereas the use of EPDs is mainly focused on material cradle-to-
gate impacts specific to the project level. To that end, EPDs are
perceived as not applicable to inform decisions on a larger scale,
unless the systematic long-term collection is undertaken and put
into perspective through LCA with a broader scope. However, it
recognized that short-term decisions on material and pavement
design selection also influence pavement performance throughout
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life. The use of EPDs to assess new technologies and foster inno-
vation is seen as rigid because the engineering performance of the
new materials must be established first. Agencies are interested in
identifying material constituents and processes with high envi-
ronmental impacts for which informed material selection can
create sizeable benefits. The efforts of EPDs collection were
acknowledged as important for the assessment of local material
production. The use of EPDs as a data source for pavement LCAwith
cradle-to-grave scope is perceived as feasible. However, the com-
parison of multi-material designs (e.g., concrete versus asphalt
pavement design) necessitates harmonization among EPD pro-
grams of these materials based on industry-wide consensus. A
broader industry consensus among EPDs programs is identified as a
key priority for successful environmental reductions using EPDs.

7.3. LCA consultants

The LCA consultants are concerned about EPD comparability.
They acknowledge that the consistent prescribed background data
to produce EPDs is a key element towards improved consistency
and comparability and that PCR harmonization is a necessary next
step. Nationwide PCR programs from Europe were identified as
examples of how PCR consistency can be achieved. Currently, EPDs
are produced one-by-one and the production takes a substantial
effort and resources. Automation of EPD production and parts of the
review and verification process is expected to reduce costs per EPD,
increase the number of available EPDs, and improve their consis-
tency. This is aligned with the needs of industry, as such systems
would also facilitate the continuous production assessment, EPD
updates, and improvement credits. In Europe, automation efforts
were made because of policies and legislation (top-down), similar
to nationwide PCR programs. In the U.S.A., however, EPD produc-
tion started from the bottom-up, while the legislation was intro-
duced afterward and, for now, solely at the State or city level.
Additionally, LCA practitioners recognized the need for education of
EPD usersdprimarily material producers and agenciesdon how to
interpret EPDs and make educated decisions based on their
content.

8. Pavement LCA

Interests to improve the sustainability of pavement infrastruc-
ture throughout the life cycle have increased in the last decade (Van
Dam et al., 2015). LCA was recognized as a suitable methodology to
quantify the environmental impacts of pavements, however, its
current use is mainly in research and not in the decision-making
(Butt et al., 2015). The overarching conclusion of the two review
studies is that considerable variability exists in LCA elements such
as scope and functional unit, LCA tools, and background data
(Santero et al. 2010, 2011; AzariJafari et al., 2016). The Federal
Highway Administration (FHWA) developed the Pavement LCA
Framework in 2016 (Harvey et al., 2016). The FHWA Sustainable
Pavements Roadmap from 2017 specified that the lack of reliable,
affordable, and regionally-specific input data is as a major obstacle
for pavement LCA implementation in the (FHWA, 2017). As pave-
ment infrastructure is typically public, important considerations of
public procurement, such as non-discrimination and transparency,
apply to pavements (Jelse and Peerens, 2018; Maeck and Redant,
2018). As specified in Section 7, agency practitioners recognize
that materials are an important component of the pavement life
cycle, however, their interests also include subsequent life-cycle
phases, as well as the pavement network. Accordingly, the inves-
tigation of the pavement LCA framework and data sources for
cradle-to-grave analysis has merit. Potential data sources for
pavement LCA reflective of the ownership of the data, transparency,
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cost-effectiveness, and environmental improvements are discussed
as follows.

Fig. 4 shows a simplified schematic of the asphalt pavement
product system, with the data ownership specified at the top. As
seen in Fig. 4, the material manufacturers control and own the data
on material production (i.e. phases A1e3). The life cycle stages
beyond material production (i.e. phases A4eC) include construc-
tion, maintenance and rehabilitation (M&R), and end-of-life (EOL)
and fall under the responsibility of transportation agencies and
contractors executing construction activities. The use phase is
excluded from this scheme because a) the models and data perti-
nent to the aspects of the use phase are still underdeveloped
(Santero et al., 2011; AzariJafari et al., 2016), and b) for comparative
assertions, it can be assumed that the compared designs would
present the equivalent use phase impacts. Following the data
ownership in Fig. 4, fit of EPDs for material production phases in
pavement LCA is analyzed further.

The production of each material constituent is enclosed by a
dashed box in Fig. 4, which indicates a system boundary that would
be used for an EPD. Production of material constituents such as
aggregate, asphalt binder, and admixtures, as well as the engi-
neered material such as asphalt mixture can be represented by
EPDs, as shown in Fig. 4. In the case of concrete pavements, EPDs for
aggregate, cement, and admixtures can be used in the product
system and/or in an EPD for a concrete mixture. There are several
advantages of EPDs as material data sources in pavement LCA over
proprietary data sources. First, as pavement infrastructure is typi-
cally public, important considerations of public procurement, such
as non-discrimination and transparency, apply to pavements (Jelse
and Peerens, 2018; Maeck and Redant, 2018). EPDs are publicly
available or provided by material producers upon a request, which
makes them more accessible to agencies compared to proprietary
data sources. Second, pavement materials are typically engineered
and locally produced, while the LCIA data from the commercial
databases may not appropriately reflect local production and spe-
cific mixture designs. Third, the use of EPDs includes material
producers in environmental initiatives, enabling them to disclose
their production impacts, while keeping proprietary data confi-
dential, and encouraging improvements along the supply chain.
Lastly, since EPDs are already produced and included in existing
GPP efforts, it is worthwhile leveraging the existing momentum to
build the frameworks for efficient data transfer and pursuit of
environmental improvements. A disadvantage of EPDs is that they
aggregate a life-cycle inventory into a handful of mid-point in-
dicators, which can undermine the details of the supply chain.

Fig. 4 also indicates that flows such as transportation (i.e., thick
black arrows) and energy (i.e., gray rectangles) are common for
multiple life cycle phases and production of various constituents.
These flows are typically considered as background data. The pro-
prietary databases are often used in LCAs for these common flows
because of the convenience and perceived data quality. Disadvan-
tages of the proprietary databases, however, are cost and the lack of
transparency. As stated in Section 5 regarding PCR development,
the need for reliable and transparent public data sources is also the
key need when it comes to pavement LCA and initiatives such as
Federal LCA Commons can play a key role in deployment (USDA,
2018).

From a technical perspective, to integrate EPDs into pavement
LCA, all combined LCA analyses must be consistent regarding
methodological and data choices. That necessitates the harmoni-
zation of all relevant PCRs in terms of all relevant methodological
elements, as well as the alignment of pavement LCA with the
harmonized PCRs. Specifically, methodological choices include the
impact assessment method, allocation, data consistency for pri-
mary and secondary data sources, treatment of proxies, chosen
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impact categories. The choice of background data sources is critical
in this regard. The same harmonized background datamust be used
in all EPDs and pavement life cycle phases following material
production to ensure for the technically sound assessment.
Ostensibly, the implementation of this framework heavily depends
on stakeholders’ consensus and efficacious data collection and
transfer. Building information model (BIM) is an example of a
system that can facilitate the collection, storage, and transfer of
environmental data (i.e. EPDs and other data of interest)din
addition to parameters (i.e., cost, material quantities, etc.) that are
typically collected by the agencies.

9. Potential implementation routes

Based on the state-of-the-art in pavement material EPD pro-
grams (Sections 5 and 6), stakeholders’ perspectives (Section 7),
and suitability of EPDs in pavement LCA (Section 8), the potential
implementation routes were identified and outlined in Fig. 5. The
goal of this process was to leverage EPDs from the application as a
communication tooldpresent usedtoward the use as material
procurement aid adenvisioned in the current legislation and a data
source in pavement LCA. The scheme in Fig. 5 is conducive to
continuous and long-term environmental improvements, which
are the key to the successful adoption of green practices (Lundberg
and Marklund, 2012).

9.1. Step 1 e using EPDs as a communication tool

Step 1 is based on the use of EPDs as a communication tool, like
the current work done in California for selecting building materials.
In this phase, EPDs can be encouraged or required as a part of
bidding documentation, however, no decisions should be made
based on their content. The main outcome of this phase is the ed-
ucation of stakeholders on EPDs and environmental performance,
Fig. 5. Potential step-by-step implementation routes that leverage the role of EPDs and p
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expedited production of EPDs, and increased stakeholder commu-
nication. This phasewould also entail the improvements of systems
for data collection within agencies and automation of EPD tools by
the industry.
9.2. Step 2 e using EPDs as a material procurement aid

In Step 2, EPDs can be leveraged as a material procurement aid
and used to develop benchmarks. However, the advancement to
Step 2 is contingent on improved comparability of EPDs. That can
be done by making PCRs more prescriptive (Minkov et al., 2015)
regarding methodological and data choices. PCR’s prescriptiveness
also relates to the product representation: by requiring the
appropriate performance characteristics on EPDs, functionally
equivalent products can easily be identified and informed com-
parisons made. It is assumed that each PCR program operator will
undertake the necessary efforts to make their PCR prescriptive,
such that resulting EPDs are consistent and comparable. Educa-
tional efforts started in Step 1 can improve stakeholders’ knowl-
edge and encourage their involvement in PCR updates, leading to
improved credibility and quality of PCRs.

In Step 2, the procurement practice can incentivize use of ma-
terials which demonstrate environmental impacts below the pre-
defined benchmark. In that case, the development of benchmarks is
a critical component. Benchmarks can be developed using
industry-average EPDsdcurrently industry average EPDs for con-
crete, portland cement, and slag cement are available (CAC, 2016;
NRMCA, 2016; PCA, 2016; Slag Cement Association, 2015). Alter-
natively, benchmarks can be set using previously collected EPDs.
The use of industry averages as benchmarks may be convenient,
however, it may not reflect the local material production. Using
previously collected EPDs to define benchmarks may yield more
accurate estimations of local production, but it may be resource-
intensive and necessitate the advanced data management.
rovide for improvements of environmental performance of materials and pavements.



M. Rangelov, H. Dylla, A. Mukherjee et al. Journal of Cleaner Production xxx (xxxx) xxx
Benchmarks must not only be material-specific but also be divided
into different functional categories, which ties back to the appro-
priate product representation. For each functional category of every
material, a representative sample of EPDs should be collected to
develop relevant benchmark. Benchmarks must be realistic and set
such that a significant percentage of the market can attain them
(Carbon Leadership Forum, 2019). Step 2a denotes a gradual
development of stricter benchmarks to encourage continuous
improvement.

9.3. Step 3 e using EPDs as a data source for pavement LCA

While the Steps 1 and 2 focus on EPD collection and materials
selection informed by the environmental performance, in Step 3
the analysis is expanded to pavements. Setting forth the systems
and tools for cradle-to-grave pavement LCA can inform pavement
design selection considering environmental performance. That is a
comprehensive undertaking, with a lot of space for inconsistencies
that can lead to unsound and inappropriate comparisons, contro-
versy, and, ultimately, poorly informed decisions. Therefore, before
proceeding to Step 3, several prerequisites should be satisfied.

Fig. 5-Step 3 shows a simplified cradle-to-grave pavement LCA
product system, analogous to that in Fig. 2, with material flows
represented by EPDs and common background data in every LCA
phase. The prerequisite for Step 3 is the harmonization of PCRs for
the materials that are used jointly on paving projects. As previously
discussed in Fig. 2, harmonized background datasets figuring in all
EPDs and in pavement LCA should be established in this step.
Furthermore, the advantages of common public background data-
sets in support of the low cost of the analysis and transparency
elaborated in Section 6 and 8 is applicable in Step 3. Lastly, open-
source pavement LCA tools based on the established pavement
LCA framework, connected to the identified public background
datasets are also needed in Step 3. DOTs can use the open-source
tool with generic material and construction inputs to develop a
benchmark for pavement design for bidding. Contractors would use
the same tool to develop their estimations of pavement environ-
mental impacts using specific data (e.g., construction estimates,
material-specific EPDs, etc.) and demonstrate that their design
meets the benchmark defined by DOT. Transparent benchmark
development and fair comparison of bids would facilitate GPP
acceptance and expedite its adoption. Additionally, this approach
can promote the improvement of pavement footprint in all life cycle
phases.

Step 4 would emerge from Step 3. The results of multiple
pavement LCAs produced under the consistent framework and
background data can be used to assess the environmental perfor-
mance of different solutions (e.g., different recycled materials) and
to inform specifications. Additionally, results of multiple LCAs can
be used to provide a more substantial basis for awarding environ-
mental credits in pavement green rating systems.

Finally, it is noteworthy that Steps 3 and 4 require harmoniza-
tion among PCRs of different materials, which is contingent on the
industry consensus. If industry collaboration is not established,
these steps cannot be developed in a technically sound manner,
which can hinder the efficient improvements of environmental
performance of pavement infrastructure.

10. Future developments

In addition to identified key developments, a fewmore potential
future initiatives should be considered.

The appropriate definition of a product was mentioned as a key
element of EPD comparability in Section 7 and 9. Based on the
current PCRs, asphalt mixtures are defined using production
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temperature, while concrete mixtures are defined through
compressive strength. However, other material parameters also
merit consideration. For instance, structural concrete used in ver-
tical construction is typically not exposed to the environment, and
compressive strength is sufficient for the structural design. On the
other hand, for paving concrete, in addition to mechanical perfor-
mance, durability parameters are critical (Hooton, 2019), as well as
workability and air entrainment. Material specifications for both
asphalt and concrete are rapidly moving from prescriptive to
performance-based (Weiss et al., 2018). To ensure the relevance,
EPD programs should closely follow the developments in other
material engineering domains.

To-date PCRs pertain to concrete and asphalt mixtures produced
in plants. However, paving concrete and asphalt are often produced
in on-site portable plants, used on a project basis. The impacts of
plant transportation, assembling, and disassembling should be
considered in EPD, however, this type of production is not currently
addressed.

11. Conclusions

This study investigated the possible use of pavement material
EPDs as procurement aid and data source in a manner that ensures
environmental improvements and involves stakeholders in the
environmental pursuits. Through the review of current PCRs and
EPDs, communication with stakeholders, and analysis of cradle-to-
grave pavement LCA, relevant prerequisites, challenges, and
implementation routes were identified.

The use of EPDs to inform material procurement can ensure
environmental footprint reduction only if EPDs are consistent and
comparable, which stems from the PCR’s prescriptiveness. PCRs
that prescribe background data, provide accurate product
description, specify flows represented with foreground versus
background data, have the potential to facilitate environmental
improvements and well-informed decisions. Tools for streamlined
EPD development and procurement practices that reward pro-
duction improvements can also play a key role in efficient material
footprint reduction.

EPDs can be favorable data sources for materials in pavement
LCA compared to proprietary databases for achieving environ-
mental improvements. EPDs reflect local production, include the
industry in sustainability-related initiatives, encourage improve-
ments in the supply chain, and provide for both transparency and
privacy of proprietary data. The use of EPDs as a data source in
pavement LCA can ensure improvements in the environmental
footprint of pavements only if the overall harmonization of all
relevant PCRs is achieved. Furthermore, all methodological com-
ponents of pavement LCA should also be aligned with that of
harmonized PCRs. Tools and systems for streamlined and consis-
tent analysis and data transfer are crucial components of this
undertaking.

The availability of quality U.S.A.-specific public background data
sources with consistent update mechanisms should encourage
overall harmonization and reduce the cost of LCA and EPD pro-
duction. Moreover, public background data can provide for trans-
parency and inclusivity, which are key considerations of GPP. Lastly,
following the bottom-up approach initiated in the U.S.A., stake-
holder involvement is critical. Education and enhanced communi-
cation across the supply chain are necessary for thorough data
collection and efficacious improvements.
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