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Role of Open-LCA in sustainable 

aquaculture development

Introduction

Over the past five decades, aquaculture production has rapidly increased, doubling every ten years and emerging as the fastest-growing food sector. This 

growth is attributed to expanded production areas, improved husbandry knowledge, and technological advancements. With rising demand for seafood and 

animal protein, aquaculture offers a promising alternative to wild fisheries. Two main aquaculture systems exist: intensive, focusing on high animal 

productivity with species like salmon, sea bass, and tilapia, and extensive, involving species such as clam, mussel, and oyster, relying on natural water 

productivity [1]. Life Cycle Assessment (LCA) plays a vital role in evaluating the environmental impacts of aquaculture, though challenges remain in 

standardizing LCA tools, particularly for extensive systems [2]. The software Open-LCA has been used to assess the environmental impact of mollusk 

farming in  the Po river delta (Northern Adriatic sea), the most productive area for clam farming in Europe and in the Menai Strait (Northern Wales), 

where mussel farming is particularly developed, aiding in overall environmental sustainability assessment by integrating with bivalves' carbon storage 

capacity.

Materials and Methods

Results
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Life Cycle Assessment (LCA) is recognised as a valuable tool for conducting environmental impact analyses within the mussel and clam farming industry. 

In addition, the inclusion of carbon sequestration during the calcification process of mussels and clams highlights the significant contribution of biological 

processes to the overall impact and emphasises the need to establish a database that facilitates the inclusion of these aspects in LCA analyses.

Conclusions

F.U. 1 ton of clam or mussel at the port gate.     System boundaries: raw material production (cradle) to bivalve at the port (grave)

LCA Method: ReCiPe midpoint (H) v.1.12.     Uncertainty analysis: Monte Carlo simulation (1000 iteraction and 95% significance level). 
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PRELIMINARY RESULTS 

OUTCOMES

INTRODUCTION

The authors acknowledge Ms. Ivana Štular & Ms. Marta Kozole, Faculty of Chemistry and Chemical Technology, University of Ljubljana, for their 
contributions to the VOCs emission tests.

The long-term storage of historical paper collections is a critical 
problem for decision-makers in museums, libraries, and archives which 
significantly affects conservation management standards of paper 
collections. It is still unspecified which type of packaging materials 
(plastic/cardboard, lignin-free/lignin-containing boxes) is more 
protective for paper collection and environmentally preferable. The aim 
of this research is to promote sustainable green approaches to the 
environmental and socio-economic management of stored paper 
collections. Life cycle assessment (LCA), life cycle costing (LCC)  and 
social life cycle assessment (S-LCA)  will be used as advanced 
quantitative tools for sustainability assessment.

Different types of new packaging boxes with different configurations 
provided by several suppliers (ZFB, Germany; Klug, Germany; JPP, UK), 
were selected for analysis. In addition, recycled-by deacidification archival 
boxes used for storage of the National University Library’s collection 
(NUK), Slovenia. In this research, different methods will be implemented 
as follow;
• Determination of VOC emissions in different environmental conditions 

for the different types of boxes prior to gas chromatography–mass 
spectrometry (GC–MS) and ion chromatography (IC) analysis. 

• Evaluation of the degradation of stored heritage paper collection to 
assess the long-term storage in indoor environmental conditions. 
Accelerated aging will be carried out by subjecting the boxes to 
temperature cycles while monitoring the VOC emissions. The decrease 
in the degree of polymerization (DP) of reference paper will also be 
measured. New boxes will be chosen for the assessment from the long-
term storage perspectives and compared to the recycled boxes from 
NUK.

• LCA, LCC and S-LCA as quantitative assessment tools will help to 
formulate sustainable packaging boxes for paper collections by 
quantifying the following environmental and socio-economic hotspots 
(raw material extraction, manufacturing, transport, use, recycling, 
disposal, energy consumption, emissions, stakeholders, and costs). 

The outcome of this research is to model qualitative and quantitative 
guidelines for conservation decision-makers, based on the environmental 
and health impacts of the packaging materials in storage areas of paper 
collections, using LCA and the results will be visualized and presented to 
the stakeholders, decision makers and practitioners regarding the 
collection demography in libraries and museums.

FUNDING
Funding provided by the European Union (GREENART project, Horizon Europe research and innovation program under grant agreement no. 
101060941). The work supported by the programme group of “N-DAD: Non-destructive Analysis and Diagnostics” (P1-0447).

Preliminary results obtained from VOC emissions testing show the 
presence of formic and acetic acids. It has also shown that the age and 
type of packaging materials have an impact on the quantity of the 
emitted components during accelerated aging in different 
environmental conditions. This is reflected also on the impact on the 
preservation of paper objects stored in proximity with such materials, 
as shown by the changes in the DP of reference paper exposed to the 
emissions.
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• Participatory research with conservators, key decision-makers & 
stakeholders to assess and refine the green solutions and define 
market expectations with respect to sustainability will be carried 
out. 
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This work introduces a tool designed to streamline and simplify the process of conducting life cycle assessments (LCAs) for engineers and
industry professionals. By providing an easy-to-use framework adhering to ISO standards, which includes both an Excel-based interface for data
entry and a Python-based implementation within the openLCA software, the tool aims to enhance the accessibility of performing LCAs. Applied to
a case study on additive manufacturing methods in high-temperature applications, it has been demonstrated that the primary advantage of this
approach lies in its rapid visualization of environmental impacts, with particular focus on energy demand and global warming potential. Overall,
this tool offers a user-friendly solution for conducting LCAs in diverse industrial sectors, particularly during decision-making stages, and lays a
foundation for future research in simplifying LCAs for industrial applications.

Case Study

To assess the functionality and suitability of both the created tool
and the Python program code, the tool was applied to a case study
involving the life cycle assessment of various Additive
Manufacturing methods, including Powder Bed Fusion with both
Laser (PBF_L/M) and Electron Beam (PBF-EB/M) techniques and
Wire Arc Additive Manufacturing (WAAM) of high-temperature
components.

Conclusion

In summary, the created tool and the implemented Python program
provide a solid foundation for enabling and automating the process

of conducting life cycle assessments for industrial AM applications.
Its user-friendly approach is well-suited for diverse industrial
sectors and various production phases. It serves as a valuable aid
for decision-making processes and lays a foundation for future
research aimed at enhancing LCAs in the industrial context.

Okhovat, Rasool; Syré, Anne; Maier, Otto; Göhlich, Dietmar
Chair of Methods for Product Development and Mechatronics, Technische Universität Berlin 

Driving Sustainable Design for Additive 
Manufacturing through OpenLCA

Results 

After defining the process chains of the case study within Excel
tables, severe procedures from data input to result visualization are
streamlined through an integrated Python script. The outcomes
derived from calculations within the OpenLCA software (CED and
CO2-Eq emissions) are illustrated. The interactive interface,
enables users to explore upstream/downstream processes with a
simple click. Furthermore, a unified diagram will display a defined
process in different methodologies.
Application of the tool to this case demonstrated that its rapid
visualization of environmental impacts serves as a valuable aid,
facilating the camparisons across different manufacturing methods.

Fig. 4: Interactive Visualization of Results

Motivation and Approach

• Integrated LCA using openLCA and Python: Users input
process data into Excel (or are taken directly from measuring
device), Python seamlessly integrates these inputs into openLCA
for efficient calculations.

• Improve result visualization: Enhance clarity for non-experts to
track and understand LCA outcomes

Fig. 1: Python Integration for OpenLCA Enhancement

Databases

Databases

Databases

Methodology 

1. Data Input: Data is entered in an excel table or alternatively
exported from the measuring device software.

2. Data Processing: Processing of the data is done using Python, to
be compatible with openLCA's import formats.

3. Data Import: Automation of data import into openLCA is
achieved through using openLCA Python API.

4. Data Integration in OpenLCA: Once imported into openLCA, the
data is integrated into LCA models for calculation of
environmental impacts.

5. Visualization: The outcomes from OpenLCA are transferred to
another Python script for visualization.

Fig. 2: Schematic of the Sequential Steps in the Tool's Operation 
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China’s power system experienced significant expansion over the last decade, with 

the total generation rising from 4.2PWh in 2010 to 7.6PWh in 2020. During this 

period, solar power generation increased from 0.3TWh (less than 0.01% of the total 

generation) in 2010 to 261TWh (3.6% of the total generation) in 2020. 

The expansion of solar power in China's power sector has shown benefits of 

reducing carbon emissions. However, other associated environmental impacts 

should also be assessed to understand not only the environmental benefits (i.e., 

carbon emission reduction) but also the adverse environmental concerns of the 

current solar power system.  

Life cycle assessment (LCA) is a well-established method to evaluate the 

environmental impact associated with the full life cycle of a product or system. It

Method

Results

Figure 3. Spatial distribution of Freshwater Eutrophication by solar power generation in Gansu. 

The colour depth indicates the magnitude of impact share on each area. The impact shares of 

Rest of World, Global are 16.6% and 2.5%, which are not shown on the map. The Impact share of 
China, average takes up 4.1%。

• The target system is the solar power generation in 

Gansu province, China. The system boundary includes 

all key life cycle stages of solar power in Gansu 

province, such as raw material extraction, manufacture, 

construction, operation, and end of life.

• A functional unit of 1kWh electricity generated is used 

to facilitate comparisons between studies.

• The regionalized LCIA method used here is IMPACT 

World+, the impact categories analyzed are Global 

Warming Potential (GWP), Particulate Matter 

Formation (PM), Mineral Resource Use, Land 

Transformation (biodiversity), and Freshwater 

Eutrophication. The regionalized characterization 

factors are manually matched with elementary flows for 

the last two categories.

• The magnitude of the impacts is assessed at a 

provincial level. The resolution of the spatial distribution 

of impacts is at a provincial level within China and a 

national level outside of China. 

Figure 1. The workflow of this study.

For 1 kWh power generation,  solar has significantly lower Global Warming Potential, 

Particulate matter formation, and Land transformation and higher Mineral resource 

use and Freshwater eutrophication. 

Material extraction and manufacture contributes the most in all life cycle phases, 

among all categories (Figure 2). The operation stage contributes significantly to the 

Freshwater eutrophication due to wastewater from routine panel cleaning.

In Figure 3, the Freshwater Eutrophication of solar power generation is widespread 

both domestically and internationally. Within China, the impact distribution is 

dominated by silicon wafer production which discharges wastewater containing high 

concentration of BOD and COD, distributing in Jiangsu (9%), Xinjiang (7%), Yunnan 

(5%), and Inner Mongolia (4%). Gansu accounts for only 0.0002% of the total impact. 

Over 60% impact was outside China, scattering across Russia (37%), Rest of the 

world (17%), Global (3%), Switzerland (1.9%), Europe (1.6%), Middle East (1.1%). 

Table 1. Impacts caused by generating 1kWh solar power and coal power in Gansu 

province

Impact category Solar power Coal power Unit

Global warmining potential 33.74 1143.45 g CO2 eq/kWh

Particulate matter formation 0.01 0.25 g PM2.5 eq/kWh

Land transformation, biodiversity 5.99 43.37 mm2 arable land eq/kWh

Mineral resources use 0.12 0.10 g deprived/kWh

Freshwater eutrophication 0.27 0.19 mg PO4 P-lim eq/kWh

Figure 2. Impacts from life cycle stages of solar power (in percent).

has been widely applied to assess environmental impacts of China’s power system in 

existing papers. However, there is no study evaluating a comprehensive set of 

environmental impacts as well as their spatial distribution caused by China’s current solar 

power system at the provincial and national levels.

Therefore, this study used Gansu province in China as an example and evaluated its full 

life cycle environmental impacts in 2020, considering the upstream supply chains of both 

solar panels and key materials (i.e., iron and steel, aluminium, copper, and concrete). It 

can help policymakers gain a more comprehensive understanding of the magnitude and 

spatial distribution of environmental impacts brought by solar power in Gansu province and 

design appropriate policies on power transition in provinces of China. 

In conclusion, the result indicates the risk to mineral supply and freshwater quality brought by 

the future expansion of solar power, despite its carbon reduction benefits. Also, the spatial 

distribution of Freshwater Eutrophication indicates the environmental hotspot is in certain 

provinces in China, but also in some other countries such as Russia.
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Problem statement

Parametric Open Data for Life Cycle Assessment (POD | LCA)
ARPA- E Award No. DE- AR0001624

ARPA- E = Advanced Research 
Projects Agency- Energy

"... prioritize overcoming barriers 
associated with carbon- storing 
buildings..."

"... aim to increase the total 
amount of carbon stored in 
buildings to create carbon sinks..."

"There's a huge, untapped 
potential in reimagining building 
materials and construction 
techniques as carbon sinks..."

"...$5 million in funding... two 
universities working to develop the 
necessary life cycle assessment 
tools and frameworks..."

HESTIA = Harnessing 
Emissions into Structures 
Taking Inputs from the 
Atmosphere

Two universities =
University of Washington
University of California, DavisLink:

https://arpa- e.energy.gov/news- and- media/press- releases/us- department- energy- announces- 39- million- research- development

Carbon- storing 
construction materials 
have the potential to 
reduce greenhouse 
gas emissions on a 

global scale.

However, the environmental 
data and assessment 

methods for novel carbon- 
storing materials is currently 

limited.

We will create a suite of methods and tools to assess the 
environmental impacts of novel carbon- storing materials and 
building designs in the rapid prototyping and design process.

POD|LCA Framework

Methods Models Data Tools

Material scientists 
and manufacturers

of novel carbon- storing 
materials

Design teams
who want to use 
these materials

Policymakers
who want to have accurate 

and fair comparisons of 
materials for policy programs

Reduced life cycle 
GHG emissions of 
building materials

More carbon 
storage in
buildings 
materials

Expanded market 
for carbon- storing 

materials

Policy incentives 
for use of carbon- 
storing materials

Anticipated wider impacts

Project goal

Users

Image sources:
https://www.pexels.com/photo/green- tea- farm- during- golden- hour- 2582652/, https://www.pexels.com/photo/question- marks- on- paper- crafts- 5428824/, https://www.pexels.com/photo/scientist- in- lab- 3735706/, https://www.pexels.com/photo/three- people- sitting- 
beside- table- 416405/, https://www.pexels.com/photo/gray- concrete- building- 937524/, https://www.pexels.com/photo/black- ship- on- body- of- water- screenshot- 929382/, https://www.pexels.com/photo/macro- photography- of- green- leaf- 4593897/, 
https://www.pexels.com/photo/multi- colored- folders- piled- up- 159519/, https://www.pexels.com/photo/crop- farmer- showing- money- in- green- summer- field- in- countryside- 4497591/

Due to the unknowns, 
building designers are 

hesitant about adopting 
these materials in their 

building designs.

Manufacturers of carbon- 
storing materials are struggling 

to gain traction at scale.

POD|LCA:
Parametric Open Data for

Life Cycle AssessmentProblem statement

Funding opportunity from ARPA- E

Problem statement, project goal, target users, and impacts

Collaborators
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HESTIA Teams

UC Davis UC Berkeley Lawrence Berkeley National Lab

Project name: Carbon- Negative Buildings Assessment and Tool (CaNBAT)

Project goal: The UC Davis team will develop novel frameworks to analyze and guide life- cycle environmental 
assessment of novel building materials with the aim to sequester GHGs. 

UC Davis Team

POD|LCA Framework

Methods ModelsDataTools
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provide feedback 
on Framework

UC Davis 
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POD|LCA Framework

Methods Models Data Tools

develop
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methodology topics

testing and
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Publish as 

open- source

Method of collaboration
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Integrating OpenLCA in the Analysis of Transport 
System Decarbonization 

Syré, Anne; Okhovat, Rasool; Maier, Otto; Göhlich, Dietmar

Chair of Methods for Product Development and Mechatronics, Technische Universität Berlin

The urgent need to transition the transport system for climate protection motivates our aim to integrate OpenLCA into transport simulations for
comprehensive life cycle assessments (LCAs). Through the olca ipc package, we seamlessly incorporate LCAs into our framework, streamlining
the analysis of diverse transport scenarios and driving technology choices. Although OpenLCA integration simplifies the process, future efforts will
focus on optimizing schedules and infrastructure for sustainability using cost and emission data within transport simulations, evaluating the
decarbonization potential of transport system.

Motivation and Approach

• Climate protection, local air quality, limited urban space, and
resource scarcity drive the need for transport system adaptation.

• Single-vehicle LCAs may overlook broader influences within entire
transport systems.

• Integration of new technologies like demand-responsive transport
relies on agent-based simulations such as MATSim and for specific
bus schedule planning, we utilize the simulation tool eflips.

• Simulation outcomes require evaluation for cost and environment.
• Objective: Integrate OpenLCA into the framework using the Python

package olca ipc for conducting LCAs of various transport scenarios.

References

1. Göhlich et al. (2021): Integrated Approach for the Assessment of Strategies for the Decarbonization of Urban Traffic. Sustainability

2. Syré et al. (2020): Method for a Multi-Vehicle, Simulation-Based Life Cycle Assessment and Application to Berlin’s Motorized Individual Transport.
Sustainability

3. Syré and Göhlich (2024): Life Cycle Assessment of Battery and Fuel Cell Electric Heavy-Duty Trucks including Infrastructure Demand. EVS37
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Motorized Individual Transport

• The sole transition of drive trains is insufficient for a complete
decarbonization of transport.

• However, there is a considerable decarbonization potential with
higher shares of renewable energies, a different vehicle
distribution and a higher lifetime mileage.

Heavy-Duty Long-Haul Transport

• FCEV have highest life cycle emissions, BEV with high-power
chargers follow, due to large batteries, BEV using electric road
systems exhibit lowest emissions.

• Decision between BEV and FCEV depends on vehicle-to-
infrastructure ratio and routes.

OpenLCA and olca in zeroCUTS

• The olca package enables utilizing simulation outputs for LCAs

• Computes environmental impacts for diverse transport scenarios

• Direct integration within simulations can be time-consuming

• Mainly due to transport simulation intricacies

• OpenLCA can be challenging without a solid LCA foundation

• Streamlines the process for engineers

• Allows engineers to adjust parameters and automate LCAs

Conclusion and Outlook

The integration of OpenLCA in the analysis of transport system
decarbonization allows for an automated comparative analysis of
different transport scenarios.

Emission Optimization
Emission data applied through jsprit within MATSim to 
optimize truck and freight schedules

LCA of Urban Bus Fleets
Eflips – Calculation of LCCA, Support of decision making in 
the electrification of Berlins public transport and decarbonization

Creation of Product System via olca
Integration of a simplified product system creation model 
Development of simplified adoptable product system

Figure 1: zeroCUTS Methodlogy [1]

Figure 2: OpenLCA and olca in zeroCUTS [1, adapted]

Figure 3: GHG Emissions Motorized Individual Transport [2]

Figure 4: GHG Emissions Long-Haul Trucks incl. Infrastructure [3]

Anne Magdalene Syré, M. Sc.

a.syre@tu-berlin.de

The “zeroCUTS" project is funded by the Deutsche 

Forschungsgemeinschaft (DFG), project number: 398051144. 

Vehicle
Design

Transport
Simulation

Charging
Method

Economy
TCO

Full conversion to 
BEV

Electric and 
Autonomous Fleets

Full conversion to 
FCEV

Reference Case

B
a

se
 C

a
se

C
a

se
 S

tu
d

ie
s

Environment
LCA

Social effects

Ex-Post Analysis

Sectors Strategies Toolbox Results

Comparing 
Evaluation

Transportation
Time

Environmental 
Impacts

Social 
Impacts

Technical 
Feasibility

Energy Demand

System 
Costs

Method

Use Case

Life Cycle Assessment

Comparison of Operation Strategy and Technology Combinations

Legend:

Transport Simulation

e.g. MATSim Open Berlin Scenario

Vehicle Specification

e.g. Passenger Cars

Operation Strategies

e.g. Standstill, Distribution, …

Different Technologies

e.g. BEV, ICEV

e.g. Comparison of BEV and ICEV for Individual Transport

olca
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High Power Charger
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Results and observations
Algae production in Portugal
• When comparing microalgae with other protein sources, it became clear the water use for soy is not 

correct within Ecoinvent
• Modelling of protein sources, that can help displace destruction of the Amazon, or production of 

EPA/DHA rich oils that help displace Antarctic trawling, have impacts outside of standard ReCiPe or 
other impact categories. We need more biodiversity-based indicators, so we can demonstrate how 
microalgae production on low quality low biodiversity land can prevent damage in more biodiverse or 
fragile ecosystems by displacing damaging industries. 

• Moving from PMMA to glass based photobioreactors, for the photobioreactor based projects, have 
improved the infrastructure impacts

• Demonstrations of the Monte Carlo analysis using distributions based on Pedigree Matrix data can 
provide different results for comparing scenarios to a basic arithmetic calculation, leading to different 
decisions.

• Whatever the type of microalgae production, the core issues across projects is always from energy use 
and fertilisers

• Implementing Collaboration Server is the only sensible way to create models with a large team 

Brilliant Planet is developing a Carbon Capture system based around microalgae 
production, drying, and burial. The organisation currently runs a three-hectare facility in 
Akhfennir, Morocco, intending to construct a 30-hectare facility in 2024 and a 1000-
hectare facility in 2025. For this to be a viable system, in terms of impacting climate 
change and commercial income, a vital part of this is to understand the climate change 
impacts of the operation and construction of the site throughout the whole supply chain. 
For the Brilliant Planet facility to succeed, it must sequester more carbon than it emits.

The Life Cycle Assessment of the 30-hectare microalgae Carbon Capture system 
followed the ISO 14040/44 standards. Data is based upon a mixture of real data, 
collected at the existing three-hectare site in Akhfennir, scientific assumptions, literature 
data, and secondary data from the Ecoinvent 3.8 database. 

Models were constructed within openLCA. The functional unit was to understand the 
environmental impacts of the sequestration of one tonne of CO2. 

Three scenarios were modelled to evaluate the influence of different energy sources and 
carbon utilization options:

1. Moroccan electricity grid-based with an existing Ecoinvent 3.8 model
2. Solar farm-based electricity
3. Wind farm-based electricity

Each scenario included sub scenarios where improvements were made to the 
infrastructure

\\\

Using openLCA for microalgae 
production systems

Commercial: Brilliant Planet

Over the past five years, Decerna and GreenCoLab have used OpenLCA in a range of microalgae focused projects. In terms of funded work, this has included Horizon Europe and Portuguese funded 
projects. Some examples are MAGNIFICENT, REALM, MicroBoost, and AlgaCycle. In terms of commercial work, at Decerna we have used openLCA to conduct a detailed due diligence of the Brilliant 
Planet Carbon Dioxide Removal system in Morocco.

By employing OpenLCA in these projects, we have developed a comprehensive Life Cycle Inventory (LCI) specific to microalgae production, enabling us to identify key impact hotspots and explore 
potential solutions for enhancing the sustainability of the microalgae sector. 

Figure 2: Illustration the site layout of Brilliant Planet system. 

Conclusions
Microalgae has been investigated across these projects for a range of uses. The most promising options are "integration with other systems and applications, such as 
food/feed production and carbon capture. Reducing energy and nutrient use, or increasing the productivity, and the consistent main options for improving the LCA of 
microalgae, with a range of infrastructure improvements also identified in these projects.

Forbes, Jonathan1; Bradley, Tom1; Speranza, Lais2; Morgan, Tia1

1 Decerna, Decerna House, Cramlington, NE23 7BF, UK.
 2GreenCoLab, Universidade do Algarve, Campus de Gambelas, Ed. 2, Gab. 2.1, 8005-139 Faro, Portugal. 

Algae production in Portugal

Decerna and GreenCoLab have undertaken a range of LCAs for microalgae production 
projects for a range of uses, which have utilised the production systems at Necton in Olhão 
and Allmicroalgae in Pataias. 

The process
• Drain water from agriculture is captured
• This is used for the production of 

microalgae
• This microalgae is then processed to 

produce products for agriculture and 
aquaculture

• The CO2 for the facility is captured from the 
air, and solar energy is used to run the 
facility.

Reusing Effluents from Agriculture to unLock the potential of Microalgae
Grant agreement ID: 101060991

Figure 1: Illustration the REALM concept

The LCA
• A large model of the integrated agricultural/aquaculture/microalgae system is being produced
• So far, the Goal and Scope is complete, and the full LCI is underway.

Other related projects include;

Brilliant Planet
• Complex intake pipeline system was identified as an environmental hotspot on the previous site, so this 

was re-evaluated and changed to a beach well intake system, then a breakwater intake system. 
• Material choices were changed, and differing scenarios were examined as a result of the original LCA. 
• Steel and nutrient models for the construction of the facility and for the cultivation of the algae were 

altered. Alternative steel sources were found, resulting in a reduction in the impacts associated with the 
construction of the site. 

• Nutrients for the microalgae were also identified as an environmental hotspot in the original 30ha site. 
Using the findings from the original report it was clear that alternative nutrients/creation methods were 
required

• When using low carbon energy, the Brilliant Planet is a clear absorber of carbon
• For a system powered by wind, and choosing infrastructure materials wisely, the Brilliant Planet system 

emits 133kgCO2e for every 1000kg sequestered, giving an efficiency of 87%. Further infrastructure and 
increases in productivity will improve this figure. 

• When modelling low carbon electricity options, such as photovoltaics, the energy outputs estimated by Ecoinvent are variable in accuracy. We have created a new photovoltaic model based on literature data and using 
the productivity data from site specific PVSyst modelling. We are supplementing this now with models of batteries, that include their number of cycles per year. 

• Whatever the type of microalgae production, the core issues across projects is always from energy use and fertilisers
• A large Life Cycle Inventory of microalgae related technology has been compiled by Decerna and GreenCoLab, with an increasing level of specific carbon capture models
• All models are fully parametrized, to allow for multiple scenarios, and to deal with the issue of designs of early stage technologies changing rapidly
• Switches are included to turn on and off elements of the models, such as infrastructure, and to wholesale change energy or chemical providers across models

Elements developed within these models, and observations of openLCA

REALM was Co-funded by the 
European Union

AlgaCycle and MircoBoost were  was Co-funded by the 
European Economic Area (EEA) Agreement 
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Introduction
With the increasing importance of sustainability considerations in infrastruc-
ture development, understanding the social implications of energy systems
is crucial. District cooling systems can be important components of climate
adaptation strategies, particularly in urban environments. This study aims at
providing preliminary results of a Social Life Cycle Assessment (SLCA) of a
district cooling plant (DCP) in Vienna, Austria (Fig. 1). It compares the cool-
ing plant’s social impacts to those of a benchmark large compression chiller
(CCM), and it pinpoints hotspots of social impacts within the systems.

Figure 1: District cooling network including district cooling plants of the Wien Energie
utility in Vienna [1]

Materials & Methods
The study models an existing DCP consisting of three compression chillers
and two absorption chillers, the latter supplied by district heat. The model
supports an SLCA based on the ISO 14040 standard [2] for life cycle as-
sessment, using the Soca v2.0 database and the “Social Impacts Weighting
Method [3], as well as the OpenLCA (GreenDelta GmbH, Berlin, Germany)
software. The functional unit was chosen to be 1 MWh of cooling energy
supplied at the plant boundary, without the subsequent cooling network. The
nominal cooling capacity of the DCP is 13.1 MWth, yielding an annual cooling
output of 16 795 MWhth from a total annual electricity supply of 1 181 MWhel

and a total annual district heating supply of 14 719 MWhth. The energy supply
for the chillers was based on 2019 hourly data for the district heating mix [4]
and on 2019 hourly electricity mix data from ElectricityMap [5].

Results
The DCP scores worse than the CCM in 45 of the 55 categories analyzed.
Table 1 shows the four categories with the highest impacts – they are the
same for both systems. In these four categories, the difference between DCP
and CCM ranges from just over 5% (CCM = 100%) in the "fair salary" impact
category to 45% in the "biomass consumption" category.

Table 1: Social impacts per MWhth cooling, combined district cooling plant (DCP) vs
cooling with a compression chiller (CCM) only. Four categories with highest
risk hours are shown.]

Impact category DCP CCM Unit/MWhth

Fair Salary 268.73 255.42 FS med risk hours
Drinking water coverage 267.49 204.04 DW med risk hours
Public sector corruption 260.15 178.35 C med risk hours
Biomass consumption 256.73 181.55 BM med risk hours

With both systems, most of the impacts are caused during the operation (Fig.
2). The contributions to the DCP’s impacts for all but one of the categories in
Table 1 are distributed evenly among three subsystems: electricity demand,

Results (continued)
district heat demand, and construction/end of life (EoL)/maintenance. The
only exception is the impact category "Fair Salary", where the share of con-
struction/EoL/maintenance is significantly lower. Impacts from cooling by a
CCM are dominated by its electricity consumption (80% of the total; only in
the “Fair Salary" category the share is 97%).

Figure 2: Contribution analysis by life cycle stage, four highest impact categories, per
MWh cooling provided. Engine room infrastructure not included. DCP =
district cooling plant, CCM = compression chillers.

A more detailed breakdown by processes (Fig. 3) reveals that the impacts
are mainly due to the construction of the components required for the plant’s
energy supply, as well as to the consumption of natural gas.

Figure 3: Contribution analysis by main contributing subsystem, per MWh cooling pro-
vided.

Conclusions
The provision of cooling by the DCP mix of absorption chillers and compres-
sion chillers has a higher social impact than cooling by the CCM compression
chiller, in 45 of 55 social impact categories, including the four analysed in
more detail. The main impacts of both systems are caused during operation.
Besides natural gas consumption during operation, the impacts are driven
by the manufacture of the chillers themselves and the manufacture of their
energy supply infrastructure. Overall, application of the Soca database and
impact assessment method to the energy system in question was found fea-
sible, yielding useful insights into the social impacts of the system’s supply
chain.
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7. CONCLUSIONS 

This S-LCA contributes valuable insights into the social implications of beverage packaging options. It underscores the necessity for 
businesses to broaden their sustainability criteria beyond environmental concerns to also include social factors. A balanced 
consideration of both sets of criteria could promote a more holistic approach to sustainable packaging decisions in the beverage 
industry. Moving forward, it will be essential for companies to not only consider the findings of such assessments but to actively 
integrate them into their strategic planning to mitigate adverse social impacts while also meeting environmental sustainability goals. 
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1. INTRODUCTION 

This study comprehensively assesses the social impact of beverage packaging systems, focusing on polyethylene terephthalate (PET) bottles, 
glass bottles and aluminium cans. By leveraging the SOCA database, which provides extensive data on social indicators across various 
sectors, and insights from beverage producers, our methodology systematically identifies and assesses critical areas within the packaging 
life cycle that have significant social impacts, such as labour practices and community impacts associated with these packaging alternatives. 

2. OBJECTIVES 

The aim of this study is to assess the potential social impact of the following packaging production systems:  
polyethylene terephthalate (PET) bottles, glass bottle (GL) and aluminum can (ALU). 

3. METHODS AND MATERIALS 

3.1  FUNCTIONAL UNIT 

The functional unit of the study was defined as the packaging, necessary for filling and distribution of 1000 L of filled beverage. The reference 
flow of a product system included the actual beverage packaging, labels and closures, transport packaging (reusable bottles, corrugated 
trays, shrink-wrap for disposable containers, pallets). 

3.2  LCA METHOD 

The study has been carried out using the OpenLCA 2.0 software tool for Life Cycle Assessment (LCA) modelling. Data have been sourced from 
SOCA 2.0 databases as well as beverage manufacturers. The Social impacts have been estimated according to the Social impact weighting 
method. 

Figure 3: Process scheme of the life cycle of glass containers Figure 2: Process scheme of the life cycle of aluminium can containers. Figure 4: Process scheme of the life cycle of PET containers 

Transportation 
routes  

Segment  Distance [km] 

Transport 1 Transport to production site  230 

Transport 2 Transport to the filling of the drink  30 

Transport 3 Transport to the point of sale  133 

Transport 4 Transport to the waste centre  20 

 TOTAL: 413 

Packaging components Amount 
[kg/FU] 

ALU 

Packaging components Amount 
[kg/FU] 

GL 

Packaging components Amount 
[kg/FU] 

PET 

PRIMARY PACKAGING 34.19  966.04  56.95 

Body (ALU) 26.60 Glass (green GL) 960.00 Bottle (PET) 49.3 

Closure (ALU) 5.70 Closure (84 % alu alloy and 
16 % LDPE) 

4.04 Closure (HDPE) 6.03 

Coatings 1.83 Labels (kraft paper) 2.10 Labels (LDPE) 1.62 

Inks 0.06         

Sulfuric acid 0.40         

SECONDARY PACKAGING 14.31  28.79  9.61 

Corrugated cardboard 13.60 Corrugated cardboard 25.20 Corrugated cardboard 8.90 

Foil (LDPE) 0.71 Foil (LDPE) 3.59 Foil (LDPE) 0.71 

            

Pallets (mass in kg) 25.0 Pallets (mass in kg) 25.0 Pallets (mass in kg) 25.0 

Pallet type EUR Pallet type EUR Pallet type EUR 

Number of bottles per pallet 1848 Number of bottles per pallet 320 Number of bottles per pallet 960 

Number of pallets per FU 0.54 Number of pallets per FU 3.13 Number of pallets per FU 1.04 

3.3  SYSTEM BOUNDARIES 

4. LIFE CYCLE INVENTORY 

4.1 PROCESS SCHEMES  

Table 1: Transport distances by truck 16-32 tons, EURO 5: 

4.2 INVENTORY DATA 

5. RESULTS 

S-LCA (Med risk hours/FU) ALU GL PET 

Local Community 63186 34094 8815 

Value Chain Actors 52306 20114 6126 

Workers 91410 38916 11177 

Society 71521 27761 8938 

TOTAL S-LCA 278424 120885 35056 

6.  DISCUSSION OF RESULTS 

The Social Life Cycle Assessment (S-LCA) provides a quantifiable comparison of the social impacts associated with the production sys-
tems of three types of beverage packaging: polyethylene terephthalate (PET) bottles, glass bottles (GL), and aluminum cans (ALU). This 
study, rooted in thorough data from the SOCA database, presents a comprehensive picture of the social footprint of each packaging 
type across different stakeholders, including the local community, value chain actors, workers, and broader society. 

The S-LCA results measured in med risk hours indicate that aluminum cans (ALU) exhibit the highest total social impact, followed by 
glass bottles (GL), and finally, PET bottles. The elevated scores for ALU in the 'Local Community' and 'Workers' categories suggest that 
aluminum can production may demand more attention regarding community engagement and labor practices. Conversely, PET bot-
tles show the least social impact, which could be attributed to lighter logistics requirements or more streamlined production process-
es. 

In the context of sustainability, these findings advocate for a nuanced approach to selecting beverage packaging materials. While PET 
bottles have the lowest social impact in this study, the environmental implications, such as the carbon footprint and recyclability, 
must also be weighed. The comparatively higher impacts of ALU and GL call for industry-wide strategies to enhance labor conditions 
and community relations, possibly through better corporate social responsibility initiatives or process optimization. 

Figure 1: Representation of system boundaries. The following activities were excluded from the system boundary: 
(1) mass flows contributing less than 1 % to total mass flows, (2) transportation of consumers to buy drinks. 

Table 3: Potential social impact of assessed packaging production systems: 
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Comparative LCA of virgin and recycled materials to assess the sustainability 
of paved surfaces in agricultural environment
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Introduction

The significant impact of the construction industry 

on the environment, highlighting its consumption of 

natural resources, energy, and generation of waste 

[1,2]. It notes that construction and demolition 

waste (C&DW) make up a substantial portion of 

total waste [3,4], with a majority ending up in 

landfills despite recycling potential. European 

Union directives aim for at least 70% recycling of 

C&DW by weight, but challenges exist due to 

energy-intensive recycling processes [5,6] . To 

assess the environmental benefits, a Life Cycle 

Assessment (LCA) was conducted comparing 

recycled and virgin aggregates for rural pavement 

construction [7,8]. The LCA considered various 

factors such as transportation impacts, land use, 

and resource preservation. The study provides 

valuable insights for selecting environmentally 

friendly materials in construction.

LCI (Inventory)

Recycled stabilized cement (RSC): 

concrete/cement waste, diameter of 0/30 mm, 

double grinding process; it is the 8 % of the global 

production;

Recycled stabilized cement and asphalt 

(RSCA):concrete and asphalt waste, as a 50-50 % 

mixture, diameter of 0/30 mm, double grinding 

process; it is the 4-6 % of the global production;

Recycled ground stone (RGS): mixed wastes of 

generic demolition waste at 50 %, ceramic/tiles at 

30 % and foundry waste at 20 %, diameter of 0/30 

mm, double grinding process; it is the 18 % of the 

global production.

Use of recycled materials for a rural pavement construction could 

lead to a consistently lower impact for this type of groundwork. 

the whole recycled aggregates have a lot of leeway to be more 

sustainable than virgin natural aggregates, even if the end-of-

waste materials come from demolition sites far from the 

production plant.

Between the recycled products, considering the most sensitive 

impact categories such as climate change and damage to the 

environmental sectors, the recycled ground stone has the 

lowest environmental impacts. Further investigations, based 

on different and bigger geographical area, could give a wider and 

complete idea on the sustainability of the recycled inert 

materials, also considering the impact of the transportation 

detected in the study.

Results and Discussion

Focus on comparing the impacts of various materials used for 

paving a working area on a farm. The study primarily utilizes data 

from a company called C.A.R. in Imola, Italy, regarding recycled 

materials. Three types of recycled materials are compared with 

virgin aggregates: recycled stabilized cement, recycled stabilized 

cement and asphalt, and recycled ground.

The functional unit of the study is the volume (m3) of material 

needed to construct 10 meters of rural pavement. The analysis 

utilizes the Ecoinvent 3.6 database to configure the inventory of 

materials and production models, considering factors like fuel, 

electricity, machine operations, and virgin natural aggregates 

production. Then, the environmental impacts analysis has been 

based on a ”from cradle to gate” approach. Two different models 

have been carried out for recycled products:

A. waste materials enter into the systems as raw material without 

previous environmental burdens (model 1);

B. waste materials have been removed from the disposal chain, 

assuming the role of avoided wastes (model 2).

The LCIA methods selected have been ReCiPe 2016 Midpoint and 

Endpoint, with IPCC 2013.

Methods and Materials

Production Data Amount Unit

Total production of the plant 142000 t/y

Total amount of incoming materials 195000 t/y

Electric mill energy consumption 112945 kWh/y

Offices energy consumption 50000 kWh/y

Wheel loader working time 1500 h/y

Excavator working time 1000 h/y

Mobile mill and vibrating screen working time 600 h/y

Electric mill working time 800 h/y

Fuel consumption for plant machine 115936 l/y

Table 1. Life Cycle Inventory of the three recycled materials.

Model 1 Model 2

Categories RGS RSCA RSC RGS RSCA RSC NGA

Fine particulate matter formation (kg PM2.5 eq) 69.58 75.07 75.45 66.2 74.54 72.9 80.64

Fossil fuel scarcity (kg oil eq) 21849.93 23540.74 23641.81 21150.73 23448.93 23362.56 25216.06

Freshwater ecotoxicity (kg 1,4-DCB) 1455.21 1570 1578.42 1414.61 1429.67 1145.89 1688.6

Freshwater eutrophication (kg P eq) 4.67 5.04 5.07 4.5 5.018 4.83 5.53

Global warming (kg CO2 eq) 63560.64 68593.4 69005.55 61689.54 67422.36 68056.53 73399.08

Human carcinogenic toxicity (kg 1,4-DCB) 1313.56 1422.13 1433.1 1269.85 1398.8 1342.34 1532.16

Human non-carcinogenic toxicity (kg 1,4-DCB) 37122.83 40089.14 40373.27 36091.43 39673.11 25481.20 42941.56

Ionizing radiation (kBq Co-60 eq) 1471.38 1585.68 1593.85 1434.02 1577.98 1558.86 1736.47

Land use (m2 a crop eq) 1983.26 2139.65 2150.36 1904.03 2126.69 2129.36 2292.66

Marine ecotoxicity (kg 1,4-DCB) 2320.24 2503.5 2517.12 2255.52 2312.82 1911.55 2688.9

Marine eutrophication (kg N eq) 0.39 0.49 0.56 0.38 -3.12 0.48 0.46

Mineral resource scarcity (kg Cu eq) 7.57 8.15 8.18 7.35 8.11 7.98 8.98

Ozone formation, human health (kg NOx eq) 206.98 223.5 224.83 195.51 222.13 218.23 239.05

Ozone formation, terrestrial ecosystems (kg NOx eq) 212.58 229.57 232 200.9 228.18 224.18 245.52

Stratospheric ozone depletion (kg CFC11 eq) 0.048 0.052 0.052 0.047 0.05 0.051 0.055

Terrestrial acidification (kg SO2 eq) 158.17 170.6 171.5 151.23 169.33 167.83 183.03

Terrestrial ecotoxicity (kg 1,4-DCB) 837492.94 927768.5 928010.14 861497.66 927768.5 928010.14 993381.4

Water consumption (m3 ) 54137.75 58452,13 58834.5 52566.74 58095.17 57529.13 63496.9

Table 2. Impact assessment values calculated for the ReCiPe 2016 midpoint (H) method, with highlighted the best results.

Conclusions

▪ Four materials have similar impact values in just few 

categories: freshwater eutrophication, stratospheric ozone 

depletion and mineral source scarcity.

▪ Model 1 results: RGS demonstrated to have the lower impacts in 

whole the Impact categories (see Table 2).

▪ Model 2 results: RGS has the best performances in the majority 

of the indicators except for four where has a better results RSC 

and then RSCA (see Table 2)

▪ Endpoint method results (Figure 1): independently from the 

model, RGS has the lowest impact in all the categories, 

compared to the recycled and natural materials.

▪ Process contributions analyses: transports is the main impact 

voice in the environmental indicators analyzed

▪ Sensitivity analysis: variation of the distance of the incoming 

end of wastes of the recycled aggregates keeping all parameters 

unchanged. The results have shown that the recycled 

materials, having the same mechanical properties of virgin 

aggregates, can be a solution for rural pavements with less 

environmental impacts, even if the materials come from long 

distance (within a radius of 300 km). 

Figure 1. Results of IPCC 2013 GWP 100a and Recipe endpoint

Full Text
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Accounting for ecosystem services in Life cycle 

assessment: a case study of a community garden in Prague

N     Community gardens (CG) can provide 3 types 

of ecosystem services (ES) replying to 

environmental, social and economic challenges

LCA of community gardens is missing in the 

literature

We carried out a LCA of a community garden 

accounting for the 3 ES types

         Case study

Location: Prague, CZ          System boundaries: cradle-to-gate

Annual harvest: 460 kg       Impact method: EF 3.0.

Land use: 700 m2                          Software: OpenLCA 1.10.3

Crop diversity: ~ 30 types   Data: primary and Agribalyse 3.0.1

# volunteers: ~ 10

Aurore Guillaume, Annemie Geeraerd Ameryckx, Lise Appels & Vladimír Kočí

 

      

     

      

     

      

     

      

     

             

                      

 

   

   

   

   

 

   

             

                       
    

 

   

 

   

 

   

             

                      

 

 

  

  

  

  

             

                       
      

       

       

       

       

       

       

       

             

               
                    

 

     

     

     

     

    

     

     

     

     

             

               
                      

 

     

     

       

     

       

     

             

                 
              

  

 

 

 

 

 

  

             

                      
    

Accounting for maintenance and 

regulation ES does not counterbalance 

impacts

FU: 1 kg of harvested crops using allocation factors 

from [3]

• The use of different FU can help to capture the multi-functions 

of non-conventional systems such as CGs

• Community gardens are a beneficial way of providing food and 

occupying urban space, provided that good agricultural practices 

are in place

1 2
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Chemical, energy inputs and composting influence the most 

provisioning ES

FU: 1 kg of harvested crops

4

CGs are a beneficial way of urban 

land use to bring cultural ES

but could be improved by increasing 

vegetation

FU: 1 ha of land used as urban social space

Infrastructure CG
Urban 

park [1]

Urban 

green 

space [2]

Climate change 

(kgCO2eq/ha)
-1,349 -2,733 -2,739

3
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Results

Motivation

Comparing waste treatment options: 
A LCA case study on paper and board from 

lightweight packaging waste
Hannah Köhler, M. Sc., Alena Maria Spies, M. Sc., Natalie Hegemann, B. Sc., Dr.-Ing. Karoline Raulf, Prof. Dr. Kathrin Greiff

Figure 1: System boundaries

The paper industry ranks third among the most energy-intensive industries in
Germany [1]. Using recycled paper and board (following referred to as paper)
instead of primary pulp was identified as the main driver to a sustainable
paper industry [1]. Additionally, legal regulations aim for higher recycling
quotas to enhance circularity – e.g., German Packaging Act: 90% recycling
quota for packaging paper from 2025. Therefore, new sources of secondary
materials for recycling, like paper from the lightweight packaging (LWP)
waste, are becoming focus. To determine if recycling the paper fraction from
LWP is the environmentally favorable option, the environmental impact of
different waste treatment routes must be assessed.

In this study, we evaluated the efforts and benefits to recycle paper
from LWP compared to incineration via Life Cycle Assessment (LCA).

Methods

Conclusion

References

Goal and scope 
 Comparative LCA of treating paper from 

LWP  (Incineration and recycling)
 Sorting plant and carton production 

plant in Germany
 FU: treatment of 1 t of paper (0.2 t from 

LWP, 0.8 t from separate collection) 

Interpretation
 4 impact 

categories, 
2 categories 
presented

 No weighing 
and combining 
of indicators

 Hotspots in 
process chain

 Product 
quality

 Substitution 
potential

 Data 
consistency 

 Evaluation of 
scenarios

Life Cycle Inventory
 Primary data from EnEWA project 
 Properties of paper from LWP
 Sorting process
 Carton production process
 Missing data comes from literature and 

ecoinvent v3.9.1 (modified to 2023)

Life Cycle Impact Assessment
Method: ReCiPe Midpoint (H) [3]
 Impact categories
 Global Warming Potential (GWP)
 Land Use (LOP)
 Scenario analysis for three substitution 

potentials (energy, primary fibers, none)

Research Demand

Incineration
 Lower GWP due to
 substituting non-renewable energy sources in German energy mix
 shorter transport distances reduce emissions
 no efforts for sorting and stock preparation of paper from LWP
 No significant effect on LOP by substituting energy mix
Recycling
 Higher GWP due to
 additional efforts for processing paper from LWP
 low avoided burden from substituting primary fibers against effort
 Substituting primary fibers significantly reduces the LOP due to

avoided cultivation areas for primary materials
Results highly depend on substitution scenarios

Plant-scale:
 Further investigation of influencing factors such as reduction of 

imports and substitution of plastic packaging
 Investigation of further impact categories (water, energy, toxicity)
 Sensitivity and uncertainty assessment 
 Adapted waste water treatment
System-scale:
 Effect on German/European paper market
 Additional efforts needed (e.g. for hygienization)
 Transferability to other plants and applications
 Future trends on paper and energy markets

 S1: Status quo – incineration of paper from LWP
 S2: Recycling paper from LWP – no substitution effect
 S3: Recycling paper from LWP – substituting primary fibers (EU)

(a)

Figure 3: 
Paper from LWP

Extended reference list:

https://rwth-aachen.sciebo.de/s/CZKs6zrhRlFxNjf
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Figure 2: Results for GWP (a) and LOP (b) for S1, S2 and S3 -
Assessment for one carton production plant in Germany
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Background system

Waste water 
treatment

Energy
generation

Substitution

20% 
Paper 

from LWP
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[1] DIE PAPIERINDUSTRIE – Leistungsbericht PAPIER (2023) 
[2] DIN EN ISO 1440/44 (2006)
[3] Huijbregts, M.A.J. et al. ReCiPe2016. 

Int. J. Life Cycle Assess 22, 138–147 (2017)

+ 84%
+ 135%

+ 279%

-57,000%

The conference attendance and the presented
results are part of the research project “EnEWA
– Energieeinsparung bei der Papierproduktion
durch Erschließung der Wertschöpfungsketten
Altpapier aus Leichtverpackungen, Restabfall
und Gewerbeabfall“, which is funded by the
Federal Ministry for Economic Affairs and
Climate Action and the PTJ Jülich.
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Decarbonisation of our wind farms

Site 
investigation

Material 
extraction

(of components)

Manufacturing
(of components)

Transportation 
to site 

(of components)

Installation

Operation

Decommissioning

End of life

(out of scope)

*2022 | AIB (aib-net.org)

https://www.aib-net.org/facts/european-residual-mix/2022


Conduct the Life Cycle Assessment

Successful EPD Creation
Choice of EPD Programme, Software, and Development Approach

uniconsult GmbH. Tiergartenstraße 138, Hannover, Germany. E-Mail: Luke.Schneider@unico.de

Select an Environmental Product 
Declaration (EPD) programme

Criteria for which to choose:

       ✓ Viable product categories listed

       ✓ Language of choice represented

       ✓ Cost per published EPD

✓ Acceptance within the intended audience of the EPD

Choose a Product Category Rule 
(PCR) from EPD Programme

LCA
Many assumptions, 
options & choices 
leading to differing 
results

Which LCA Software do I use?

… and many more with different
advantages and disadvantages …

Write the background report and EPD 
document

Verify the EPD with an external 
verification body

Publish the EPD at the website of the 
EPD programme

Product Model, EPD and background 
report will be checked, if they align and 
conform with ISO and PCR requirements.

The EPD will be published on the EPD 
programme website and will be valid for 
five years.

Content:
✓ Company Information
✓ Product Information
✓ LCA information (goal, scope, assumptions, …)
✓ Impact Indicators:

Example of impact indicators following the layout of EPD International

Project Timeline

LCA Modelling

Data Collection

Verification and subsequent 
Publication

Background Report and EPD document creation Updates due to 
Verification

Goal & 
Scope

✓ Be flexible! ✓ Plan ahead! ✓ Document everything! ✓ Be conservative in your time management!

PCR
Rule set clarifying 
most aspects of 
LCA creation and 
publication

Result
Comparable EPDs 
with equal 
underlying 
assumptions

Good to know: 
The EN 15804:2012+A2:2019 

Is the basis for most construction based EPDs

Standardized Life Cycle Stages in an EPD:
A1 – A3 Product Stage
A4 – A5 Construction Process Stage
B1 – B5 Use Stage, product emissions
B6 – B7 Use Stage, operational emissions
C1 – C4 End-Of-Life Stage
D  Benefits and Loads beyond system

Standardized 
Emission Factors 
according to 
EN 15804+A2

GWP, ODP, AP, EP-
terrestrial, EP-marine, 
EP-freshwater, POCP, 
ADP, WDP, …

LCA framework
Goal and 

Scope 
definition

Inventory 
analysis

Impact 
assess-

ment

Inter-
pretation
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RESULTSRESULTSRESULTS

The current situation in Europe relating to the energy share is going to beThe current situation in Europe relating to the energy share is going to beThe current situation in Europe relating to the energy share is going to be
modified in the following years, since the EU has decided to support themodified in the following years, since the EU has decided to support themodified in the following years, since the EU has decided to support the
replacement of dependence on fossil fuels by the introduction of renewablereplacement of dependence on fossil fuels by the introduction of renewablereplacement of dependence on fossil fuels by the introduction of renewable
sources. These renewable sources allow the simultaneous increasing of thesources. These renewable sources allow the simultaneous increasing of thesources. These renewable sources allow the simultaneous increasing of the
energy autonomy and reduction of the environmental impact in comparison toenergy autonomy and reduction of the environmental impact in comparison toenergy autonomy and reduction of the environmental impact in comparison to
fossil fuel energy.fossil fuel energy.fossil fuel energy.

INTRODUCTIONINTRODUCTIONINTRODUCTION

1. The base scenario based on the current development of spherical cells in the1. The base scenario based on the current development of spherical cells in the1. The base scenario based on the current development of spherical cells in the
project has been assessed. This base scenario allows the comparison with previousproject has been assessed. This base scenario allows the comparison with previousproject has been assessed. This base scenario allows the comparison with previous
references (related to industrial development) and scenarios derived from thereferences (related to industrial development) and scenarios derived from thereferences (related to industrial development) and scenarios derived from the
application of eco-design principles.application of eco-design principles.application of eco-design principles.   

METHODOLOGYMETHODOLOGYMETHODOLOGY

1 1 2 3

41

Characterizing the functionality of the device to compare with theCharacterizing the functionality of the device to compare with theCharacterizing the functionality of the device to compare with the
benchmark.benchmark.benchmark.
Continueing the assessment and implementation of eco-designContinueing the assessment and implementation of eco-designContinueing the assessment and implementation of eco-design
principles and applications (eco-strategies) to reduce theprinciples and applications (eco-strategies) to reduce theprinciples and applications (eco-strategies) to reduce the
environmental impact from the Nano-EH solar cells in comparisonenvironmental impact from the Nano-EH solar cells in comparisonenvironmental impact from the Nano-EH solar cells in comparison
to the benchmark.to the benchmark.to the benchmark.   

3.Identify and Substitute Hotspots: Replace the identifyed hostpots with possible3.Identify and Substitute Hotspots: Replace the identifyed hostpots with possible3.Identify and Substitute Hotspots: Replace the identifyed hostpots with possible
solutions that could enhance the environmental friendliness of the device.solutions that could enhance the environmental friendliness of the device.solutions that could enhance the environmental friendliness of the device.

Figure 4. Figure 4. Figure 4. Main results from the base scenario analysis from an environmental point of view.Main results from the base scenario analysis from an environmental point of view.Main results from the base scenario analysis from an environmental point of view.

3. The base scenario analysis has pointed out the high contribution from the use of3. The base scenario analysis has pointed out the high contribution from the use of3. The base scenario analysis has pointed out the high contribution from the use of
silver. Hence, based on the silver functionality, it has been decided to replace thesilver. Hence, based on the silver functionality, it has been decided to replace thesilver. Hence, based on the silver functionality, it has been decided to replace the
use of silver by copper in oder to assess the improvement derived from thisuse of silver by copper in oder to assess the improvement derived from thisuse of silver by copper in oder to assess the improvement derived from this
substitution.substitution.substitution.   

Figure 6. Figure 6. Figure 6. Main results from the scenario based on the silver replacement by copper.Main results from the scenario based on the silver replacement by copper.Main results from the scenario based on the silver replacement by copper.

4. The analysis suggests that Silicon is one of the main contributors of environmental4. The analysis suggests that Silicon is one of the main contributors of environmental4. The analysis suggests that Silicon is one of the main contributors of environmental
impacts, especially in fossil resource and water use, pointing to potentialimpacts, especially in fossil resource and water use, pointing to potentialimpacts, especially in fossil resource and water use, pointing to potential
environmental advantages in seeking alternative materials.environmental advantages in seeking alternative materials.environmental advantages in seeking alternative materials.

Figure 7.Figure 7.Figure 7.  Assessment of the environmental impact source for the benchmark. Assessment of the environmental impact source for the benchmark. Assessment of the environmental impact source for the benchmark.

Figure 2. Figure 2. Figure 2. Flowchart for the manufacturing of the Nano-EH solar cell.Flowchart for the manufacturing of the Nano-EH solar cell.Flowchart for the manufacturing of the Nano-EH solar cell.

Figure 3. Figure 3. Figure 3. Flowchart for the manufacturing of the conventional sollar cells based on the literature: Roffeis et al.Flowchart for the manufacturing of the conventional sollar cells based on the literature: Roffeis et al.Flowchart for the manufacturing of the conventional sollar cells based on the literature: Roffeis et al.
(2022).(2022).(2022).

1.Establish Baseline Scenario: Identify environmental and economic hotspots for1.Establish Baseline Scenario: Identify environmental and economic hotspots for1.Establish Baseline Scenario: Identify environmental and economic hotspots for
both solar cell types.both solar cell types.both solar cell types.
2.Perform Cost Analysis: Analyze raw materials and energy consumption costs.2.Perform Cost Analysis: Analyze raw materials and energy consumption costs.2.Perform Cost Analysis: Analyze raw materials and energy consumption costs.

Figure 1. Figure 1. Figure 1. 4 stages involved in LCA execution according to the ISO 14040/14044 Principles and goal and scope.4 stages involved in LCA execution according to the ISO 14040/14044 Principles and goal and scope.4 stages involved in LCA execution according to the ISO 14040/14044 Principles and goal and scope.

LITERATURE
M. Roffeis, S. Kirner, J.-C. Goldschmidt, B. Stannowski, L. Miranda-Perez, C. Case, M. Finkbeiner, 2022. New insights into the environmentalM. Roffeis, S. Kirner, J.-C. Goldschmidt, B. Stannowski, L. Miranda-Perez, C. Case, M. Finkbeiner, 2022. New insights into the environmentalM. Roffeis, S. Kirner, J.-C. Goldschmidt, B. Stannowski, L. Miranda-Perez, C. Case, M. Finkbeiner, 2022. New insights into the environmental
performance of perovskite-on-silicon tandem solar cells – a life cycle assessment of industrially manufactured modules. Sustainable Energy and Fuelsperformance of perovskite-on-silicon tandem solar cells – a life cycle assessment of industrially manufactured modules. Sustainable Energy and Fuelsperformance of perovskite-on-silicon tandem solar cells – a life cycle assessment of industrially manufactured modules. Sustainable Energy and Fuels
6, 2924”.6, 2924”.6, 2924”.

Figure 5. Figure 5. Figure 5. Identified cost for the NanoEH Solar CellIdentified cost for the NanoEH Solar CellIdentified cost for the NanoEH Solar Cell

2. The material and energy usage cost assessment revealed an initial cost of2. The material and energy usage cost assessment revealed an initial cost of2. The material and energy usage cost assessment revealed an initial cost of
fabrication of 1.26€/solar cell. Which is allocated as shown in Figure 5.fabrication of 1.26€/solar cell. Which is allocated as shown in Figure 5.fabrication of 1.26€/solar cell. Which is allocated as shown in Figure 5.   

4. Silicon Impact Analysis: Specify benchmark for standard heterojunction solar4. Silicon Impact Analysis: Specify benchmark for standard heterojunction solar4. Silicon Impact Analysis: Specify benchmark for standard heterojunction solar
cell; assess the proportion of environmental impact attributable to Silicon use.cell; assess the proportion of environmental impact attributable to Silicon use.cell; assess the proportion of environmental impact attributable to Silicon use.



+ Safes time

+ No predefined subject risk assessment

+ Unit of results: initial units

+ Interpretation easier [3]

+ Higher transparency

+ All stakeholders

The reference flow on the output side of an unit process can have any amount and unit. Figure 1

shows the quantitative raw values of inventory indicators that can have also any unit and are

translated into qualitative risk levels with the help of reference scales defined by GreenDelta.

The activity variable (AV) h is used for the amount and is the same within one unit process [1].

The risk assessed inventory indicators enter a matrix calculation which is the same as in the RV

approach. The inventory results are risk assessed and displayed in the unit h.

Social Impacts Weighting 

Method
Not an impact assessment corresponding to

UNEP guidelines [2] but a foundation for an

impact assessment.

PSILCA database for Social Life Cycle 

Assessment: Worker hours vs. raw values 

approach
Sally K. Springer*, Christina Wulf*, Petra Zapp*

*Forschungszentrum Jülich GmbH | Institute of Energy and Climate Research | Wilhelm-Johnen-Straße, 52425 Jülich, Germany

s.springer@fz-juelich.de

General information

Inventory

The reference flow on the output side of an unit process equals 1 USD. Figure 2 shows the

quantitative raw values of inventory indicators that are directly used and keep their amount and

underlying unit. No activity variable is used [1]. The inventory indicators enter a matrix calculation

which is the same as in the WH approach. The inventory results are displayed in different units.

Impact assessment

𝑆𝐼 𝐼𝐶 𝑚𝑒𝑑 𝑟𝑖𝑠𝑘 ℎ𝑜𝑢𝑟𝑠 =

𝑔𝑘𝑃 ℎ ∗ 𝐶𝐹 [
𝐼𝐶 𝑚𝑒𝑑 𝑟𝑖𝑠𝑘 ℎ

ℎ
]

𝐼𝐶 =𝑆𝐼 𝐼𝐶 𝑚𝑒𝑑 𝑟𝑖𝑠𝑘 ℎ

SI: Indicator result 

gkP: Inventory result of 

indicator k for unit process P

CF: Characterization factor

IC: Impact category result 

(1)

(2)

𝑟𝑘 =
𝑔𝑘

σ𝑖=1
𝑛 𝑎𝑖𝑖 ∗ 𝑠𝑖

𝑠𝑖 = 𝐴−1 ∗ 𝑓 𝑖

𝑠 = 𝐴−1 ∗ 𝑓
rk: Indicator result of indicator k

gk: Inventory result of indicator k

aii: Output of process i

si: Scaling factor for each individual process i

s: Scaling factor for the entire vector s

A-1: Inverted technical matrix

f: Demand vector

(3)

(4)

Overview of advantages and shortcomings

Indicator 

level

Inventory 

indicators for 

each risk level

•With risk 

assessment 

•With matrix 

approach

•No impact 

assessment

Exponential 

characteriza-

tion factors 

(CFs), used to 

quantify 

qualitative risk 

levels, calc. 

with equation 

(1)

Indicator 

level

Impact 

indicators for 

each risk level

•With risk 

assessment

•With matrix 

approach 

•With impact 

assessment

Impact 

category level

Impact

categories,  

calc. with 

equation (2)

•With risk 

assessment

•With matrix 

approach 

•With impact 

assessment

Fig. 3 Three PSILCA results of WH approach

Indicator 

level

Inventory 

indicators 

(not shown in 

openLCA 

results)

•No risk 

assessment

•With matrix 

approach

•No impact 

assessment

Normaliza-

tion: 

Equation (3) 

and (4) calc. 

weighted 

average of 

the inventory 

indicator. 

Economic 

outputs of 

unit 

processes 

used as 

weights [1]

Indicator 

level

Impact 

indicators

•No risk 

assessment

•With matrix 

approach

•No impact 

assessment

•With 

normaliza-

tion

Fig. 4 Two PSILCA results of RV approach 

Fig. 1 Inventory of WH approach with different data components and 

risk assessment 

Fig. 2 Inventory of RV approach with raw values and without risk 

assessment

Modeling aspects

Reference flow in output 

always has to equal “1 USD”

Requirement: For all inventory indicators which do not scale with 

the output, a reference flow for which they are true is defined by 

GreenDelta as 1 USD 

Adding (the same) inventory 

indicators to every unit 

process mandatory

Number of unit processes 

has influence on results

Inventory indicators with 0 worker hours result in no 

direct impacts caused within that unit process

Requirement: Inventory indicators with 0 become subject to an 

evaluation e.g., a gender wage gap of 0 % would be the 

optimum, and a sector average wage of 0 USD would be the 

worst possible option

Consequence: Reference flow of 1 USD for every unit process 

causes economic output aii which has an influence on indicator 

results rk. Every unit process has inventory indicators and adds to 

social impacts and therefore to inventory results gk

Reference flow in output can 

have any amount and unit 

Adding inventory indicators 

to unit processes optional

Number of unit processes 

does not necessarily 

influence results

Scaled according to product system

Scaled according to product system

Could the inclusion of a risk assessment in the RV approach be beneficial? How can it be conducted? Is an integration after the weighted average feasible? Is it possible to 

combine the two approaches? Are the hotspot results of the two approaches different? Is it the same across all stakeholder groups?
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Raw values (RV) approachWorker hours (WH) approach

[1]

+ All data characteristics (quantitative, 

qualitative or semi-quantitative) [3]

+ Comparable, summable [2]

+ Prioritization [4]

+ Modifiable risk levels and CFs [1]

- Data for worker hours not available, uncertain [5]

- Transparency loss [2]

- Reference scales, risk levels, CF´s subjective

- Unit of results: IC specific med risk hours 

- Reflection of relative significance ambiguous [2]

- Focus stakeholder workers [1]

- Averaged [3]

- Transparency loss [3]

- Only life cycle stages with same 

inventory indicators can be integrated

[1] Loubert M, Maister K, Di Noi C, Radwan L, Ciroth A, Srocka M (2023) PSILCA v. 3.1. A Product Social Impact Life Cycle Assessment database. Documentation, Berlin, Germany, [2] UNEP (2020) Guidelines for Social Life Cycle Assessment of Products and Organizations 2020, Paris, France, [3] Ciroth A, Di Noi C, Srocka M (2020) 

Revisiting the activity variable in Social LCA beyond worker hours, LCA XIX. GreenDelta GmbH, Tucson, Arizona, USA, [4] Benoît Norris C (2014) Data for social LCA. Int J Life Cycle Assess 19, 261-265. [5] Karlewski H, Lehmann A, Ruhland K, Finkbeiner M (2019) A Practical Approach for Social Life Cycle Assessment in the 

Automotive Industry. Resources 8, 146.

The Product Social Impact Life Cycle Assessment (PSILCA) 

database is available with two different approaches. The worker 

hours (WH) approach, which uses worker hours as an activity 

variable and the raw values (RV) approach, which calculates with 

the raw value of the inventory indicator directly [1]. Both 

approaches rely on the same economic and social data, but their 

handling in openLCA differs. The differences affect the inventory, 

impact assessment and interpretation of results. In addition, the 

approaches involve different modeling aspects of the product 

system by the practitioner of the study. Both of them bringing 

along advantages and shortcomings, which are presented in 

addition to the differences in this work. The elaborations are based 

on an article under review by Springer et al. 2024 with the same 

title.  

Future prospects

mailto:s.springer@fz-juelich.de


Social Life Cycle Analysis for plant-based beverage
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Beverage production is going to increase substantially 
in the coming years. While numerous studies have 
assessed the environmental impacts of beverage 
production, there is a scarcity regarding its social 
aspects. Additionally, consumer preference for plant 
protein based products is steadily rising, leading to a 
notable increase in their production. In this analysis 
the social risks associated to a plant protein based 
beverage, produced in Ireland, in pilot scale, are 
examined. The findings revealed that there are 
certain social indicators highly affected from the 
beverage production, mainly those related to value 
chain actors. The risks derive mostly from the 
electricity consumption, required mainly in the 
protein isolate phase. Thus, an alternative approach 
was proposed, focusing on reducing the energy 
consumption of the primary contributor, the freeze 
drying process. Implementing this modification 
substantially mitigated social risks, but further 
studies are required for a more sustainable beverage 
production process.

Abstract

The social indicators that scored the highest risks, on the 
beverage production process, are illustrated in Flowchart 2.

Introduction

The Social Life Cycle Assessment was implemented in 
OpenLCA v1.11.0. The boundaries of the system were cradle 
to gate and the functional unit 1 kg of beverage produced. 
The data for the inventory was collected through:

▪ National Databases
▪ Site-specific data
▪ Soca v2 database

As an impact assessment method ‘Social Impacts Weighting 
Method’ was applied, which uses different risk levels as 
characterization factors and the results are expressed in 
medium risk hours. The analysis covers 55 impact indicators 
focusing on the four stakeholders. Worker hours was the 
activity variable used, which illustrate the time workers 
spend to produce a certain amount of product, equivalent to 
1 USD output in the given process or sector .

Methods and Materials
Protein isolate is the production phase most impacting 
to the social indicators scored the highest risks, as 
depicted in Flowchart 3. This process phase consumes 
elevated amounts of electricity, especially in the freeze 
dying process, and requires sodium hydroxide in the 
alkaline solubilization phase, both contributing 
substantially to the social impacts. 

Given that electricity consumption stands out as the 
primary contributor, an alternative scenario, focusing on 
reducing electricity, is proposed. Freeze drying has the 
highest electricity demands of the process, due to 
absence of a liquid phase removal process after washing 
and neutralization.

Implementing an ultrafiltration process prior to freeze 
drying would lead to a more concentrated solution 
entering the freeze drying process, and thus mitigating 
the total electricity demands. 

The comparative results of the two analysis are 
presented in Flowchart 4.

Results & Discussion 

The Social Life Cycle Assessment of plant protein based 
beverage produced in Ireland revealed that there are 
some critical social indicators, with substantial risks. 
These social risks affected all of the stakeholders, with 
an emphasis on value chain actors. 
The primary contributor to the social risks was the 
electricity consumption. Given that protein isolate 
production is the highest electricity-intensive phase, a 
specific change in the process line of this phase was 
proposed to achieve mitigation of the energy demands. 
The alternative approach yielded that by reducing 
electricity consumption, the social impacts are 
substantially moderated, highlighting the pivotal role of 
electricity generation blend in industries.
It’s important to note that the analysis was performed 
on a pilot scale process [7]. This suggests potential 
variations in the results when applied on industrial scale.
Additional studies should be conducted to the field in 
order to promote a more holistic approach considering 
all the three pillars of sustainability: environment, 
economy, and society.

Conclusions

The beverage industry stands as a vital economic 
sector with a profound impact on local and global 
economies. According to Statista, in 2023, the sales 
from non-alcoholic beverage industry globally 
reached 1.45 trillion USD, while in 2027, it is 
expected to reach 1.74 trillion USD [1]. 
Simultaneously, the growing preference for plant-
based protein indicates a significant shift in dietary 
habits and consumer choices. The global plant-based 
protein supplements market is projected to grow 
from $5.40 billion in 2021 to $7.84 billion in 2028 at a 
CAGR of 5.5% in forecast period [2]. This movement 
is driven by a combination of factors, including health 
consciousness, environmental concerns, and ethical 
considerations.
Within this context, VALPRO Path Project aims to 
combine these two aspects, by developing a plant 
protein based beverage, in pilot scale, in Ireland. 
However, both the cultivation phase and the pilot 
production process have raised concerns over their 
social impacts on workers, value chain actors, local 
communities and society.
Hence, the aim of this work is to develop a Social Life 
Cycle Assessment in order to identify the critical 
areas of concern within both the plant cultivation 
stage and the process and suggest strategies for their 
mitigation. The process line of the beverage 
production, in pilot scale, is presented in Flowchart 1. 

Results & Discussion

Flowchart 2. Selected Social Impact Categories with the highest level of risk  
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Flowchart 3. Contributions of the beverage production phases on social impacts 

Three out of the four indicators of stakeholder value chain 
actors belong to the impacts with the highest risk, 
demonstrating that it is the most affected. Flowchart 3 
depicts the percentages of highest risked social impact 
indicators attributed to each production stage.
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Flowchart 4. Comparative results of the highest risked social indicators
between the base and the proposed approach
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The most significant social risks are substantially 
decreased with the proposed approach, concluding that 
electricity demands decline, would contribute to a more 
socially sustainable plant protein based beverage.

Flowchart 1. Plant protein based beverage production process

The majority of the high social risks are associated to the 
electricity consumption. As electricity flow in the analysis 
‘High voltage electricity production mix in Ireland’ was 
chosen, which utilizes electricity characteristics of 2017. That 
year,  Ireland generated 5808 GWh electricity from coal, with 
South Africa ranking as the 4th largest exporter of coal 
briquettes to Ireland, significantly accelerating the social risks 
of electricity consumption [4,5]. According to Human Rights 
Watch, South Africa suffers from inequality, unemployment, 
corruption, unhealthy conditions and environmental 
degradation, leading to severe social threats [6]. 

Please complete the Consumer 
acceptance questionnaire of plant 

protein based products here:Angeliki Petridi
DIGNITY PRIVATE 
Email: apetridi@dignity.com.gr

Contact

This project has received funding from the European Union’s Horizon 
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No. 101059824 and co-funded by UK Research and Innovation (UKRI) 
under the UK government’s Horizon Europe funding guarantee.

*Anti-competitive behaviour or violation of anti-trust and monopoly legislation 



INTRODUCTION

RESEARCH METHODOLGY 

RESULTS AND INTERPRETATION

Wind energy contributes to 14% of Egypt's electricity, with no direct emissions during operation compared to fossil
fuel. However, the production process of wind turbines has an environmental impact. This study analyzes the
environmenetal impact of a small 600-W onshore wind turbine in Egypt over a 20-year lifespan. The future mass
production of the wind turbine is targeted for farms, agricultural lands, eco-friendly villas, and signal towers in Egypt 

Goal and scope
The assessment aims to identify the primary emission sources for a 600-W wind turbine's production from cradle
to grave approach (figure 1), focusing on its main components (hub, nacelle, blades and tower) and stages. In
addition to investigating the emissions behind the production of 1 kilowatt-hour of electricity from wind turbine
Data collection tools and data sets 
Solidworks software was used to gather the primary data for wind turbine material and masses. figure 2 shows
the material breakdown. The data are shared with suppliers for manufacturing. The LCA software used is
openLCA using Ecoinvent v.3.7.1 cut-off database.
Life cycle impact assessment
The environmental potential impacts categories (climate change, Water consumption, Terrestrial acidification,
Land use, Freshwater ecotoxicity, Human carcinogenic toxicity and Human non-carcinogenic toxicity

1

3

A share of over 95% of the emissions resulted from the raw material extraction and manufacturing stage resulting in
77.5 kgCO2eq for a 600 W wind turbine. The total amount of CO2 emitted per kWh is estimated at 6.1 gCO2/kWh.
Figure 3 shows the percentage of each stage. The nacelle is the most contributing component to the environmental
impact categories compared with other components due to the many components included in the nacelle.  

CONCLUSION 

2

The study highlighted that each kilowatt-hour of wind turbine operation emits 6.1 grams of CO2, primarily due to raw
material extraction and manufacturing. To address this, further research is needed to reduce the environmental
impact of these phases, possibly by exploring greener material alternatives.

Life  Cycle  Assessment  of  600-W
Onshore Wind Turbine in  Egypt

G h a i d a a  N .  A b d e l k a d e r

Figure 2: Material breakdown of 600 W wind turbineFigure 1: System boundary and life cycle stages 

Figure 3: Percentage of global warming contribution from each
life cycle (gCO2eq/kWh)

Figure 4: contribution of turbine components to the selected impact
categories 

1

E n v i r o n m e n t a l  E n g i n e e r i n g  P r o g r a m ,  Z e w a i l  C i t y  o f  S c i e n c e ,  T e c h n o l o g y ,  a n d  I n n o v a t i o n
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Streamlining Life Cycle Assessment using OpenLCA
for a medium sized UK-based manufacturer.

Irene Mazzei¹

¹Stoane Lighting, 20 Dryden Road, Bilston Glen Industrial Estate, Loanhead, EH20 9LZ

irene@mikestoanelighting.com 

Due to the urgency of the environmental crisis, policymakers are progressively introducing more regulations on environmental assessment,
reporting and validation of green claims made by companies. Small and medium-sized enterprises are disadvantaged because of the fewer
resources available to invest in these practices compared to larger organisations, and to challenges related to the highly-paid and highly-
specialist LCA knowledge. This contribution illustrates a strategy established to facilitate the application of the LCA methodology for a
medium-sized lighting manufacturer, thanks to the partnership between the manufacturer and a UK-based academic institution, through the
Knowledge Transfer Partnership (KTP) program.

Identification of materials and

processes involved in production.

Collection of data on in-house

manufacturing operations.

Collection of data from the supply

chain.

Background System

Practical Application Example of Results

Internal
Database

Automatic
calculation of flows

associated to
product, for each
life cycle stage.

+

Standardised process and results.

Accessible and compatible with

regulatory requirements.

Streamlined report creation

adapted to EPD format.

The LCA process created allows the company to easily produce LCA results, not only with the purpose of creating
EPD and other reports, but also to (i) base design and manufacturing decisions on scientific data, (ii) track their
progress on environmental impacts of products and (iii) gain knowledge on environmental impact assessment topics
applied to lighting. The user-friendly interface offered by OpenLCA was key to create a system with the potential to
return streamlined results, enabling the lighting manufacturer to break the accessibility barrier often associated with
LCA tools. 

LCA ReportLCA Results

Secondary DataPrimary Data

EPD

External Verifier +

15 - 16 April
2024, Berlin

Further use of LCA tool
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Life Cycle Assessment of male and female lines of a

dual-purpose chicken breed using openLCA
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Exploring the environmental impacts such as

eutrophication, acidification and climate change

of conventional and dual-purpose chicken breed

under similar housing conditions using;

(a) feed parameters

(b) non-feed parameters

The study has been carried out using OpenSourceLCA software and ecoinvent

database, using Lohmann Dual (layer and broiler), Lohmann Brown, and Ross 308 data

of performance, feed & resources use, and waste products for a cradle-to-farm-gate life

cycle assessment. Additionally, FeedprintInt 2020 provided feed production emission

information in various supply chain stages. In both software, “ReCiPe midpoint (H)”

impact assessment method has been applied. The functional unit for layer and broiler

lines are considered as Egg Mass per starting hen (EM) and kg Breast Meat (BM),

respectively.

For broilers, production data of the growing period and live weight of Ross 308 has

been adopted from Bessei (2022) and for Lohmann Dual broiler from Damme,

Urselmans & Schmidt (2015). The data on the breast yield of both broilers has been

adopted from Siekmann et al. 2018. The data in the study of Damme, Urselmans &

Schmidt (2015) has been also used for laying period and Egg mass per starting hen of

both Lohmann brown and dual.

The data of total energy and water consumption for both broiler (kWh/kg breast meat)

and layer (kWh/kg egg) has been derived from KTBL print (2018).

The amount of manure produced per kg breast meat and kg egg has been adopted from

the Feedprint NL 2022. Data regarding the feed composition and diets for both broiler

and layer has been provided by one of the contacts in feed production industry. The

geographical centre of Germany has been considered as the feed mill location,

Hamburg as the Main Landing port for feed materials and 100Km as the distance from

the feed mill to the farms.

Feed parameters exerts a more

substantial influence on the

environmental impact factors than

the non feed parameters

Fig. 1: Comparison of the environmental impacts of 1kg of chicken breast meat

produced from two product systems of conventional and dual purpose breeds

considering both feed and non feed parameters

Fig. 2: Comparison of the environmental impacts of 1kg of chicken egg produced from

two product systems of conventional and dual purpose breeds considering both feed

and non feed parameters

Conclusion & Discussion

Lower performance a swell in

dual layer leads to higher amount of

feed intake, CO2eq and greater

environmental impact factors

Lower performance in dual

broiler leads to higher amount of feed

intake, CO2eq and greater

environmental impact factors

Following the ban of culling the day-old male chicks

of the layer lines since January 2022 in Germany,

farmers are considering dual-purpose chicken breed as

an alternative. In dual breeds, females are kept for

laying eggs and the males are raised for meat

production.

In addition to the development of various marketing

strategies for increasing consumer acceptance, several

diet practices have been adopted as well to improve

feed conversion rate and escalate profitability in such

breeds. In comparison with conventional broilers and

layers, dual breed chicken performance in feed

conversion rate, especially in the cut-ups, is lower and

the need of natural resources is assumed to be higher.

However, the environmental impacts of the complete

system including both lines have not been studied so

far. Thus, the current research has been carried out

using the data of performance, feed & resources use,

and waste products of Lohmann Dual (layer and

broiler), Lohmann Brown, and Ross 308 for a cradle-

to-farm-gate life cycle assessment in openLCA

software.

Feed
CO2eq

(kg/kg

feed)

Feed

intake

(kg/kg BM)

Dual

CO2eq

(kg)

Dual

Feed

intake

(kg/kg BM)

Conventional

CO2eq

(kg)

Conventional

Starter 0.718 4.7 3.374 2 1.43

Fattening I 0.700 7 4.9 3 2.1

Fattening II 0.722 19.5 15.01 3.1 2.23

Total 

(kg/kg BM)
31.2 23.284 8.1 5.76

Table 1: Feed borne CO2eq per kg feed, feed intake and CO2eq (kg/kg

Breast Meat (BM)) of dual and conventional broilers

Feed CO2eq

(kg/kg

feed)

Feed

intake

(kg/kg egg)

Dual

CO2eq

(kg)

Dual

Feed

intake

(kg/kg egg)

Conventional

CO2eq

(kg)

Conventional

Pre-Layer 0.666 0.064 0.043 0.049 0.033

Layer I 0.706 2.676 1.889 2.091 1.476

Total 

(kg/kg egg)
2.740 1.932 2.140 1.509

Table 3: Feed borne CO2eq per kg feed, feed intake and CO2eq (kg/kg

egg) of dual and conventional layers
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1. Producing 1kg of breast meat in dual chickens

requires nearly four times the amount of feed

compared to conventionals (table 1).

2. Due to the higher feed intake in dual broilers,

the CO2 eq of their feed is almost four times

higher relative to the conventionals (table 1).

3. Dual layers´s feed intake per kg egg is higher as

of their feed´s CO2 eq in comparison with the

conventional layers (table 3).

4. Environmental impact factors of dual purpose

chickens in both meat and egg production

system is greater than the conventionals (fig. 1

& 2).

5. Contribution analysis of feed and non feed

parametrs in both broilers and layers shows the

dominant influence of feed production on

environmental impact factors (except for fossil

depletion factor) (table 2 & 4).

Indicators

Non feed 

parameter

Dual (%)

Feed 

parameters

Dual (%)

Non feed parameters

Conventional (%)

Feed

parameters

Conventional (%)

Fossil depletion 95.645 4.355 96.158 3.842

Freshwater 

eutrophication
0.007 99.993 0.009 99.991

Marine 

eutrophication
0.005 99.995 0.006 99.994

Ozone depletion 0.049 99.951 0.056 99.944

Water depletion 0.005 99.995 0.005 99.995

Table 2: Contribution of the feed and non feed parameters on selected environmental

impact factors in two product system of conventional and dual broilers

Table 4: Contribution of the feed and non feed parameters on selected environmental

impact factors in two product system of conventional and dual layers

Indicators

Non feed 

parameter

Dual (%)

Feed 

parameters

Dual (%)

Non feed parameters

Conventional (%)

Feed

parameters

Conventional (%)

Fossil depletion 91.350 8.650 91.837 8.163

Freshwater 

eutrophication
0.004 99.996 0.005 99.995

Marine 

eutrophication
0.002 99.998 0.002 99.998

Ozone depletion 0.025 99.975 0.027 99.973

Water depletion 3.512 96.488 3.733 96.267
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• The urban water system in Annaba supplied to a population of 700,000
inhabitants in addition to various industrial and agricultural operations.

• Because constraints, the population turned to household tank-pump systems for
water storage and bottled and spring water for their drinking needs.

• Plans were underway for the rehabilitation of the system assuming that the
HDPE substitute 20% of the deteriorated supply network.

Life Cycle Assessment of Tap Water of Annaba City - Algeria
Mehdi Belhani1 and Hamouda Boutaghane2

1National Higher School of Technology and Engineering (ENSTI), Department of Mining Metallurgy and Materials, L3M, Annaba, 23005, Algeria. 
2Laboratory of Soils and Hydraulic, Badji Mokhtar Annaba University, PoBox 12, Annaba, 23000, Algeria.
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Abstract
The Life Cycle Assessment (LCA) was carried on the urban water system of Annaba, on the east coast of Algeria. The system includes the
sources of water, which are two dams and several boreholes, the treatment process in two stations, and the supply to 700,000 inhabitants.
The study was conducted using OpenLCA software and the ecoinvent v3.5 databases with the attributional form. The results showed that
the tap water use phase consumed 0.143 kg Oil-eq/m3 of fossil resources, 0.4 g Fe-eq/m3 of metals and generated 0.346 kg CO2-eq/m3 in
the current condition (82,5 L/Person day). The Inhabitant Equivalent consumed 18.12 g Oil-eq of fossil resources and generated 43.75 g
CO2-eq in the optimal conditions (150 L/Person day).

• How to effectively address the impacts of the tap water within causality of the
urban water system limits (leakage and water stress) and consumer behaviors ?

• The concept of Inhabitant Equivalent was not solely tied to the definition of tap
water.

• Previous urban water Life Cycle Assessment studies had not integrated the
impact contributions of spring water mobilization.

• The application of Life Cycle Assessment remained lacking in Algeria, especially
in the fields of water, energy, and transportation.

➢ The environmental impacts of the urban water system were influenced by the
geological characteristics and water quality of the dams, along with the presence
of leakages in the supply network.

➢ The utilization of HDPE decreased the environmental impacts during the
operational phase and throughout the entire life cycle.

➢ The quality management of the tap water and the decrease in reliance on spring
water would be mitigated the environmental burdens of the inhabitant
equivalent.

➢ The study scope should be expanded to incorporate renewable energy and to
encompass the end-of-life of the sludge and bottles.

1. ISO, Environmental management – life cycle assessment – principles 
and frame-work, International Standard ISO 14040, Second Edition 
2006-07-01, 2006.

2. J. Stokes, A. Horvath, Life Cycle energy assessment of alternative water 
supply systems, Int J Life Cycle Ass 11 (2006) 335-343.

3. OpenLCA software, 2023.

• The aim was to evaluate the Global Warming Potential (GWP) and resource
depletion impacts of the tap water in the current conditions (82,5 L/person day)
and in the optimal conditions after network rehabilitation (150 L/person day).

• The environmental impacts of the Inhabitant Equivalent were analyzed in
relation of the tap water system constraints and the consumer behaviors.

• The contribution impacts of each part of the system were identified.
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The lack of standardized protocols for implementing 
life cycle impact assessment (LCIA) methods in 
various LCA software (i.e. software-LCIA method 
combination) has become a known issue, mainly due 
to differences in the software implementation of 
LCIA methods, e.g., a difference in the 
characterization factors (CFs) (Lopes Silva et al., 
2019; Speck et al., 2016). Here we conducted a 
consistency analysis focusing on two widely-used 
LCIA methods (ReCiPe 2016 and CML-IA baseline) by 
comparing their implementation in three software 
tools (SimaPro [Demo Analyst version 9.3.0.2], 
openLCA [LCIA data from openLCA GitHub (accessed 
June 2022)], and Brightway2 [v2.3, with the older 
CML 2001 implemented in the software, and the 
python package "bw-recipe-2016" v0.3], in addition 
to the raw data sources from the LCIA developers’ 
official documentation.

2.1 Elementary Flows (EFs)

The consistency analysis of EFs’ nomenclature and 
their mapping to environmental compartments was 
carried out using descriptive statistics, counting the 
total number of original EFs as well as unique EFs 
(because one EF appears in multiple compartments) 
used in each impact category (IC) of the LCIA 
implemented in the four LCIA sources

2.2 Consistency checks on CFs – pairwise comparison 
and identification of outlier EFs 

A list of common EFs to be compared pairwisely
between two LCIA sources was extracted, to ensure 
that only CFs of the same EF to the same 
compartment would be compared. Outlier EFs are
those with a comparison ratio of CFs obtained from 
the two paired LCIA sources either  0.95 or  1.05 for 
all ICs, except for toxicity-ICs of ReCiPe, in which 
hundreds of EFs would become outliers by using this 
threshold. A comparison ratio of  0.65 or  1.5 was 
chosen to identify outlier EFs for toxicity-ICs of ReCiPe. 
All data, analysis scripts and results are available at: 
https://github.com/susierwu/LCIA_comp/

There is a lack of consistent EF nomenclature and absence of 
a common list of environmental compartments. 

The pairwise comparison indicates that while an overall 
correlation between each compared LCIA source was 
relatively high, outliers did emerge, especially for toxicity-ICs. 
Ecotoxicity-ICs of ReCiPe received the highest inconsistency, 
where a comparison ratio of over 100 was observed on CFs of 
the same EF in extreme cases. 

3. Results

2. Methods

1. Context

1. Limitations and Discussion

The study was conducted almost two years ago, the results were only valid for the specific tool/LCIA method version. As 
the two major open-source LCA tools available in the market, openLCA and BW2 share some common characteristics, 
such as data openness and transparency. However, their pairwise comparison yielded the lowest correlation among all, 
with multiple outlier EFs identified. Two of the most widely used LCA tools, openLCA and SimaPro, had a satisfactorily 
high correlation of 1.0 in almost all ICs. We hope to encourage LCA software and data developers to pay more attention 
to cross-validation of data, even though they continue to manage data independently.

Consistency analysis on life cycle impact assessment (LCIA) methods 
implemented in different LCA software

https://www.sciencedirect.com/science/article/abs/pii/S2352550919301733?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2352550919301733?via%3Dihub
https://doi.org/10.1111/jiec.12245
https://github.com/GreenDelta/data/tree/master/LCIA method/categories
https://github.com/GreenDelta/data/tree/master/LCIA method/categories


Recommendations to instruct the public to understand the environmental 
information of EPDs with less efforts on the behalf of EPD Programme Operator and 

why declared indicators are important?
Zeng, Yuzhi
EPD China. Lane 320, Tianping Road, Xuhui District, Shanghai, China. E-mail: prc@epdchina.cn

Disclaimer:
This public shared poster represents the opinion of author based on the relatively limited feedback of participants. The content is for informative 
purpose only, and not to provide as the solid industrial advice. EPD China is not responsible for the content of conflicts. 

Recommended resource:
EPD China website: www.epdchina.cn
EPD China Programme Leaflet: http://www.epdchina.cn/resources
EPD China General Programme Instructions: http://www.epdchina.cn/resources
EPD China Programme Template: http://www.epdchina.cn/resources

Background information of sponsored organization       

EPD refers to Environmental Product Declaration, which is the Type III environmental 
declaration providing quantified environmental data using predetermined parameters 
and, where relevant, additional environmental information.

According to ISO14025, EPD Programme Operator is an independent body that 
conducts Type III environmental declaration programme. 

The EPD Promotion Center is the Programme Operator of EPD China Programme , 
which the first registered and qualified EPD Programme Operator in China. EPD 
China actively respond to international and national policies and build the its 
competency to assure the quality, reliability, and consistency of the published EPDs.

Background information of conference topic       

Relatively high amount of feedback from EPD owners and the public audience that they don’t know how to use declared results which include 13 main environmental indicators, 
additional indicators relating to recourse usage, waste categories, and outflows, and optional indicators such as human toxicity. 
 
How to help the EPD owner and public audience to digest these complex information in published EPDs is becoming a question worth to ponder for. In order to find the 
answers for the proposed question, the informal short discussion among representatives from the public and the interested companies are conducted. 

Discussed questions at glance

u Does the organization you work for conduct EPD project?

uWhere do you know the concept of EPD?

u Do you think the published EPDs at EPD China is readable for you?

uWhich part of EPD report you and your stakeholders are most interested in?

u Is there any difficulties for you to understand declared indicators in the EPDs, if yes, please specify?

uWhich kind of resource you need if you feel hardto understand declared indicators in the EPDs? 
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RESULTS OF THE LCA - ENVIRONMENTAL IMPACT per functional ordeclared unit

Core indicator Unit A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 B6 B7 C1 C2 C3 C4 D

Global Warming Potential total (GWP-total) [kg CO2 eq.]
                 

Global Warming Potential fossil fuels (GWP-fossil) [kg CO2 eq.]                  

Global Warming Potential biogenic (GWP-biogenic) [kg CO2 eq.]                  

Global Warming Potential land use and land use change(GWP-luluc) [kg CO2 eq.]                  

Depletion potential of the stratospheric ozone layer(ODP) [kgCFC 11 eq.]                  

Acidification potential, Accumulated Exceedance (AP) [mol H+ eq.]                  

Eutrophication potential, fraction of nutrientsreaching freshwater end 
compartment (EP-freshwater)  [kg Peq.]

                 

Eutrophication potential, fraction of nutrients reachingmarine end 
compartment(EP-marine) [kg N eq.]

                 

Eutrophication potential, Accumulated Exceedance(EP-terrestrial) [mol N eq.]
                 

Formation potential of tropospheric ozone (POCP) [kg NMVOC eq.]                  

Abiotic depletion potential for non-fossil resources (ADP-
minerals&metals) [kg Sb eq.]

                 

Abiotic depletion potential for fossil resources (ADP-fossil) MJ, netcalorific 
value

                 

Water (user) deprivation potential, deprivation-weightedwater 
consumption (WDP)

[m3 world 
eq.Deprived]

                

RESULTS OF THE LCA - Resource use and waste categoriesper functional or declared unit

Core indicator Unit A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 B6 B7 C1 C2 C3 C4 D

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

materials(PERE)
MJ

                 

Use of renewable primary energy resources used 
as raw materials(PERM) MJ

                 

Total use of renewable primary energy 
resources(PERT)(primary energy and primary 

energy resources used as raw materials)
MJ

                 

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

raw materials(PENRE)
MJ

                 

Use of non-renewable primary energy resources 
used as raw materials(PENRM) MJ

                 

Total use of non-renewable primary energy 
resources(PENRT)(primary energy and primary 

energy resources used as raw materials)
MJ

                 

Use of secondary material(SM) kg                  

Use of renewable secondary fuels(RSF) MJ                  

Use of non-renewable secondary fuels(NRSF) MJ                  

Net use of fresh water(FW) m3                  

RESULTS OF THE LCA - Resource use and waste categoriesper 
functional or declared unit

Core indicator Unit

Hazardous waste disposed(HWD) kg

Non-hazardous waste disposed(NHWD) kg

Radioactive waste disposed(RWD) kg

Components for re-use(CRU) kg

Materials for recycling(MR) kg

Materials for energy recovery(MER) kg

Exported energy(EE) MJ

Qualitative method of a short informal discussion with participants on given questions 
have been used. 
 
Response from five participant from product department of the companies have been 
collected. Eighty percent of them have published their EPDs on their products and one 
of them have not started the EPD project yet.
 
Content analysis has been used for examining the participants’ oral answers of 
qualitative questions.
 

Limitations
Relatively small number of participants was joined this discussion
The discussion could not been recorded and raw data was been collected through 
note-taking process.   
There is no follow-up discussion to the deep category analysis after the first discussion. 

Relatively complete environmental impacts from global warming potential to 
eutrophication, and to water deprivation etc, are listed through indicators with 
consistent analysis method. 
 
The results of declared indicators can support companies in relevant sectors 
understand the environmental impacts of their products or services.
 
Enhance collaboration and jointly serve the interests of consumers, the market, and 
relevant stakeholders with open and transparent information.
 
At heart of the sustainable development, indicators of resource usage at energy level 
can support the EPD owner realize the demand of clean energy transition. 
 
The practical action such as proper waste management, recycling, and reuse is 
highlighted with compulsory indicator.

The EPD China Template is open to all for downloading.
Well illustrating from the template, the included indicators 
are accordance with EN 15804 showing in the tables at left. 

Here are overview of 5 participants’ replies to the questions

Does the organization you work for conduct EPD project?
YES (80%)   NOT YET (20%) 
 
Where do you know the concept of EPD?
Answers to this question varies, one of them mentioned it is from their clients from Europe, some mentioned they knew it from the biding guidelines and LEED 
programme, others mentioned it was from the senior manager in the company and colleague from certification department respectively.  
 
Do you think the published EPDs at EPD China is readable for you?
YES (20%)  NO(80%)
 
Which part of EPD report you and your stakeholders are most interested in?
Most participants agrees the environmental impacts in the EPD report are highly valued, especially on the global warming potential indicators. To compare this 
result with competitors is common even EPDs within same category of product in different programme operator are not suggested to be compared.
 
Is there any difficulties for you to understand declared indicators in the EPDs, if yes, please specify?
Most participants mentioned they know the meaning of the words but did not clear how these words are relate to specif environmental impacts. In addition, they 
said they wanted to know average results of same products even they had been told the aims of EPDs is not for setting the benchmark but providing reliable 
environmental information. 
 
Which kind of resource you need if you feel hard to understand declared indicators in the EPDs? 
Firstly, they wants more detailed explanation of each indicator and how the unit of  indicator relates to the environmental impacts.   
Secondly, pictures and informative video could largely helpful for understanding.
Last, for the need professional development, they hope there will high-quality course and workshops to learn the EPDs in details not only limit in the declared 
units.  

Additional explanation of indicator Illustrative diagrams （eg. Eutrophication ）

Informative videos Course, training or workshops

To sum up, verifiable, accurate, non-misleading environmental information for product or service through the third party verification process help companies understand their 
products’ environmental information communicate those with customers. A the core of the EPD, group of indicators indicates the complex of EPD project process from data 
collection, to LCI analysis, and to interpretation. Available informative resources supporting the EPD owner and the public to understand the main content of the EPD report are 
needed.
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