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Executive summary 

The principal aim of the EDGAR project is to bridge the gap between innovation in the 
bituminous materials sector and adoption of the new technologies by national road 
administrations (NRAs). It aims to do this by providing NRAs with an assessment 
methodology which places sustainability information on the new technologies at their 
fingertips, enabling them to make informed decisions, and facilitate quick adoption of the 
technologies that provide the biggest advances towards sustainability for the highways sector 
and society as a whole. 
 
This document details the exploratory research that has been undertaken to define the scope 
for the EDGAR methodology. The regulatory approach in Europe which underpins the 
assessment of construction products has been determined, along with the basis for following 
a life-cycle-based methodology to assess products. 
 
In recent years, efforts have been made to standardise environmental information that is 
declared alongside products, through the use of Product Category Rules (PCRs) to produce 
Environmental Product Declarations (EPDs). By exploring the scope of current use, the 
relevance of these processes to the aims of EDGAR was considered. A wide-ranging review 
of environmental impact categories with potential relevance to bituminous products or 
highways in general was also conducted, to begin to inform the decision as to which impact 
categories will eventually form part of the ‘basket’ of indicators for NRAs to use to make 
informed judgements about novel products in the future.     
 
Ultimately, as a result of the review, a way forward for the EDGAR methodology could be 
decided. It was decided that the methodology should be life-cycle based and extend beyond 
‘cradle-to-gate’, in order to include some appraisal of durability of the products being 
assessed, and their influence on use-phase impacts of the road. EDGAR will seek to devise 
a manageable set of indicators (less than ten in number) that are meaningful and relevant to 
NRAs, and ultimately measurable. The process devised should be repeatable for novel 
products and not be too data- or time- intensive. It was decided that, based on the decisions 
regarding scope, the EDGAR methodology should complement the EN 15804 approach that 
has been used so far to produce standard EPDs for asphalt in several countries. Going 
forward in the project, environmental indicator selection should be based on an assessment 
of significance for asphalt. Significance could be assessed by ‘normalisation’ in the first 
instance. There may also be one or two additional environmental indicators that are 
particularly relevant to bituminous products or highways that are normally beyond the scope 
of a traditional LCA or EPD that should be included. Socio-economic indicators such as life-
cycle cost, user delay, responsible sourcing and health & safety should be considered for 
inclusion in the final basket of indicators, to arrive at a more holistic sustainability 
assessment methodology, rather than one that is solely focussed on environmental issues.  
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1 Introduction 

1.1 Background 

The issue of assessing the environmental performance of construction products is gradually 
rising in prominence to sit alongside economic performance as one of the key selection 
criteria for construction projects in Europe. In the past, the merits of alternative proposals for 
civil engineering projects might typically have been assessed on the basis of ‘up front cost’: 
the initial capital outlay. This has now shifted to a more ‘whole life’ approach, particularly for 
highway asset management, whereby the costs of maintenance interventions across the 
design life of an asset are considered from the outset in addition to the initial capital outlay. 
This type of analysis provides a much more informed picture of the economic input that will 
be required in order for the asset to remain in a serviceable condition through its design 
lifetime. This type of ‘whole life’ approach to costing is formalised in the ISO EN 15686 series 
of standards. 
 
From the perspective of sustainability, similar techniques to assess the environmental 
impacts of products or services have been in existence since the late 1960s and early 1970s. 
Coca-Cola first used a life-cycle based technique to quantify the energy, material and 
environmental consequences of packaging from the extraction of raw materials through to 
disposal (Hunt & Franklin, 1996). The technique was later formalised and more widely 
adopted as a result of initiatives of the Society of Environmental Toxicology and Chemistry 
(SETAC). A SETAC working group coined the term ‘life cycle assessment’ (LCA) in the early 
1990s and a combined SETAC-United Nations Environment Programme (UNEP) working 
group later led to the development of the initial 14040 series of standards for LCA in the late 
1990s. A perusal of the list of contents for the International Journal of Life Cycle Assessment, 
since first publication in 1996, shows published LCA work shifting focus through 
methodological challenges in the late 1990s and early 2000s, before its first real widespread 
application to waste management challenges and packaging. Later in the 2000s, the 
application to products across more sectors becomes far more extensive.  
 
Until recently, LCA has never really been deployed to great extent as a technique in the 
general field of civil engineering. The focus so far has mainly been on the performance of the 
asset once in service: its energy and water efficiency performance. In the last few years, the 
energy efficiency agenda seems to have expanded once again to incorporate ‘embodied 
carbon’, which might be described as the emissions of carbon associated with the materials 
utilised in construction ‘cradle-to-site’, and all that this entails in terms of accounting for 
recycled content and wastage during production, amongst other aspects. As a result, the life-
cycle approach emerged in the civil engineering sector albeit in a streamlined format; an 
approach that is often termed ‘carbon footprinting’. In some respects carbon footprinting was 
the vehicle through which life-cycle thinking became more widely adopted across many 
product sectors in a direct response to the climate change agenda, and a series of 
specifications and protocols including PAS 2050 and the Greenhouse Gas Protocol, and 
culminating in the release of ISO 14067, were developed directly to provide transparency 
and normalise the process. Subsequently, the introduction of the harmonised standards for 
Sustainability of construction works – Environmental product declarations – Core rules for the 
product category of construction products (EN 15804:2012) advocated a modular approach 
to assessing several impacts across the product life cycle. The introduction of this standard 
continued the journey to full LCA, and in some respects, may eventually lead to a semblance 
of full sustainability assessment for the construction sector. 
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In some respects, in terms of LCA, the road pavement sector has evolved somewhat 
independently to other areas of civil engineering. Initially the ‘use phase’ of highways was put 
to one side, since improving the energy efficiency of road transport vehicles was reckoned to 
be the responsibility of the vehicle manufacturing sector. This left the material, construction 
and end-of-life aspects within scope and generic studies began to emerge including full 
pavement LCAs (Stripple), pavement component LCAs (Eurobitume, 2011) and comparisons 
of flexible versus rigid construction (Milachowski et al., 2011). More recently more attention 
has been given to the fact that the use phase is not entirely independent of the remainder of 
the life cycle, since interactions exist between the vehicle and the pavement (in terms of 
rolling resistance, roughness and rigidity), and the road user and the construction cycle (in 
terms of occupancy and resultant road user delay). Research has been conducted in these 
areas in an attempt to quantify the scale of these effects (Huang, 2009; MIRAVEC). These 
studies and many more will feature in the initial review of WP1 of this project. 
 
Despite the progress made in advancing and employing life cycle-based methodologies to 
assess energy efficiency and environmental impacts in civil engineering, and the highways 
sector in particular, assessment and reporting in this area is rarely demanded by road 
administrations across Europe as standard practice. Despite this, other external drivers 
impress upon the sector, including material criticality, energy efficiency and greenhouse gas 
regulation, and social responsibility. As a result, highways sector companies recognise the 
need to innovate, become more energy efficient and generally more sustainable. Towards 
this end, innovation in the sector has occurred and continues to occur.  

1.2 Aim of the report 

The principal aim of the EDGAR project is to bridge the gap between innovation in the 
bituminous materials sector and adoption of the new technologies by national road 
administrations (NRAs). It aims to do this by providing NRAs with an assessment 
methodology which makes sustainability information on the new technologies readily 
accessible to the decision-making process, and facilitates quick adoption of the technologies 
that offer the greatest sustainability benefits for the highways sector and society as a whole. 
 
The aim of this report is to explore some of the boundaries for sustainability assessment of 
bituminous materials, through a review of the relevant standards and the advances that the 
highways sector has already made in the area. It also examines the relevance of 
Environmental Product Declarations (EPDs) in devising such a process. Regarding impact 
assessment, the available sets of sustainability impact indicators are considered for their 
relevance to the bituminous materials sector, and the next steps in the process of selecting a 
relevant set of indicators for novel bituminous products is proposed. Completing each of 
these tasks has helped to establish the scope for the assessment methodology that will be 
developed later in the EDGAR project, which will aim to utilise the most appropriate existing 
tools and methodologies in a framework for road administrations to use to assess novel 
bituminous technologies. 
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2 Standards for sustainability in construction works 

The European Commission encourages life cycle thinking through Integrated Product Policy 
(IPP). A communication has been adopted on IPP1. IPP acknowledges the fact that all 
products cause environmental degradation in some way, whether it be through 
manufacturing, use or disposal. IPP seeks to minimise these impacts by looking at all phases 
of the product life cycle and taking action where it is most effective. LCA is firmly established 
as the primary tool through which IPP should be implemented.  
 
The Construction Products Regulation (574/2014) is the basis of technical performance 
standards and CE marking for construction products in Europe. As a passed regulation, it 
follows the most direct pathway of EU law and has binding requirements for each member 
state without the need for adoption by each individual national government. The Construction 
Products Regulation sets seven Basic Requirements for Construction Works (BRCW), three 
of which impress environmental requirements on construction products: 

(3) Health, hygiene and the environment - The construction works must be designed 
and built in such a way that they will, throughout their life cycle, not be a threat to the 
hygiene or health and safety of workers, occupants or neighbours, nor have an 
exceedingly high impact, over their entire life cycle, on the environment quality or on 
the climate during their construction, use and demolition, in particular as a result of 
any of the following: 

(a) the giving-off of toxic gas  
(b) the emissions of dangerous substances, volatile organic compounds  
VOC), greenhouse gases or dangerous particles into indoor or outdoor air  
(c) the emission of dangerous radiation  
(d) the release of dangerous substances into ground water, marine waters, 
surface waters or soil 
(e) the release of dangerous substances into drinking water or substances 
which have an otherwise negative impact on drinking water 
(f) faulty discharge of waste water, emission of flue gases or faulty disposal of 
solid or liquid waste 
(g) dampness in parts of the construction works or on surfaces within the 
construction works. 

(6) The construction works and their heating, cooling, lighting and ventilation 
installations must be designed and built in such a way that the amount of energy they 
require in use shall be low, when account is taken of the occupants and of the climatic 
conditions of the location. Construction works must also be energy-efficient, using as 
little energy as possible during their construction and dismantling. 
(7) Sustainable use of natural resources - The construction works must be designed, 
built and demolished in such a way that the use of natural resources is sustained and 
in particular ensure the following: 

(a) Reuse or recyclability of the construction works, their materials and parts 
after demolition; 
(b) Durability of the construction works; 
(c) Use of environmentally compatible and secondary materials in the 
construction works. 

 

                                                
1
 Communication on Integrated Product Policy: 

http://ec.europa.eu/environment/ipp/ippcommunication.htm  

http://ec.europa.eu/environment/ipp/ippcommunication.htm
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As a result of the BRCWs, the environmental performance of construction products across 
many aspects is enshrined in EU law. Further to the law specific to construction products, 
there is also a Commission Recommendation on the use of common methods to measure 
and communicate the life cycle performance of products and organisations (2013/179/EU)2  
 
Life cycle assessment is a standardised technique, formalised by ISO 14040:2006 and 
14044:2006. In addition, a life cycle approach lies at the heart of the following standards: 

 EN ISO 14025 – Environmental labels and declarations. Type III environmental 
declarations. Principles and procedures. 

 ISO 14046:2014 Environmental management. Water footprint. Principles, 
requirements and guidelines. 

 ISO 14067:2013 Greenhouse gases. Carbon footprint of products. Requirements and 
guidelines for quantification and communication. 

The following standard is specific to construction products: 

 EN 15804:2012+A1:2013 - Sustainability of construction works. Environmental 
product declarations. Core rules for the product category of construction products. 
This standard has not been adopted in the United States; instead they use the 
precursor ISO 21930:2007. 

ISO 14025, 14040 and 14044 are the normative references of EN 15804. Here are its stated 
objectives: 

 To provide LCA-based information and additional information on the environmental 
aspects of products. 

 To assist purchasers and users to make informed decisions between products; these 
declarations are not comparative assertions 

 To encourage improvement of environmental performance 

 To provide information for assessing the environmental impacts of products over their 
life-cycle. 

The standard EN 15643-2 provides a useful overview of how EN 15804 (at the product level) 
contributes to the overall sustainability assessment of buildings. This is shown in Figure 2-1. 
Since EDGAR proposes to assess at the bituminous product level, EN 15804 seems to be 
the most applicable standard. 

 
 

                                                
2
 Commission Recommendation on communication of life cycle performance: 

 http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32013H0179   

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32013H0179
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Figure 2-1: Sustainability of construction works - Assessment of buildings part 2: Framework for the 
assessment of environmental performance (EN 15643-2) 

 
The diagram clearly states that “technical information related to some aspects of social and 
economic performance are included under the provisions of EN 15804 to form part of the 
EPD.” It is necessary to delve deeper into the standard to determine what particular aspects 
these are. EN15804 lists the following indicators for a compliant EPD; these appear to be 
mandatory indicator categories.  
 
Environmental impact indicators: 

1) Global Warming Potential (GWP) 
2) Ozone Depletion Potential (ODP) 
3) Acidification potential (AP) 
4) Eutrophication potential (EP) 
5) Formation potential of tropospheric ozone (POCP) 
6) Abiotic depletion potential for non-fossil resources (ADP-elements) 
7) Abiotic depletion potential for fossil resources (ADP-fossil fuels). 

 
Resource use indicators: 

8) Use of renewable primary energy excluding renewable primary energy resources 
used as raw materials 

9) Use of renewable primary energy resources used as raw materials 
10) Total use of renewable primary energy resources (primary energy and primary energy 

resources used as raw materials) 
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11) Use of non-renewable primary energy excluding non-renewable primary energy 
resources used as raw materials 

12) Use of non-renewable primary energy resources used as raw materials 
13) Total use of non-renewable primary energy resources (primary energy and primary 

energy resources used as raw materials) 
14) Use of secondary material 
15) Use of renewable secondary fuels 
16) Use of non-renewable secondary fuels 
17) Use of net fresh water. 

 
Waste category indicators: 

18) Hazardous waste disposed 
19) Non-hazardous waste disposed 
20) Radioactive waste disposed. 

 

Output flow indicators: 
21) Components for re-use 
22) Materials for recycling 
23) Materials for energy recovery 
24) Exported energy. 

 
To report against the environmental impact categories, the characterisation factors3 would 
need to be sourced from the European Life Cycle Database (ELCD) or the Leiden Institute of 
Environmental Sciences Method (CML). Considering the set of 24 indicators, it is hard to see 
how any have a primary motive other than that of environmental protection, and therefore 
qualify the note in Figure 2-1 that suggests that “some aspects of social and economic 
performance are included under the provisions of EN 15804 to form part of the EPD’. Some 
indicators such as (5) Formation potential of tropospheric ozone (otherwise known as 
‘summer smog’) does have a health perspective and some of the output flow indicators (21-
24) have an economic element, but the primary perspective of all the indicators in EN 15804 
could be classified as ‘environmental’. In the context of EDGAR this has an important 
consequence, since one of the objectives of the project is to look beyond solely 
environmental indicators and to consider economic and social impacts, and therefore to 
evaluate bituminous technologies against all three facets of sustainability: the environmental, 
the economic and the social. To do this it will be necessary to select some additional 
indicators beyond those included in EN 15804 that have a particular relevance to the asphalt 
life cycle, in order to cover the economic and social facets. 
 
The scope of assessments according to EN 15804 should cover the product stages 
presented in Table 2-1. A first consideration of how these modules might be applied to 
bituminous products is also provided in the table (and will be considered to a greater extent 
WP1). 

                                                
3
 Characterisation factors are used to convert life cycle inventory data into environmental impact 

potentials. 
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Table 2-1: Product stages from EN 15804 and potential relevance to bituminous products 

 
Product Stage Description Potential relevance to bituminous 

products 

A1 Raw material extraction and 
processing, processing of 

secondary material 

Extraction of constituent materials, 
refining/grading; crushing/grading of RA 

A2 Transport to manufacturer As described. 

A3 Manufacturing Heating & mixing 

A4 Transport to the building site As described. 

A5 Installation into the building Paving & rolling 

B1 Use [Trafficking by road vehicles]; dust 
generated; leaching; acoustic performance, 

skid resistance, visibility 

B2 Maintenance Winter maintenance regimes  

B3 Repair Crack sealing, surface dressing, patching 
etc.; associated consequences on traffic 

B4 Replacement Inlay and overlay; speed of installation and 
associated consequences on traffic flow 

B5 Refurbishment N/A 

B6 Operational energy use [Lighting requirement]; affected by surface 
albedo; rolling resistance and the 

consequential effect on fuel consumption by 
traffic 

B7 Operational water use N/A 

C1 De-construction, demolition Planing 

C2 Transport to waste processing Transport to first stockpile 

C3 Waste processing  N/A 

C4 Disposal N/A – very rarely landfilled 

D Reuse, recovery or recycling 
potentials 

To be determined. 

 
 
It is important to take into account durability in product assessment, since a product might 
perform exceptionally on cradle-to-gate, but disintegrate within a very short time once placed 
on the road. Assessing only on a cradle-to-gate or cradle-to-site basis would not pick this up. 
A Reference Service Life (RSL) or Estimated Service Life (ESL) – see 15804 Annex A or EN 
15978, 15686 (part 8) – is required if modules beyond A5 are determined to be within scope. 
An RSL would need to be stated and justified so that all incidences of B1-B6 can be 
quantified within the assessment. Evaluating modules beyond A5 in the life cycle would allow 
the durability of the product to be assessed, should it be possible to derive the ESL with 
some degree of accuracy. A starting point for the ESL would be the anticipated design life for 
the product in a given road application, defined in terms of million standard axles (msa) of 
traffic, or a similar measure. A design life defined in this way would come with a provision for 
maintenance defined by deterioration models. However, estimating ESL at the outset of a 
product’s lifetime is a difficult task, particularly when the product may be novel and, as yet, 
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not fully tested as a component of a highway pavement in use. The approach should 
therefore be to consider the likelihood that the novel product will be able to meet the same 
performance requirements as a known reference material, and formulate a level of risk 
accordingly that could be considered in a decision model (WP3).  
 
The durability of a product is also a function of the environment in which it is placed and is 
dependent on a wide range of other factors, which amongst others include weather 
conditions when laying, quality of workmanship, quality of the subgrade or lower bound layer 
on which the material is placed, topography of the road section, prevailing weather conditions 
and traffic characteristics. Such factors are more likely to be known or predicted with some 
accuracy once the specific road site is known and therefore it should be assessed as part of 
the highway section’s EPD, rather than the material’s EPD.  
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3 Pre-existing Product Category Rules (PCRs) for asphalt 
and related products 

Chapter 2 explored the generic set of PCRs for construction products that are available in EN 
15804. This is the rule set that was followed to produce generic EPDs such as those 
available for German asphalt (Federal Ministry for Environment, Nature Conservation, 
Construction and Nuclear Safety, 2013). In addition to EN 15804, there are some other sets 
of PCRs and related research projects already exist that are relevant to asphalt: 

 Norwegian Product Category Rules (NPCR) 18 Asphalt and crushed stone 
10.11.2010 

 EPD UN CPC 375: Concrete 

 CLF PCRs for concrete 

 EPD Product Group: UN CPC 53211: Highways (Except Elevated Highways), Streets 
and Roads v1.02 

 ECOLABEL: an FP7 project.  

The first three sets of PCRs are for specific construction products; one for asphalt and two 
for concrete. The concrete PCRs can be differentiated on the basis of their geographical 
applicability: The EPD has been devised to have global applicability and the CLF PCRs are 
aimed at the North American market. The product group EPD is aimed at ‘highways’ and is 
classified according to the United Nation’s Central Product Classification (CPC)4. Project 
ECOLABEL has been identified as a project that could complement the EDGAR project and 
a summary is provided of ECOLABEL’s first public deliverable. Aside from ECOLABEL, no 
other current research seemed to focus on PCRs for construction products. A comparison of 
the features of the four identified PCR documents is presented in Table 3-1.  

3.1 Norwegian Product Category Rules (NPCR) 18 Asphalt and 
crushed stone 10.11.2010 

This set of Product Category Rules (PCR) were created with the intention of aiding 
companies in preparing an Environmental Product Declaration (EPD) for asphalt and/or 
crushed stone. The PCR was based on a supplement to ISO 14025 and EN 15804, which it 
refers to on numerous occasions. 
 
The PCR covers cradle to gate for crushed stone and cradle to gate (mandatory) and 
construction stage (optional) for asphalt. The PCR summarises some of the guidelines and 
important aspects relating to asphalt and crushed stone that must be covered in an EPD.  
 
This set of PCRs is provided in full in Annex A. 

3.2 EPD UN CPC 375: Concrete 

This PCR provides a set of rules, requirements and guidelines for developing an EPD for 
unreinforced concrete products for use in buildings and other construction works. The scope 
extends to ready mixed concrete, concrete blocks and kerbstone, and mortar. The PCR 
covers cradle to gate and as an option, can also cover the transport to site and construction 
stages. 

                                                
4
 The CPC code for bituminous mixtures is 37940 (in Version 2 of the UN Registry), and could be used 

to define the scope of EDGAR hereafter.  
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Each stage of the life-cycle was clearly described with the key processes that would have an 
impact on the environmental performance. The PCR also provided very detailed descriptions 
about the allocation of input flows and output emissions, the system boundaries, the units, 
the quality of data in the PCR and its availability for verification. 

3.3 Carbon Leadership Forum (CLF) PCR for Concrete 

This PCR was developed for use in North America, but can be applied globally if the relevant 
standards are adhered to. The main aim was to model the environmental impacts of the 
concrete material component of products that use concrete including cast in place concrete, 
precast concrete, concrete masonry units and concrete pavements. 
 
This PCR covers cradle-to-gate, but there is an option where the construction process can 
be included as well (gate to construction site). The PCR goes through each stage of the life-
cycle, detailing the processes that must be addressed in terms of environmental impact. The 
PCR focused on issues surrounding data such as the data quality, data variability and data 
availability for verification. It was also very clear in detailing the allocation assumptions and 
how the EPD report should be laid out. 

3.4 EPD Product Group: UN CPC 53211: Highways (Except 
Elevated Highways), Streets and Roads v1.02  

The PCR covers the assessment of environmental performance for highways (excluding 
elevated highways), streets and roads (as defined by UN CPC 53211) and was developed in 
accordance with ISO 14025:2006 and several other international standards. It not only 
includes cradle through construction, but also covers operation and maintenance stages 
(stages B1-7). 
 
The importance of data and data quality requirements is discussed in detail. It also provides 
examples of the sources of generic data from databases that would be relevant in Europe. 
This EPD was the only document to make reference to biodiversity and noise and vibration 
as potential environmental impacts.  

3.5 ECOLABEL Project 

Zukowska et al. (2014) produced Deliverable D1.1: Assessment of current labelling 
approaches applied to roads design, construction maintenance and rehabilitation, as well as 
the products used to build them (asphalt mixtures and cement based mixtures) under the 
ECOLABEL project (Theme: FP7 SST.2013 5-3).  
 
The main aim of the ECOLABEL project was to analyse the most relevant existing 
approaches of labelling in respect to road infrastructures and products. Key performance 
indicators (KPIs) were also focused on in this deliverable. ECOLABEL presented and 
reviewed many different outputs from around the world. This included the following: 

 14 sustainability rating systems 

 15 software and online tools 

 15 EU projects 

 8 national projects 
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All the relevant information relating to existing sustainability assessment methodologies, 
labelling, software and online tools was presented in a map, which was split into five 
sustainability “pillars”: environmental, economic, social, technical and climate resilience. 
Using all the data collected, potential indicators for the ECOLABEL methodology were 
identified and then classified to a relevant category of sustainability. This review will be 
valuable when the assessment methodology for EDGAR is devised. 
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Table 3-1: Summary of existing PCRs with potential relevance to bituminous products 
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Table 3-1 (cont.): Summary of existing PCRs with potential relevance to bituminous products 
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Considering the four PCR documents summarised in Table 3-1 as a whole allows a few 
common themes to be realised: 

 Construction product PCRs seem to be limited to EN 15804 steps A1-A5, only full 
asset-based assessments are extended beyond module A5. 

 Not all indicator categories in EN 15804 are advocated for assessment by all PCR 
documents, however, each PCR includes an assessment of the majority of indicators, 
and each set of PCRs omits some indicators. 

 The Norwegian set of PCRs appears to be a very useful starting point for EDGAR’s 
assessment methodology, and could easily be enhanced to provide a more 
comprehensive sustainability assessment methodology.  

Some communications from the CEN/TC 350 Working Group (2013) are inconclusive as to 
whether EPDs for individual construction products should be limited to A1-A3 (or A5), or be 
extended to include the lifetime within the infrastructure asset (i.e. the building or constructed 
highway) and report against the extended life-cycle A1-C4 (or D). 
 
Should the Norwegian PCRs be chosen as a starting point, the first objective would be to 
extend the scope beyond A5, to include lifetime and end-of-life stages. This would allow 
durability and lifetime impacts, such as influence on traffic, to be analysed within the scope of 
the assessment. A further enhancement would be to revisit the approach taken to recycling, 
and how the benefits of recycling are realised. Currently, a fairly straightforward approach is 
used to displace virgin material with recycled, assign it zero impact, and assume that the 
properties of the recycled are equivalent to those of virgin materials. Each of these 
assumptions would have to be re-visited and the impact category set extended.    
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4 Evaluation criteria relevant to the asphalt life cycle 

A consideration of the requirements of EN 15804 in relation to the asphalt life cycle 
(summarised in Table 2-1), and the review process undertaken to produce Deliverable 1.1, 
have together yielded an in-depth appreciation of the asphalt life cycle, the types of 
technological improvements that might be undertaken within it to deliver sustainability 
benefits, and where these feature along the life cycle. What remains is to devise a method of 
how to assess the sustainability of the technologies and what to assess. This chapter 
considers potential evaluation criteria (indicator categories) that might be included within an 
assessment methodology, that fall inside and outside the scope of EN 15804, their potential 
significance in relation to bituminous technologies, and answer the wider project brief to 
provide a ‘sustainability’ assessment methodology rather than simply an ‘environmental’ 
assessment methodology.  

4.1 Within the scope of EN 15804 

The 24 indicators within the scope of EN 15804 are outlined in Chapter 2. As previously 
mentioned, the actual indicator sets included within specific PCRs seems to vary, though the 
majority of indicators are generally included (see Table 3-1). The indicators that are not self-
explanatory are expanded upon in Section 5.1.  

4.2 Outside the scope of EN 15804 

A wide variety of indicators fall outside the scope of EN 15804, however, some are 
potentially very relevant to bituminous products, covering environmental aspects that are 
particularly relevant to the industry, and others that can be used to formulate a sustainability-
extended assessment methodology, rather than one that simply focusses on environmental 
objectives.  
 
A number of additional environmental indicators are considered for inclusion, these are: 

 Ecotoxicity 

 Resilience to climate change 

 Urban heat island effect 

 Biodiversity 

 Noise 

The descriptions of each of the indicators above are expanded in Section 5.2. In relation to 
socio-economic indicators, a broad perspective was taken since it seemed evident that these 
type of indicators had not really been considered before in relation to construction materials 
or bituminous products.  
 
A variety of sources of socio-economic indicators were considered, these were: 

 EN 16309 Sustainability of construction works – assessment of social performance of 
buildings – calculation methodology; 

 BS 8902:2009 Responsible sourcing sector certification schemes for construction 
products – specification; 

 ISO 2600:2010 Guidance on social responsibility; 

 ISO 15686-5 Building & constructed assets – service life planning – part 5: life cycle 
costing; 
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 UNEP-SETAC Towards a life cycle sustainability assessment – making informed 
choices on products; and 

 The Global Reporting Initiative (2011) Sustainability reporting guidelines. 

The full sets of socio-economic indicators obtained from these documents are presented in 
Annex B. 

4.2.1 EN 16309 Sustainability of construction works – assessment of social 
performance of buildings – calculation methodology 

 
EN 16309 recommends a set of indicators that could be used to assess the social 
performance of buildings. Whilst these were developed directly for buildings, rather than 
construction products or infrastructure assets, the recommended set of indicators was 
reviewed for potential relevance to bituminous products. Until product level social 
assessment is developed, as indicated by the CEN framework (Figure 2-1), this set of 
indicators appears closest to the reasoning that might eventually resolve to the set of 
product-level indicators. All indicators are focussed on the use phase of the building.  
 
On first sight, few of the building level indicators seem at all relevant to products, perhaps 
with the exception of some neighbourhood characteristics such as acoustic/noise 
performance, emissions and thermal characteristics (related to the urban heat island). 
Furthermore, some novel bituminous products may target greater resilience to climate 
change, which is another criterion of EN 16309.   

4.2.2 BS 8902:2009 Responsible sourcing sector certification schemes for 
construction products - specification 

 
This standard provides a framework for the development of sector certification schemes for 
responsible sourcing of construction products (British Standards Institute, 2009). Issues of 
stakeholder identification and engagement were discussed along with relevant sustainability 
issue identification and reporting. A series of environmental, social and economic indicators 
were presented. Whilst the requirement to report against many of the environmental 
indicators is already a requirement of other standards such as EN 15804, some of the socio-
economic indicators are not, and focus on impacts of the business where raw materials are 
sourced and products are made: how are the staff and local community treated? Is business 
practice ethical and does the business have long-term financial viability? 

4.2.3 ISO 26000:2010 Guidance on social responsibility 
 
ISO 26000 recognises the importance of socially responsible behaviour and its contribution 
to sustainable development. Social responsibility can be defined as the willingness of an 
organisation to incorporate social and environmental considerations in its decision making 
and be accountable for impacts of its decisions and activities on society and the environment 
(British Standards Institute, 2010). 
 
The standard discusses topics such as gender equality, complicity, human rights, 
stakeholder engagement and organisational governance. Guidance was provided on the 
following social responsibility core subjects, which were sub-categorised. 

 Human Rights 

 Labour practices 

 Fair operating practices 

 Consumer issues 
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 Community involvement and development 

4.2.4 ISO 15686-5:2008 Building & constructed assets – service life planning 
– part 5: life cycle costing 

 
BS ISO 15686 provides guidelines for performing life-cycle cost (LCC) analyses of buildings 
and constructed assets. LCC analysis should cover a defined list of costs over the physical, 
technical, economic or functional life of a constructed asset, over a defined period of analysis 
(British Standards Institute, 2008). The standard presented a series of indicators that can be 
used to measure the whole-life cost: 

 Payback period – The time taken to cover investment costs. The payback period can 
be calculated from the number of years elapsed between the initial investment, its 
subsequent operating costs and the time at which cumulative savings offset the 
investment; 

 Savings-to-investment ratio – Expresses the ratio of savings to costs; 

 (Adjusted) internal rate of return – The compound rate of interest that, when used to 
discount the costs and benefits over the period of analysis, makes costs equal to 
benefits when cash flows are reinvested at a specified interest rate; and 

 Annual cost or annual equivalent value – The uniform annual amount equivalent to 
the project net costs, taking into account the time value of money throughout the 
period of analysis. 

4.2.5 UNEP-SETAC Towards a life cycle sustainability assessment – making 
informed choices on products 

 
The UNEP document addresses the concept of life cycle sustainability assessment (LCSA) 
by encompassing all three pillars of sustainability: i) environmental, ii) economic and iii) 
social. The environmental life-cycle assessment (LCA), life-cycle costing (LCC) and social 
life-cycle assessment (LCSA) were all discussed separately with a variety of case studies. 
Together, the three methods can be utilised in a life-cycle sustainability assessment. Case 
studies were also provided for the LCSA. 

4.2.6 Global Reporting Initiative report 
 
Indicators for the economic, environmental and social performance of an organisation or 
product are presented with sub-categories for each indicator type. Nine economic indicators, 
30 environmental indicators and 45 social indicators were discussed in the report.  

4.2.7 Discussion of socio-economic indicators 
 
Indicators were considered for their suitability for inclusion in the assessment methodology of 
bituminous materials. 
 
Of the constituent parts of asphalt, aggregate is likely to be sourced locally, but bitumen will 
be sourced from further afield As a result, responsible sourcing can become an important 
issue that should be addressed. Responsible sourcing refers to a commitment made by 
companies to take into account social and economic responsibilities when managing 
relationships with suppliers (ICC, 2008). 
  
A number of issues that are relevant to the sourcing of bitumen include the following: 
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 Corruption – this can be an issue in developing countries that are rich in fossil fuels or 
minerals. Corruption can arise among key decision makers and lower level officials 
tasked with policy implementation (Kolstad et al., 2008). 

 Displacement of indigenous populations – population displacement caused by the 
extraction of oil is a common phenomenon in countries such as Nigeria, Sudan and 
Ecuador (Terminski, 2011). 

In the ‘society performance’ indicators of the Global Reporting Initiative’s Sustainability 
Reporting Guidelines (see Annex B), both corruption and impact on local communities were 
included as separate aspects, with three indicators that could be used to measure the 
impacts of these two categories. Such indicators could be deemed relevant to a product level 
assessment but would be equally relevant in assessments at the corporate level. 
 
Three further indicators were considered particularly relevant to the asphalt life cycle, these 
were: 

 Life-cycle cost 
 User delay cost 
 Health and safety for road workers and road users 

 
Life cycle cost, which is used to determine all the costs associated with the entire design 
cycle of a life asset, is recommended for use as an indicator. Life cycle cost as an indicator is 
fully documented within BS ISO 15686-5:2008. A series of indicators, such as the payback 
period, could be used within the assessment methodology to represent the whole-life cycle 
cost. User delay cost refers to the additional costs that users are subjected to because of 
work involved in the construction of asphalt, related to time delay and cost to the 
economy,.vehicle operating costs related to fuel consumption and accident costs related 
specifically to the road works. Health and safety, of both road workers and road users, would 
cover aspects such as toxicity, noise and vibration, skid resistance and visibility.  
 
More detailed descriptions of the socio-economic indicators recommended for further 
consideration in relation to the EDGAR assessment methodology are provided in Section 
5.3. 

4.3 The significance of impacts 

The requirement of EN 15804 to report against 24 indicator categories is challenging, 
particularly for novel products. It is perhaps an exercise that can only be carried out with the 
assistance of commercial LCA software, and indeed has been, to produce extensive 
databases of EPDs for construction products in Germany and the Netherlands. In Germany, 
the Ökobau database5 contains EPDs for a wide range of construction products compiled by 
the Federal Ministry for Environment, Nature Conservation, Construction and Nuclear Safety 
(2013). The methodologies used to produce material EPDs in Ökobaudat follow EN 15804.  
In the Netherlands, the so-called MRPI certificates granted by the Stichting MRPI6 (Milieu 
Relevante Product Informatie) contain EPD-like information according to the Dutch Standard 
NEN 8006, also for a wide range of construction products.  
 
The practicality of reproducing the full EPD process for novel products will be explored in 
greater detail in Deliverable 2.2. Furthermore, it is also important to consider the appetite of 
the industry to report against all 24 indicators for each novel product that comes along, given 

                                                
5
 www.oekobaudat.de  

6
 www.mrpi.nl  

http://www.oekobaudat.de/
http://www.mrpi.nl/
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the intensity of data collection that the process will entail. For novel products, having a 
reduced indicator set that covers the key, significant impacts of bituminous products is 
probably a more realistic solution, and one that is more likely to be adopted by industry. 
 
An exercise could therefore be conducted to identify the significant impacts from the set of 
24. Two example EPDs for asphalt products, one from Spain and one from Norway, are 
presented in Annex C and D respectively. Three further EPDs from Ökobaudat5, covering 
steps A1-A3 for Stone Mastic Asphalt and Asphalt Concrete (binder course and base), are 
also available (annex E). Stichting MRPI have granted two MRPI certificates to asphalt 
related products, one emulsion based asphalt concrete and one asphalt concrete produced 
at 100 °C (SBK, 2012). For this product, all life cycles steps are taken into consideration and 
all environmental impact criteria defined in EN15804 (see section 2) are quantified (Annex 
F). 
 
In the Netherlands, an environmental footprint software tool DUBOCALC is also developed, 
used by road authorities to assess/compare bids from different contractors. In the tool only 
general products (e.g. general warm mix asphalt, general SMA, etc) are mentioned, with no 
EPDs in the strict sense. 
 
An EPD has also been prepared for asphalt by the Federation of French Building Industry 
(2014). This EPD follows the French PCR standard NF P01-010, and considers the entire life 
cycle of a square metre of asphalt pavement over a 100 year lifetime. 
 
Using Europe-wide datasets (some of which are listed in Table 4-1), the figures in these 
EPDs could be ‘normalised’.  

Table 4-1: Some example datasets that could be used to normalise the impacts reported in EPDs 
 

Method Normalisation sets 

CML-IA World 1990, 1995, 2000; EU28, EU25, 2000; 
EU25, 2000; West Europe, 1995; Netherlands, 

1997 

ILCD Midpoint EU-27, 2010 

IMPACT 2002+ Europe , 2000 

ReCiPe Europe 2000; World, 2000 

BEES+ USA, 1997 

TRACI US-Canada, 2008; US, 2008; Canada, 2008 

USEtox Europe, 2004; North America, 2002/2008 

 

The process of normalisation would involve dividing the impacts present in the EPDs by the 
total impact across Europe within a given year. This process would identify which impacts 
are most significant and therefore should be considered for inclusion in the overall EDGAR 
assessment method. 
 

It could be considered that some indicators act as a proxy for others. For example, the 
impact categories of abiotic depletion potential of fossil and non-fossil resources probably 
adequately reflect many of the resource use and output flow indicators and vice versa, so 

there is probably only a requirement to measure one or the other. In spite of this, it has been 
demonstrated that carbon footprints should generally not be used as a reliable proxy for 
general environmental sustainability. A study by Laurent et al. (2012) investigated the 
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correlation between carbon footprint and 13 other impact scores for in excess of 4,000 
products and services, three of which are presented in  

Figure 4-1. The study concluded that, for infrastructure-related projects and others that are 
dominated by fossil fuel consumption, carbon footprint did correlate well with other indicators 
such as acidification and eutrophication. Conversely, toxicity, land use and general non-
energy related resource consumption impacts were far less well correlated to carbon 
footprint. 
 

 
 

Figure 4-1: Investigating the correlation between carbon footprint and (a) acidification, (b) human 
toxicity, non-cancer impacts and (c) resource depletion (extracted from Laurent et al. (2012)). 
Infrastructure-related products (green squares) and energy-related products (red triangles) are 

highlighted within the overall dataset 



 
 
CEDR Call 2013: Energy Efficiency 

21 
 

5 Evaluation criteria in detail 

5.1 Indicators included within EN 15804 

5.1.1 Global warming potential (GWP) 
 
Global warming can be defined as the gradual increase of the earth’s average atmospheric 
temperature due to increased levels of greenhouse gases. This includes carbon dioxide 
(CO2), chlorofluorocarbons (CFCs) and a wide range of other pollutants (IPCC, 2013). The 
impact of global warming has been witnessed since the 1950s; the atmosphere and the 
ocean have both warmed, levels of snow and ice have decreased and the sea level has risen 
(IPCC, 2013). These impacts have all correlated with a rapid rise in greenhouse gases. 
  
The global warming potential (GWP) is a useful metric for comparing the potential climate 
impact of greenhouse gases. GWPs compare the integrated radiative forcing over a specified 
period relative to that of CO2 taking into account the absorption properties of the gases and 
their lifetimes (Cowell and Clift, 1999). 
 
The production, manufacturing and transportation of asphalt produce carbon dioxide 
emissions, which can contribute to global warming.  

5.1.2 Ozone depletion potential (ODP) 
 
The ozone layer describes the region in the upper atmosphere that absorbs ultraviolet (UV) 
radiation, releasing it as heat (Australian Government Department of the Environment, no 
date). This protects the living organisms on Earth from the harmful effects of UV light. There 
is significant evidence that the ozone is being destroyed by a group of manufactured 
chemicals called ozone depleting substances (ODS), which contain chlorine and/or bromine. 
Examples of ODS include CFCs, halons and carbon tetrachloride. They are broken apart in 
the upper atmosphere by intense UV light allowing chlorine and bromine to destroy ozone at 
a rapid rate (Australian Government Department of the Environment, ibid.). 
   
Similarly to GWPs for global warming, Ozone Depletion Potentials (ODPs) are used to 
assess the relative ozone depletion for different ODS. They describe ozone destruction by 
different chlorinated or brominated compounds in relation to that of CFC-11, once they are in 
an equilibrium state in the upper atmosphere. 
 
A study by Moretti et al. (2013) looked at the production of three different asphalt mixes to be 
applied to a road pavement and found that the impact from ODP was negligible.  

5.1.3 Acidification potential (AP) 
 
Pollutants such as sulphur dioxide (SO2) and nitrogen oxides (NOx) can be emitted into the 
atmosphere through the combustion of fossil fuels. This can cause acidification of the soil 
and water by entering the environment via wet deposition in rainfall, cloud water, mist and 
dew or dry deposited acidifying gases (APIS, 2014). Acid rain occurs when SO2 and NOx 
react in the atmosphere with water, oxygen and other chemicals in the atmosphere to form 
various acidic compounds. The presence of these compounds in ecosystems can impact 
negatively on soil and water, and affect nutrient cycling. 
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Acidification is assessed in relation to the release of H+ ions. Impact assessment factors 
have been developed that relate H+ production to the mass of relevant emissions and in 
relation to the acidification potential of sulphur dioxide (Cowell and Clift, 1999). 
 
Emissions released from the production of asphalt could contribute to the production of 
localised acidification depending on prevailing weather conditions.  

5.1.4 Eutrophication (marine and terrestrial) (EP) 
 
Eutrophication is characterised by excessive plant and algal growth due to the increased 
availability of one or more limiting growth factors needed for photosynthesis. It is a natural 
process that has been accelerated by human activities through point-source discharges and 
non-point loadings of limiting nutrients, such as nitrogen or phosphorus (Chislock et al., 
2013). Eutrophication causes the creation of dense algal blooms, which significantly reduces 
water quality. When the blooms die, they create an anoxic layer in water bodies. This can 
have severe consequences for organisms, fisheries, drinking water sources and recreational 
water bodies (Chislock et al., 2013). 
 
Nitrogen tends to be the limiting nutrient in terrestrial ecosystems, and either phosphorus or 
nitrogen can be limiting in aquatic ecosystems. Therefore it is preferable to calculate two sets 
of results for eutrophication; one for N-limited and one for P-limited environments (Cowell 
and Clift, 1999). Algal chlorophyll and dissolved oxygen can also be used as measures for 
eutrophication. 
 
The impact of constructing asphalt pavements is limited in terms of eutrophication. The 
manufacturing of asphalt pavements is the stage most likely to contribute to eutrophication 
(Schench, 2000).  

5.1.5 Formation potential of tropospheric ozone (smog) 
 
This refers to the formation of photochemical ozone creation (otherwise known as 
‘photochemical smog’ or ‘summer smog’) due to interdependent reactions between 
photochemical oxidants, nitrogen oxides (NOx) and UV light in the atmosphere. The most 
abundant photochemical oxidant is ozone (O3). Ozone production is enhanced in polluted air 
containing NOx. The presence of volatile organic compounds (VOCs) accelerates the 
reactions forming O3 and hence, enhancing ozone production (Cape, 1997). Photochemical 
ozone creation is particularly prevalent in cities and can have a toxic effect of plants and 
human health when present in excessive concentrations.  
 
Photochemical ozone creation potentials (POCPs) describe the change in ozone 
concentration due to a small increased release of a substance in relation to that caused by a 
small increased release of ethylene. Andersson-Skold et al. (1992) discussed the calculation 
of 75 different organic compounds and carbon monoxide as POCPs. 
 
In relation to asphalt pavements, the transportation of materials to site is the process that 
contributes the most towards photochemical ozone creation (Schenck, 2000).  

5.1.6 Depletion of abiotic resources (non-fossil elements) 
 
Abiotic resources in the context of non-fossil elements include a vast range of minerals such 
as phosphoric minerals and different types of ores (silver, gold, copper). Depletion of these 
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non-renewable resources is regarded as a sustainable development issue and has a huge 
impact on everyday lives.  
 
Guinée (1995) discussed a method used for assessing abiotic resource depletion using 
Equation 1: 

Abiotic Depletion of minerals = ∑ 𝐴𝐷𝑃𝑖 ∗ 𝑚𝑖

𝑖

 

Equation 5-1: Defining abiotic depletion potential of minerals 
 

Where: 

𝐴𝐷𝑃𝑖 =

𝐷𝑅𝑖

(𝑅𝑖)2

𝐷𝑅𝑟𝑒𝑓

(𝑅𝑟𝑒𝑓)
2

 

And: 
ADP i = Abiotic Depletion Potential of resource (generally dimensionless) 

mi = quantity of resource, i, extracted (kg) 

R i = Ultimate reserve of resource, i (kg) 

DR i = Extraction rate of resource, i (kg per year) 

Rref = Ultimate reserve of the reference resource, antimony (kg) 

DRref = Extraction rate of the reference resource, antimony (kg per year) 
 
Resource depletion of minerals is a significant issue in terms of constructing asphalt 
pavements, primarily due to primary mineral extraction and consumption. 

5.1.7 Depletion of abiotic resources (fossil fuels) 
 
Depletion of abiotic resources in the context of fossil fuels includes resources such as coal, 
crude oil and natural gas. This can have consequences for issues such as electricity 
production and fuel supply (Brentrup et al., 2002). For assessing the depletion of abiotic 
fossil fuel resources, an adapted method from Equation 1 was also suggested by Guinée 
(1995). 
 

Abiotic Depletion of fossil fuels = ∑ 𝐴𝐷𝑃𝑖 ∗ 𝑚𝑖

𝑖

 

Equation 5-2: Defining abiotic depletion potential of fossil fuels 
 

Where: 

𝐴𝐷𝑃𝑓𝑜𝑠𝑠𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 =

𝐷𝑅𝑓𝑜𝑠𝑠𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

(𝑅𝑓𝑜𝑠𝑠𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦)
2

𝐷𝑅𝑟𝑒𝑓

(𝑅𝑟𝑒𝑓)
2

 

And: 
ADP = Abiotic Depletion Potential of fossil energy (kg antimony eq. / MJ fossil energy) 

mi = quantity of resource, i, extracted (kg) 
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R fossil energy = Ultimate reserve of resource, i (kg) 

DR fossil energy = Extraction rate of resource, i (kg per year) 

R ref = Ultimate reserve of the reference resource, antimony (kg) 

DR ref = Extraction rate of the reference resource, antimony (kg per year)         
 
Resource depletion of fossil fuels (as bitumen) in the production of asphalt pavements is 
most evident in the raw materials stage (Schench, 2000). Fossil fuels are also consumed 
throughout production, transportation and installation. 

5.1.8 Resource use, waste and output-flow indicators 
 
The remaining seventeen indicators recommended by EN 15804 (presented in Chapter 2) 
are straight summations from the inventory that covers the necessary life cycle modules for 
the selected functional unit. They do not require the use of characterisation factors in order to 
arrive at an environmental impact potential, as do the indicators described in 5.1.1 to 5.1.7. 

5.2 Potential additional environmental indicators 

5.2.1 Ecotoxicity 
 
Ecotoxicity refers to the potential impact on an ecosystem from the release of toxic 
substances. The impacts of toxic substances can affect freshwater, marine and terrestrial 
ecosystems. Human activities have resulted in the pollution of heavy metals in many areas 
around the world. 
 
Emissions released into the air are a major anthropogenic source of metals to the soil. 
Ecotoxicity in soils is largely linked to local soil chemistry and can impact on soil quality and 
plant life. Ecotoxicity in water can affect any dwelling organisms and rapidly alter the food 
chain. Ecotoxicity to humans can be related to the use of pesticides on crops.  
  
Concentrations of heavy metals in soil and water are managed through the establishment of 
environmental quality criteria. A popular method of assessing ecotoxicity in aquatic 
environments is using HC50, which is the hazardous concentrations affecting 50 % of the 
species at their EC level. Simply speaking, this is the level where 50 % of the individuals of 
the species are affected by a particular toxic substance (Haye et al., 2007). 
 
The measurement of ecotoxicity in soils varies between different metals. For example, the 
soil pH is a robust predictor for assessing levels of Cu, meanwhile the electrical conductivity 
of pore water is the best parameter for assessing Ni concentrations (LC-IMPACT, 2012). 
 
The production of asphalt can result in increases in the ecotoxicity to water, soil and humans. 
The transportation of materials to the site is the most likely stage where elevated levels of 
ecotoxicity could be witnessed in the environment. 

5.2.2 Resilience to climate change 
 
Resilience to climate change describes the ability of societies to adapt and be better 
prepared for a changing climate. The impacts of climate change such as sea level rise, 
increased risk of drought, increased risk of flooding, higher temperatures and increased 
frequency and intensity of storms present a huge challenge in building resilience. Examples 
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of resilience can include better forecasting and early warning systems, improving data 
collection and, developing adaptation plans and policies. 
 
Climate change resilience could be relevant to asphalt technologies because the warmer, 
wetter conditions could affect the functionality and performance of asphalt, resulting in a 
need for more maintenance of pavements. 
 
Resilience to climate change is not easily measurable or quantifiable. In the UK, a report by 
Defra (2010) discussed using relevant data against indicators to measure the progress in 
climate change resilience.  

5.2.3 Urban heat island effect 
 
The urban heat island (UHI) effect is the process whereby urban regions experience warmer 
temperatures than their rural surroundings (US EPA, 2005a). There are a number of factors 
that contribute to the urban heat island effect: 

 Reduced vegetation in urban areas – less shade and moisture in urban areas; 

 Properties of urban materials – generally surface materials have a lower albedo than 
in rural areas and therefore, reflect less and absorb more of the sun’s energy. They 
also have higher heat capacities; 

 Urban geometry – tall buildings slow down cooling at night; and 

 Anthropogenic heat – from a variety of sources and estimated by totalling all the 
energy used for heating and cooling, running appliances, transportation and industrial 
processes.  

The UHI can produce some negative effects which include the following:  

 Increased energy consumption, due to the requirement to cool to achieve thermal 
comfort for inhabitants; 

 Elevated emissions of air pollutants and greenhouse gases; 

 Negative impact on human health due to exacerbation of the impact of heatwaves; 
and  

 Reduced water quality. 

New pavement technologies have been implemented in urban areas to try and reduce the 
impact of the UHI effect. Examples have included pavements that increase solar reflectance 
and/or are made of permeable materials. These store less heat and have lower surface 
temperatures compared to conventional pavements (US EPA, 2005b). UHI can be assessed 
by measuring air temperatures in cities. Surface temperatures from Landsat satellite images 
of urban areas can also be recorded (US EPA, 2005a). 

5.2.4 Biodiversity 
 
Biodiversity can be defined as the variety, quantity and distribution of the components of life 
whether they are species, ecosystems or genes (European Academies Science Advisory 
Council, 2005). A series of indicators can help to measure or at least, represent the key 
components of biodiversity. A few examples are provided below: 

 Extent of ecosystems / biomes 

 Trends in abundance / distribution of selected species 

 Changes in status of threatened / protected species 

The EU is committed to preserving biodiversity through the EU Biodiversity Strategy to 2020.  
Over the last 25 years, the EU has built up a vast network of 26,000 protected areas in all 
member states (European Commission, 2014b). 
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In relation to the production of asphalt, the largest threat to biodiversity is from noise. This 
can have a significant impact on animals in the local area, especially birds. Dust produced 
from asphalt production can also have a negative impact on flora and fauna. Furthermore, 
the storage of artificial aggregates can threaten the biodiversity due to seepages into the soil 
and groundwater reserves (EAPA, 2007). Biodiversity impacts are clearly closely related to 
ecotoxicity. 

5.2.5 Noise and vibration 
 
Environmental noise is defined as unwanted or harmful outdoor sound created by humans 
(Council Regulation, 2002). Noise can cause serious direct and indirect health effects such 
as damage to hearing or the triggering of mental disorders. The largest impact of 
environmental noise is the impact on sleeping habits (European Commission, 2014a).  
Attempts to identify and measure noise are explained in the Environmental Noise Directive 
(2002/49/EC). The most common noise indicators are as follows (Council Regulation, 2002): 

 Lden (day-evening-night noise indicator for overall noise annoyance); and 

 Lnight (night-time noise indicator for sleep disturbance).  

WHO (2009) reports that anything over 40dB for the Lnight can result in adverse health 
effects.  EAPA (2007) highlighted the main sources of noise from the production of asphalt: 

 Main sources from the plant: dryer drum, burner, ventilation behind filter installation 
and screeds including by-pass; and 

 Traffic noise: In the yard by loaders during transport from the aggregate stock to 
feeder hopper and, from lorries supplying raw materials and collecting asphalt mixes. 

Surface course asphalts and their composition have the biggest influence on noise and 
vibration during the use phase. This is considered as a socio-economic impact related to 
‘health and safety for road users’ (acoustic surface characteristics).  

5.3 Potential additional socio-economic indicators 

5.3.1 Life-cycle cost 
 
Life-cycle cost can be defined as “the cost of an asset or its parts throughout its life cycle, 
while fulfilling performance requirements” (BS ISO 15685-8:2008). Life-cycle costing has 
addressed the importance of calculating operation and maintenance costs as well as the 
initial costs. 
 
Life-cycle costing can be applied to asphalt and/or road pavement schemes to take account 
of all costs from design and construction to end-of-life. The use of a life-cycle model or tool is 
beneficial in drawing together all components of the life-cycle of an asset and helping to 
address issues of risk and uncertainty by factoring in sensitivity analyses (BS ISO 15685-
8:2008). 

5.3.2 Responsible sourcing 
 
Responsible sourcing is concerned with managing a product from the point at which 
component materials are mined or harvested, through manufacture and processing. It is 
based on a thorough appreciation of environmental, social and economic issues throughout 
the product’s supply chain and correct management of these issues.  
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The supply chain for construction products might be local (e.g. for common aggregates) or 
stretch far overseas (in the case of bitumen). Despite this, in both cases, the influence the 
product has on the communities where it is sourced and manufactured raises similar issues: 
how is the workforce treated and is adequate attention paid to employment law and worker’s 
rights? How about the local community - are negative impacts from supply chain activities 
adequately mitigated and are complaints properly dealt with? Is business practice ethical and 
free from bribery and corruption? What about the financial stability of the business and can it 
be relied on as a source of income for the community in the long term? At the product level it 
might be possible to consider some of these issues to make a more holistic assessment of 
sustainability, though some will be hard to measure without direct cooperation from the 
companies themselves.   

5.3.3 Material criticality 
 
Material criticality relates to issues of resource insecurity that are connected to a range of 
different factors, which include the following (Speirs et al., 2013): 

 Supply factors – Geological availability and economic availability; 

 Geopolitical factors – Policy and regulation, geopolitical risk and supply 
concentration; 

 Demand factors – Future demand projections and ability to substitute; and 

 Other factors – cost reduction via technology and innovation, and environmental 
issues. 

This is relevant to asphalt and road pavements because bitumen, and possibly high-PSV 
aggregates, can be defined as a critical material. The Highways Agency (2013) highlighted 
both materials as having potential for supply disruption. Different materials can be ranked 
and compared against each other by assessing the material against each factor i.e. supply 
factor. Nowakowska (2012) ranked a number of materials and used the results to define a list 
of critical materials. 

5.3.4 User delay cost 
 
User delay costs refer to the additional costs incurred by the users as a result of work taking 
place concerned with an asset. This includes traffic delay costs, vehicle operating costs and 
accident costs and can be related to any stage of the project where users may be subject to 
delays (for example, at the construction stage, during maintenance or end-of-life).  
 
As they are indirect and difficult to measure, user costs have often been emitted from life-
cycle costing studies. User delay costs will vary significantly between different projects at 
different sites. An example by Elinkaareltaan Tarkoituksenmukainen Sllta (ETSI), a European 
project on bridges, recognised the importance of user delay costs. In their final model, they 
included calculations for the driver delay cost, the vehicle operating cost and the costs for 
healthcare due to accidents (Sundquist and Karoumi, 2013). 

5.3.5 Health and safety for road workers 
 
Working on live carriageways is one of the most hazardous areas of network operations for 
organisations such as the UK Highways Agency. In 2005, there were five fatalities on the 
Highways Agency’s strategic road network (Highways Agency, 2010). Therefore the health 
and safety for road workers is of paramount importance. The Highways Agency released a 
report in 2010 focused on a road worker safety strategy that was applicable to all road users, 
which covered traffic management activities, maintenance and renewal schemes and vehicle 
recovery (Highways Agency, 2010). 
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For maintenance and renewal schemes, exposure to asphalt fumes whilst working on site 
can be a potential threat to the health and safety of road workers. Studies of the toxic effect 
of asphalt fume exposures have reported eye, nasal and throat irritation among workers 
(Butler et al., 2000). These symptoms are defined as being mild and transient in nature. 
Other symptoms potentially linked to asphalt fumes included skin irritation and rashes, 
nausea, decreased appetite and headaches (Butler et al., 2000). 
 
The impact of asphalt fumes can be studied by monitoring the health of road workers. 
McClean et al. (2004) looked at the inhalation and dermal exposure to polycyclic aromatic 
compounds (PACs) among asphalt paving workers. During work shifts, personal air samples 
were collected for each worker’s breathing zone. 
 
The use of lower-temperature asphalts has led to a significant improvement in working 
conditions. This is because there is a strong correlation between the production temperature 
of asphalt and fume production (D’Angelo et al., 2008).  

5.3.6 Health and safety for road users 
 
The maintenance and rehabilitation of roads is crucial in providing an adequate road 
condition for road users. Certain characteristics of the road condition such as rutting, texture 
and roughness can be linked to road safety and the number of accidents. 
 
McLean and Foley (1998) discussed the importance of texture in determining the skid 
resistance of roads. They highlighted that the macrotexture of the road surface was the best 
indicator for skidding accident risk. Ihs et al. (2011) also discussed the importance of rutting 
depth and its effect on the likelihood of road accidents.  
 
A number of characteristics of road condition can be assessed by using real-time 
measurements in the field from a range of various products: 

 Stiffness used as a proxy for strength of the road – Deflectograph, Traffic Speed 
Deflectometer; 

 Measuring skid resistance of the road – SCRIM;  

 Surface condition of the road – TRAffic speed Condition Surveys (Gallagher, 2009); 
and 

 Acoustic surface characteristics. 

Estimates indicate that more than 30 % of EU citizens are exposed to road traffic noise levels 
above that viewed acceptable by the World Health Organisation (WHO) and 10 % of the 
population report severe sleep disturbance because of transport noise (Viner et al., 2006). 
The most significant source of road traffic noise is generated by the interaction of the 
vehicle’s tyres with the road surfaces. Surface texture, porosity and aggregate size have an 
impact on the overall traffic noise although the relationships are complex. Different types of 
surface will produce different levels of traffic noise; newly laid roads are the quietest, 
meanwhile sprayed bituminous seals and concrete surfaces are generally the noisiest (ibid.). 
 
The acoustic performance of road services is measured by using the ISO Statistical Pass-By 
(SPB) method, which assesses the influence of road surfaces on traffic noise levels. This test 
includes the measurement of the maximum pass-by levels and speeds of a sample of light 
and heavy vehicles; sufficient measurements are taken to ensure the reliability of 
measurements (Viner et al., 2006). New roads now must comply with the Highways Authority 
Products Approval Scheme (HAPAS) in order to achieve certification for use in road 
construction and maintenance programs (ibid.).  
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Toxicity related impacts (of both workers and consumers) are partly covered by EU 
regulation, EC No. 1907/2006, which is concerned with the registration, evaluation, 
authorisation and restriction of chemicals (REACH). REACH regulations came into force in 
2006 and aim to provide a high level of protection to human health and the environment from 
the use of chemicals (EC Regulation, 2006). A major part of REACH is the requirement for 
manufacturers and importers of substances to register them with a central European 
Chemicals Agency (ECHA). 
 
As part of REACH regulations, safety data sheets provide an integral mechanism for 
circulating appropriate safety measures on substances and mixtures. Safety data sheets are 
necessary under the following circumstances (HSE, 2012): 

 If a substance / mixture is classified as dangerous under the Dangerous Substances 
Directive; 

 If a substance / mixture is persistent, bioaccumulative or toxic; 

 If a substance / mixture is in the list of European Chemical Agency’s “candidate list” 
of substances of very high concern; and 

 If a substance / mixture poses a threat to human health or environmental hazards. 
 

Although asphalt is not classified as hazardous, suppliers will often produce a safety data 
sheet to distribute amongst their customers. Safety data sheets provide REACH information 
requirements, information for safe handling of the asphalt and potential risks to health 
(Eurobitume, 2012). The main hazards related to asphalt are the temperature of the material. 
Furthermore, risks can be exacerbated by the production of dust containing quartz, which is 
present in the aggregate. The content of quartz varies depending on the type of aggregate 
(Lafarge Tarmac, 2013). 
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6   Discussion 

The process of evaluating the environmental performance of construction is well founded in 
EU law through the Construction Products Regulation (574/2014). Assessing impacts on a 
life-cycle basis is a well-established and valuable technique, recommended by the EU, 
through Commission Recommendation 2013/179/EU, and standardised through the ISO 
14040 series of standards. EN 15804, devised by the CEN/TC 350 committee, promotes a 
life-cycle based assessment approach for construction products through derivation of a set of 
Product Category Rules (PCRs) that can be used to assess products and create 
Environmental Product Declarations (EPDs). The PCRs in EN 15804 are more prescriptive 
than the method for LCA in ISO 14044, but also necessarily generic so that the framework 
can apply to any construction product or service. Chronologically either side of publication of 
EN 15804, PCRs have been developed for specific construction products, including asphalt, 
aggregates and concrete. These individual PCRs are very prescriptive to product type, and 
have a life cycle period of assessment limited to either ‘cradle-to-gate’ or ‘cradle-to-
installation’ (A1 to A3 or A5, using terms of the EN 15804 methodology). Limiting the scope 
in this way avoids the need to assess the ‘reference service life’ of a product, which is a 
complex exercise that needs to reflect its durability and potentially the response to site 
specific conditions as part of an asset. Evidence of the use of PCRs to assess asphalt with 
this truncated life cycle was identified more than once when EPDs for conventional asphalt 
were created in Germany and Norway. Extending the life cycle beyond installation so far 
seems to mean moving beyond the scope of individual construction products to entire assets 
e.g. ‘highways’. The existence of one set of PCRs could be determined for UN product 
classification 53211 ‘highways’ and evidence of their use was identified at least once for road 
projects in Spain.  
 
Given the information relating to the use of PCRs that could be uncovered, and the extent of 
their use to create EPDs, only a few things could really be asserted at this stage. In relation 
to the extent of use, it might be asserted that creation of EPDs is a time- and data-intensive 
process, and this is one reason that only a few examples have been produced. The EPDs 
produced are fairly nondescript in nature, simply listing the functional unit, the quantified 
impacts and units of measurement, and nothing by way of interpretation. Additionally, and for 
the same reasons, PCRs might only be used to produce ‘generic’ national EPDs for 
individual construction materials, so that they can be utilised to meet criteria in ‘green rating’ 
systems for buildings such as LEED (Leadership in Energy and Environmental Design)7 in 
the United States, BNB (Bewertungssystem Nachhaltiges Bauen) in Germany8, or BREEAM 
(the Building Research Establishment Environmental Assessment Method)9 in the United 
Kingdom, rather than one for each variation on the same material. Using EPDs in this way 
may encourage sustainable building design, but is not likely to drive innovation in the 
bituminous materials or highways sectors, and this should be the niche that EDGAR’s 
methodology aims to fill, focussing on appropriate parts of the life-cycle and on the impacts 
of interest to NRAs. 
 
Environmental and wider sustainability indicators, that are potentially relevant to bituminous 
construction materials and highways in general, have been extensively reviewed in this 
report. A 24 environmental indicator assessment process is specified for use in EN 15804, 
though sets of fewer indicators have been used to produce some EPDs that are already in 
existence.  When considering what might be useful for novel product assessment, the results 

                                                
7
 http://www.usgbc.org/leed  

8
 https://www.bnb-nachhaltigesbauen.de/  

9
 http://www.breeam.org/index.jsp  

https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&uact=8&ved=0CCMQFjAA&url=https%3A%2F%2Fwww.bnb-nachhaltigesbauen.de%2F&ei=jc1pVJm3L43KaLaegNAJ&usg=AFQjCNE0d9J_92HlVy2rzea2OrW2i36auA&bvm=bv.79142246,d.d2s
http://www.usgbc.org/leed
https://www.bnb-nachhaltigesbauen.de/
http://www.breeam.org/index.jsp
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of which will be considered in a decision analysis process by NRAs, a smaller ‘basket’ of 
relevant, meaningful indicators should be devised. Use of the ‘full set’ of 24 indicators is 
more appropriate for generic ‘asphalt’ and should therefore be reserved for EPD 
assessments to be used in green building rating systems, since it would require a very 
involved assessment process that would be non-repeatable for each novel product that 
comes onto the market, in the timescales available to assess such products. Past research 
has shown that ‘proxy’ representation of impacts (e.g. using carbon footprint as an indicator 
of other quantifiable impacts) is probably flawed and should be avoided in compiling the final 
basket.       
 
Some of the indicators in the set of 24 will have little relevance to asphalt, in terms of 
magnitude of impact. A process of normalisation will therefore be conducted to determine the 
most significant indicators to remain in the final basket. This will involve taking generic 
asphalt EPDs or life cycle inventories, and normalising the dataset using the total 
environmental impacts for a geographical region (e.g. EU-28). This will reveal the relative 
magnitude of impacts in the EPD or inventory and therefore determine the impact categories 
of most significance to form part of the final suite. Normalisation should be the first step in 
devising the methodology in D2.2. Aside from impact categories identified by normalisation, 
other environmental indicators outside the current set of 24 may be of considerable interest 
to NRAs, as well as other socio-economic indicators that might be included to arrive at a 
more holistic ‘sustainability’ assessment methodology. From the review of indicators, those of 
most relevance appear to be noise, life cycle cost (incorporating user delay) and health & 
safety impact. However, more information should be gathered to inform the final choice of 
indicators, not least regarding the potential measurability of each impact and the reliability of 
assessment methodologies. Consideration should also be given to whether the final 
methodology should be freely available or utilise commercially available software. 
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7 Conclusions & recommendations 

Research so far has explored approaches to the environmental assessment of construction 
products, the scope of assessment, relevant standards and potential sustainability indicators 
to form part of an assessment methodology to assess novel bituminous products.  
 
The original brief for this deliverable (as specified in the Description of Work) was to create 
the basis for ‘sustainability-extended environmental product declaration’, using EN 15804 as 
a starting point, and recommend a set of product category rules for bituminous products.  
 
The PCR/EPD process is in some ways relevant to a methodology for assessing novel 
bituminous products. The Norwegian PCR for asphalt will provide a starting point that can be 
built upon during the course of EDGAR; it will inform the boundaries for assessment, such as 
what processes are relevant at each stage of the asphalt life cycle. In many respects, 
however, the EPD process is not commensurate with the goals of EDGAR. EPDs are the 
culmination of a data-intensive process that would most likely involve the use of 
commercially available software. For these reasons they have so far mainly been produced 
for ‘generic’ products. The EPD process for individual construction products is also generally 
limited in scope to cradle-to-gate or site and results in an unwieldy number of indicators 
should the standardised EN 15804 process be followed. Construction product EPDs in this 
format are useful intermediates in ‘green building’ rating systems but are probably not of 
much direct use to ‘end users’ such as NRAs. The recommended PCR set for bituminous 
products is therefore those available in EN 15804, with consideration given to the 
supplementary requirements of the Norwegian PCR set. The EPD/PCR process is not, 
however, recommended for novel bituminous products. The process used to assess novel 
products should be more streamlined, tailored to highways, more holistic with regards to 
sustainability and directly relevant to NRAs as the end user. This does not mean that clear 
boundaries for assessment should not be set to maintain transparency in the assessment 
process. These guiding principles will be taken forward into the next phase of research that 
will determine the methodology for assessment.  
 
The review of EPDs, related standards, research and impact categories assisted in 
formulating the way forward for EDGAR: 

 The methodology should be life-cycle based; 

 The methodology should extend beyond ‘cradle-to-gate’, in order to include some 
appraisal of durability of the products being assessed, and their influence on use-
phase impacts of the road; 

 EDGAR should devise a manageable set of indicators (perhaps 6-10) that are 
meaningful and relevant to NRAs, and ultimately measurable; 

 The EDGAR process should be repeatable for novel products and not be too data- or 
time- intensive; 

 Environmental indicator selection should be based on an assessment of significance 
for asphalt. Significance could be assessed by ‘normalisation’ in the first instance. 
There may also be one or two additional environmental indicators that are particularly 
relevant to bituminous products or highways that are normally beyond the scope of a 
traditional LCA or EPD that should be included; 

 Socio-economic indictors such as life-cycle cost, user delay, responsible sourcing 
and health & safety should be considered for inclusion in the final basket of 
indicators, to arrive at a more holistic sustainability assessment methodology, rather 
than one that is solely focussed on environmental issues; and 
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 Given the conclusions above, the EDGAR methodology should complement rather 
than adhere completely to the EN 15804 approach. The EDGAR methodology will 
filter sustainable novel asphalt products from the less sustainable, and therefore 
provide a useful intermediate step that could later lead to full assessment of the 
product through creation of an EPD.  

The final set of indicators for which measurements methodology will be devised/selected in 
Deliverable 2.2, will depend on: 

 The outcome of the normalisation of the generic asphalt EPDs; 

 The findings of Deliverable 1.1 (due in month ten of the project) that will extensively 
review existing bituminous technologies and past research, to define the scope for 
EDGAR and relevant indicators; and 

 Input from the Advisory Group and PEB.  

Notwithstanding these further inputs, at this stage the basket of indicators is likely to be 
similar to the set presented in Table 7-1. 

Table 7-1: Likely composition of the indicator set for the EDGAR methodology 

 
Environmental Social Economic 

Based on normalisation, 2-4 
indicators from: 

 Resource depletion 
(abiotic) 

 Resource depletion (fossil 
fuels)) 

 Global Warming Potential 
(GWP) 

 Ozone Depletion Potential 
(ODP) 

 Acidification potential (AP) 

 Eutrophication potential 
(EP) 

 Formation potential of 
tropospheric ozone (POCP) 

 Abiotic depletion potential 
for non-fossil resources 
(ADP-elements) 

 Abiotic depletion potential 
for fossil resources (ADP-
fossil fuels) 

 Direct resource use, waste 
disposal or other output 
flow indicators 

 Health & safety for road 
users (possibly 
incorporating ‘noise’) 

 Health & safety for road 
workers (incorporating 
Toxicity) 

 Sourcing 

 Life cycle cost 

 User delay 
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1. General information 
These product category rules (PCR) are intended for companies preparing an Environmental 
Product Declaration (EPD) for asphalt and/or crushed stone (see chapter 6.1 for definition of 
product group). 
 
The PCR is based on and represent a supplement to ISO 14025 [1] and the coming European 
standard prEN 15804 - Sustainability of construction works – Environmental Product 
Declarations – core rules for the product category of construction products [2] (Draft 2010-10- 
12). 
 
The PCR covers cradle to gate for crushed stone and cradle to gate (mandatory) and 
construction stage (optional) for asphalt. 
 
Program operator: 
Næringslivets Stiftelse for Miljødeklarasjoner 
NHO, Postboks 5250 Majorstuen, 0303 Oslo 
 
The PCR have been prepared by the members of the PCR Work Group (WG) and Ostfold 
Research. Members of the PCR WG: 
Foreningen Asfalt og Veiservice (FAV) (The Norwegian association of asphalt and road 
service), Roar Telle Byggemiljø , Ingunn Marton 
 
Consultants: 
Østfoldforskning (Ostfold Research) , Kari-Anne Lyng and Anne Rønning 
 

2 Executive summary 
Table 1 sums up the most important aspects defined distinctively for this particular product 
category. More details are given in the following sections. 
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Table 1: PCR for asphalt – executive summary 
 

 
 

 

3 Scope 
The intended application of these Product Category Rules (PCR) is to give guidelines for 
development of Environmental Product Declarations (EPD) for cradle to gate for crushed stone 
and asphalt, and in additional optional construction stage for asphalt, and to further specify the 
underlying requirements of the limited Life Cycle Assessment (LCA). The core rules valid for all 
construction products are given in standard prEN 15804, and are expected known by those 
preparing the EPD. 
 

4 Terms and definitions 
General definitions are given in the standard prEN 15804, chapter 3. 
 
4.1 
Asphalt 
Product mainly consisting of crushed stone and bitumen used as road surface with other 
applications such as surfaces on airport runways, outdoor car parks and schoolyards. 
 
4.2 
CML 
The CML 2001 [3] is an impact assessment method collection, which restricts quantitative 
modelling to relatively early stages in the cause-effect chain to limit uncertainties and group LCI 
results in so-called midpoint categories, according to themes. These themes are common 
mechanisms (e.g. climate change) or commonly accepted grouping (e.g. ecotoxicity). 
(May be replaced by ELCD handbook requirements.) 
 
4.3 
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Crushed stone 
Stone material with specified quality produced in stamp mills/crushing plants. Commonly used 
as filling material in many construction applications. 
 
4.4 
Recycled asphalt 
Asphalt that has been in use and has reached its end of life and hence been removed from 
road or other application, transported back to factory and used as input to production of new 
asphalt. 
 
4.5 
Reuse in production 
E.g. asphalt waste from asphalt production used as input to asphalt production (closed loop 
recycling). 
 

5 Comparability of EPD of construction products 
General rules for comparability are given in the standard prEN 15804, chapter 5.3. 
Contents of project report and EPD shall be as specified in prEN 15804, chapters 7 and 9. 
All EPDs shall display separate results from cradle to gate-analysis to allow aggregation 
to provide complete information for construction works. 
 

6 Product Category Rules for LCA 
 
6.1 Product Category 
The product groups are: 

crushed stone from cradle to gate 

asphalt from cradle to gate (mandatory), and construction phase (optional) 
 
6.2 Life Cycle stages to be included 
See chapter 6.3.4. Figure 1 and 2. 
 
6.3 Calculation rules for the LCA 
 
6.3.1 Functional unit 
Not relevant. 
 
6.3.2 Declared unit 
The declared unit is used when an EPD is based on one or more information modules rather 
than on LCA. 
The declared unit (cradle to gate) is: 
1 tonne of crushed stone 
1 tonne of manufactured asphalt 
1 tonne layed asphalt with thickness 4 cm 
 
6.3.3 Reference service life 
Not relevant. 
 
6.3.4 System boundaries 
The life cycle stages for crushed stone (cradle to gate) are shown in Figure 1. 
 



 
 
CEDR Call 2013: Energy Efficiency 

44 
 

 
 
Figure 1: System boundaries and life cycle stages of crushed stone 
 

Crushed stone may be an independent product or a material input to asphalt production or other 
products. 
 
The life cycle stages for installed asphalt are shown in Figure 2. 
 

 
 
Figure 2. See also Fig. 1 in prEN 15804. 
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Figure 3: System boundaries and life cycle stages of asphalt 
 

Bitumen produced according to the stardards NS-EN 12591 Bitumen and bituminous binders - 
Specifications for paving grade bitumens [8] and NS-EN 14032 Bitumen and bituminous 
binders. Framework specification for polymer modified bitumens [9]. 
 
Use of bitumen emulsion as adhesive (bond coat) in construction phase according to standard 
NS-EN 13808 Bitumen and bituminous binders - Framework for specifying cationic bituminous 
emulsions [10]. 
 
6.3.5 Criteria for the exclusion of inputs and outputs (cut-off) 
General cut-off criteria are given in standard prEN 15804, section 6.3.5. 
Excluded from the calculations: 

Production of machinery for production of crushed stone and asphalt due to assumption 
of low impact relative to other impacts 
 

A list of hazardous and toxic materials and substances shall be included in the inventory and the 
cut-off rules do not apply to such substances. 
 
6.3.6 Data quality requirements 
General requirements and guidelines concerning use of generic and specific data and the 
quality of those are described in the standard prEN 15804, sections 6.3.6 and 6.3.7. 
In addition the following rules should be applied: 

For manufacturing of product (crushed stone or asphalt), specific annual data shall be 
applied 

Actual data age (when data was collected) shall be stated. 

If site-specific data with certificate of origin cannot be obtained, the mix of electricity 
used should be the grid mix in the country where main energy consuming processes 
take place. (e.g. NordEl mix for production sites located in Norway). The mix of electricity 
(calculation procedure) shall be documented by citing sources for environmental impact 
from production and for electricity mix. 
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For directly consumed heat and electricity, production and infrastructure of consumed 
heat and electricity should be included in accordance with PCR for Electricity, Steam, 
and Hot and Cold Water Generation and Distribution , PCR CPC 17 [11]. As a result, 
infrastructure must be included for energy production. 

Hazardous waste shall be specified according to EU Directives 91/689/EEC and 
75/442/EEC (specific and/or average background) or updates/directive in force in the 
relevant country. 
 

Specific data shall always be applied when possible. If an EPD exists for a purchased 
subproduct, the EPD should be used as data source/input to the LCA. 

 
All transport must be included and allocated based on the weight [tonne km] of transported 
product. Specific transport distances are to be used when available. If no such information is 
available, the following transport scenario and distances shall be used: 
Transport of asphalt from production site to laying location: estimated to 35 km. If other distance 
is applied, this must be clearly stated and justified in the EPD. This transportation distance is 
defined as a part of construction stage, which is optional. It is however recommended to include 
this transport distance in a cradle to gate EPD. 
 
6.3.7 Scenarios on product level 
The optional construction stage for cradle to gate EPD is defined by the scenario described 
below. 

 
Construction process stage (optional) – only relevant for EPD of asphalt 
The construction process stage is based on laying of 1 tonne of asphalt with a layer thickness of 
4 centimetres. All machinery fuel and materials consumed during laying of the asphalt must be 
included, such as use of paving equipment. Both production of fuel and emissions from 
combustion of the fuel shall be included. 
 
If other thickness than 4 cm is used in the calculation, this must be explained in the EPD. 
Waste handling of residue if not reused in production (residues in car and related to laying) shall 
be included. Emissions such as asphalt smoke must be included in the LCA. 
Secondary materials leaving the system boundary shall be declared in module D, 
“supplementary information beyond the building life cycle” 
 
6.3.8 Units 
SI units shall be used 
 
6.4 Inventory analysis 
 
6.4.1 Allocation of input flows and output emissions 
General allocation rules including closed-loop and open-loop allocation procedures are given in 
the standard prEN 15804. 
 
Allocation should be performed in the following order 
1 Physical properties (e.g. mass) 
2 Economic value 
 
Allocation related to transport shall be based on the weight [tonne km] of transported product. 
The environmental impacts from recycling are allocated to the next life cycle. The recycling 
processes shall be treated as closed loop recycling, as long as no changes occur in the inherent 
properties of the recycled material. In such cases, the need for allocation is avoided since the 
use of secondary material displaces the use of virgin (primary) materials. Recycled materials 
that are used in the fabrication of the product shall have no environmental impact on the new 
product. 
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6.5 Impact assessment 
Parameters shall be declared and reported according to standard prEN 15804, sections 6.5, 
7.2.2 and 7.3. Characterisation method is specified for each environmental impact category. 
Environmental impact should be declared as stated in prEN 15804, chapter 6.5: 

Global warming potential, GWP, in kg CO2 - equivalents, 100 years (latest version of 
IPCC) 

Depletion potential of the stratospheric ozone layer, ODP (ozone depletion potential), in 
kg CFC 11-equivalents, 20 years (CML 2001 or updates) 

Acidification potential of land and water sources, AP, in kg SO2 – equivalents (CML 
2001 
or updates) 

Eutrophication potential, EP in kg PO4 –equivalents (CML 2001 or updates) 

Formation potential of tropospheric ozone photochemical oxidants, POCP 
(photochemical oxidants creation potential), in kg C2H4-equivalents). (CML 2001 or 
updates) 
 

CML may be replaced by ELCD handbook requirements. 
 

 
 

Waste to disposal should be declared as: 

 Hazardous waste (kg) according to EU directive 91/689/EEC and 75/442/EE and 
updates. (Current regulations that apply in Norway: Regulation for recycling and 
treatment of waste, FOR-2004-06-01-930, with amendment FOR-2010-06-25-979, 

 Ministry of Environment (Norwegian: Avfallsforskriften)). 

 Non hazardous waste (kg) 

 Radioactive waste 

 

7 Additional environmental information 
An EPD for asphalt and crushed stone shall include the following information related to 
environmental issues, in addition to the environmental information derived from LCA. 
 
7.1 Chemicals 
Specification of materials and substances that can adversely affect human health and 
environment shall be reported. 
 
A detailed list of the product’s substances (chemicals used in manufacture), including CAS 



 
 
CEDR Call 2013: Energy Efficiency 

48 
 

number and health class (Risk phrases or CLP regulations (Regulation (EC) No 1272/2008) 
when these are in force), shall be included in the product content declaration. The content of 
substances shall be declared in weight %. In cases where information about contents could 
affect patent or company secrets, a qualitative list of chemicals and their expected functions is 
sufficient, including the Risk phrases. 
 

7.2 Recyclability 
Under end of life description the manufacturer should describe the recommended waste 
handling and state the recyclability of product (weight percentage of materials in product that 
are recyclable). 
 

8 Content of the EPD 
The content of EPDs (cradle to gate) for crushed stone and asphalt is described below: 
1. Information about product: product name, reference to this PCR, description of applications 
and density. 
2. Information about manufacturer 
3. The following information must be presented in a red box on the front page: 

LCA results for GWP (Global warming potential) 

LCA results for energy use (fossil and non fossil) 

The amount of recycled material used (weight percentage according to definition of 
recycled asphalt in chapter 4 Terms and definitions) (only for asphalt) 

Production temperature (only for asphalt) 
 

4. Product specification (material content of product in % and data sources for each material). 
5. LCA results for cradle to gate (and optional construction stage for asphalt): material use, 
energy use, environmental impact categories and waste, for raw materials extraction, 
transport, production, construction stage (optional and only for asphalt) and in total. 
6. Information about use phase: what are the factors that influence the service life? 
7. Information about end of life: Description of recommended waste handling of product. The 
recyclability of product should be stated in % of product weight. 
8. Methodological decisions, description of some life cycle stages are not included 
9. Period of validity and statement that environmental declarations from different programmes 
may not be comparable 
10. References 
 

9 Period of validity of the document 
This document is valid until 10.11.2015. 
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Annex B: Socio-economic indicator sets  
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Annex C: Example Spanish EPD – N-340 road 

Results for a 1 km stretch of N-340 road (over a 20 year period). 
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Annex D:  Example Norwegian EPD – 216N (translated) 

The declared unit (DE) is one metric tonne of asphalt. 
 
Material resources (kg/DE) Production 

of raw 
materials 

Production 
of asphalt 

Laying 
asphalt 

Total 

Recycled, 
renewable  
resources 

 98 - - 98 

Virgin, renewable 
resources 

Water 731 131 50 912 

Recycled, non-
renewable 
resources 

 - - - - 

Virgin, non-
renewable 
resources 

Sand, stone 
and other 
minerals 

834 1 6 841 

Calcium/ 
limestone 

20 0 0 20 

Oil feedstock 51 - - 51 

Energy resources (MJ/DE) Production 
of raw 
materials 

Production 
of asphalt 

Laying 
asphalt 

Total 

Fossil energy 

Coal 40 12 5 57 

Oil 419 303 111 833 

Natural gas 112 19 8 138 

Nuclear  43 29 5 77 

Renewable 
energy 

Biomass <0.5 <0.5 <0.5 <0.5 

Hydropower 11 22 1 34 

Wind power 1 1 <0.5 2 

Miscellaneous 
Waste and 
steam 

<0.5 <0.5 <0.5 <0.5 

Unspecified  <0.5 <0.5 <0.5 <0.5 

Environmental impacts (kg/DE) Cradle-to-gate Laying  

Waste kg waste 3 1  

Eutrophication kg P4O3 eq 0.08 0.012  

Photochemical 
oxidation 

kg C2H2 eq 0.08 0.010  

Ozone kg CFC-11 eq 2.59E-05 1.18E-06  

Acidification kg SO2 eq 0.438 0.048  

Greenhouse kg CO2 eq 48 8  
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effect 

Waste and largest emissions by 
weight (25) 

    

 
  



 
 
CEDR Call 2013: Energy Efficiency 

57 
 

Annex E:  Example German EPD – Datenbank - 
ÖKOBAUDAT 
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Annex F:  Example Dutch EPD - MRPI dataset (in Dutch, accessed 

www.bamwegen.nl/) 

 

www.bamwegen.nl/
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