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01
This volume introduces the theoretical framework of Life Cycle Assessment (LCA) and Envi-

ronmental Product Declarations (EPDs), along with standards such as ISO 14040, ISO 14044, and 

EN15804:2012+A2:2019/AC:2021. It also introduces Plantsmith, a web-based, industry-specific 

steady-state simulation platform used for developing process simulation and the development of 

LCA and EPDs for aggregate products.

The volume illustrates the process that needs to be followed to conduct the assessment on Plantsmith. 

Additionally, it provides an overview of the types of data necessary for process simulation and envi-

ronmental evaluation. Finally, the volume offers a concise explanation of the results generated from 

steady-state simulations, as well as the production of corresponding LCA and EPD reports for the 

aggregate products.

Executive summary
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02List of Abbreviations

Abiotic Depletion Potential for fossil 
resources

ADP-fossil 
fuels

Abiotic Depletion Potential for 
non-fossil resources

ADP-minerals 
& metals

Abbreviation Description

Acidification PotentialAP

Components for re-useCRU

Comparative Toxicity UnitCTU

Exported electrical energyEEE

Exported thermal energyEET

Eutrophication PotentialEP

Environmental Product DeclarationEPD

European UnionEU

Net use of fresh waterFW

Greenhouse GasGHG

General Program InstructionsGPI

Global Warming PotentialGWP

Potential Comparative Toxic Unit for 
humans (cancer effects)

HTP-c

Potential Comparative Toxic Unit for 
humans (non-cancer effects)

HTP-nc

Hazardous waste disposedHWD

Potential Human exposure efficiency 
relative to U235

IRP

International Organization for
Standardization

ISO

Life Cycle AssessmentLCA

Life Cycle InventoryLCI

Life Cycle Inventory AnalysisLCIA

Abbreviation Description

Non-hazardous waste disposedNHWD

Use of non-renewable secondary 
fuels

NRSF

Depletion Potential of the
Stratospheric Ozone Layer

ODP

Product Category RulesPCR

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

PENRE

Use of non-renewable primary energy 
resources used as raw material

PENRM

Total use of non-renewable primary 
energy resources

PENRT

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

PERE

Use of renewable primary energy 
resources used as raw materials

PERM

Total use of renewable primary energy 
resources

PERT

Particulate MatterPM

Formation Potential of Tropospheric 
Ozone

POCP

Particle Size DistributionPSD

CiRcular ecOlogical essential &
criTical raw mATErials

ROTATE

Use of renewable secondary fuelsRSF

Radioactive waste disposedRWD

Use of secondary materialSM

Potential Soil Quality IndexSQP

Water Deprivation PotentialWDP

Life Cycle ThinkingLCT

Mining and QuarryingM&Q

Material for Energy RecoveryMER

Materials for RecyclingMFR
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02Introduction 

The demand for a stable supply of raw materials 

has been increasing due to the requirements of 

a growing population, industrialisation, digitali-

sation, and the increasing needs of developing 

countries. According to the report Study on the 

Critical Raw Materials for the EU 2023, the 

global demand for raw materials is projected 

to increase from 79 billion tonnes to 167 billion 

tonnes in 2060 (European Commission et al., 

2023). This can lead to increased exploitation of 

natural sources and recycling of material from 

secondary sources to secure a stable and re-

silient supply. The establishment of current 

operations within the Mining and Quarrying 

(M&Q) industries, producing minerals and aggre-

gates, respectively, has mainly been developed 

with a focus on technical and economic viability. 

The ongoing climate initiative poses require-

ments to assess the environmental impact of 

extraction and processing operations performed 

in the M&Q industry. Hence, it is essential for 

producers within the M&Q industry to identify 

the environmental impacts so they can take 

measures to reduce them.

Life Cycle Assessment (LCA) is a well-established 

method that has been used to quantify the envi-

ronmental impacts associated with any product 

or process (Blengini & Garbarino, 2011; Lu et 

al., 2023). LCA aims to quantify all relevant emissions 

and resources consumed and the related en-

vironmental impacts that are associated with 

any product or process (Blengini & Garbarino, 

2011; Toniolo et al., 2020). Within the ROTATE 

project, LCA is applied to quantify the envi-

ronmental impacts of the products produced at 

the pilot sites. This means that environmental 

impacts are assessed from the perspective of 

the products rather than the facility itself. The 

results from LCA can guide in improving the 

environmental performance of the mineral and 

aggregate products produced at the pilot sites. 

To quantify the environmental impact of the 

products, an industry-specific web-based plat-

form, Plantsmith, has been used. Plantsmith is 

designed to assess the sustainability of products 

produced from quarrying sites (Asbjörnsson et 

al., 2024). The environmental information and 

documentation created through Plantsmith are 

based on the Environmental Product Declaration 

(EPD) framework, while the process simulation 

is based on steady-state simulation. Using the 

EPD framework, a quantitative environmental 

profile of aggregate products can be calculated, 

which can be used for process improvement and 

business-to-business communication.

This chapter of the report describes the LCA and 

the EPD framework. Additionally, it provides 

a holistic view of the routines and procedures 

that need to be followed while performing pro-

cess and environmental impact evaluations on 

Plantsmith.
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04
In LCA, several terminologies are commonly 

used to describe the different aspects of the as-

sessment. Table 1 provides a list of terminologies 

03Terminologies in LCA

used in the LCA as per the standards ISO 14044, 

EN 15804:A2 (2021), and the ILCD handbook.

Table 1
Terminologies used in LCA (ISO, 2006a, 2006b; JRC, 2010)

Terminology Definition

Area of Protection Human health, the natural environment, and natural resources are known as Area of Protection.

Co-product Any of two or more products coming from the same unit process or product system.

Allocation Partitioning the input or output flows among different products produced from a system under study.

Cradle to Gate
It refers to the life cycle stages of a product, which begin with raw material extraction (Cradle) and end with the product 
leaving the production facility (Gate).

Cradle to Grave It refers to the life cycle stages of a product, which begin from raw material extraction (Cradle) to the End-of-Life (Grave).

Cut-off criteria
Specification of the amount of material or energy flow or the level of environmental significance associated with unit process-
es or product systems to be excluded from a study.

Characterisation 
factor

Factor derived from a characterisation model, which is applied to convert an assigned life cycle inventory analysis result to 
the common unit of the category indicator.

Environmental loads It refers to the emissions of pollutants and waste from a product system.

End-of-Life It refers to the final stage in a product’s life cycle, specifically focusing on disposal or treatment after use.

Gate-to-gate It refers to the life cycle stages of a product, which begin from the production facility entry gate to the exit gate.

Functional unit Quantified performance of a product system for use as a reference unit.

Impact category Class representing environmental issues of concern to which life cycle inventory analysis results may be assigned.

Input Material, or energy flow, entering a unit process.

Intermediate product Output from a unit process that is input to other unit processes that require further transformation within the system.

Life Cycle
Consecutive and interlinked stages of a product system, from raw material acquisition or generation from natural resources 
to final disposal.

Life Cycle Inventory 
Analysis (LCI)

A phase of life cycle assessment involving the compilation and quantification of inputs and outputs for a product throughout 
its life cycle.

Life Cycle Impact 
Assessment (LCIA)

A phase of life cycle assessment aimed at understanding and evaluating the magnitude and significance of the potential envi-
ronmental impacts for a product system throughout the life cycle of the product.

Output Product, material, or energy flow that leaves a unit process.

Unit process The smallest element considered in the life cycle inventory analysis for which input and output data are quantified.

Product system
Collection of unit processes with elementary and product flows, performing one or more defined functions, and which models 
the life cycle of a product.

Reference flow
Measure of the outputs from processes in a given product system required to fulfil the function expressed by the functional 
unit.

Sensitivity analysis Systematic procedures for estimating the effects of the choices made regarding methods and data on the outcome of a study.

System boundary
Set of criteria specifying which unit processes are part of a product system. The system boundary determines which unit 
processes shall be included within the LCA.
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04Standard approach

The following section provides a brief intro-

duction to the LCA method, and the 4 different 

phases involved in it to quantify the environmen-

tal impacts of any product during its life cycle.

4.1	 Introduction to LCA
LCA is a systematic, iterative, and comprehensive 

method that considers all stages in the life cycle 

of the product, starting from the extraction of 

raw materials, transportation, production, use, 

recycling, and the final disposal of a product (H. 

Baumann & A. M. Tillman, 2004; Toniolo et al., 

2020). LCA involves four phases (H. Baumann & 

A. M. Tillman, 2004): goal and scope definition, 

inventory analysis, life cycle impact assessment, 

and interpretation (see Figure 1).

4.1.1	 Goal and scope definition
The goal and scope definition is the first phase of 

any LCA study. The goal definition involves the 

identification of the reasons for conducting the 

study and different stakeholders, as well as the 

intended application of the results (Toniolo et 

al., 2020). For example, the reason for the study 

could be to answer questions such as, 

	· Which activity in the life cycle of the product 

has a significant contribution to the envi-

ronmental impact?

	· What would be the environmental impact of 

changing a certain process in the life cycle of a 

product? (H. Baumann & A. M. Tillman, 2004)

The scope definition includes: 1) defining the 

system boundary for the product under study, 

2) choosing a functional unit, 3) defining data 

quality requirements, 4) allocation procedure, 

5) identifying the limitations of the study, 6) Life 

Cycle Impact Assessment (LCIA) method to be 

used, 7) interpretation to be used, 8) type and 

format of the report and 9) assumptions, (H. 

Baumann & A. M. Tillman, 2004; ISO, 2006b; To-

niolo et al., 2020). Among them, the definition of 

following are important,

	· System boundary: According to Toniolo et al. 

(2020), the definition of a system boundary 

is necessary to establish the function of the 

product considered for the LCA study. The 

system boundary can be defined through 

cradle-to-grave, cradle-to-gate, or gate-to-

gate perspectives, depending on the in-

tended focus of the study (H. Baumann & A. 

Figure 1
Overview of the phases of LCA outlined in ISO 14040:2006 
(ISO, 2006a).
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Standard approach

M. Tillman, 2004). Defining a system boundary 

controls the input and output flows that need 

to be considered during the assessment. Fur-

thermore, the system boundary definition 

should also include specifics on spatial and 

temporal aspects of the study. 

	- Spatial aspects refer to the geographical 

area from which data for unit processes 

should be collected to satisfy the goal of 

the study. 

	- Temporal aspects cover the age of data and 

the minimum length of time over which 

data should be collected.

	· Functional unit: The Functional unit corresponds 

to a reference flow to which all modelled 

flows of the system are related (H. Baumann 

& A.-M. Tillman, 2004). Using the functional 

unit as the reference, the inputs and outputs 

of the product system under study are calcu-

lated (Toniolo et al., 2020) which is necessary 

for conducting the life cycle inventory analy-

sis. In the M&Q industry, the most commonly 

used unit is 1000 kg of the product produced 

at the site.

	· Data quality requirements: Data quality is an 

important factor in LCA since it can influence 

the results of an LCA study to a tangible extent. 

The requirements need to be defined in the 

early phases of the study. According to H. 

Baumann and A. M. Tillman (2004), data quality 

can be listed under three categories: rele-

vance, reliability, and accessibility.

	- Relevance refers to the extent to which the 

data represents the technology under 

assessment, i.e., whether the data is spe-

cific to the product system under study or 

represents the industry average.

	- Reliability refers to the numerical accuracy 

and the uncertainty of the data. 

	- Accessibility refers to the credibility of the 

data used in an LCA study. Data is more 

credible if it can be reviewed. Hence, the 

data should be well-documented, accessi-

ble, and transparent, which allows for the 

reproducibility of the LCA results (H. Bau-

mann & A. M. Tillman, 2004).

	· Allocation procedure: Allocation refers to 

the process of partitioning environmental 

impacts between different products origi-

nating from a production process. There are 

two types of allocation procedures: 1) allo-

cation through partitioning and 2) allocation 

through system expansion.

	- In the partitioning procedure, the allocation 

is performed based on the physical or eco-

nomic relationship between the different 

products originating from a production 

process (H. Baumann & A. M. Tillman, 

2004). Allocation based on a physical re-

lationship: The environmental impacts 

are allocated between different products 

based on physical relationships such as 

mass, volume, etc. Economic allocation is 

based on the economic value of the different 

products. 

	- System expansion is performed to credit 

the system under study with the envi-

ronmental impact from the production of 

the co-product. This is done by expanding 

the system boundary to include the alter-

native processes that produce the same 

co-product. However, system expansion 

may not be feasible as it requires more data 

and is complex, as well as adding uncertainty 

to results.

	· Limitations of the study: The limitations of 

the study should be stated during the scope 

definition. For example, the limitation of an 

LCA study could be that it is only valid for 

certain geological locations or time periods. 

Additional limitations can also arise due to a 

lack of data.

	· LCIA method: The LCIA method should be 

chosen during the scope definition since it 
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encompasses impact categories that need to 

be quantified to address the goal of the study. 

Furthermore, based on the chosen LCIA 

method, different characterisation factors 

can be used for quantifying the environmental 

impact categories.

4.1.2	 Inventory analysis
Inventory analysis, also known as Life Cycle 

Inventory (LCI) analysis, involves the collection 

and compilation of data related to inputs (e.g., 

raw materials and energy) and outputs (e.g., 

wastes and emissions) throughout the product’s 

life cycle. This analysis is iterative, meaning that 

as the understanding of the product system 

evolves, it can result in additional data require-

ments or reveal limitations for the LCA study 

(Toniolo et al., 2020). All of the data collected in 

this phase is used for the calculation of the envi-

ronmental impact of a product.

After the data collection, the next step is to carry 

out allocation. During allocation, the main goal 

is to divide and allocate the inputs (e.g., raw ma-

terials and energy) and outputs (e.g., wastes and 

emissions) among the different products within 

the product system. Allocation is not necessary 

in the case of a single-product system. 

4.1.3	 Impact Assessment
Impact assessment is also known as Life Cycle 

Impact Assessment (LCIA) (H. Baumann & A. M. 

Tillman, 2004). The LCIA phase aims to trans-

late the effects of inputs and outputs quantified 

during inventory analysis in the form of an envi-

ronmental impact category (H. Baumann & A. M. 

Tillman, 2004; Golsteijn, 2014). To achieve this, 

LCIA involves four consecutive steps: classi-

fication, characterisation, normalisation, and 

weighting.

	· Classification: Environmental loads such as 

emissions and wastes are sorted into different 

impact categories based on the effect they 

have on the environment (H. Baumann & A. 

M. Tillman, 2004; Golsteijn, 2014; Toniolo et 

al., 2020). For example, carbon dioxide (CO
2
), 

methane (CH
4
), Chloro Fluro Carbons (CFCs), 

etc., are classified under Global Warming Po-

tential, and emissions such as nitrogen oxides 

(NO
x
), ammonia (NH

3
), phosphorus (P), etc., 

are classified under eutrophication. Similarly, 

several emissions are quantified during LCI 

analysis and are classified under different im-

pact categories based on their effect on the 

environment.

	· Characterisation: All of the environmental 

loads are multiplied by a factor that reflects 

their relative contribution to an environmen-

tal impact category. For example, in the case 

of the Global Warming Potential (GWP) im-

pact category, CO
2
 emissions are multiplied 

by a factor of 1, whereas the CH
4
 emissions 

are multiplied by a factor of 25  (Golsteijn, 

2014; Toniolo et al., 2020) to calculate GWP 

in Kg CO
2
 eq per functional unit. Similar char-

acterisation is performed for other emissions 

such as NO
x
, SO

2
, HCl, NH

3
, etc., while quanti-

fying other impact categories.

	· Normalisation: Normalisation aims to clarify 

the relative importance of the impact cate-

gory results, where the values are divided by 

a reference value (Toniolo et al., 2020). Nor-

malisation aims to gain a better understanding 

of the magnitude of the environmental im-

pacts caused by the product system under 

study (H. Baumann & A. M. Tillman, 2004). 

With normalisation, it is possible to calculate 

when, for example, the GWP impacts caused 

by the product under study are large in rela-

tion to the total GWP impacts in the country 

where the product is produced. 

	· Weighting: Weighting can be defined as the 

qualitative or quantitative procedure where 

the relative importance of an environmental 
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impact category is weighed against all others 

(H. Baumann & A. M. Tillman, 2004). Each im-

pact category results are assigned a relative 

weight known as a weighting factor, following 

their importance. Then, each impact category 

result is multiplied by these factors and aggre-

gated into a single impact score (H. Baumann 

& A. M. Tillman, 2004; Toniolo et al., 2020). 

Several techniques, such as the Delphi tech-

nique and techniques built on multi-attribute 

utility theory, are used to derive the weighting 

factor (H. Baumann & A. M. Tillman, 2004).

Among the four steps, classification and charac-

terisation are mandatory, whereas normalisa-

tion and weighting are optional (H. Baumann & 

A. M. Tillman, 2004; ISO, 2006a). Figure 2 shows 

an example of the classification and characteri-

sation of different emissions into global warming 

and eutrophication impact categories.

At present, there are multiple LCIA methods for 

calculating the results from an LCA. For exam-

ple, the LCIA methods such as Impact World+ 

(Bulle et al., 2019), CML (Centrum voor Milieu-

kunde Leiden), TRACI (Tool for the Reduction 

and Assessment of Chemical and other Environ-

mental Impacts) (Bare et al., 2012), and ILCD (In-

ternational Reference Life Cycle Data system) 

(Michael et al., 2011) have been used in several 

LCA studies. However, these methods differ 

across several aspects and can be divided into 

two types: midpoint and endpoint methods.

	· The midpoint method calculates the environ-

mental impact of a product at an intermediate 

point in the impact pathway before the end-

point. These intermediate points, or midpoint 

indicators, represent different environmental 

categories such as global warming potential, 

eutrophication, acidification, resource con-

sumption, etc. (Bare et al., 2000). Examples 

of midpoint methods include CML (Centrum 

Standard approach

Figure 2
Illustration of steps classification and characterisation 
involved in converting the inventory results into impact 
category (H. Baumann & A. M. Tillman, 2004).
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voor Milieukunde Leiden) 2001 and IMPACT 

World+ (Bulle et al., 2019).

	· The endpoint method quantifies the environ-

mental impact of a product at the end of this 

cause-effect chain. Endpoint indicators are 

damage-oriented i.e., the results are expressed 

as damage inflicted on human health, ecosys-

tem, and resource depletion (Bare et al., 2000; 

Meijer, 2021). Examples of endpoint meth-

ods include EcoIndicator 95 (Goedkoop M et 

al., 1996) and EPS (Environmental Priority 

Strategies).

The selection of LCIA methods depends on the 

defined goal and scope, and it should align with 

the recommendations set forth by ISO standards 

(H. Baumann & A. M. Tillman, 2004). 

4.1.4	 Interpretation
The interpretation phase can be defined as the 

final phase in LCA, in which the results of LCI or 

LCIA, or both, are summarised and discussed as 

a basis for conclusions, recommendations, and 

decision-making following the goal and scope 

definition (ISO, 2006a). During the interpreta-

tion phase, an evaluation is conducted by using 

techniques such as 

	· Completeness check to determine whether 

the information and data used in different  

phases of a life cycle assessment are sufficient 

for reaching conclusions in accordance with 

the goal and scope definition (ISO, 2006a); 

	· A sensitivity check is performed to evaluate 

the robustness of the results obtained from 

the LCIA phase (ISO, 2006a; Toniolo et al., 

2020). Sensitivity analysis in LCA can be con-

ducted using a one-at-a-time approach, which 

means that a subset of the input parameters 

is altered one at a time to observe how much 

influence it has on the results. 

	· A consistency check is conducted to deter-

mine whether assumptions, LCIA methods, 

and data are coherent with the goal and scope 

defined  (ISO, 2006a). 

Based on this evaluation, the interpretation may 

take the form of conclusions and recommenda-

tions for decision-makers. For example, upon 

completing this evaluation, the LCA results can 

be utilised as follows,

	· It can be used during product design and de-

velopment. By conducting an LCA early in the 

design process, designers can identify oppor-

tunities, such as selecting more sustainable 

materials or improving production processes 

to reduce environmental impacts.

	· Prepare sustainability reports to demonstrate 

commitment to environmental responsibility 

and transparency.

	· To communicate the environmental informa-

tion of the product to different consumers 

through Eco-labels and Environmental Product 

Declarations (EPDs).

	· To report the Greenhouse gas (GHG) emissions 

of a product.

Standard approach



12
LIFE CYCLE    ASSESSMENT

To avoid problem shifting1 during the environ-

mental assessments, Life Cycle Thinking (LCT) 

can be used as an approach for comprehensive 

analysis and contribute to a reduction of envi-

ronmental impacts. In the case of quarries, Lee 

(2024) identified two distinct life cycles, i.e., the 

quarry and product life cycles (Figure 3). Taking 

a product or quarry perspective can result in dif-

05Application of LCA
in the M&Q industry

Figure 3
Relationship between the quarry life cycle 
and the product life cycle (Lee, 2024).

1 When a solution is implemented to improve or resolve 
a specific problem, it unintentionally creates additional 
environmental, economic, or social issues for other 
stakeholders.

ferent phases being in focus, and lead to differ-

ent impacts being highlighted. It can be observed 

that the life cycle stages, extraction, processing, 

and transport activities, overlap between both 

life cycles. On the other hand, exploration and 

planning, waste management, site closure, installa-

tion, use, and End-of-Life for each life cycle do 

not overlap.
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One of the most used approaches from LCT is 

LCA due to its quantitative nature and the broad 

range of environmental impacts it addresses 

(Mazzi, 2020). The European project known as 

SARMa (Blengini & Garbarino, 2011) set forth 

the guidelines for implementing LCA to assess 

the product produced at a mining or quarrying 

site. According to the outcomes of the SARMa 

project, LCA can be applied to evaluate the en-

vironmental impacts of mining or quarrying by 

categorising it into three interdependent life cy-

cles, as shown in Figure 4 (Blengini & Garbarino, 

2011);

1.	 Mine/Quarry life cycle - Life cycle of mining/

quarrying projects.

2.	 Asset life cycle - Life cycle of mining/quarrying 

assets.

3.	 Product life cycle - Life cycle of mining/

quarrying products.

Conducting an LCA from the mine/quarry life 

cycle perspective is limited due to the non-re-

newability of the project when the mine/quarry 

is closed. Furthermore, the environmental 

impacts of mine/quarry and asset life cycles are 

usually negligible in comparison to product life 

cycles (Blengini & Garbarino, 2011). Within 

the ROTATE project, the LCA will be applied 

with a focus on the product life cycle.

Application of LCA in the M&Q industry

Figure 4
Guidelines to implement LCA to assess mining/ quarrying 
within the SARMa project (Blengini & Garbarino, 2011).
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Figure 5 shows the generic description of the life 

cycle of a product produced from an quarrying 

site. 

Figure 5
A brief overview of the operation included 
in different phases of the product life cycle.

06Application of LCA in the M&Q industry

LIFE CYCLE    ASSESSMENT



15
LIFE CYCLE    ASSESSMENT

06EPD framework

EPDs have become a standardised tool to 

communicate the environmental information 

of a product. According to the standard EN 

15804:2012+A2:2019/AC:2021, an EPD can 

be defined as follows: An EPD communicates 

verifiable, accurate, non-misleading environmen-

tal information for products and their applications, 

thereby supporting scientifically based, fair choices 

and stimulating the potential for market-driven con-

tinuous environmental improvement (CEN, 2021). 

At present, EPDs are being used by producers 

in the construction sector to communicate the 

environmental information of products such as 

steel structures, cement, concrete, and so on. In 

order to create and publish EPDs, producers in 

the M&Q industry need to follow several standards. 

Figure 6 provides an overview of the standards 

governing the LCA and the creation of EPDs 

using the results from an LCA.

Figure 6
Standards governing the creation of an EPD for construction 
products (Lee, 2024).
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EPD framework

6.1	 General Program
Instructions

The EPD programme operator will have 

a general set of instructions on how an EPD 

should be produced within their programme, 

known as the General Programme Instructions 

(GPIs). Depending on the country where the 

EPD needs to be published, the GPI of a spe-

cific programme operator needs to be followed; 

for example, in Norway, the GPI of EPD Norge 

should be followed. Another example is the 

International EPD system, which operates in 

several countries such as Sweden, Brazil, Egypt, 

and so on. GPIs build on the ISO standards for 

describing the LCA methodology with additional 

guidance considering the end purpose of creating 

an EPD document. 

6.2	 EN 
15804:2012+A2:2019/
AC:2021 

EN 15804:2012+A2:2019/AC:2021 is part of 

a series of standards developed by the European 

Committee for Standardisation (CEN) under 

the Construction Products Regulation (CPR). 

The EN 15804:A2 (2021) is the standard that 

provides core Product Category Rules (PCRs) 

for developing EPDs to assess the sustainability 

of construction products and services. The first 

version was published in 2012, known as EN 

15804:A1 “Sustainability of construction works 

– Environmental product declarations – Core 

rules for the product category of construction 

products”. Since 2021, an updated version of the 

standard has been used within the construction 

sector, which is called EN 15804:2012+A2:2019/

AC:2021 (hereafter referred to as EN 15804:A2 

(2021)). The current standard includes the rules 

for calculating the LCI and LCIA for the underlying 

LCA.  In addition, it also includes the guidelines 

on how to develop an EPD document, along with 

the contents that need to be included in it. 

The Product Category Rules (PCR) in EN 

15804:A2 (2021) provide clear information 

on how to define the system boundary, choose 

a functional unit for the assessment, and the 

impact categories to be declared. According to 

the PCR, a product’s life cycle can be categorised 

into different modules, as shown in Table 2. 

Table 2
Life Cycle Stages of 

a product according 
to EN 15804:A2 

(2021).
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1.	 Module A1 represents the acquisition of raw 

materials through extraction and processing 

and the processing of secondary material 

input (e.g., recycling processes).

2.	 Module A2 represents the transportation of 

the raw material to the manufacturer.

3.	 Module A3 represents the manufacturing 

process.

4.	 Module A4 represents the transportation of 

the product to the construction site.

5.	 Module A5 represents the installation into 

the buildings or roads.

6.	 Modules B1- B7 represent the use phase of 

a product.

7.	 Modules C1- C4 represent the End-of-Life 

for products, which addresses the activities 

related to deconstruction, transport, recy-

cling, or reuse, and different disposal strate-

gies of the product. 

8.	 Module D represents benefits or loads beyond 

the system boundary. Given the End-of-Life 

scenario used for module C, the product is 

assumed to displace the use of a virgin product 

that serves the same purpose. 

Within the ROTATE project, the PCR Construc-

tion products defined in the EN 15804:A2 

(2021) standard are utilised to evaluate the en-

vironmental impacts of the products produced 

at the pilot sites. Figure 7 shows the adoption 

of the EN 15804+A2 (2021) in assessing the 

aggregate products produced at a quarrying 

site, where the operations performed are cate-

gorised in different life cycle modules.

1.	 Module A1 represents the extraction of rock 

materials. 

2.	 Module A2 represents the transportation of 

extracted rock to the production site and in-

ternal transportation between the different 

processing equipment using yellow machinery.

3.	 Module A3 represents the production pro-

cess. For aggregate products, this includes 

crushing and screening with fixed transporta-

tion between processes using conveyor belts.

4.	 Modules A4 - A5 represent the transportation 

of aggregate product to the construction site 

and the activities involved in the actual in-

stallation process.

5.	 Module C1 - C4 represents the End-of-Life 

for aggregate products, which addresses the 

activities related to different disposal strate-

gies, recycling, or reuse of the product. 
Figure 7
A generic example of categorising the operations in product 
life cycle to different modules.
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6.	 Module D represents benefits or loads be-

yond the system boundary. Given the End-of-

Life scenario used for module C, the unbound 

aggregate is assumed to displace the use of 

virgin aggregate products.

In addition, the PCR provides information re-

garding the different impact categories that 

need to be quantified in an LCA (CEN, 2019). 

Along with the characterisation factors and 

methods that need to be used during the LCIA 

phase to quantify the environmental impacts. 

Table 3 and Table 4, show the core and addi-

tional impact categories, respectively, that shall 

be quantified. Table 5 and Table 6 show the re-

source consumption and waste parameters that 

need to be quantified.

Table 3
Core impact categories 
that need to be declared 
according to PCR in EN 
15804:A2 (2021).

Impact category Unit LCIA method

Global warming potential fossil, GWP – fossil

Global warming potential biogenic, GWP – biogenic

Global warming potential total, GWP - total

Global warming potential land use and land use change, 
GWP – LULUC

Acidification potential, Accumulated
Exceedance, AP

Eutrophication potential, fraction of nutrients
reaching freshwater end compartment, EP-freshwater

Depletion potential of the stratospheric ozone layer, ODP

Eutrophication potential, fraction of nutrients
reaching freshwater end compartment, EP-freshwater

Formation potential of tropospheric ozone, POCP

Abiotic depletion potential for non-fossil resources, 
ADP- minerals & metals

Eutrophication potential, Accumulated Exceedance, 
EP-terrestrial

Abiotic depletion potential for fossil resources,
ADP-fossil fuels

Water (user) deprivation potential, deprivation weighted 
water consumption, WDP

kg CO
2
 eq.

kg CO
2
 eq.

kg CO
2
 eq.

kg CO
2
 eq.

Mol H+ eq.

Kg P eq.

kg CFC-11 eq.

kg (PO
4
)3- eq.

kg NMVOC eq.

kg Sb eq.

mol N eq.

MJ, net calorific value

m3 world eq. deprived

IPCC baseline, 100 years, 2013

IPCC baseline, 100 years, 2013

IPCC baseline, 100 years, 2013

IPCC baseline, 100 years, 2013

Accumulated Exceedance, Seppälä et al. 
2006, Posch et al., 2008

EUTREND model, Struijs et al., 2009b, as 
implemented in ReCiPe

Steady-state ODPs, WMO 2014

EUTREND model, Struijs et al., 2009b, as 
implemented in ReCiPe

LOTOS-EUROS, Van Zelm et al., 2008, as 
applied in ReCiPe

CML 2002, Guinée et al., 2002, and Van 
Oers et al., 2002

Accumulated Exceedance, Seppälä et al. 
2006, Posch et al. 2008

CML 2002, Guinée et al., 2002, and Van 
Oers et al., 2002

Available WAter REmaining (AWARE), 
Boulay et al., 2016

*IPCC – Intergovernmental Panel on Climate Change
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Table 4
Additional impact 
categories addressing the 
dust, toxicity impacts on 
ecosystem and humans 
and impact on soil

Impact categories Unit Method

Potential Human exposure efficiency relative to U235, IRP kBq U235 eq.
Human health effect model as developed

by Dreicer et al. 1995 updated by
Frischknecht et al., 2000

Potential Comparative Toxic Unit for ecosystems, ETP-fw CTUe
Usetox version 2 until the modified USEtox 

model is available from EC-JRC

Potential incidence of disease due to PM emissions, PM
Disease 

incidence
SETAC-UNEP, Fantke et al. 2016

Potential Comparative Toxic Unit for humans (cancer 
effects), HTP-c

CTUh
Usetox version 2 until the modified

USEtox model is available from EC-JRC

Potential Soil Quality Index, SQP na
Soil quality index based on

LANCA

Potential Comparative Toxic Unit for humans (non-cancer 
effects, HTP-nc

CTUh
Usetox version 2 until the modified USE-

tox model is available from EC-JRC

Parameter Unit Method

Use of renewable primary energy resources used as raw 
materials, PERM

MJ, net calorific value Based on LCI data

Total use of renewable primary energy resources, PERT MJ, net calorific value Based on LCI data

Use of renewable primary energy excluding renewable 
primary energy resources used as raw materials, PERE

MJ, net calorific value Based on LCI data

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

materials, PENRE
MJ, net calorific value Based on LCI data

Total use of non-renewable primary energy resources, 
PENRT

MJ, net calorific value Based on LCI data

Use of secondary material, SM kg Based on LCI data

Use of non-renewable primary energy resources used as 
raw material, PENRM

MJ, net calorific value Based on LCI data

Use of renewable secondary fuels, RSF MJ, net calorific value Based on LCI data

Net use of fresh water, FW m3 Based on LCI data

Use of non-renewable secondary fuels, NRSF MJ, net calorific value Based on LCI data

Table 5
Resource use parameters 
addressing the use of 
primary and secondary 
resources.

Table 6
Categories addressing 
waste and other external 
flows.

Other environmental information describing waste categories

Non-hazardous waste disposed, NHWD kg Based on LCI data

Radioactive waste disposed, RWD v Based on LCI data

Hazardous waste disposed, HWD kg Based on LCI data

Indicators describing external flows

Materials for Recycling (MFR) kg Based on LCI data

Material for Energy Recovery (MER) kg Based on LCI data

Components for re-use (CRU) kg Based on LCI data

Exported electrical energy (EEE) kg Based on LCI data

Exported thermal energy (EET) kg Based on LCI data
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6.2.1	 Exception for Canteras
Industriales (ROTATE Pilot Site) on PCR
To conduct LCA and prepare EPDs for celestite 

products, EN 15804:A2 (2021) has been used. 

This is because, at present, there is no ce-

lestite-specific PCR that provides specific 

guidelines for conducting LCA and preparing 

EPDs for celestites. Moreover, the production 

process at Canteras Industriales includes crushing 

and screening processes that resemble those of 

aggregate production, and it is assumed to treat 

this particular pilot site as aggregate processing. 

Modules A1-A3 are included, while modules C1-

C4 and D are excluded from the assessment as 

there is a lack of data on processes for End-of-

Life treatment of strontium.

6.3	 Sub-Product
Category Rules

Sub-Product Category Rules (sub-PCR) are a set 

of specific guidelines that define the procedures 

for conducting LCA and preparing an EPD for 

a very specific product within the broader 

product category: construction products. Not 

every specific construction product has a 

sub-PCR available, and this should be checked 

within the chosen EPD programme operator before 

commencing an LCA to ensure compliance.

6.3.1	 Sub-PCR for Unbound Aggregates
The creation of a sub-PCR providing more guidance 

for aggregate producers beyond that given in EN 

15804:A2 (2021) is currently being led by the 

European Aggregates Association, UEPG. The 

generalizability of EN 15804:A2 (2021) to match 

such a broad range of construction products 

can cause confusion for particular products in 

certain decisions for the background LCA. For 

aggregate producers, a particular challenge can be 

deciding where the system boundaries should 

be placed to create as much comparability be-

tween aggregate products as possible.

It can be particularly challenging for aggregate 

producers to set system boundaries when using 

recycled material as the main source of material 

in the production system. Production of recycled 

aggregates can consist of mineral waste materials 

originating from demolition works, discarded 

mineral construction products or rejected pro-

duction of mineral construction products. Al-

though the same declared units can be applied 

as for natural aggregates, there are several addi-

tional activities that can occur depending on the 

source material, including the removal of contami-

nants, such as metals, plastics, wood, hazardous 

materials or other unwanted substances, before 

the material can be reintroduced into circula-

tion. The EPD system focuses on the ‘producer 

pays’ principle, which adds complexity to setting 

boundaries, as many sources can be from outside 

the aggregate product life cycle, and so it can be 

difficult to ensure burdens are accounted for, 

without being double-counted. Guidance on what 

activities should be included within the system 

boundaries for producers, and for which source 

materials, can ease this process for producers 

and make communication clearer for interested 

stakeholders.

6.4	 EPD development 
and publication

The generic process involved in the develop-

ment of an EPD is shown in Figure 8. 
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1.	 Choosing a Programme Operator: Selection 

of a recognised programme operator is the 

initial step in publishing an EPD. Notable 

operators include the International EPD 

system, EPD Norge, EPD Belgium, and so on, 

responsible for publishing the EPD.

2.	 Consult PCR & GPI: Review the GPI provided 

by the selected programme operator and the 

PCR for the product category.

3.	 Collect Data: Gather relevant LCI data, in-

cluding materials and energy consumption, 

emissions, and waste required for conducting 

LCA.

4.	 Conduct LCA: Perform an LCA based on the 

standards ISO 14040 and ISO 14044.

5.	 Produce Background Report: Document 

the LCA results and methodology in a de-

tailed background report which encompasses 

assumptions, system boundaries, and impact 

categories for transparency. The report 

should be drafted by referring to the PCR in 

EN 15804:A2 (2021) and GPI.

6.	 Verification: Submit the LCA background 

report and EPD draft for third-party verifica-

tion. For this, choose an EPD verifier who is 

registered on the chosen programme

7.	 Publication of EPD: Finalise the verified EPD 

and submit it to the programme operator for 

publication.

6.4.1	 EPD Verification
Verification plays an important role in the publi-

cation of the EPD. EPD verification is necessary 

in building trust in the information presented, 

while also maintaining confidentiality by not 

disclosing all raw data that could reveal sensi-

tive details about a production process: infor-

mation that competitors might find valuable. 

Verification involves assessing the plausibility of 

the data used, but it cannot guarantee that all in-

formation is completely correct. Therefore, it is 

important to report any errors that are noticed 

in an EPD as soon as possible so that corrections 

can be made promptly. The verification process 

can typically follow three different pathways, 

depending on the program operator and the 

resources available. More information on the 

verification pathways specific to your chosen 

program operator can be found in the GPI. The 

pathways include:

	· Third-party verification is conducted by a 

qualified external expert who has met certain 

conditions. The programme operator consists 

of a list of approved third-party verifiers for 

their programme who can conduct this work.

	· Internal verification can be conducted in 

different ways. A more robust method is to 

verify a process for producing EPDs within 

the company through a third-party verifier. 

This means that any EPDs produced through 

Figure 8
Overview of the generic steps 
involved in producing an EPD 
(Lee et al., 2024).
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this method can be checked by a competent 

person within the company before being 

published. Some programme operators may 

allow for someone within the company who 

has relevant competence and has not been 

involved in the work of producing the EPD to 

verify its content. 

	· Lastly, a specially developed tool or software 

that has been verified for producing EPDs for 

certain products can be used. If such a tool is 

used for calculating the LCA results presented 

in the EPD, third-party or internal verification 

can be done a lot quicker as less data points 

need to be checked.

EPD International gives instructions for 

pre-verified LCA tools in Annex C of their GPI. 

Although using a pre-verified tool simplifies the 

verification process, verification is still needed to 

ensure the data uploaded into the tool is correct. 

Using pre-verified tools, though, can save time 

and money in the verification process for the 

EPD owner, as parts of the verification process, 

namely linked to the data used in the background 

LCA study, will have already been fulfilled. 

According to EPD International, a pre-verified 

tool should contain:

	· Suitable datasets to cover the background 

LCA study of the product.

	· Calculation models that produce correct data 

for the product.

During the verification process of the tool, the 

following aspects can be checked:

	· Choice of data and datasets.

	· Compliance with relevant PCR.

	· Data quality, sources, and references.

	· Compliance with the General Programme 

Instructions.

	· Data security.

	· Description of environmental indicators and 

the methods behind them.

	· LCA modelling hypotheses including system 

boundary, cut-offs, allocation rules, and 

calculation rules.

	· Procedures established for updating the in-

formation within the tool, along with logs of 

updates.

	· Functionality to produce relevant reports, in-

cluding a tool project report, LCA report and 

LCA results/EPD report.

	· Software usability and security so that 

pre-verified data cannot be manipulated.

6.5	 Country-specific 
EPD programs

As organisations focus on the sustainability of 

their products, there has been an increase in 

the number of EPDs over the recent years. As 

a result, country-specific EPD platforms have 

been developed. Several EPD program opera-

tors exist today whose purpose is to oversee the 

verification and publication of EPDs. At present, 

there are at least 18 EPD program operators 

that are operational (Konradsen et al., 2024). 

Each country-specific EPD platform follows the 

standards such as EN 15804:A2 (2021) and ISO 

14025. However, there are additional regional 

or national requirements to address specific en-

vironmental concerns or local regulations. The 

following list gives examples of country-specific 

EPD platforms:

	· The International EPD System: The Interna-

tional EPD System is owned and operated by 

EPD International AB. It was originally founded 

in 1998 as the Swedish EPD System by the 

Swedish Environmental Protection Agency 

(SEPA). The program operates in accordance 

with ISO 14025, ISO 14040, ISO 14044, and 

EN 15804:A2 (2021). The International EPD 

System has a global service network (inde-

pendent licensees) with exclusive representa-



23
LIFE CYCLE    ASSESSMENT

EPD framework

tions in countries such as Argentina, Aus-

tralia, Bangladesh, Brazil, Chile, Egypt, India, 

Mexico, New Zealand, Russia, Southeast Asia 

(Indonesia, Malaysia, the Philippines, Singapore 

and Vietnam) and Turkey (EPD International, 

2023).

	· EPD Norge: EPD Norge is the Norwegian EPD 

program operator that provides a platform 

for the development and registration of En-

vironmental Product Declarations in Norway. 

The program allows the publication of EPDs, 

which are in accordance with ISO 14025, ISO 

21930, and EN 15804+A2 on their platform.

	· EPD Denmark: EPD Denmark was founded as 

a program operator for EPDs on construction 

products in Denmark in 2014. EPD Denmark 

functions as an organisation that issues EPDs 

for construction products in compliance with 

ISO 14025 and EN 15804+A2. Additionally, 

it strives to achieve a harmonised approach 

within Europe for credible documentation of 

the environmental attributes related to con-

struction products.

	· B - EPD: The Belgian EPD program started 

in December 2016. The main aim of the Bel-

gian EPD program is to support sustainable 

construction and procurement practices in 

the Belgian market. B-EPD issues EPDs for 

construction products that comply with ISO 

14025 and EN15804+A2 (B-EPD program 

operator, 2022).

6.6	 State-of-the-art: LCA 
software in the market

Several LCA software and EPD tools exist in the 

current market. The following sections provide 

a brief overview of the commercial LCA software 

and EPD tools. At present, there are several 

commercial software available on the market 

to conduct LCA. A brief description of the LCA 

software is presented in Table 7.

Table 7
List of LCA software 
currently used by the LCA 
practitioners.

Name of the software Year of start Company and country of origin Sector Application

Product Sustainability 
Solutions Software

2016 Sphera, USA Generic
Used to conduct 

LCA studies.

OpenLCA 2006 GreenDelta, Germany Generic
Used to conduct 

LCA studies.

SimaPro 1990 Pre-Sustainability, Netherlands Generic
Used to conduct 

LCA studies.

Umberto - iPoint-systems, Germany Generic
Used to conduct 

LCA studies.

One Click LCA 2001 One Click LCA Ltd, Finland Construction
Used to conduct 
LCA studies and 
generate EPDs.

Ecochain Mobius - Ecochain, Netherlands Generic
Used to conduct 

LCA studies.

*Generic means that the software applies to multiple industries.
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Plantsmith is a web-based process simulation and 

environmental platform designed for assessing 

the sustainability of aggregate products. It is 

developed using cross-platform applications 

built with HTML, JavaScript, and CSS for front-end 

development, along with Python for back-end 

development and Rest-API for communication 

between modules. The platform consists of two 

main elements: process simulation and envi-

ronmental impact calculations, which together 

provide an industry-specific process and envi-

ronmental solution. Alongside this, the platform 

is capable of producing drafts of relevant docu-

ments such as LCA and EPD reports.

As a stand-alone application, the user is able 

to create a production process model, enter 

the consumables (material and energy inputs) 

07Plantsmith

and waste data manually and run simulations 

to calculate the environmental impact while 

producing drafts of relevant documents. The 

modular approach has been employed in the 

development of the platform. There is a defined 

communication format and protocol between 

different modules, including the simulation core, 

solver, model library, LCA database, report tem-

plates, and user interface. Internal functions can 

be called directly in the code, while communi-

cation with external modules is managed using 

REST APIs. The generated simulation results are 

stored centrally within an SQL server, and the 

results are displayed directly in the user inter-

face. They can also be summarised in Word re-

ports or saved as a JSON file that can be down-

loaded to a local computer. The system structure 

for Plantsmith is illustrated in Figure 9.

Figure 9
The system structure for Plantsmith 
(Asbjörnsson et al., 2024).
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7.1	 Process simulation

In Plantsmith, the processing operations per-

formed to transform extracted material into the 

final products at a quarrying site are represented 

through steady-state process simulation. Figure 

10 illustrates the algorithm for the sequence of 

calculations that occurs on the platform during 

the simulation. First, the process layout needs 

to be developed and configured on the simulator 

by selecting appropriate unit models, and each 

model is connected with the appropriate mate-

rial streams. Afterwards, a topological analysis 

is performed to determine the computational 

sequence between the models, which enables 

faster conversion of mass and energy balance. 

In each sequence, an individual calculation is 

performed for every model, providing an out-

put that is dependent on input values, the model 

configuration, and the sequential order of the 

model. Each model receives input values from 

the pre-sequential model, either from a previous 

iteration or the current iteration, depending 

on the relative sequential order between the 

units. This sequential approach is iterated until 

equilibrium in mass and energy is achieved. This 

equilibrium is achieved when the difference in 

both mass and energy between consecutive 

iterations within the streams is less than the de-

fined tolerance. (Bhadani et al., 2021)

7.2	 LCA and EPD module
In Plantsmith, the chosen environmental 

assessment method is LCA based on the EPD 

framework. This has been chosen due to the 

quantitative nature of the assessment, as well 

as the standardised methodology used in the 

EPD framework, which is valuable for aggre-

gate producers in external communication, if 

the results are verified to produce an EPD. To 

implement the LCA approach into Plantsmith, a 

modular LCA has been used, 

as described by (Brondi & 

Carpanzano, 2011) for cap-

turing the complexities of 

production systems. This is 

done by using modified In-

put-Process-Output units for 

ingoing and outgoing mate-

rial and energy flows to each 

manufacturing unit. 

The LCA modules represent 

the use of different auxiliary 

materials or energy through-

out the production process. 

The specific amounts of each 

auxiliary material or energy 

are calculated for each pro-

duction process using the 

data collected from the sites. 

Figure 10
The system structure for Plantsmith 
(Bhadani et al., 2021).
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Therefore, Plantsmith can be seen to consist of 

the following components to allow for the envi-

ronmental assessment shown Figure 11 in grey:

	· Machinery models

	· Simulation modules and algorithms

	· LCA modules

	· Report templates

To conduct the environmental assessment for 

a plant so that it matches the realities of that 

specific plant, the tool needs user input. The spe-

cific actions required of the user to conduct the 

environmental assessment are highlighted in 

Figure 11 in blue and green, and will be further 

described in the section 8 of this chapter.

Figure 11
An overview of the workflow highlighting user actions and components 
of the Plantsmith tool needed for conducting environmental assessment 
using the tool (Lee, 2024).
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08EPD generator routine

The following section provides information on 

conducting process simulation and producing 

EPDs on Plantsmith. 

8.1	 Overview
To calculate the environmental profile for the 

aggregate products on Plantsmith, a number of 

interlinked steps need to be conducted (see 

Figure 12).

	· Collection of yearly data on consumables 
and production. High-quality data on the con-

sumables (i.e., material and energy), waste, 

and production quantity of the products is 

needed for process simulation and environ-

mental calculation. This data can be collected 

from invoices, internal monitoring records, 

sensors, and sales data, among other sources. 

Examples of lower-quality data include estima-

tions based on site conditions or data collected 

from other sites with similar conditions.

	· Evaluation of site activities from a life cycle 
perspective. Information is collected on the 

different activities related to the product, 

from its extraction to where the product 

leaves the site. Activities after the product 

has left the control of the site, e.g., transport 

to customers, are not mandatory to consider 

in the historical data documentation.

	· Modelling. The information collected is used 

to model the production process in the 

platform. This includes processes such as 

extraction, internal transportation, and 

production of a final product that can be 

transported out of the site. The modelling of 

the site depends on the system definitions of 

the quarry, the process layout and the installed 

equipment.

	· Configuration and calibration of the process 
models. Based on the site data, the process 

model needs to be configured and calibrated 

to generate a representative performance of 

the quarry over a reference period.

	· Allocation of environmental impacts to 
products. Combining the data gathered from 

Figure 12
Illustration of the process 
followed during the assessment.
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the site with the automatic allocation matrix 

generated from the process simulation, the 

environmental impacts are allocated to the 

different products. 

	· Assessment of data quality. All the data used 

for process simulation and allocating the en-

vironmental impacts should be checked for 

quality. This can be performed by checking 

the source of the data and the plausibility of 

the results by benchmarking and assessing to 

see if any data gaps remain. 

	· Sensitivity of the results. The sensitivity of 

the results needs to be evaluated by varying 

the particular consumable inputs within a de-

fined range. This provides insight into how the 

results would change if consumption varied in 

the future.

	· Generate documentation. Background LCA 

and EPD reports are auto-generated in 

Plantsmith. The reports are shared with the 

sites for the interpretation of the quantitative 

results to complete the final stage of the LCA 

method according to ISO 14040.

8.2	 Data collection
This section describes the data needed to develop 

the process simulation and conduct environ-

mental assessments based on the site-specific 

operating conditions. There are many different 

data points that are needed to successfully con-

duct the process simulations and environmen-

tal calculations. When discussing data in LCA, 

it is often split into background data and fore-

ground data. Figure 13 provides an overview of 

common background and foreground data in an 

LCA study. Background data can be thought of 

as data that is controlled by other systems and 

where sites have no influence, for example, data 

on how electricity is produced and transported 

to the site and its associated inputs and outputs 

to the environment. Plantsmith contains this 

background data within the LCA modules built 

into the platform (more information about these 

can be found in section 6.2 to section 7.2).

Foreground data can be split into three main 

categories: consumables data, technical data, 

and production data. 

	· Consumables data refers to the amount of 

all the inputs and outputs from the system. 

The inputs can include any energy needed 

in the production system, materials used for 

maintenance and upkeep of machines in the 

system, or external materials that go into 

the product during the production process. 

The outputs include any wastes or emissions 

produced from the system, for example, pack-

aging waste, air emissions, or scrap parts. For 

quarrying site, this could be diesel or grid 

electricity for energy, oils and metal parts for 

machinery, salt that is added to any products, 

and municipal or hazardous wastes collected 

from the production site.

	· Technical data refers to data on the process-

es used in the production system, such as the 

running conditions and activities that occur 

throughout it. This helps plan what consuma-

ble data needs to be collected.

	· Production data refers to the amount of each 

product or production waste that is produced 

by the system, as well as information about 

the products and wastes, e.g., the quantity 

of the products or production waste or the 

quality/classifications of the products.
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The above definitions help to understand 

what data needs to be collected but does not 

indicate how the data can be collected. There 

are two main methods for collecting the fore-

ground data: real data or modelling.

	· Real data can be collected from direct measuring 

e.g. from sensors like water counters, diesel 

pumps or weighing systems; sales data on 

production; bills from suppliers; or expert 

estimations. 

	· Modelling data can be calculated using litera-

ture models or software and can be used for 

e.g. estimating direct emissions or energy 

consumption.

 

8.2.1	 Data for Process Simulation
This section gives an overview of key production, 

consumable, and waste data points that are 

needed for the environmental assessment in a 

standard quarry, starting with the production 

data. The production data presented in Table 

8 and Table 9 are collected from the site for a 

given reference period, e.g. one year, known as 

the reference year.

Figure 13
An overview of common 
background and foreground 
data in an LCA study for 
mineral and aggregate 
products.

Data Required Unit Comments

Total Entrepreneur Material tonne/year The total amount of material brought to the site from secondary sources.

Total production tonne/year The total stock produced during the reference year.

Total blasted rock material tonne/year The total amount of material blasted in the reference year.

Production hours hours The total number of hours within the reference year.

Material description -
Moisture Content

percentage Moisture content in the blasted material.

Material description - Bulk 
density 

tonne/m3 This refers to the density of blasted rock and material from
secondary sources.

Material description - Feed - 
Particle Size Distribution

mm
This refers to the feed Particle Size Distribution of the blasted rock material, 

typically F80, top size and fine content.

Material description - Work 
Index of renewable secondary 

fuels, RSF
kWh/tonne Hardness of the blasted material.

Table 8
Production data from an 
annual production.



30
LIFE CYCLE    ASSESSMENT

8.2.2	 Data for LCA and EPD
As previously described, the consumables 

data consists of inputs and outputs of the sys-

tem. This data can be collected through bills, 

measurements, lab reports, and communica-

tion with the site. Table 10 and Table 11 illustrate 

the identified standard consumables and waste 

data needed from the site for the reference 

year.
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Product Unit Comments

--/-- mm tonne/year

--/-- mm tonne/year

--/-- mm tonne/year

Quality certificate of each product
Particle Size Distribution (PSD ) i.e., P80 of each product.

--/-- mm tonne/year

Table 9
Product level data.

Table 10
Consumable data. Data Unit Comments

Diesel  l/year
Diesel consumption in all machines, from crushing and screening equipment 

to yellow machines (drill rigs, excavators, wheel loaders, and trucks).

Water m3/year
Water use for all activities including, but not limited to, dust minimisation, 

product washing, and office use.

Lubricants l/year
This refers to all lubricants and hydraulic oil used for maintaining the

machinery on-site.

Electricity kwh/year
Electricity is used for all on-site activities, from office use and on-site

lighting to machine use.

Metals kg/year Metals due to replacing crusher liners and spare parts for yellow machines.

Rubber kg/year Rubber to replace the tyres of yellow machines and conveyor belts.

AdBlue l/year AdBlue is used in yellow machines.

Plastics kg/year Plastics from the use of plastic packaging.

Wood kg/year Wooden pallets are used for transportation.

Flocculants kg/year
Flocculants are chemicals used for purifying water by causing fine particles 

to flock together.

Explosives kg/year Explosives used for blasting.

Table 11
Waste data. Type Unit Comments

Mixed Waste kg/year
Includes any non-hazardous waste such as metals, wood, rubber, and

municipal solid waste.

Inert Waste Rock kg/year
The difference between the combined total quantity of blasted material and 

overburdened material to the total quantity of products produced.

Hazardous waste kg/year
Includes any hazardous waste such as contaminated clothing, batteries,

and electronics.
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8.2.3	 Data quality
After the appropriate data has been collect-

ed, it often needs to be processed to make it 

suitable and useful for inputting into the envi-

ronmental assessment. This is known as data 

aggregation and can impact the quality of the 

results, on top of the data itself. 

For EPD creation, the data needs to be aggre-

gated so that it represents one full year. This 

can involve adding up monthly bills, compiling 

different sensor readings, extrapolating modelling 

data to cover the whole year, or estimating 

average running conditions for different pro-

cesses that may fluctuate over the year. This 

in itself can impact the quality of the data as 

the same product may have a different envi-

ronmental impact throughout the year due to 

differences in the production process. Further, 

the data needs to be aggregated for each activity 

to allow for allocation. Even though the overall 

impact should be the same (aggregation should 

not lead to any flows being missing or added in), 

it affects where the impact is shown and which 

products receive the burdens. If the data quality 

is low when aggregating the data per activity, it 

can make it much harder to identify where im-

provements can be made.

Data quality is a vital part of EPD creation and 

LCA in general. In EN 15804+A2 (2021), data 

quality is often discussed by its representa-

tiveness. This is split into three different areas 

to consider how well the data represents the 

system of study. Although this can be more 

relevant for background data, it is still relevant 

for the foreground data particularly when data 

gaps have been identified and filled in, for ex-

ample if water data for the year of the study 

was missing so data from the year before, or 

data from a similar production site. The three 

areas to examine the representativeness of the 

data are described below:

	· Time: also referred to as the ‘temporal repre-

sentativeness’. This is where the data you have 

used is assessed against the year the EPD is 

stated to represent. Data is assessed to have 

a very good temporal representativeness 

when it matches the year of study (reference 

year). Background data from generic datasets 

usually take a long time to compile so rarely 

come from the same year of the EPD study. 

However, for background data, it is the validity 

year that should be in the same range as the 

reference year, rather than the reference 

year of the background data. On the other 

end of the scale, data that is 6-10 years old is 

seen as poor quality.

	· Location: also referred to as ‘geographical 

representativeness’. In this category, how 

well the location for the data collected matches 

the defined site in the EPD is assessed. For 

foreground data, data collected from the 

site itself is seen to be of very good quality. 

However, this is extremely unlikely if generic 

data sets have been used for the background 

data. Most generic datasets discuss location 

in terms of a region or country, and if this 

matches with the site location for your EPD 

then a good data quality is still achieved.

	· System: also referred to as ‘technical repre-

sentativeness’. This area focuses on the pro-

cesses and materials used in the system of 

study, and how well they match the reality 

of the site. If all the significant processes are 

captured and materials match with the reali-

ty, a very good data quality is achieved. How-

ever, if data for adjacent or similar materials 

or processes have been used e.g. information 

on processes used for marine dredged aggre-

gates rather than crushed aggregates, then 

it is assessed to be very poor quality.

Data quality can also cover many different 

aspects considering the large amount, and 

EPD generator routine



32
LIFE CYCLE    ASSESSMENT

variation in the types, of data needed discussed 

earlier. When it comes to foreground data and 

individual data points, there can be other as-

pects to consider on top of the representative-

ness. This can include:

	· Accuracy: there is often a common belief 

that using real data is always more accurate 

than using modelling data, however this 

is not always true. For example, collecting 

real data on emissions from an open site is 

difficult and will almost always leads to an 

underestimation of the emissions, as not 

all are captured. In this instance, modelling 

the emission data can be much more accu-

rate considering the knowledge that exists 

on the chemical and physical properties of 

emission releasing activities like combustion. 

However, in other instances, real data can 

be much more reliable than modelling data, 

for example for estimating the total energy 

used considering variations in a production 

process. Furthermore, real data collected 

with sensors that are poorly calibrated or 

can drift under use can also lead to lower 

accuracy. Therefore, it is important that the 

data source is individually examined and 

assessed so that the accuracy is adequate 

to get reliable results in the environmental 

assessment. 

	· Data source: Similar to thinking about the 

accuracy of the data used, it is also impor-

tant to consider the source of the data, and 

whether that could negatively impact the 

results from the environmental assessment. 

For example, if estimates have been used, 

the quality of the data used can vary greatly 

depending on how competent the person 

estimating is in that area. Similarly, if data 

has been collected from sub-contractors, 

there can be questions on how reliable their 

data collection methods are. Even models 

can vary from good quality models to poor 

quality models, so the individual models 

behind modelling data can also impact the 

quality of the final results. If data has to be 

used from an unreliable source due to im-

portant gaps, this should be clearly described 

in the background documentation of the en-

vironmental assessment.

	· Aggregation: as already discussed, the pro-

cess of aggregation can impact the results 

of the environmental assessment. This is be-

cause data might be collected continuously or 

in discreet intervals and so any fluctuations 

in performance are removed by the aggre-

gation process. This does make it easier 

for communicating the results in the EPD, 

however, it also makes it more difficult to 

identify improvement areas based on 

optimizing running conditions, and not 

every unit of product may carry the same 

environmental burden.

8.3	 Evaluating Site
Operations

Key for understanding the technical data needed to 

be collected, as well as for being able to develop 

a model of the production facility for conducting 

simulations, is an in-depth understanding of 

the aggregate production site itself. For many 

operators, this is an inherent part of their role 

and does not require much. However, it is also 

important to be able to describe the operations 

to match the LCA framing of the production fa-

cility, known as the system boundaries. This is 

described further below.

8.3.1	 Defining System Boundaries
The production facilities rely on many oth-

er processes within a value chain, and exactly 

which activities are under the producer’s in-
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fluence, or which contribute to environmental 

impact, is not always clear-cut. Hence, in LCA, 

particular guidelines and descriptions need to 

be provided to clearly define what is the pro-

duction system being described. A starting 

point for this process is identifying the mate-

rial source for the aggregate products, which 

include natural and secondary sources. In the 

case of products produced from natural sources, 

life cycle phases addressing the extraction, 

transportation, production, and End-of-Life 

phases are considered. As for products from 

secondary sources, only the production phase 

is included.

8.3.2	 Identifying processing activities 
at the site
Once the system boundary is set, all the pro-

cessing activities at a site need to be identified 

and allocated to a module. This helps with al-

locating environmental impacts to differ-

ent operations and products later in the envi-

ronmental assessment. The modules to which 

activities are allocated are determined by the 

EPD framework. 

8.3.3	 Activities after the production 
Processes
The life cycle of a product does not end after 

the production process, and many impacts can 

occur in activities after this stage. Within the 

EPD framework, it is compulsory to also report 

impacts that occur during the disposal or End-

of-Life of a product, as well as any impacts that 

go beyond the product system itself. 

8.3.3.1	 External transportation (A4)

The external transport of the products is an 

optional part of the EPD documentation. The 

transportation distance varies significantly in 

many cases, making it difficult to get an average 

estimate. However, in the c-PCR for aggregates 

from EPD Norge, the following guidelines are 

provided:

	· 50 Km should be used as the default travelling 

distance for aggregates from the manufacturing 

or intermediate storage site

	· Case-specific EPDs shall use actual freight 

distances within a given project.

8.3.3.2	 End-of-Life (C module)

It is often not known exactly how a product will 

be processed during its disposal at the manu-

facturing stage, especially for products like 

aggregates that can be used for over 50+ years 

in their final applications. Therefore, it is common 

practice to use a generic scenario that can be 

assumed to be representative of the product. 

Plantsmith has an in-built scenario so that the 

environmental impact for End-of-Life can be 

automatically calculated and included in the 

different products’ environmental profile. It is 

described as:

As the impact is automatically calculated, the 

user is not required to provide alternative 

scenarios or data concerning the End-of-Life 

of the products. However, if the user has 

calculated the environmental impact of a 

more product-specific scenario using the same 

LCIA characterisation models as stated in the 

PCR standard, the values for C-Module can be 

manually overridden in the templates. If this 

is done, it must be clearly stated in the back-

ground report.

8.3.3.3	 Benefits & loads beyond the system 

boundary (D Module)

Similarly to module C, module D is often not 

known for specific aggregate products, and, 

therefore, a scenario is used. Plantsmith auto-
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matically calculates the environmental impact 

for module D using the scenario described in 

module C and assuming 10% of the aggregate 

product is lost during its lifetime and will need 

to be replaced. Therefore, the user is not re-

quired to provide further information concerning 

this stage in the product life cycle. For more in-

formation on how module D is calculated, see 

section 4.4.1 in the licentiate thesis by (Lee, 

2024).

8.3.4	 System boundary assessed in 
ROTATE
By adopting the guideline in EN 15804:A2 

(2021), for the four pilot sites, i.e., Hormisoria, 

Lafarge, Velde, and CIMPOR-Alenquer, cradle-

to-gate with options system boundary has been 

assessed. This includes product phase (modules 

A1-A3), End-of-Life phase (modules C1-C4) 

and module D.

In the case of celestite production at Canteras 

Industriales, the cradle-to-gate system boundary 

has been assessed based on ISO 14040 and 

14044 standards. To conduct LCA and prepare 

EPDs for celestite products, EN 15804:A2 

(2021) has been used. This is because, at present, 

there is no celestite-specific PCR that provides 

specific guidelines for conducting LCA and 

preparing an EPD for celestite. Moreover, the 

production process value chain at Canteras 

Industriales resembles that of aggregate pro-

duction, and it is assumed that this particular 

pilot site is similar to aggregate processing. 

Modules A1-A3 are included, while modules 

C1-C4 and D are excluded from the assessment 

as there is a lack of data on processes for recy-

cling of strontium.

8.4	 Simulation

By understanding the activities involved in the 

production process at the site, a process simula-

tion model can be built in Plantsmith using the 

various unit models connected together to form 

a complete model of the plant. The process layout, 

equipment selection, condition of the units, and 

their operational strategy all determine the pro-

duction performance over time, and therefore, 

time should be taken to configure and calibrate 

the model as closely as possible to the running 

conditions of the plant. Plantsmith provides a 

steady-state simulation of the production to 

provide the user with an approximated perfor-

mance based on the mass-balancing of the circuit 

to match the general performance of the 

production over a given period.

8.4.1	 Process configuration
The definition of system boundaries and the 

mode of extraction define the mode of operation 

and the selection of templates in the platform. 

By defining whether the process handles mate-

rial from natural sources extracted by blasting, 

dredging, or excavation, the user can start 

creating the layout of the processing operations. 

The platform comes with a unit model library 

categorised based on operational categori-

sation. These can be drilling and blasting, crushers, 

screens, mills, classifiers, water treatments, 

conveyors, bins, stockpiles, mobile machinery 

and more. The library is continuously being ex-

panded with different types of unit models, 

accommodating both academic and industrial 

use cases. Table 12 presents a list of unit models 

that exist on the platform.
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The user starts with a blank canvas, as illus-

trated in Figure 14, selects the unit model form 

library and starts dragging in relevant models 

based on the purpose of the simulation and the 

model preferences. Each icon represents a unit 

in the process, and for a good representation of 

the process, all units should be included as they 

contribute to the overall energy use. When the 

units have been placed on the canvas, the mod-

els are connected together to form a coherent 

flowsheet. Adjustments to the location of units 

and stream connection should be made to im-

prove the readability of the process flowsheet 

(see Figure 15).
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Table 12
List of unit models 
developed or modified 
in Plantsmith to address 
the needs of the ROTATE 
Project.

Class Unit Unit models Description

Horizontal Shaft Impact 
crusher

Coarse comminution, Impact breakage, nonabrasive
applications.

Jaw
Coarse comminution, Compressive breakage, Hard ore

applications, etc.

 Comminution

Primary 
crushers

Gyratory
Coarse comminution, Compressive breakage, Hard ore

applications, etc.

Mobile crusher Coarse comminution, Impact breakage, and mobile.

Secondary 
crushers

Cone crushers Coarse comminution, Compressive breakage, high capacity.

Tertiary 
crushers

Vertical shaft impactor
Fine comminution, cubicising, Impact breakage, Hard ore 

applications, etc.

Crushing bucket Fine comminution, low volume operation.

Cyclones

Inclined
Size classification, inclined at an angle and vibrated with

linear or circular motion.Screens

Grizzly
Coarse classification, used for the sizing of feed to primary

and secondary crushers, and the screen is inclined and has a 
circular motion.

Mobile screen Size classification and mobile.

Wet
Removal of undesirable material, classification, and water 

spraying used for washing.

Air Fine classification, operates based on the centrifugal force.

Cyclones
Hydro

Fine classification, operates based on the outer centrifugal 
force and an inwardly acting drag and separates particles 

according to size, shape, and specific gravity.

  Auxiliary 
Equipment

Washing Washing drum Material washing.

Belt Conveyor Material transport between crushers and screeners.

Transport
Yellow machineries

Transport of blasted or excavated material and transport of 
material between different processing equipment.

Bin Storage.Material 
Storage Stockpile Storage.

Two-way and three-way 
splitters

Separate and create multiple mass flows..
Others

Water pumps Add water to the process for washing the material.
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Figure 14
Empty canvas ready for flowsheet creation.

Figure 15
A simple flowsheet of an aggregate production.
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In some cases, the site might have completely 

different operational strategies over the reference 

period as the market demand changes. With sig-

nificant alteration in the flowsheet or product 

groups, a separate flowsheet is recommended, 

either as a completely different flowsheet model 

or as a different version of the same process 

within the version control in Plantsmith (located 

on the right-hand side of the banner).

8.4.2	 Unit configuration
Each unit consists of a number of inputs and 

outputs. The primary input and output are the 

stream that connects each unit with any other 

unit. Multiple streams can be connected to the 

same input, and the calculations will sum up the 

properties as a function of mass flow. However, 

if two or more streams are pulled from the same 

output, then the streams have the same properties, 

and a copy is made, affecting the mass balance. 

This is to enable running multiple scenarios with 

the same flowsheet to compare process perfor-

mance in the same flowsheet. Some unit models, 

like screens, will inherently have multiple out-

puts, as is the case for the actual equipment. 

Most of the values for the streams can be defined 

in different source blocks. These can be defined 

from either a stockpile source unit or a drilling 

and blasting source unit and include mass flow, 

material density, Bond work index, abrasion in-

dex and other material properties that define 

the source material. Other stream properties 

are accumulative and do change depending on 

the unit models defined in the process and their 

operation. These include specific energy, specif-

ic fuel consumption and specific cost: all defined 

with the functional unit per tonne of materi-

al processed. Figure 16 illustrates the stream 

properties.

Each unit model includes a set of design, opera-

tional and mathematical variables which define 

the operational performance of that particular 

unit together with the stream properties. Most 

models have a unique set of variables. However, 

some might have a very similar set. For example, 

all cone crushers will have a representation of 

the smallest operational gap between the man-

tle and the concave, referred to as close-side 

settings or Closed Side Setting (CSS), or a screen 

model might have an aperture of the screen as 

a design variable. The set of available variables 

depends on the intended use of the models and 

the user´s preference. Some models are pre-

configured to enable a quick configuration of 

the units and plant, and will have a performance 

that is nominal for that unit based on data from 

site surveys or manufacturers. Other units in-

clude more mathematical variables and enable 

the user to calibrate their unit and process for 

a more accurate representation of the process 

model with the actual process.
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Figure 16
A configuration 
of the flowsheet 
with stream 
properties.
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8.5	 Unit and Process 
Calibration

Units and process calibration can be done on 

different abstraction levels. No automated cali-

bration routines are included in the platform, 

and all comparisons need to be done on a sepa-

rate platform such as MATLAB or Excel. 

Within the EPD framework, the data is collected 

for a year of operation. However, the process 

will experience several disturbances, as a fact of 

normal operations, over a year that is not included 

nor reflected in the process models, as they are 

steady-state models. These disturbances can be 

from aspects of wear, maintenance, failures and 

variability in the source properties and are not 

included in the simulations, making it difficult 

to fully compare the simulation to the actual re-

ality. However, if the same operational strategy 

has been applied throughout the year, the ratios 

between the different products can be used as 

a proxy for the calibration by adjusting the unit 

configuration to achieve an appropriate mass 

and energy balance throughout the process, 

as this will improve the representability of the 

automatic allocation. For higher-level calibra-

tion, which might be needed to evaluate pro-

cess improvements regarding process yields or 

resource efficiency, a shorter period should be 

used where the process is operating close to the 

intended design capacity, and unit models which 

include mathematical variables should also be 

applied. 

8.6	 Input Production and 
Consumable Data

Considering the steady-state nature of the 

simulations, it is difficult to capture fluctuations 

and changes that happen in reality, especially 

when considering a one-year time frame. Therefore, 

it is important to input real data on production 

and consumption to gain useful and reliable re-

sults. For manual input data, production and 

consumable data can be entered directly in the 

EPD tab identified by a leaf symbol in both the 

‘Production’ and ‘Consumables’ sections. To gain 

more insights into the production, it is also im-

portant to include the individual products and 

group them appropriately to estimate their in-

dividual environmental performance. This can 

be done by creating ‘Product Groups’ under the 

production section in Plantsmith. More details 

on how product groups can be created are 

provided in the section 8.6.1. It is not necessary 

to create product groups, either, or each product 

group can consist of just one product, giving the 

user the flexibility in how the environmental 

assessment results are presented.

8.6.1	 Product and Product Groups 
Configuration
The internal allocation between different products 

is done by creating sub-classes of products re-

ferred to as product groups. Products within the 

same group are assumed to consume the same 

amount of resources for their production due to 

their similar processing needs. Consumable data 

within the boundaries of the product system is 

allocated to each group on the basis of the total 

mass produced in one year within that group, 

if not specified otherwise. Specific processing 

steps that are only applied to a single product 

group or limited to selected product groups 

should only be allocated to the respective product 

groups. This applies to the use of any specific 

additives as well.

The majority of EPDs have product groups that 

are linked to the extraction of products from 

each individual crushing stage. If the crushing 

plant has multiple stages of crushing, it can lead 
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to multiple product groups. For example, from 

Figure 15, it can be observed that the multiple 

products are drawn from different points in the 

circuit. These products can be grouped under a 

product group based on where they are drawn 

from the circuit. In this case, 3 groups can be 

created. Table 13 shows an example of how 

products may be grouped and the production 

data collected for input.

8.7	 Allocation
Once the models are built based on the technical 

data collected and the production and consuma-

ble data inputted into Plantsmith. The resources 

needed for each product in production can be 

allocated to gain an individual environmental 

profile for each product/ product group defined. 

To understand where environmental burdens 

occur in the manufacturing process, allocation 

occurs in two steps: first, per module, and second, 

per product/product group.

According to EN 15804:A2 (2021), materi-

al flows carrying specific inherent properties 

shall always be allocated, reflecting the physical 

flows, irrespective of the allocation chosen for 

the process. In the case of aggregate products, 

this is reflected by the change in specific ener-

gy (kWh/t) for each product group, which is dis-

tinct with only minor changes between products 

within the same product group.

The sum of the allocated inputs and outputs of a 

unit process shall always be equal to the inputs 

and outputs of the unit process before alloca-

tion. This means no double-counting or omission 

of inputs or outputs through allocation should 

occur.

8.7.1	 Allocation per Module
First is the allocation to different modules in the 

system, A1 - A3. This refers to resource use that 

is used with specific operations in the process. 

The general rule is that the allocation is done 

based on mass. However, specific processing 

steps that are only applied to a single product 

group or limited to selected product groups 

should only be allocated to the respective 

product groups. This same principle concerns 

different steps in the systems. For example, 
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Table 13
Grouping of products based 
on the crushing stages.

Product Groups

Group 2

Group 3

Product size

0/32 mm

32/64 mm

16/25 mm

Unit

tonne/year

tonne/year

tonne/year

8/11/ mm tonne/year

11/16 mm tonne/year

Comments

Products that are produced after the
primary and secondary crushing stages.

Products that are produced after the 
tertiary crushing stage.

Group 1 0/25 mm tonne/year Uncrushed product

5/8 mm tonne/year

0/2 mm tonne/year

2/5 mm tonne/year
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blasting is only applied to A1, and water might 

only be applied to the production of aggregates 

in A3. This configuration is site dependent. 

However, it needs to reflect the physical reality 

of the production of product within that system. 

Each product shares an equal allocation within 

A1 and A2 based on mass. The sum of the allo-

cated inputs and outputs of consumables should 

be equal to 100% between A1, A2 and A3. 

Table 14 shows the allocation of diesel into the 

A1, A2, and A3 life cycle modules, based on the 

operations involving the use of yellow machines. 

1.	 Example for A1

	· Driller Flexiroc T35 is used for drilling 

holes, which is part of the raw material ex-

traction process, and diesel consumed in 

this process is allocated to A1. 

	· Whereas CAT 390 is used for loading the 

rocks onto the truck, which is part of the 

loading and hauling process, and diesel 

consumed in this process is allocated to A1. 

2.	 Example for A2

	· A wheel loader, Cat 980M, is used for trans-

ferring material between the processing 

equipment, and the diesel consumed in this 

process is allocated to A2.

	· A truck Cat 775 is used for transporting 

the material from the extraction site to the 

processing site, and diesel consumed in this 

process is allocated to A2.

3.	 Example for A3

	· A wheel loader Cat 972M is used for blending 

of multiple fractions of aggregate product 

(e.g., 0/4, 4/8, and 8/16) to produce 0/16. 

Since this operation involves the production 

of a product, it is allocated to A3.

Similar allocation can be performed for other 

yellow machinery based on their use. 

8.7.2	 Allocation per Product/Product 
Group
It is not until the second allocation phase within A3 

that a distinction between the different prod-

uct groups is created. Here, the resources allo-

cated to A3 are distributed based on both mass 

and specific energy. Electrical power used in the 

production is distributed based on the calculat-

ed specific energy of producing each production 

stream, while other resources are distributed 

based on the mass of the product produced.

8.8	 Simulation results
The simulations are steady-state, which covers 

mass balance, energy balance and cost balance. 

When the process has been linked to defined 

product groups, the environmental impact per 

group can be calculated. If the simulation has 

reached mass balance, the simulation log will 

state:

EPD generator routine

Table 14
Description of the use of 
yellow machines.

Yellow
machines

Cat 980M

Use

Loading and
transferring

Quantity in 
litres per year

--

Life cycle 
module

CAT 390
Clearing, picking 

of large rocks., and 
loading.

-- A1

A2

Flexiroc T35 Drilling -- A1

Hauling --Cat 775 A3

Blending --Cat 972M A3

Figure 17
Simulation log for a successfully 
completed simulation.
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There are 4 levels of information that can be 

provided to the user as a part of the simulation 

routine. The initial one is the message illustrated 

in Figure 17. The remaining three notifications 

can be troubleshooted using the Plantsmith help 

pages and include:

	· Note: Information provided from the unit 

model

	· Warning: warning defined in the code by the 

developer, such as a model outside the specific 

variable range

	· Error: failed simulation, mass balance not 

achieved.

8.8.1	 Process Results
Provided that the process model has reached 

a mass and energy balance, there are different 

process responses that are illustrated in the 

user interface. Some are illustrated directly on 

the canvas, either next to the equipment model 

or in the stream. The results panel that appears 

after the simulation can also be accessed by the 

button shown in Figure 18.

The simulation results can be extracted in different 

formats by the buttons shown in Figure 19. The 

simulation results can be extracted as a PDF file, 

CSV or XLS. 

In the results panel to the left in the user inter-

face, the following information is illustrated:

	· PSD for all streams.

	· Specific energy for all streams.

	· Equipment utilisation.

	· Conversion of all stream properties.

Figure 20 and Figure 21 shown an example of 

the PSD and the specific energy as the material 

gets processed, respectively. Different colour 

schemes are used for each stream to simplify 

the identification of different streams.

EPD generator routine

Figure 19
Report generation 
buttons within the 
Plantsmith interface. a) 
for PDF format, b) for 
CSV format, and c) for 
XLS format.

Figure 18
Results button within the 
Plantsmith interface.

Figure 20
Particle Size Distribution for 
all the streams.
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In the canvas itself, different results can be seen 

that are based on the unit model and the stream. 

Figure 22 illustrates an example of stream and 

unit model results. The unit model results are 

model-dependent and will differ depending on 

the model applied in the backend.

8.8.2	 Allocation matrix
On Plantsmith, an automatic allocation matrix 

is generated upon successful simulation. The 

allocation matrix is generated based on the 

mass and the energy balance. Figure 23 shows 

an example of an allocation matrix generated 

on Plantsmith. In addition, it is possible to adjust 

the matrix manually if necessary. This allocation 

matrix is later used in the LCA to distinguish the 

environmental impact among different products.

EPD generator routine

Figure 21
Specific energy for all the 
streams.

Figure 22
Example of results for the 
stream and unit model.

Figure 23
Example of allocation matrix 
generated on Plantsmith.
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8.9	 LCA and EPD module

The environmental module of the platform can 

be accessed by the EPD button in the taskbar, 

depicted by a leaf. Once clicked, the EPD and 

LCA menu appears to the left of the canvas (see 

Figure 24). The corresponding tabs are used to 

enter all the relevant information collected by 

the user for the production site needed to quan-

tify the environmental impact. This can include 

production data, consumables, site-specific in-

formation and more. 

After the process simulation and allocation 

of consumables to different product/product 

groups, environmental impacts for each 

product/product group can be quantified. In 

the results tab, the impact for each stage (A1-

A3) is shown, and the impacts for each product 

group: Figure 25 shows the results on the core 

and additional impact categories, resource use, 

and waste displayed on the user interface.

EPD generator routine

Figure 24
EPD and LCA Menu in the 
platform.
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EPD generator routine

Figure 25
Indicators describing environmental impacts based on LCIA for one declared unit of 
product group per life cycle stage shown on the user interface.
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Environmental impacts can be extracted with 

LCA and EPD reports. These are generated at 

the bottom of the EPD and LCA Menu (see Figure 

28). The reports are generated in Word format 

to simplify editing and enable additional infor-

mation and illustrations to be added if needed 

for verifying the LCA and EPD documents.

8.9.1	 Contribution Analysis
One of the analyses that is included in the re-

ports is the contribution analysis. The different 

life cycle stages have different contribution on 

the total environmental impacts associated with 

the production of aggregates. These differences 

are given per product group to understand the 

significance of different life cycle stages on the 

overall environmental impact. 

Similarly, different flows have different contribution 

on the total environmental impacts associated 

with the products. Specific resources will have 

a higher contribution compared to others in 

specific impact categories. The following five 

impact categories for different product groups 

are analysed: 

	· Global Warming Potential, GWP- total;

	· Depletion potential of the stratospheric 

ozone layer, ODP;

	· Acidification potential, Accumulated Ex-

ceedance, AP;

	· Eutrophication potential, fraction of nutrients 

reaching freshwater end compartment, EP- 

freshwater; and

	· Formation potential of tropospheric ozone, 

POCP.

Table 15 illustrates an example of a contribution 

analysis for a process that has three different 

product groups.

8.9.2	 Sensitivity Analysis
Various decisions need to be made throughout 

the quantification of the environmental impacts. 

These decisions and the inputs into the system 

will influence the result of the study. To evaluate 

how key data inputs and methodological choices 

could affect the results, a sensitivity analysis 

needs to be conducted where alternative sce-

narios have been modelled and compared to the 

final results.

This is not generated as the other results, and 

the user needs to select inputs to vary and in-

crease or decrease the input values. An example 

of this could be increasing the input of a low-

er-quality data set by 20% to see how much an 

assumption error in the input could affect the 

EPD generator routine

Table 15
Example of contribution analysis 
extracted from the LCA report.

Product 
group 

Impact category
Highest impact 

resource
% of total 

impact

Group 1 ODP Explosives 47.5

Group 1 AP Explosives 95.6

Group 1 GWP Explosives 60.7

EP-fresh water ExplosivesGroup 1 73.1

POCP ExplosivesGroup 1 93.3

Group 2 GWP Explosives 59.6

Group 2 ODP Explosives 44

AP ExplosivesGroup 2 95.5

EP-fresh water ExplosivesGroup 2 71.7

POCP ExplosivesGroup 2 93.1

GWP ExplosivesGroup 3 57.3

Group 3 ODP Explosives 37.7

Group 3 AP Explosives 95

EP-fresh water ExplosivesGroup 3 68.7

POCP ExplosivesGroup 3 92.8
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final results. An additional scenario would be to 

use a system input that has a high contribution, 

as identified from the contribution analysis and 

run the process model with a higher input of this 

consumable. Table 16 illustrates the sensitivity 

results table in the LCA report. The user defines 

at least one scenario for at least one product 

group for the sensitivity analysis.

Table 16
The overview of the sensitivity 
analysis table.

Baseline (total for A1-A3 per 
DU for Product Group [X])

Increase in significant 
input by X%

Parameter describing 
environmental impacts

GWP-fossil

GWP-biogenic

GWP-total

GWP-LULUC

GWP-GHG

ODP

AP

EP-freshwater

EP-freshwater kg P

EP-marine

EP-terrestrial

POCP

ADP-minerals & metals

ADP-fossil fuels

WDP

Change from baseline
(%)

PM*

IRP*

ETP-fw*

HTP-c*

HTP-nc*

SQP*

09
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EU Soil Survey and Health Conservation Management Plan (SSHCMP)
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09Conclusion

This volume describes the procedure that needs 

to be followed while performing process and en-

vironmental impact evaluations on Plantsmith. 

The volume provides an outline on the routines 

to conduct process simulation and LCA of 

producing aggregate products on Plantsmith. 

By employing steady-state process modelling 

and modular LCA methodologies aligned with 

the EPD framework, the Plantsmith enables the 

quantification of product-specific environmen-

tal impacts. Integrating process simulation and 

LCA provides users with a good starting point 

to focus on allocating consumables and waste 

for producing different products. Additionally, 

the platform can generate LCA and EPD reports 

that can be used for external communication 

and also offers actionable insights for producers 

that can assist in improving resource efficiency 

and reducing environmental impacts.

Using Plantsmith not only helps producers align 

with environmental regulations but also con-

tributes to broader sustainability objectives, in-

cluding reducing emissions, conserving natural 

resources, and enhancing operational transpar-

ency. Adopting digital solutions and standard-

ised assessment frameworks helps in meeting 

regulatory and market demands.
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