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Before we start..



Why LCA: Importance of LCA and intro

Main objectives:

The Life Cycle Assessment allows us to 
assess the environmental impacts and 
performance improvements of any product 
or process. The methodology, which follows 
the guidelines of ISO 14040/14044:2006, 
will be used to characterise environmental 
impacts through the whole value chain, 
including raw material provisioning, 
production, transport, usage and end-of-life 
phases. 



Goal and scope definition

As the goal and scope phase initiates your
LCA, it sets the foundation for the entire
assessment, defining its purpose, boundaries,
and functional unit. Understanding the
intricacies of this phase is crucial for
comprehensive and meaningful environmental
analysis.

Setting the goal of your LCA defines the
purpose or “why” behind the assessment.

Equally important to setting the goal is
deciding the scope of the LCA,
capturing “what” your assessment focuses
on.

LCA 4 stages

Goal & scope 
definition

Inventory analysis
& data collection

Environmental 
impact assessment

Interpretation
& conclusions



Inventory analysis & data collection

This phase is a technical process of data
collection, in order to quantify the inputs and
outputs of the system, as defined in the scope.

In this stage, all emissions released to the
environment (i.e. air, water, soil and solid
wastes), resources consumption (i.e. energy
and raw materials) along the whole
production life cycle, as defined in the scope
and in relation to the functional unit (ISO,
2006b) are gathered.

LCA 4 stages

Goal & scope 
definition

Inventory analysis
& data collection

Environmental 
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& conclusions



Inventory analysis & data collection

Inputs Outputs



Environmental impact assessment

During this stage, LCI results are translated,
applying an impact assessment method, into
environmental impacts at the midpoint or at
the endpoint.

In brief, it is the process to identify and
characterise the potential effects produced in
the environment by the system under
analysis.

LCA 4 stages
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Interpretation
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Interpretation & conclusions

In this phase, the obtained results are
presented in a synthetic way, showing the
critical sources of impacts and the feasible
options to reduce them.

The interpretation is useful to indicate the
results consistency according to all the aspects
defined during the goal and scope stage.
Significant issues need to be identified (main
process contributing most to the results) and
recommendations are provided.

LCA 4 stages

Goal & scope 
definition

Inventory analysis
& data collection

Environmental 
impact assessment

Interpretation
& conclusions
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Practical example

Q&A



Let’s start with a simple question!



Upscaling data for LCA studies-Context

Life Cycle Assessments are crucial for analyzing and optimizing emerging technologies’ conceivable
environmental performance.

However, emerging technologies are often subject to high uncertainties and are still at laboratory
or pilot scale, necessitating the scale-up of LCA relevant data, such as energy and material flows, to
an industrial level.

Lab scale Pilot scale
Industrial 

scale



The Technology Readiness Level (TRL) to assess the 
technology’s maturity 

From laboratory scale..

• Fundamental properties of technologies and
processes

• Greater uncertainties

• Lower throughputs

• Lower efficiencies

• Lower levels of automation

… to industrial scale:

• Efficiency

• Mature technology 

• Optimized parameters at maximum capacity 
and minimum cost

• Synergy effects and advanced techniques

1 Basic observations

2 Technology conceptualized

3 Proof of concept validation

4 Partial-scale - Prototype & Modeling

5 Partial scale - Prototype validation

6 Full-scale prototype - Field demonstration

7 Full scale prototype in commercial conditions

8 Final commercial product certification

9 Final commercial product is bank-financeable

Laboratory

Pilot

Industrial



How does the TRL affect our LCA results?

• An LCA study of a laboratory process is
useful for various purposes such as:

• Evaluating potential environmental
impacts

• Comparing alternatives

• Identifying hotspot

• Choosing production routes and
improving the processes themselves

• Allowing for more flexibility

• Adapting the process1

1 (Finnveden et al., 2009; Kralisch et al., 2015; Ness et al., 2007)

However, laboratory processes are not optimized. Thus, a comparison with a developed counterpart on the market is irrelevant and
disfavors a potential sustainable product under development.

Theoretical scale-up of the production process
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How can I scale-up my laboratory data?

It exists different methods, from the easiest and less time-consuming to the more complex2:

2
Erakca et al., 2024

Simple 
extrapolation

Approximation

Process 
engineering 

Simulation

Advanced 
empirical 

scaling 

Modular 
influence 

estimation 

Molecular 
structure-

based 
model 

Let’s have an overview of some methods.



Simple extrapolation

The simple extrapolation
aims at adjusting the LCI
data or directly the
environmental impacts by a
certain factor without using
complex calculations.

This typically involves the
enlargement or reduction of
a few selected values, such
as reducing lab-scale
material or energy
consumption.

The extrapolated values of
larger-scale productions are
usually provided in literature
to mimic industrial
production.

Cell manufacturing energy demand in Wh per Wh cell energy storage capacities 
for different studies on varying production scales2

2
Erakca et al., 2024



Approximation

The approximation method utilizes existing reference technologies and data to upscale the LCI from laboratory to industry.

The approach considers:

• A qualitative description of
the lab-scale preparation to
identify potential industrial
production methods.

• A quantitative description of
the lab-scale processes to
identify necessary precursors
and reaction kinetics and
characteristics.
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Similar
industrial 
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method 

Schematic representation of information 
flow in the scale-up framework3. 

3
Simon et al., 2016



Process engineering

The process engineering method proposes a scale-up considering mathematical, physical, or chemical calculations.

Piccinno et al. (2016) built a scaling methodology that is
versatile and applicable to a variety of chemical processes at
different scales.

The methodology includes identifying the critical process
parameters that are essential for scaling up, such as:

• Reactor size
• Temperature
• Residence time

Detailed formulas and mathematical calculations, and default
values are provided to calculate material and energy flows, as
well as emissions and waste outputs, for a hypothetical
industrial scale.

Where:

Estir= stirring energy;
NP = dimensionless number at turbulent flow
(specific to impeller type);
ρmix= density of reaction mixture;
N = rotational velocity of stirring;
d = impeller diameter;
t = time;
ηstir= efficiency of stirring

𝐸𝑠𝑡𝑖𝑟 =
𝑁𝑃 ∗ 𝜌𝑚𝑖𝑥 ∗ 𝑁3 ∗ 𝑑5 ∗ 𝑡

𝜂𝑠𝑡𝑖𝑟

Upscaling of the stirring energy:



Simulation

The simulation methodology involves the use of simulation software, like Aspen Plus (Aspen Technology Inc, 2023).

Ammonia synthesis – Process simulation4. 

4
Tripodi et al., 2017



Practical example
Now we know how to upscale the data, let’s see how it can affect the results. 

Flow Normalized amount/FU Ecoinvent unit process

INPUTS
Fractionated lignin 0,250 kg Dry kraft lignin powder

1,2-Epoxybutane 0,129 kg Propylene oxide, liquid {RER}| production | Cut-off, U
Tetrahydrofuran (THF) 1,428 kg Tetrahydrofuran {RER}| production | Cut-off, U

Boron trifluoride etherate 0,031 kg Boron trifluoride {GLO}| market for | Cut-off, U

N,N-dimethylethylamine 0,027 kg Triethyl amine {RER}| production | Cut-off, U

Cooling water flow 0,209 m3 Tap water {RER}| market group for tap water| Cut-off, U

Rotary evaporator 5200 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Vacuum pump 480 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Drying oven 9600 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Overhead stirrer 160 Wh Electricity, low voltage {IT}| market for | Cut-off, U

OUTPUTS
Lignin based polyol 1 kg /

Tetrahydrofuran (unknow purity) 0,855 kg
Spent solvent mixture {Europe without Switzerland}| market for 

spent solvent mixture | Cut-off, U
Emissions to water 0,209 m3 Wastewater, unpolluted {CH}| market for | Cut-off, U

Traces of remaining volatile 
compounds

0,010 kg Neglected

This is the LCI to produce 1kg of lignin-based polyols at laboratory scale:
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What input/output will change if we upscale the process?
Let’s make a simple extrapolation and see what inputs/outputs can be modified by upscaling the process in a pilot plant: 

• The tetrahydrofuran (THF) will be changed for its bio-based version (Butane-1,4-diol made of sugarcane).

• According to its technical sheet, the solvent THF will be recovered at 90%.

• The water for cooling will be recirculated in a circulator. 

• For the solvent removal, the distillation will be performed directly in the reactor of the synthesis using a water-
cooled condenser and a heat circulator.

• The electricity consumption will be lower (no more drying oven or rotary evaporator which were energy-
consuming, the stirrer and the vacuum pump electricity consumption will be adjusted according to their 
dimensions and efficiency).

• Half of the electricity will come from renewable energies production (assumption).



Flow Normalized amount/FU Ecoinvent unit process

INPUTS
Fractionated lignin 0,250 kg Dry kraft lignin powder

1,2-Epoxybutane 0,129 kg Propylene oxide, liquid {RER}| production | Cut-off, U
Bio-based tetrahydrofuran (Bio THF) 1,428 kg Bio-Tetrahydrofuran

Boron trifluoride etherate 0,031 kg Boron trifluoride {GLO}| market for | Cut-off, U

N,N-dimethylethylamine 0,027 kg Triethyl amine {RER}| production | Cut-off, U

Cooling water flow 0 m3 /

Vacuum pump 240 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Heating circulator 4000 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Overhead stirrer 80 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Low temperature circulator 600Wh Electricity, low voltage {IT}| market for | Cut-off, U

OUTPUTS
Lignin based polyol 1 kg /

Bio-Tetrahydrofuran (unknow purity) 0,085 kg (90% recycled)
Spent solvent mixture {Europe without Switzerland}| market for spent 

solvent mixture | Cut-off, U
Emissions to water 0 m3 /

Traces of remaining volatile 
compounds

0,010 kg Neglected

How does the upscale affect the environmental impacts?

Upscaling the process involves updating the inventory:
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Conclusions

What will a 
new 

technology 
look like in the 

future?

Define a projected 
technology scenario

Design a projected 
LCA flowchart

Estimate data for 
each unit process in 
the LCA flowchart

Can detailed 
data on process 

operation 
conditions be 

derived?

YesIs there access to 
simulation 
software?

YesDo process 
simulation

Do manual 
calculations

Is it a chemical 

technology?

No

No

Use proxy

Yes
Is there 

information on a 
synthesis route 

and process 
conditions?

No

No

Use molecular 
structure models

Yes
Do manual calculations using 
stoichiometric relationships

PROJECTED TECHNOLOGY 
SCENARIO DEFINITION

PREPARATION OF A 
PROJECTED LCA FLOWCHART

PROJECTED DATA ESTIMATION

Decision tree for upscaling of an 
emerging technology5

5
Natalya Tsoy et al. (2020)
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Calculation methods – What are we talking about?

Life Cycle Impact Assessment (LCIA) methods
are essential tools in LCA, transforming raw data
into understandable impact scores.

These methods categorize and quantify the
environmental impacts of various processes,
allowing organizations to evaluate and mitigate
the environmental footprint of their products
and services.

Understanding the different LCIA methods is
crucial for making informed decisions about
environmental sustainability 5.

5
https://ecochain.com
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Calculation methods are used during the 
Environmental impact assessment phase



How does it work? (Briefly)

The LCA softwares (SimaPro, GaBi, OpenLCA, etc.) generally include different calculations methods
which are recognized scientific tools developed to calculate the environmental impacts associated to a
system.

The data collected during an LCA (raw material, energy, waste) need to be translated into numerical
results that can be interpreted and understood, which is where LCIA methods come in.

LCIA methods utilize the following concepts to achieve this:

•Impact categories

•Impact factors (or characterization factors)

The substances that contribute to an impact category are multiplied by a characterization factor that
expresses the relative contribution of the substance. 

Let’s take an example.



Example of common impact categories in the LCIA methods

Climate change (kg CO2 eq)

Acidification (kg mol H+)

Eco-toxicity (freshwater) (CTUe)

Eutrophication (kg PO4-)

Land use (m2a )



What are the different LCIA methods?

LCIA methods prioritize different impact categories based on the focus of the study. Standards may
mandate certain methods or require reporting on particular impact categories. The slides that follow
describe some of the most commonly used LCIA methods.

European LCIA method:

• Environmental Footprint v3.1

• EN15804+A2 (EU construction sector)

Global LCIA method:

• ReCiPe 2016

US LCIA method:

• TRACI

•AWARE
•BEES+
•CML-IA
•Cumulative Energy Demand
•Ecological Scarcity 2006
•Ecosystem Damage Potential
•Environmental Footprint method v3.0
•ILCD Midpoint +
•IPCC 2013 GWP 100a
•ReCiPe 2006 and 2008 Midpoint and Endpoint
•TRACI 2.1
•USETox 2



Environmental Footprint v3.1

Purpose and 
target group

Designed to standardize and harmonize environmental impact assessments across European non-construction
sectors, enabling comparability of LCA results to support businesses, policymakers, and consumers in making
informed, sustainable decisions.

Region Europe, but applicable to global contexts

Source or 
author

The Environmental Footprint initiative was initiated by the Joint Research Centre (JRC) in 2013 (Pilot phase:
2013-2019; Transition phase 2019-ongoing).

Overarching 
standard

Product Environmental Footprint (PEF)

Latest 
changes

EF v3.1 (2022) builds on previous versions by integrating the latest scientific research and updating
characterization factors across a range of impact categories, such as climate change, acidification, ecotoxicity,
photochemical ozone formation, and human toxicity.

https://eplca.jrc.ec.europa.eu/LCDN/developerEF.html
https://publications.jrc.ec.europa.eu/repository/handle/JRC115959
https://helpcenter.ecochain.com/en/articles/9497557-helix-explained-environmental-footprint-method


EN15804+A2 (EU construction sector)

Purpose and 
target group

Construction companies who want to create Environmental Product Declarations (EPDs). It ensures that the
EPDs in the construction sector are transparent and comparable, making it fairer.

Region Europe

Source or 
author

Initiated by the EU in 2012

Overarching 
standard

EN15804 + A2 “Sustainability of construction works - Environmental product declarations - Core rules for the
product category of construction products”.

Latest 
changes

In June 2019, EN15804 was revised and accepted by the European Committee for Standardization (CEN). The
revised version of EN15804 makes the EPDs more aligned with the European Commission’s ‘Product
Environmental Footprint (PEF)’.

Other
In the Netherlands, the EN15804 is the foundation for the NMD Bepalingsmethode.

https://helpcenter.ecochain.com/en/articles/9117232-environmental-product-declaration-epd-the-complete-guide
https://helpcenter.ecochain.com/en/articles/9055669-explained-lcia-methods


ReCiPe 2016

Purpose and 
target group

ReCiPe 2016 offers both midpoint and endpoint indicators. This dual-level approach allows users to choose
between a detailed analysis (midpoints) or a more simplified, overarching view of environmental impacts
(endpoints). It targets LCA practitioners, researchers, policymakers, industry professionals, and consultants who
need a versatile and reliable tool for environmental impact assessment.

Explanation ReCiPe 2016 v1.1 midpoint method, Hierarchist version is the default ReCiPe midpoint method.

Region Global

Source or 
author

Created by created by RIVM, Radboud University, Norwegian University of Science and Technology, and PRé
Consultants.

Overarching 
standard

ReCiPe. ReCiPe follows Recipe 2008.

Latest 
changes

The method includes global normalization factors for the reference year 2010



TRACI 2.2

Purpose and 
target group

Tool for Reduction and Assessment of Chemicals and Other Environmental Impacts (TRACI) is a midpoint
oriented LCIA methodology developed by the US Environmental Protection Agency specifically for the US.

Region North America

Source or 
author

Initiated by the US EPA in August 2002

Overarching 
standard

/

Latest 
changes

EPA updated TRACI in 2021 to include spatially-specific eutrophication factors, which have been documented in
the Henderson et. al paper below.



Let’s compare the same product with two different LCIA methods

In the software SimaPro, we evaluated the environmental impacts of 1kg of polyethylene terephtalate with two different 
methods:  

ReCiPe 2016 Midpoint (H)

Environmental Footprint v3.1



Let’s do a small exercice

The following tables show the inventory of two random products, which one is the most impactful
product in the global warming impact category?

Product n°1 (produced in France)

Inputs

Polyéthylène 
téréphtalate (PET)

0,95 kg

Polystyrène (PS) 0,16 kg

Electricity 2,59 kWh

Outputs

Product n°1 1 kg

Plastic waste 
(incinerated)

0,11 kg

Product n°2 (produced in Italy)

Inputs

Polychlorure de vinyle 
(PVC)

0,08 kg

Polypropylène (PP) 1,18 kg

Electricity 3,01 kWh

Outputs

Product n°2 1 kg

Plastic waste (landfilled) 0,26 kg

Input/output Factor Unit

PET 3,12 kg CO2 eq/kg

PVC 5,02 kg CO2 eq/kg

PP 2,1 kg CO2 eq/kg

PS 10,4 kg CO2 eq/kg

Electricity (FR) 0,0695 kg CO2 eq/kWh

Electricity (ES) 0,178 kg CO2 eq/kWh

Electricity (IT) 0,322 kg CO2 eq/kWh

Plastic waste 
(incineration)

2,38 kg CO2 eq/kg

Plastic waste 
(landfilled)

0,0949 kg CO2 eq/kg



Let’s get the answer!



Product n°1 is the most impactful in GWP category

Product n°1

Inputs

Polyéthylène téréphtalate (PET) 0,95 kg

Polypropylène (PP) 0,16 kg

Electricity 2,59 kWh

Outputs

Product n°1 1 kg

Plastic waste (incinerated) 0,11 kg

TOTAL 5,07 kg CO2 eq

We just did the job that Simapro does for more complex processes and other impact categories.

Product n°2

Inputs

Polychlorure de vinyle (PVC) 0,08 kg

Polypropylène (PP) 1,18 kg

Electricity 3,01 kWh

Outputs

Product n°2 1 kg

Plastic waste (landfilled) 0,26 kg

TOTAL 3,87 kg CO2 eq



What should I keep in mind regarding calculation methods?

• Calculation methods categorize and quantify the environmental impacts of various processes.

• They translate the data previously collected (material, resources, waste) into numerical results that 
can be interpreted and understood, and the corresponding impacts can be mitigated.

• It exists several calculation methods that change according to the region, the purpose of the study 
or the sector where our assessment applies.

• The calculations methods have an influence on the LCA results.

• Understanding the different LCIA methods is crucial for making informed decisions about 
environmental sustainability
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