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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 1s 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 1s particularly developed, aiding 1n overall environmental sustainability assessment by integrating with bivalves' carbon storage
capacity.

Materials and Methods

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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Conclusions

Life Cycle Assessment (LCA) 1s 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.
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— |NTRODUCT|ON e e 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
The long-term storage of historical paper collections is a critical out.

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 PREL"V"NARY RESULTS

(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 typ.e of packaging materials.have an impact on the qufamtity.of the
social life cycle assessment (S-LCA) will be used as advanced emitted components during accelerated aging in different

\iuantitative tools for sustainability assessment / environmental conditions. This is reflected also on the impact on the

Preliminary results obtained from VOC emissions testing show the
presence of formic and acetic acids. It has also shown that the age and

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.

METHODS 3

w
o

© New cardboard
Different types of new packaging boxes with different configurations 225 e i i
provided by several suppliers (ZFB, Germany; Klug, Germany; JPP, UK), EZO
were selected for analysis. In addition, recycled-by deacidification archival ‘§>§ .
boxes used for storage of the National University Library’s collection 2
(NUK), Slovenia. In this research, different methods will be implemented > \
as follow; Oo | 5 10 ] 15 20 A 25 30 ) 35 40 45
* Determination of VOC emissions in different environmental conditions =y
for the different types of boxes prior to gas chromatography—mass Fig 4. GC-MS chromatograms (0-45 min) for all samples obtained with the SPME
spectrometry (GC—MS) and ion chromatography (IC) analysis. ZPIECEE.
* Evaluation of the degradation of stored heritage paper collection to Femperature °C.cycles in 36 hrs
assess the long-term storage in indoor environmental conditions. 2o 15 a5 15 ac 1= ac 1
Accelerated aging will be carried out by subjecting the boxes to 4.0
temperature cycles while monitoring the VOC emissions. The decrease o VAR /7 N\
in the degree of polymerization (DP) of reference paper will also be é ;(5) M/ —— MW
measured. New boxes will be chosen for the assessment from the long- S 1
term storage perspectives and compared to the recycled boxes from = g‘;
NUK. 0.0
e LCA, LCC and S-LCA as quantitative assessment tools will help to oo Tim1e8(hrs)21 o e
formulate sustainable packaging boxes for paper collections by - Old Cardboard New Cardboard
quantifying the following environmental and socio-economic hotspots Fig 5. tVOCs emitted from different airtight packaging boxes through three
(raw material extraction, manufacturing, transport, use, recycling, repeated temperature cycles in consonant humidity 65%.

disposal, energy consumption, emissions, stakeholders, and costs).

OUTCOMES

The outcome of this research is to model qualitative and quantitative

\ ]
.

\
B -
\ &

"—; guidelines for conservation decision-makers, based on the environmental
) 4 | " and health impacts of the packaging materials in storage areas of paper
o T BA & Lt \ collections, using LCA and the results will be visualized and presented to
Fig 1. Archival boxes Fig 2. Deacidification of old Fig 3. New cardboard the stakeholders, decision makers and practitioners regarding the

. G R cardboard boxes from NUK box collection demography in libraries and museums.
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Okhovat, Rasool; Syré, Anne; Maier, Otto; Gohlich, Dietmar
Chair of Methods for Product Development and Mechatronics, Technische Universitat Berlin

K 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 openlLCA software, the tool aims to enhance the accessibility of performing LCAs. Applied to

a case st

udy 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.

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
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Fig. 1. Python Integration for OpenLCA Enhancement

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 s
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.
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Data Processing, Data Import and Data Integration in OpenLCA

Fig. 2: Schematic of the Sequential Steps in the Tool's Operation

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.
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Fig. 3: Product System of Additive Manufacturing processes

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.
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Fig. 4: Interactive Visualization of Results

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 i1s 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.
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Introduction

China’s power system experienced significant expansion over the last decade, with has been widely applied to assess environmental impacts of China’s power system in
the total generation rising from 4.2PWh in 2010 to 7.6PWh in 2020. During this existing papers. However, there Is no study evaluating a comprehensive set of
period, solar power generation increased from 0.3TWh (less than 0.01% of the total environmental impacts as well as their spatial distribution caused by China’s current solar
generation) in 2010 to 261TWh (3.6% of the total generation) in 2020. power system at the provincial and national levels.

The expansion of solar power in China's power sector has shown benefits of Therefore, this study used Gansu province in China as an example and evaluated its full
reducing carbon emissions. However, other associated environmental impacts life cycle environmental impacts in 2020, considering the upstream supply chains of both
should also be assessed to understand not only the environmental benefits (i.e., solar panels and key materials (i.e., iron and steel, aluminium, copper, and concrete). It
carbon emission reduction) but also the adverse environmental concerns of the can help policymakers gain a more comprehensive understanding of the magnitude and
current solar power system. spatial distribution of environmental impacts brought by solar power in Gansu province and

Life cycle assessment (LCA) is a well-established method to evaluate the  d€SIgn appropriate policies on power transition in provinces of China.
environmental impact associated with the full life cycle of a product or system. It

Method

. : The target system is the solar power generation in
Silicon/ Copper/ Iron/ Bauxite/ Power unit _ _ _
Cement Solar cell & panel Power unit Gansu province, China. The system boundary includes

. o . Power unit Operation, provincial : _ .
Regional gxtractlnn, wnpnrt_and —> Provincial —> Construction power generation —>» Disassembly, waste all key life cycle stages of solar power in Gansu
domestic supply, domestic manufacture ’

. treatment _ : :

processing power transmission 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.

J The regionalized LCIA method used here is IMPACT
& World+, the impact categories analyzed are Global
Warming Potential (GWP), Particulate Matter
Spatially explicit LCI Regionalised LCIA Visualization Formation (PM), Mineral Resource Use, Land
Transformation (biodiversity), and Freshwater

> modify flow magnitude and spatial calculate impact using Eutrophication. The regionalized characterization

Adapt raw data based on information of default datasets IMPACT World+, Shapefiles . factors are manuallv matched with elementarv flows for
reference flow & > establish new datasets with localized of CFs of Freshwater plot impact y y

functional unit flow magnitude and spatial information eutrophication and land distribution map the last two categories.
> build LCA hierarchy transformation The magnitude of the impacts is assessed at a

provincial level. The resolution of the spatial distribution
Figure 1. The workflow of this study. of impacts Is at a provincial level within China and a
national level outside of China.

Background data from Ecoinvent v3.8

> UNcometrade database > Industry report > Yearbooks

Foreground data from
> Government database > Government report > Journal papers

Data with
spatial information

Results

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

Land transformation, biodiversity 5.99 43.37 mm? arable land eg/kWh
Mineral resources use 0.12 0.10 g deprived/kWh

Freshwater eutrophication 0.27 0.19 mg PO, P-lim egq/kWh

100% | Unit: %
End-of-life treatment | ™™ 0.01

80% Transportation e
) Operation | No data
60% Construction
40% u Material extraction
and manufacture
20%
V% Inner
GWP PM

Land M I neral FreShwater i B a Nt WP S
Transformation, resource eutrophication Ry
biodiversity use E/

Figure 2. Impacts from life cycle stages of solar power (in percent). ‘ _
Shaanxi - fo .

-20%

-40%

5
{
Ningxia S} ) -

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. Unit: %

Sichuan

Material extraction and manufacture contributes the most in all life cycle phases, 7 0.00

among all categories (Figure 2). The operation stage contributes significantly to the 5 Lizzta

~-reshwater eutrophication due to wastewater from routine panel cleaning.

. . L . Figure 3. Spatial distribution of Freshwater Eutrophication by solar power generation in Gansu.
n Figure 3, the Freshwater Eutrophication of solar power generation is widespread The colour depth indicates the magnitude of impact share on each area. The impact shares of

hoth domestically and internationally. Within China, the impact distribution is 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%,

dominated by silicon wafer production which discharges wastewater containing high
concentration of BOD and CQOD, distributing in Jiangsu (9%), Xinjiang (7%), Yunnan In conclusion, the result indicates the risk to mineral supply and freshwater quality brought by
(5%), and Inner Mongolia (4%). Gansu accounts for only 0.0002% of the total impact. the future expansion of solar power, despite its carbon reduction benefits. Also, the spatial
Over 60% Iimpact was outside China, scattering across Russia (37%), Rest of the distribution of Freshwater Eutrophication indicates the environmental hotspot is in certain
world (17%), Global (3%), Switzerland (1.9%), Europe (1.6%), Middle East (1.1%). provinces in China, but also in some other countries such as Russia.
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Integrating OpenLCA in the Analysis of Transport
System Decarbonization

Syre, Anne; Okhovat, Rasool; Maier, Otto; Gohlich, Dietmar
Chatir of Methods for Product Development and Mechatronics, Technische Universitat Berlin

The urgent need to transition the transport system for climate protection motivates our aim to integrate OpenlLCA 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 Motorized Individual Transport

* Climate protection, local air quality, limited urban space, and  The sole transition of drive trains Is Insufficient for a complete
resource scarcity drive the need for transport system adaptation. decarbonization of transport.

* Single-vehicle LCAs may overlook broader influences within entire  However, there Is a considerable decarbonization potential with
transport systems. higher shares of renewable energies, a different vehicle

* Integration of new technologies like demand-responsive transport distribution and a higher litetime mileage.
relies on agent-based simulations such as MATSIim and for specific 3.0x10° B Case ICEV
bus schedule planning, we utilize the simulation tool eflips. - Base Case BEV ‘

» Simulation outcomes require evaluation for cost and environment. “ iemzta“jstigase ;EVV P

* Obijective: Integrate OpenlLCA into the framework using the Python PO Distribution Case ICEV gl

package olca ipc for conducting LCAs of various transport scenarios. g“ . Distribution Case BEV . 2 . Zero Standstill Case:
8 Renewable Case BEV MATSIM represents only
_ - moving vehicles, idle vehicles
Sectors Strategies Toolbox Results 1.0x108 are not included
______________________________ T ; P ‘““"""_'""‘x\ 0.5x10° - o Distribution Case:
&)\ % i Sirrannuslg’?i(r)n : 232?52{;25 ‘: Vehicle classes with the
EU Reference Case i MATSim i i — registration numbers Of.BEVS
| % : | Tech.ni.c.al | 0 from 2017 (smaller vehicles)
E:D'-D::::'—:'—:::‘—::::::::::" Feasibility i 0 100,000 200,000 300,000 400,000 500,000 600,000
| Full conversion to i \[geh?cle I(\:’Iha't[\gigg i Sé’zign i km
: | esign | . . . . .« .
; oEV : i N Figure 3: GHG Emissions Motorized Individual Transport [2]
i % | Energy Demand |
2 Electric and | Environment i . i
7 Autonomous Fleets | A .o  Transportation Heavy-Duty Long-Haul Transport
: | Economy Social effects y EwimichEl } « FCEV have highest life cycle emissions, BEV with high-power
| Full conversionto | TCO ® | Impacts | : : :
N § FCEV ; = =t | —_— chargers follow, due to large batteries, BEV using electric road
Ex-Post Analysis . Impacts systems exhibit lowest emissions.
 Decision between BEV and FCEV depends on vehicle-to-
Figure 1: zeroCUTS Methodlogy [1] infrastructure ratio and routes.
lel0
2 Glider « HPC
- M High P Ch
OpenLCA and olca in zeroCUTS 7 b o Power Ehareet
eps . . Pantograph « ERS
* The olca package enables utilizing simulation outputs for LCAs 36 Fuel Cell Electric Road System
. . . . Q Hyd Tank
» Computes environmental impacts for diverse transport scenarios 3 s Wlle b e
* Direct integration within simulations can be time-consuming S 4 operstion Hydrogen Refueling Station
= aintenance
* Mainly due to transport simulation intricacies = Normal Charger
. . . . O High Power Charger
* OpenLCA can be challenging without a solid LCA foundation ; Electric Road System
» Streamlines the process for engineers 1 Hydrogen Refueling Station
» Allows engineers to adjust parameters and automate LCAS )
BEV BEV FCEV
HPC ERS HRS
Transport Simulation Vehicle Specification Figure 4: GHG Emissions Long-Haul Trucks incl. Infrastructure [3]
[ e.g. MATSIm Open Berlin Scenario ] [ e.g. Passenger Cars J N .
Conclusion and Outlook
Operation Strategies Different Technologies The integration of OpenLCA in the analysis of transport system
openLca
[ 2.3 siEme il DISIoUen, o ] [ e.g. BEV, ICEV J decarbonization allows for an automated comparative analysis of
R e — | different transport scenarios.
- olca Legend: |
' | |
Life Cycle Assessment | Method LCA of Urban Bus Fleets
[ PSS ] Eflips — Calculation of LCCA, Support of decision making in - -
| 5 5 the electrification of Berlins public transport and decarbonization
Comparison of Operation Strategy and Technology Combinations Emission Optimization
[ e.g. Comparison of BEV and ICEV for Individual Transport ] Emission data applied through jsprit within MATSIm to .'.\

optimize truck and freight schedules

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

Figure 2: OpenLCA and olca in zeroCUTS [1, adapted]
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Using openLCA for microalgae
production systems
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Over the past five years, Decerna and GreenColLab 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 (LCl) specific to microalgae production, enabling us to identify key impact hotspots and explore

potential solutions for enhancing the sustainability of the microalgae sector.

Algae production in Portugal

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

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

(J REALM

The process

* Drain water from agriculture is captured

* Thisis 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.

Figure 1: lllustration the REALM concept

The LCA
* Alarge model of the integrated agricultural/aquaculture/microalgae system is being produced
* So far, the Goal and Scope is complete, and the full LCl is underway.

Other related projects include;

MAGNIFICENT

MICRO

B ST T@ucycle

Commercial: Brilliant Planet

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

Filtration Center @

@ Seawater Intake

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

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

* Complexintake 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 133kgCQO2e for every 1000kg sequestered, giving an efficiency of 87%. Further infrastructure and
increases in productivity will improve this figure.

Elements developed within these models, and observations of openLCA h

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 GreenColLab, 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

%

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.

lceland i 1 EEA Grants Portugal
LIeChtenStel n Mecanismo Financeiro do Espaco Econdomico Europeu

European Economic Areo Financial Mechanism

NOI"W&Y grants Unidade Nacional de Gestdo

National Focal Point

AlgaCycle and MircoBoost were was Co-funded by the
European Economic Area (EEA) Agreement

REALM was Co-funded by the
European Union

I: GreenColLab

DECERNA &¢ Brilliant Planet

Delivering, unlocking & advancing
the low-carbon economy



Social Life Cycle Assessment (SLCA) of a
district cooling plant in Vienna

Schauer, R.; Piringer, G.; Rixrath, D.; Weber, R., University of Applied Sciences Burgenland, Austria

FHBurgenland

UNIVERSITY OF APPLIED SCIENCES

Zisser, G.; Buchner, S., Wien Energie GmbH, Austria

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-
iIng plant’s social impacts to those of a benchmark large compression chiller
(CCM), and it pinpoints hotspots of social impacts within the systems.

Riickkiihlung

Fernwarme-Ring UberK(ihltiirme

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

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 MWy,, yielding an annual cooling
output of 16 795 MWhy, from a total annual electricity supply of 1 181 MWh,
and a total annual district heating supply of 14 719 MWhy,. 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].

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 MWhy, 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

Fair Salary 268.73

Drinking water coverage | 267.49

Public sector corruption | 260.15

Biomass consumption 256.73

CCM
255.42
204.04
178.35
181.55

Unit/MWhy,

FS med risk hours
DW med risk hours
C med risk hours
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,
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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/EolL/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%).

CCM
DCP

Public
n

Drinking Biomass sector
0

.
Y :©:v77 s
CCM e
DCP Iy, 5 S sy
[
S
m- @@ ]
I - S

water consump corruptio

Salary coverage tion
v,
0
Y

Fair

v,
0
9

0% 20% 40% 60% 80%

m Construction, End of Life & Maintenance = Operation elecricity demand
= Operation heat demand

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.

-
. O CCM e !
n.ﬂiso- DCP .44
._;U
3% CCM I I
E:’o
o 2
= & DCP I .. A =
&)
2. o cCcM I . n
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'53§ DCP I L
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EE
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0% 20% 40% 60% 80% 100%
m Natural gas for operation m Gas plant construction for operation

= Electridity imports Manufacture of chillers
B Transmission/Distribution network construction m Misc. Others, aggregated

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

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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How to automate Life Cycle Assessment (LCA) in the context of Electrical

and Electronic Equipment (EEE)

Axelle Bertrand

(axelle.bertrand@ensam.eu)
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Challenges in the EEE sector

e PhD thesis in partnership with the start-up Qweeko :

o Meet the need for massive generation of environmental

declarations on EEE products
e Regulations:

o France : RE2020, Climate Law
o Europe : European EPD, PEF

e |imitations of LCA :

o Expensive : 10 to 15K€

o Complex : Hundreds of components
o Long:
= Complete LCA : = 6 months
= Data reconciliation and modelisation : 3-5 days
o Lack of data and expert

Arts

\ et Métiers
@ Qweeko

BORDEAUX

N
<e

openLCA\-

Research methodology

e State of the art of methods for simplification and automation of the life cycle inventory :
o Limitations : Lack of documentation in LCA, Process Opacity (Black Box), Partially

o Preparation and test the questionnaire : How the expert makes his reconciliation and

& .
Y N automated (potential not fully explored)
. M o Advantages : Reducing LCA time, suitable for complex models (supervised,
/ \_’ unsupervised), multiple approaches available
@6?9 g e Adaptation of the selected method :
— " @ o Literature : Method of selecting materials in product design (= 20 articles)
N7 @ modeling choices in the LCA software
e o Interviews : Semi-structured interviews with 10 experts

How to design and implement an automated LCA method?
How can we effectively automate inventory data
reconciliation in LCA ?

EEE product

in the customer’s
system

Definition of product
datas to be collected

e Validate the method :

—— o Processing time
TEST .
D —
O— o Precision
19 o Consistency
O

Scalability : Ability to manage the data source, ability to manage a large amount of data

Reproducibility and repeatability

Proposed method for automatic data reconciliation

I'_________________'I

BOM

Completion of the Bill Of
Materials (BOM) via the
collection template file

Database cluster
Creation of a
library

Methodology for automatic
reconciliation of environmental

data with BOM data

AUTOMATIC RECONCILIATION

Automatic integration
and modeling in LCA

OPENLCca

l

9

Impact assessment
calculation
software
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Preliminary results

Analysis criterias

Results

Conclusion

e Massification is possible with the life cycle
inventory automation tool

[1] Processing time of LCI data reconciliation on
approximately 500 data items and for 5 LCAs

[2] Scalability

Ability to manage the data source
Ability to manage a large amount of data

\@’ [5] Precision
ggg [4] Consistency

7y
R

[5] Reproductibillity and repeatability

[1] Automatic LCl : 1 hour
Manual LCl : 3/5 days

[2] In progress

[3] In progress
Manually assess the accuracy of the lifecycle stages,
modules and quantities within the LCA software, using the
data collection file as reference

[4] In progress
Compare manual and automated LCA : Identify and
analyse gaps, and suggest adjustment. Use the Weidema
matrix criterion to improve the consistency of the results.
Repeat with around twenty validated LCAS

[5] In progress
Perform around ten LCAs with the same input data. This
measure aims to guarantee the stability of the results
produced by the methodology

e Data reconciliation still requires manual
intervention at this stage

Perspectives

e Analyze the following criterias : Precision,
Consistency, Reproducibility

e Article: “An

approach to automate the

modeling of life cycle inventory data”
being submitted
e Environmental communication :
o EPD : PEP sheet and report
o Environmental display : ICED article
“Environmental labeling of electrical
electronic equipment (EEE) in France
information for consumers”



1. INTRODUCTION

3.3 SYSTEM BOUNDARIES

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 LCAMETHOD

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.

4. LIFE CYCLE INVENTORY

4.1 PROCESS SCHEMES
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© &) ALU Can - End-of-Lif... @J—
[ %) ALU Can - Incineration ©

[@ %] market for sheet rolli... @J—
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Figure 2: Process scheme of the life cycle of aluminium can containers.

4.2 INVENTORY DATA

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

Transportation

routes

RESOURCES

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

Figure 3: Process scheme of the life cycle of glass containers
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Table 2: Inventory data.
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Figure 4: Process scheme of the life cycle of PET containers

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
5. RESULTS

Table 3: Potential social impact of assessed packaging production systems:

S-LCA (Med risk hours/FU)

Packaging components Amount Packaging components Amount Packaging components Amount
[kg/FU] [kg/FU] [kg/FU]
ALU GL 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 4.04 | Closure (HDPE) 6.03
16 % LDPE)
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

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
300000
250000
n
> 200000
o
<
i
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© 150000
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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-

€s.

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.

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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Comparative LCA of virgin and recycled materials to assess the sustainability
of paved surfaces in agricultural environment

Enrica Santolinit, Marco Bovo?!, Alberto Barbaresit, Daniele Torreggiani', Patrizia Tassinari'

! Department of Agricultural and Food Sciences, Alma Mater Studiorum Universita di Bologna, Bologna, Italy

Introduction T T T TR . Methods and Materials

/ Fossil fuels Energy b
The significant impact of the construction industry | ProcessA  ° Focus on comparing the impacts of various materials used for
on the environment, highlighting its consumption of paving a working area on a farm. The study primarily utilizes data
natural resources, energy, and generation of waste ) from a company called C.A.R. in Imola, Italy, regarding recycled

. , Production processes
Soil occupation and

[1,2]. It notes that construction and demolition materials. Three types of recycled materials are compared with

I \

! !

! !

! !

! |

| . _ |
waste (C&DW) make up a substantial portion of | |[ trensformation ?X:a":mg Verain 13 [ p——— rise] . | virgin aggregates: recycled stabilized cement, recycled stabilized
total waste [3,4], with a majority ending up in | ' e aravel |ETEEEE : cement and asphalt, and recycled ground.
landfills despite recycling potential. European | Water 1 ashmgandisorng ! | The functional unit of the study is the volume (m3) of material
Union directives aim for at least 70% recycling of | \ e frensperiations ) oG i needed to construct 10 meters of rural pavement. The analysis
C&DW by weight, but challenges exist due to | T T . utilizes the Ecoinvent 3.6 database to configure the inventory of
energy-intensive recycling processes [5,6] . To | ! ' insite operations | | materials and production models, considering factors like fuel,
assess the environmental benefits, a Life Cy_cle | @ . : electricity, machine operations, and virgin natural aggregates
Assessment (!_C_A) was conducted comparing % @ K production. Then, the environmental impacts analysis has been
recycled and virgin aggregates for rural pavement L ) A S 7’ based on a “from cradle to gate” approach. Two different models
construction [7,8]. The LCA considered various have been carried out for recycled products:
factors such as transportation impacts, land use, -- Period of use A. waste materials enter into the systems as raw material without
and resource preservation. The study provides Disposal Maintenance operations orevious environmental burdens (model 1):
valuable insights for selecting environmentally s als b . q f | he di | cha
friendly materials in construction. A i AT it ST bt SR bt S it ST it S - . waste _materlas ave _een removed trom the disposal chain,

R - \ assuming the role of avoided wastes (model 2).
Process B \ The LCIA methods selected have been ReCiPe 2016 Midpoint and
LCI (Inventory) Fossil fuels Energy Endpoint, with IPCC 2013.

Recycled stabilized cement (RSC): — W Table 1. Life Cycle Inventory of the three recycled materials.

Raw materials:

, v A 4
§ i
i f IT ProcessesIn plant: [@——
: Const-r l.mtlon and I o O mechanical shovel Recycled - Construction site &
i demolition wastes - > o R :
I e B excavators products insite operations
j | foundry wastes, ceramic | siftings
l Il
J

concrete/cement waste, diameter of 0/30 mm,
double grinding process; it is the 8 % of the global

GEIIIL GEI L GED I SED GED I GBI SED D S S S - - .,
S Eas EEs EEE e S S S S S S e e Eae e mew me e

oroduction: Total production of the plant 142000 t/y
. tiles...... i Total amount of incoming materials 195000 t
Recycled stabilized cement and asphalt \E /., bl o S E Y
(RSCA):concrete and asphalt waste, as a 50-50 % " Electric mill energy consumption 112945 kWh/y
mixture, diameter of 0/30 mm, double grinding @ | Offices energy consumption 50000 kWh/y
process; it is the 4-6 % of the global production; 4 @ 1| Wheel loader working time 1500 h/y
Recycled ground stone (RGS): mixed wastes of \\ | R Excavator working time 1000 h/y
generic demolition waste at 50 %, ceramic/tiles at ~_—-——-—————-—-——-——-—-——W ——————————————————————————— Mobile mill and vibrating screen working time 600 h/y
30 % and foundry waste at 20 %, diameter of 0/30
. . - 0 B Period of use
mlmb, ?oub(lje gt_rlndlng process; it is the 18 % of the Disposal aliEr s, eFions Electric mill working time 300 h/y
obal production.
J P Fuel consumption for plant machine 115936 l/y

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

* Four materials have similar impact values In just few

Categories RGS RSCA RSC RGS RSCA RSC NGA t e freshwat rophicati ratospheri

Fine particulate matter formation (kg PM2.5 eq) 75.07 75.45 74.54 72.9 80.64 32 elgggﬁsén q :r?isne\’:'; z;ur(?: éggréﬁa on, — stratospheric - ozone

Fossil fuel scarcity (kg oll eq) 23540.74 23641.81 23448.93 23362.56 25216.06 pd | ts: 4 5 e | , ,

Freshwater ecotoxicity (kg 1,4-DCB) 1570 1578.42 | 141461  1429.67 [JEESIESHN 1688.6 Model 1 results. RGS demonsirated 1o have the lower Impacts In
—— whole the Impact categories (see Table 2).

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

1422.13 1433.1 1398.8 1342.34 1532.16 P

40089.14 40373.27 | 36091.43 39673.11 [JPSUSEBOM 4294156 and then RSCA (see Table 2) |
1585.68 1593.85 1577.98 1558 86 1736.47 Endpoint method results (Figure 1): independently from the

2139 65 2150.36 2126.69 2129 36 99092 66 model, RGS has the lowest impact in_ all the categories,
compared to the recycled and natural materials.

Global warming (kg CO2 eq)

Human carcinogenic toxicity (kg 1,4-DCB)
Human non-carcinogenic toxicity (kg 1,4-DCB)
lonizing radiation (kBq Co-60 eq)

Land use (m2 a crop eq)

Marine ecotoxicity (kg 1,4-DCB) 2503.5 2517.12 2255.52 2312.82 2688.9 C . o
Marine eutrophication (kg N eq) 0.49 0.56 0.38 0.48 0.46 \F/)(;i(zzceeiisthceogéi/li?gr:ﬁgrslt;r}r?(lfif:tz.rstr::;@zgcsj 'S the main impact
Mineral resource scarcity (kg Cu eq) 8.15 8.18 8.11 7.98 8.98 o _ o _ _ _
Ozone formation, human health (kg NOx eq) 223.5 224.83 222.13 218.23 239.05 Sensitivity analysis: variation of the dlstance_ of the incoming
Ozone formation, terrestrial ecosystems (kg NOx eq) 229.57 232 228.18 224.18 245.52 end of wastes of the recycled aggregates keeping all parameters
_ _ unchanged. The results have shown that the recycled
Stratospherlc ozone depletlon (kg CFC11 ECI) 0.052 0.052 0.05 0.051 0.055 materials, having the same mechanical properties of virgin
Terrestrial acidification (kg SO2 eq) 170.6 171.5 169.33 167.83 183.03 aggregates, can be a solution for rural pavements with less
Terrestrial ecotoxicity (kg 1,4-DCB) 927768.5 928010.14 027768.5 928010.14 | 993381.4 environmental impacts, even if the materials come from long

Water consumption (m3) 58452,13  58834.5 58095.17 57529.13 | 63496.9 distance (within a radius of 300 km).

10 Conclusions
8 - 0.3 - -

0.25| Use of recycled materials for a rural pavement construction could
6 lead to a consistently lower impact for this type of groundwork.
D o I R GS RSCA HEEERSC NEENINGA the whole recycled aggregates have a lot of leeway to be more
D 4l ~:=||: 0.15 12 107 12000 . sustainable than virgin natural aggregates, even if the end-of-
I::-:jn - waste materials come from demolition sites far from the
= )l o H 100007 production plant.
0.05 = 08} 1 o 8000 | Between the recycled products, considering the most sensitive
2 ﬁ Impact categories such as climate change and damage to the
0 - - 0 - - o 0.6 1 & 6000 f .
Model 1 Model 2 Model 1 Model 2 2 75 environmental sectors, the recycled ground stone has the
(a) (b) “ 04| = 4000 | lowest environmental impacts. Further investigations, based
B RS RSCA EEEIRSC EEEEINGA 0ol 2000 | on different and bigger geographical area, could give a wider and
Figure 1. Results of IPCC 2013 GWP 100a and Recipe endpoint | compl_ete idea on ’Fhe | Sustaina_bility of the recycled in_ert
0 " Model 1 Model 2 0 Model 1 Model 2 materials, also considering the impact of the transportation
(c) (d) detected in the study.
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Carbon footprint of solvent-based and innovative UV-based coatings
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(1) University of Eastern Piedmont, Department for Sustainable Development and Ecological Transition, piazza S. Eusebio, 5, Vercelli (IT) - (2) Metlacs.p.a.—SS 35 Bis dei Giovi 53, Bosco Marengo (IT)

INTRODUCTION

METLAC Group is a leading Company in the sector of metal packaging coating for food and beverages, committed to finding innovative formulations in line with eco-
design principles. From 2022 R&D area has been supported by University of Eastern Piedmont in the assessment of impacts related to production activities.

OBJECTIVE

To identify the most sustainable formulation of transparent coatings for crown caps, there were studied the impacts on Climate change of two variants:
o traditional formulation solvent-based, to be cured by thermal drying
e innovative prototype solid cured by UV-LED technology, and compliant to ESP Regulation by EUPIA.

METHODOLOGY - PRODUCTION PHASE

Impacts of production phase were assessed by two Carbon Footprint studies,
compliant with ISO 14067 and PCR-2021-0005. Considered system boundaries

METHODOLOGY - USE PHASE

To estimate the consumption of thermal and electric energy for coatings’
curing, there were collected data directly from METLAC's customers.

were both from-cradle-to-gate (C2G) with a functional unit of 1 kg of varnish. The yearly emissions in kg CO2 eq. of these processes were then calculated

Calculation models were built with openLCA v1.11 and ecoinvent database v3.8 - based on both national and European Emission Factors.

EN 15804 add-on. According to ISO, impacts were assessed using the LCIA
Methodology “IPCC 2013 GWP100”.

RESULTS

For both products, total contributions are mainly related to raw materials’

DISCUSSION

Referring to the solid prototype, the 40% of total fossil GHG emissions

production. (C2G) come from an epossidic resin produced in China. With no primary
C2G impacts of the UV-based coating were lower than the ones of  ypsTrReam  data and proper ecoinvent datasets, the contribution of this last material
traditional formulation, except for the category “Climate change-fossil”. CO+RE was included on the basis of a 1956 Patent. Further research will thus be
The innovative prototype generates almost double fossil GHG emission needed to improve the quality of such secondary data, as well to identify
than the ones of the traditional formulation. alternative suppliers.

Separate gate-to-gate assessments generally highlighted higher impacts Primary data of core processes were mainly estimated on the basis of the
for traditional formulation. The highest contribution is related to the whole yearly production. The consumption of electric energy was further
emissions of fossil GHG (24% of total C2G results), due to the consumption CORE elaborated in respect to the specific requirements of machineries involved.

of both electric and thermal energy over the processing operations. Results could thus be positively affected by improving the quality of

Conversely, the UV/LED’s production requires less electric energy (ca 45%). primary data, as well as by switching to renewable energy sources.

The traditional formulation’s thermal drying consumes almost 1300kWh,
including both electricity and thermal energy from natural gas, with the
emission of nearly 260 kgCOz2 eqg/curing cycle. The UV/LED curing of the solid
prototype consumes only electric energy (about 270kWh), thus emitting 76

Total impacts generated by the application of the UV/LED coating are about
the 30% of the ones of the traditional formulation. Moreover, the process
rate is three times faster than the thermal one, thus being more efficient.

Further analyses of other consumers’ plants have already been planned to

kgCO2 eqg/cycle. improve the statical coverage of these primary data.

Emissions from traditional formulation’s production (%) Emissions from UV/LED’s production (%) Emissions from curing process (kg CO2 eq/cycle)

Cradle-to-gate | Gate-to-gate Cradle-to-gate | Gate-to-gate Thermal energy

.Electric energy

Biogenic

6 | Biogenic 90 21 .
7903 = | > & UV/LED tech.
CO2 uptake 85.58 14.42 CO2uptake 9518 4.82
Fossil = 76.38 23 62 Fossil ~ 92.72 7.28 Thermal tech. 243.23
Land use and trasformation 99.64 0.36 Land use and trasformation 99.57 0.43
F & & L P L P
0 & e 3 O &’ e}
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00 N N Vv v )

CONCLUSION

Recorded results highlighted that a detailed assessment of each life-cycle stages of a production process is important to effectively implement eco-design strategies.

Except for fossil GHG emissions, switching to the innovative formulation Improving the quality of primary data could positively affect the results

allows to reduce the emissions of METLAC’s production sites. This could W of both CFP studies. This should encompass both data from suppliers

bring a significant emissions’ reduction over the following external curing (e.g., by proving structured procedures for data collection) and the ones

process too. related to core operations (e.g., using meters).

RELATED LITERATURE / ’ “‘x..\‘
UNI EN ISO14067:2018, Gas ad effetto serra—Impronta climatica dei prodotti (Carbon footprint dei prodotti) — Requisiti e linee guida per la quantificazione } |
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Accounting for ecosystem services In Life cycle
assessment: a case study of a community garden in Prague

Aurore Guillaume, Annemie Geeraerd Ameryckx, Lise Appels & VIadimir Koci

1 Community gardens (CG) can provide 3 types e

Case study
of ecosystem services (ES) replying to - N
environmental, social and economic challenges Location: Prague, CZ System boundaries: cradle-to-gate
| CA of community gardens is missing in the Annual harvest: 460 kg ~ Impact method: EF 3.0.
literature Land use: 700 m? Software: OpenLCA 1.10.3

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

We carried out a LCA of a community garden
accounting for the 3 ES types

# volunteers: ~ 10

CGs are a beneficial way of urban Chemical, energy inputs and composting influence the most
land use to bring cultural ES provisioning ES
Urban Urban Root vegetables M Fruits-vegetables M Cruciferous vegetables B Leaves vegetables
Infrastructure CG park [1] green m Maize W Strawberry B Consumer transport B End-of-life
Space [2] Acidification (mol N eq) Climate change (kg CO2 eq) Ecotoxicity, freshwater Eutrophication, freshwater
T h 0.009 3 (CTUe) (kg P eq)
Climate change 0.008 35 0.00045
-1,349 -2,733 -2,739 , 25 .
(kgCO,eq/ha) . : N 00003 I
. dbe T by . ooos 2 o002s
Ut COU e ImprOVG y IﬂCreaSIng 0:003 _ 1 15 Of)o.(;(;(iz
Veg etatl on 0.002 - 0.5 12 0.0001
0.001 0.00005
- 0 E—— _
FU: 1 ha of land used as urban social space R i T e comventions O
-0.001 -0.5 -5 -0.00005 onventiona
Eutrophication, terrestrial Particulate matter (disease Resource use, fossils (MJ) Water use (m3 depriv.)
(mol N eq) inc.) 14
Accounting for maintenance anc o o ;
regulation ES does not counterbalance .. o )
impacts o :
e N o 0.01 2E-08 i
poteaton(males) | cimsemeligcoz o merbere) | 0003 :
00035 1.2 . 3.0E-04 0 O  o— ) .
0,005 CcG Conventional 1E08 CG Conventional ce Conven tional o5 CG Conventional
) o - FU: 1 kg of harvested crops

0.001 .
0.0005 0.2 5.0E-05
0
0 0 CG Conventional 0.0E+00
CG Conventional CG Conventional CG Conventional
Eutrophication, Particulate matter Resource use, fossils Water use (m3 depriv.)
terrestrial (mol N eq) (disease inc.) (MJ) 55
0.018 3E-08 10 |
0.016 2
2.5E-08 8
0.014
0.012 2E-08 6 1.5
|

~* 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
Conventional CG Conventional fG Conventional | CG Conventional i i n r n r V i h r i I r I r i
FU: 1 kg of harvested crops using allocation factors OCCL.pr J 4 ba >PaCE, Pro ded that gOOd agricultural practices

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Comparing waste treatment options:
A LCA case study on paper and board from openLCA
lightweight packaging waste

Hannah Kohler, M. Sc., Alena Maria Spies, M. Sc., Natalie Hegemann, B. Sc., Dr.-Ing. Karoline Raulf, Prof. Dr. Kathrin Greiff

Motivation

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 Lo .| e—— |

: T : : : - 7’ Thermal Energy
paper industry [1]. Additionally, legal regulations aim for higher recycling 20%  recovery generation
quotas to enhance circularity — e.g., German Packaging Act: 90% recycling I from LWP
quota for packaging paper from 2025. Therefore, new sources of secondary Transparts SN F ol | == |5 g 0| = CFivers Dm CSubstitution
materials for recycling, like paper from the lightweight packaging (LWP) VW Sorting  Deflbration
waste, are becoming focus. To determine if recycling the paper fraction from | "a=°veer T ! preparation Rejecy L.
LWP is the environmentally favorable option, the environmental impact of L., 80% Papf Sorting (1:2) Thermal
different waste treatment routes must be assessed. Energy o Separate Foreground system

collection

eneration
J Background system

» In this study, we evaluated the efforts and benefits to recycle paper _ _
from LWP compared to incineration via Life Cycle Assessment (LCA). Figure 1: System boundaries

Methods Results

Substitution scenarios:
Goal and scope

= Comparative LCA of treating paper from = S1: Status quo — incineration of paper from LWP

LWP (Incineration and recycling) Interpretation = 52: Recycling paper from LWP — no substitution effect
= Sorting plant and carton production = S3: Recycling paper from LWP — substituting primary fibers (EU)

_ = 4 impact
plant in Germany categories, 250 .
= FU: treatment of 1 t of paper (0.2 t from 2 categories + 135% +84% l (a)
LWP, 0.8 t from separate collection) 200 |

presented

E
LL
* No weighing S 190
Life Cycle Inventory and combining 2 100 I
* Primary data from EnEWA project of indicators =
* Properties of paper from LWP = Hotspots in = S0
= Sorting process process chain 0 -
= Carton production process . Prod -
= Missing data comes from literature and rol_uct 50
ecoinvent v3.9.1 (modified to 2023) quality S1 S2 S3
= Substitution m Sorting plant Stock preparation
potential Reject treatment Waste water treatment
)
= [mpact categories consistency (b)
= Global Warming Potential (GWP) = Evaluation of —_ 0 | |
. o + 279%
= Land Use (LOP) scenarios w  -50
= Scenario analysis for three substitution o 100
potentials (energy, primary fibers, none) ;
‘e -150
. & -200
Conclusion =
Incineration 200 -57,000%
= Lower GWP due to ) S1 g2 S3

= 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 Research Demand
Plant-scale:

= Further investigation of influencing factors such as reduction of
imports and substitution of plastic packaging

= |[nvestigation of further impact categories (water, energy, toxicity)
= Sensitivity and uncertainty assessment
= Adapted waste water treatment

References System-scale:
= Effect on German/European paper market

= Additional efforts needed (e.g. for hygienization) .7
pdnl = Transferability to other plants and applications
https://rwih-aachen.scie = Future trends on paper and energy markets

Figure 2: Results for GWP (a) and LOP (b) for S1, S2 and S3 -
Assessment for one carton production plant in Germany

= 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
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[1] DIE PAPIERINDUSTRIE — Leistungsbericht PAPIER (2023)

[2] DIN EN ISO 1440/44 (20006)
[3] Huijbregts, M.A.J. et al. ReCiPe2016.
Int. J. Life Cycle Assess 22, 138-147 (2017)

Figure 3:
Paper from LWP
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Decarbonisation of our wind farms
A part of @rsted'’s journey to reach its climate ambitions
SCIENCE
@ S

203 77 % reduction in scope 1-3 emissions

intensity, excl. gas sales (from 2018)

2040 Q9 % reduction in scope 1-3 emissions
intensity, excl. gas sales (from 2018)

Calculating GHG emissions over the lifecycle of a wind farm (a case study)

,Os

4

»

The wind farm 2%
produces 18 Site

times lower investigation

emissions than ?1 End of life Material
L extraction
' the UK eL (out of scope)

(of components)
production mix*

7 o The wind
e farm needs
"' h Decommissioning 13 months to Manufacturing
® O recover the (of components)
energy
needed
The wind
farm'’s GHG \ Transportation
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The majority of emissions stem from production of the main components

o OO

~74% of total GHG
emissions are related
to production of
main components

1tonne of
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foundation
emits approx.
two tonnes of
CO2e
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i coaslt Successful EPD Creation

Choice of EPD Programme, Software, and Development Approach
N

Select an Environmental Product
Declaration (EPD) programme

qOYQ€ rrmmmmm DM Content:

. i
v Company Information
¢4 9) THE INTERNATIONAL EPD® SYSTEM v,

Write the background report and EPD

document

Product Information .‘?‘

Insitat Bauen v LCA information (goal, scope, assumptions, ...)
und Umwelt e.V. .

* v Impact Indicators:

C rite ri d fO I Wh iC h toC h ooSse. Potential environmental impact — mandatory indicators according to EN 15804
Results per functional or declared unit
| [F ° . . . Indicator Unit A1-A3 A4 A5 C1 C2 C3 Cc4 D
J ” \\ ) B N %% ﬁ \/ VI a b le p ro d u Ct C atego rl eS ll Ste d GWP-fossil kg CO; eq. 1,0E+02 7,3E+01 1,4E+01 1,2E+01 3,0E+00 4 8E+00 5,1E-02 -1,6E+02
GWP-biogenic kg CO; eq. -7 ,5E+02 2,1E-02 4 9E+00 3,5E-03 9,7E-04 6,3E+02 1,0E+00 -3,2E+00
‘ﬁ:’l‘ﬁ kgCO,eq.  9,7E-01 8,5E-04 3,1E-04 3,0E-04 2,5E-05 5,7E-04 2,0E-05 -1,3E-01
fg;’; kgCO,eq.  -6,5E+02  7,3E+01 1,8E+01 1,2E+01 3,0E+00 6,3E+02 11E+00  -1,6E+02
oDP kg %ZC M 20E05 1,6E-05 2,7E-06 2,7E-06 7,2E-07 2 8E-07 79E-09  -8,4E-06
AP mol H* eq. 8,7E-01 1,2E+00 1,3E-01 1,3E-01 1,1E-02 6,3E-02 6,3E-04 -1,0E+00
o ] ) EP-freshwater kg P eq. 3,5E-02 3,1E-04 9,5E-05 7.3E-05 1,2E-05 2,4E-03 1,3E-05 -7,5E-02
k\/ AC ce pta nce wit h n th e inten d € d au d ience Of t h € E P D / mEfi)I;e kg N eq. 2,5E-01 3,2E-01 5,9E-02 5,9E-02 3,4E-03 3,5E-02 3,2E-03 -1,5E-01
EP-terrestrial mol N eq. 2,6E+00 3,5E+00 6,5E-01 6,5E-01 3,7E-02 3,4E-01 3,0E-03 -1,6E+00
\ Example of impact indicators following the layout of EPD International
Choose a Product Category Rule \ %

(PCR) from EPD Programme /

~

Verify the EPD with an external

verification body

a9
= Product Model, EPD and background
LCA PCR Result report will be checked, if they alignh and

conform with ISO and PCR requirements.

/
<

Many assumptions, | Rule set clarifying |Comparable EPDs
options & choices |most aspects of with equal
leading to differing | LCA creation and |underlying

results publication ¢  |assumptions Publish the EPD at the website of the
EPD programme

Good to know:
The EN 15804:2012+A2:2019
Is the basis for most construction based EPDs

>~

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

N/
L
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/

3 Conduct the Life Cycle Assessment

Which LCA Software do | use?

Standardized Life Cycle Stages in an EPD: \
A1-A3 Product Stage < LCA framework

A4 -A5 Construction Process Stage Goal and > ’ ™ One )
B1-B5 Use Stage, product emissions Scope 4 OPeNnLCa \ ’ Sphera : LCA
i T | definition | Y C I |Ck
B6-B7 Use Stage, operational emissions N
C1-C4 End-Of-Life Stage S ® &
D Benefits and Loads beyond system Inventory Inter- um b e rto SI m a P ro
analysis |e pretation
o _ ety . know the flow.
Standardized GWP, ODP, AP, EP- L () Ecochain .
Emission Factors | terrestrial, EP-marine, asspess_ p ... and many more with different
according to EP-freshwater, POCP, ment \ )/ advantages and disadvantages ...
\

k EN 15804+A2 ADP, WDF, ... /

Project Timeline >

Updates due to
Verification

Verification and subsequent
Publication

Data Collection Background Report and EPD document creation

LCA Modelling

_— —_— —— \‘
<
% v Be flexible! v Plan ahead! v Document everything! v Be conservative in your time management!
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Sauvignon:

The case study

k4

Souvignier Gris (PIWI):
planting year 2018 and + planting year 2020 and
2002 2019

« average yield 7780 kg/ha

average yield 9180 kg/ha

« Vineyards located at 560 m, high slope.
+ Guyot training system.

« Data refers to 2022 and 2023 seasons.

Material and methods

The analysis presented here focuses on the aspect of the system related to grape cultivation. It
is worth noting that winemaking processes are not significantly influenced by whether they

Fertilizers (1"n) Vineyard: involve PIWI grape varieties or not. The main disparities between PIWI and non-PIWI varieties lie
—_— in the management of field operations.
e i Grape
Pesticides (1..n) * Prunlng L The data of interest mainly revolve around agrochemical treatments during the investigated
. Fertilisation production seasons: types and quantities of agrochemicals, water usage, and gasoline
Water . Weeding consumption. Additionally, contextualinformation is gathered to address toxicity concerns
. Crop care asso_cwa_ted with thg final product,.waltl.ng times before harvest, and constraints such as
" proximity to organic farms or residential areas.
) * Harvesting Elementary flows
Diesel _—
\ / Whenever possible, primary data collected through interviews with farmers regarding their on-
field activities, especially in relation to crop protection, are utilized. Supplementary data from
LCl databases and method libraries are employed to fill data gaps and estimate impacts.
The analysis was conducted using the OpenLCA software, employing the ReCiPe Endpoint and
ReCiPe Midpoint methods. The functional unit is 1 kg of harvested grape.
R e s u lt s ReCiPe Endpoint
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Ecosystem quality Human health Naturalresources The cultivation of grapes from PIWI P —
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The most significant impacts are observed in the following categories:

« For Ecosystem quality: Acidification (terrestrial), Climate change, Land use and
Photochemical oxidant formation

« For Human health: Climate change, Particulate matter formation and Human toxicity: non-
carcinogenic

« For Natural resources: Energy resources

compared to traditional varieties.
Regarding Ecosystem Quality, the
slightly higher impact of PIWI varieties
is probably due to the fact that heavy
metal cycles associated with agronomic
practices have not been considered in
the analysis. However, Land use is
higher due to lower yield.

100%
0%
an
%
2%
o

Acidifcation: terrestrial

: I I I
0%

Ecosystem quality Human health Natural resources

ReCiPe Midpoint

mGrape =PIl grape

Climate change Energy resources: non- Land use

renevable, fossil

Particulate matter formation  Photochemical oxidant
formation: terrestrial

ecosystems

Next steps

From an initial analysis of the value chain, particularly focusing on the grape cultivation phase,
it has emerged that there is a need to investigate the following site-specific aspects in greater
detail:

+ Distinguishing intrinsic variability in the grape-to-wine chain from differences
attributable to PIWI varieties.

* Refining the model for estimating agricultural operations, especially mechanized
ones.

* Refining the model for estimating nutrient, synthetic molecules and heavy metals
cycles.

Furthermore, the cultivation impacts will be evaluated in relation to the entire value chain,
considering vinification and bottling.

The LCA results, at the end, contribute to rise knowledge about disease resistant grape
varieties and their potential to be grown in South Tyrol. Well-established and globally
recognized analysis methodolagies such as LCA are essential to support policy choices as
well. In the case of South Tyrol, for example, they can help manage the objectives of the 2030
Agriculture Plan in a scientifically informed way.

SUWIR Project

SUWIR (Towards sustainable
viticulture: a case study on wines
from resistant grape varieties in
South Tyroll is an interdisciplinary
research project of the Free
University of Bozen-Bolzano aimed
at studying the value of wines
obtained from disease resistant
grape varieties in the framework of
amore ‘green’ and sustainable
viticulture according to the 2030
goal of the EU to reduce pesticide
use by 50%.

More about
SUWIR Project

The main goal of the project is to
compare wines from disease-
resistant grape varieties grown in
South Tyrol with conventional
wines.

The comparison is carried out with
regard to the organoleptic
properties of the wine, the
environmental impacts of their
production and the consumer
acceptance.

Acknowledgments: We thank the Provincial Land Agency for their collaboration

This contribution s part of research activities of the project SUWIR funded by
the Free University of Bozen/Bolzano with ID2021 call [CUP 155F21002110005]
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INTRODUCTION

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

METHODOLOGY
1.Establish Baseline Scenario: Identify environmental and economic hotspots for
both solar cell types.

2 Perform Cost Analysis: Analyze raw materials and energy consumption costs.

STAGE 4

G

STAGE 1

ASSUMPTIONS

* Identifying environmental hotpots during solar cell lifecycle
(cradle to cradle) in order to provide knowledge for design

1 optimization concerning its environmental profile.

GOAL AND SCOPE
DEFINITION

* Comparing the environmental profile of the Nano-EH solar
cells with the state of the art to confirm accomplishment of
Nano-EH goals.

* The Impact Assessment Methodology selected is ReCiPe
2016 Midpoint .

* The system boundaries include: i) Raw Material Acquisition,
ii) Production , iii) Use and iv) End of Life treatment.

l * Partners data will be assumed for the solar cell

STAGE 2

INTERPRETATION AND
1H

INVENTORY ANALYSIS RESULT ANALYSIS

development in addition to Ecoinvent data and literature
information.

* Eco-strategies have been implemented to explore the best
solar cell development.

* The influence of the location has been addressed.

STAGE 3

IMPACT ASSESSMENT

e

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

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

‘ Use of raw material and energy
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Figure 2. Flowchart for the manufacturing of the Nano-EH solar cell.
4. Silicon Impact Analysis: Specify benchmark for standard heterojunction solar

cell; assess the proportion of environmental impact attributable to Silicon use.
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Figure 3. Flowchart for the manufacturing of the conventional sollar cells based on the literature: Roffeis et al.
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RESULTS
1. The base scenario based on the current development of spherical cells in the

project has been assessed. This base scenario allows the comparison with previous
references (related to industrial development) and scenarios derived from the
application of eco-design principles.

Global warming (kg CO, eq)

Freshwater ecotoxicity (kg
1.4-DCB)

-
83 Land use (mZa crop eq)
g
S
-E .
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] Deposition Ag contacts

Fossil resource scarcity (kg oil eq) Vi
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Water consumption (m?)

— T U I
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Impact

Figure 4. Main results from the base scenario analysis from an environmental point of view.
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2. 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.

_ Ti0,ink
0.04%

79.2%

Figure 8. Identified cost for the NanoEH Solar Cell

3. 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 the
use of silver by copper in oder to assess the improvement derived from this
substitution.

Global warming
6.07E-6 kg CO, eq

Freshwater

eutrophication 2 11E-8 kg P (eq)

Freshwater ecotoxicity -
1.57E-5 kg 1,4-DCB

Land use
8.25E-7 m?a crop (eq)

Impact Category

Mineral resource
scarcity

2.01E-6 kg Cu (eq)

Fossil resource scarcity —f

1.72E-6 kg oil (eq)

Water consumption

6.62E-T m®
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Figure 6. 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 environmental
impacts, especially in fossil resource and water use, pointing to potential
environmental advantages in seeking alternative materials.
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(2022). Figure 7. Assessment of the environmental impact source for the benchmark.
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General Information

The Product Social Impact Life Cycle Assessment (PSILCA) approaches rely on the same economic and social data, but their along advantages and shortcomings, which are presented in
database is available with two different approaches. The worker  handling in openLCA differs. The differences affect the inventory, addition to the differences in this work. The elaborations are based
hours (WH) approach, which uses worker hours as an activity Impact assessment and interpretation of results. In addition, the  on an article under review by Springer et al. 2024 with the same
variable and the raw values (RV) approach, which calculates with approaches involve different modeling aspects of the product title.

the raw value of the inventory indicator directly [1]. Both system by the practitioner of the study. Both of them bringing

Inventory

e.g.: 0.00317

Unit: h Social Inventory
Source: Self- . indicator, risk Matrix
collected data Inventory —” assessed, with — * approach
and/or PSILCA data unit

Social Inventory Matrix
inventory —> indicator, —> aporoach
data different units PP

e.g.: GWG, high risk e.g.: GWG, high risk e.g.: GWG 20.87 % e.g.. GWG 22 %
Inventory Reference 0.00317 Source: PSILCA 0.05 Inventory Unit: %, USD, ... Source: PSILCA Unit: %, USD, ...
indicator, scales for risk Unit: h Unit: h indicator,
raw value assessment raw value
e.g.: GWG, 20.87 % e.g.: GWG 20.87 %
Unit: %, _USD, e.9.: GWG, high risk Unit: %, l.JSD,
e ot Source: PSILCA Unit: none Fig. 1 Inventory of WH approach with different data components and Souree: Set Fig. 2 Inventory of RV approach with raw values and without risk
and/or PSILCA risk assessment and/or PSILCA assessment
The reference flow on the output side of an unit process can have any amount and unit. Figure 1 The reference flow on the output side of an unit process equals 1 USD. Figure 2 shows the
shows the quantitative raw values of inventory indicators that can have also any unit and are guantitative raw values of inventory indicators that are directly used and keep their amount and
translated into qualitative risk levels with the help of reference scales defined by GreenDelta. underlying unit. No activity variable is used [1]. The inventory indicators enter a matrix calculation
The activity variable (AV) h is used for the amount and is the same within one unit process [1]. which is the same as in the WH approach. The inventory results are displayed in different units.
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.

Impact assessment

: : : Characteriza- Indicator _ _ Weighted Indicator
Social Impacts Weighting _’ results - Not an impact assessment corresponding to results
Method T — oo GWG 05 o0 GWG 05 _UNEP guidelines [2] but a foundation for an PR S PR
u?{i??h Source: PSILCA Unit: GhV(\)/urrged risk Unit: Gr:/c\)/u:zed risk Impact assessment. U-rﬂ’.c; % USD, * openl CA Ugn'i't: %, USD. e
Fig. 3 Three PSILCA results of WH approach Fig. 4 Two PSILCA results of RV approach
(1) SI[IC med risk hours] = Indicator Exponential Indicator Impact (3) re = Ik Indicator Normaliza- Indicator
IC med risk h level characteriza- level category level i=1 Aii * S level tion: level
gip [h] * CF [ h ] Inventory tion factors Impact Impact (4) si = (A7" % f); Inventory Equation (3) Impact
Indicators for (CFs), used to Indicators for categories, s= (A7"* f) Indicators and (4) calc. Indicators
(2) 1€ = Z SI|IC med risk h]  each risk level quantify ~ eachrisk level  calc. with e Indicator result of indicator k (not shown in  weighted
qualitative risk equation (2) gi: Inventory result of indicator k openLCA average of  «No risk
SI: Indicator result levels, calc. a;: Output of process | results) the inventory — assessment
s INventory result of » With risk with equation « With risk » With risk s;: Scaling factor for each individual process | indicator. < With matrix
indicator k for unit process P assessment (1) assessment  assessment s: Scaling factor for the entire vector s * No risk Economic  approach
CF: Characterization factor » With matrix  With matrix  « With matrix A Inverted technical matrix assessment  outputs of  +No impact
|IC: Impact category result approach approach approach f: Demand vector * With matrix unit assessment
* No Impact * With impact « With impact . approach processes  *With
assessment assessment  assessment * No impact used as normaliza-

assessment  weights [1]  tion

Modeling aspects

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

Scaled according to product system

Requirement: Inventory indicators with O 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

Inventory indicators with O worker hours result in no
direct impacts caused within that unit process

Conseqguence: Reference flow of 1 USD for every unit process
causes economic output a; which has an influence on indicator
results r,. Every unit process has inventory indicators and adds to
social impacts and therefore to inventory results g,

Scaled according to product system

Overview of advantages and shortcomings

All data characteristics (quantitative, Data for worker hours not available, uncertain [5] + Safes time - Averaged [3]
qualitative or semi-quantitative) [3] - Transparency loss [2] + No predefined subject risk assessment - Transparency loss [3]
+ Comparable, summable [2] - Reference scales, risk levels, CF’s subjective + Unit of results: initial units - Only life cycle stages with same
+ Prioritization [4] - Unit of results: IC specific med risk hours + Interpretation easier [3] Inventory indicators can be integrated
+ Modifiable risk levels and CFs [1] - Reflection of relative significance ambiguous [2] + Higher transparency
- Focus stakeholder workers [1] + All stakeholders

Future prospects

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?

Member of the Helmholtz Association

[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] Benoit 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.
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Abstract

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 lIreland, 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.

Introduction

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-
pased protein indicates a significant shift in dietary
nabits and consumer choices. The global plant-based
orotein 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
orotein based beverage, in pilot scale, in Ireland.
However, both the cultivation phase and the pilot
oroduction 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.
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Flowchart 1. Plant protein based beverage production process
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Methods and Materials

The Social Life Cycle Assessment was implemented in
OpenlLCA 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 Vv2 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 .

Results & Discussion

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

Social Impact Categories with the highest level of risk
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Flowchart 2. Selected Social Impact Categories with the highest level of risk

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.

Contributions of each phase of the beverage production on social impacts
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Flowchart 3. Contributions of the beverage production phases on social impacts

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
vear, Ireland generated 5808 GWh electricity from coal, with
South Africa ranking as the 4" |argest 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].
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Results & Discussion

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.

Comparison of the social footprint between the conventional and the
proposed approach
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Flowchart 4. Comparative results of the highest risked social indicators
between the base and the proposed approach

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.

Conclusions

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 vyielded 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.

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

Please complete the Consumer
acceptance questionnaire of plant
protein based products here:
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Life Cycle Assessment of 600-W

Onshore Wind Turbine in Egypt
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INTRODUCTION

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

RESEARCH METHODOLGY

Goal and scope

c 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 ecotOX|C|ty, Human carcinogenic toxicity and Human non-carcinogenic toxicity
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Figure 1: System boundary and life cycle stages Figure 2: Material breakdown of 600 W wind turbine

RESULTS AND INTERPRETATION

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
iImpact categories compared with other components due to the many components included in the nacelle.
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Figure 3: Percentage of global warming contribution from each Figure 4: contribution of turbine components to the selected impact
life cycle (gCO2eql kWh) categories

CONCLUSION

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.



STOANE LIGHTING Streamlining Llfe Cycle Assessmen’r usmg OpenLCA
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Due to The urgency of the environmental CI’ISIS pollcymokers are progressively intfroducing more regulomons on environmental assessment,
repor’nng and validation of green claims made by companies. Small and medium-sized enterprisés are disadvantaged because of the.fewer
resources available to invest in these practices compared to larger orgomso’nons and to Chollenges related to the highly- paid and Highly-

specialist LCA knowledge. This contribution illustrates a strategy established to facilitate the application of the LCA methodology fof a

medium-sized lighting manufacturer, thanks to the por’mers_ﬂip between the manufacturer and a UK-based academic institutjon, through the

Knowledge Transter Por’rneréqip (KTP) program.
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Background and Aims

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 iIn feed
conversion rate, especially in the cut-ups, Is lower and
the need of natural resources iIs 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.

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

Results

Table 1: Feed borne CO2eq per kg feed, feed intake and COZ2eq (kg/kg
Breast Meat (BM)) of dual and conventional broilers

Table 3: Feed borne CO2eq per kg feed, feed intake and CO2eq (kg/kg
egg) of dual and conventional layers

. Producing 1kg of breast meat in dual chickens
requires nearly four times the amount of feed
compared to conventionals (table 1).

Feed Feed Feed Feed
Feed C(:kO ?Eq (k |/rl1<taI§M) C((I)(Ziq (k |/rl1<takBeM) C(?(ziq . Due to the higher feed intake in dual broilers, Feed CO2eq Intake CO2eq intake CO2eq
fe%d)g ngaI Dugal Co?\ve?]ti onal Co nver?tional the CO2 eq of their feed Is almost four times (kg/kg | (kg/kgegg) (kg) (kg/kg e:\gg) (kg)_
higher relative to the conventionals (table 1). feed) Dual Dual | Conventional | Conventional
Starter 0.718 4.7 3.374 2 1.43 Pre-Layer 0.666 0.064 0043 0049 0033
Fattening | 0.700 / 4.9 3 2.1 . Dual layers’s feed intake per kg egg is higher as oo
Fattening 11 0.722 19.5 15.01 3.1 2.23 of their feed’s CO2 eq in comparison with the ayer 0.706 2.676 1.889 2.091 1.476
Total conventional layers (table 3). Total
(ka/kg BM) 31.2 23.284 8.1 5.76 (ka/kg eq0) 2.740 1.932 2.140 1.509
. Environmental impact factors of dual purpose
: : : chickens in both meat and egg production - - :
Environmental impacts of 1kg of chicken breast meat from system is greater than the conventionals (fig. 1 Environmental |mpactsdof ilkg ?f chicken egg from two
two product systems & 2). . proauct systems
. Contribution analysis of feed and non feed 20
" 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). 2
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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

Table 4: Contribution of the feed and non feed parameters on selected environmental
Impact factors in two product system of conventional and dual layers

Table 2: Contribution of the feed and non feed parameters on selected environmental
Impact factors in two product system of conventional and dual broilers

feed iIntake, CO2eq and greater
] Non feed Feed Non feed parameters Feed enV|r0nmenta| ImpaCt faCtO £ - Non feea Feed Non feed parameters Feed
Indicators parameter | parameters "1 © . (%) parameters Indicators parameter | parameters | - (%) parameters
Dual (%) Dual (%) *)"| Conventional (%) Dual (%) Dual (%) Conventional (%)

Fossil depletion 95.645 4.355 96.158 3.842 Fossil depletion 91.350 8.650 91.837 8.163

Ftresr;]‘f"atte.r 0.007 99.993 0.009 99.991 Feed parameters exerts a more eui:ismﬁztﬁgn 0.004 99.996 0.005 99.995
cu r&par'izae 1on substantial  influence on  the Mparine
eutrophication 0.005 99.995 0.006 99.994 environmental impact factors than eutrophication 0.002 99.998 0.002 99.998
Ozone depletion | 0.049 99.951 0.056 99.944 the non feed parameters Ozone depletion | 0.025 99.975 0.027 99.973
Water depletion 0.005 99.995 0.005 99.995 Water depletion 3.512 96.488 3.733 96.267

Materials and Methods

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.

~or broilers, production data of the growing period and live weight of Ross 308 has
neen adopted from Bessel (2022) and for Lohmann Dual broiler from Damme,
Jrselmans & 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.
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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 OpenlLCA 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/m? of fossil resources, 0.4 g Fe-eq/m?3 of metals and generated 0.346 kg CO,-eq/m? 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
CO,-eq in the optimal conditions (150 L/Person day).

BACKGROUND & CONTEXT

RESULTS AND DISCUSSION
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Consistency analysis on life cycle impact assessment (LCIA) methods

implemented in different LCA software
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L Context SResus

The lack of standardized protocols for implementing There is a lack of consistent EF nhomenclature and absence of
life cycle impact assessment (LCIA) methods in a common list of environmental compartments.

various LCA software (i.e. software-LCIA method Number of If:p:_izljriginal EFs from all env;ra;:rg: vs. unique EFs) '"”“'“ii'fi-ill.f‘”e LCIA sources
combination) has become a known issue, mainly due fom el % __Lm §_ __BLa o,

to differences in the software implementation of ggg ——La 5 La o La

LCIA methods, e.g., a difference in the , B —;C'T; - -' — - -'— -

characterization factors (CFs) (Lopes Silva et al., %ﬁg' = B fe = B e B

2019; Speck et al., 2016). Here we conducted a o '— He = B _ 1IN EN

consistency analysis focusing on two widely-used EH - ?EE = - -

LCIA methods (ReCiPe 2016 and CML-IA baseline) by ESWM'S*" _— 8""

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 Brightway?2 [v2.3, with the older
CML 2001 implemented in the software, and the
python package "bw-recipe-2016" v0.3], in addition the same EF in extreme cases.

to the raw data sources from the LCIA developers’
Stratospheric ozone depletion | e o e e ——

. : Ozone formation._Ecosystern | I A S SO S I S
official documentation. Global warming | I I I S S S S S
Particulate matter formation R ] A [ A S O 099

arine eutrophiction N ] L L L S R
Human carcinogenio ovicty IR os%es  [NNCNNNNN  oson [N R
Varine ecotoxiiy oo SR owve A R

Freshwater eutophicaton e 1 [
Terrestrial ecotoxicity 0.99929 0.99968 0.99896 0.99973 [ 10
onizing racaton | oo oomrs I R
R

Freshwater ecotoxicity 0.99983 0.99886 0.99979 0.99854 0.9996 -0.97

I0.96
0.95

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

—1.00

2.1 Elementary Flows (EFs) osone amaton. et N O O B O B
| . Humanrcarnogenc il e e —— T
The consistency analysis of EFs’ nhomenclature and Lo v, S W S N S W S s W S—

Fossl resouroe scarty N s S S

Water consumption

their mapping to environmental compartments was

N N & N N N
carried out using descriptive statistics, counting the $ S s g &
total number of original EFs as well as unique EFs - B M
(because one EF appears in multiple compartments) T - m - B - -
used in each impact category (IC) of the LCIA
implemented in the fOur LCIA Sou rceS CML_Acidification 1.0 1.0 1.0 1.0 1.0 1.0 -0.9900
. . . . CML_Terrestrial ecotoxicity 1.0 0.99931 0.99822 0.99819 0.99937 00875
2.2 conSIStency ChECkS On CFS — paIrWISe compa rlson CML_Global warming 1.0 0.99754 10 0.99815 1.0 0.99754

and identification of outlier EFs oML Abloticdepleton fosel)

CML_Human toxicity 1.0 0.99881 1.0 0.99901 1.0 0.99861 0.9850
0.9825

CML_Abiotic depletion (element) 1.0 0.99633
0.9800

v
3
5

Q

A list of common EFs to be compared pairwisely

between two LCIA sources was extracted, to ensure ’ g
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 1Cs, except for toxicity-1Cs 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/
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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.
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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

Background information of sponsored organization

EPD refers to Environmental Product Declaration, which is the Type Il environmental
declaration providing quantified environmental data using predetermined parameters

and, where relevant, additional environmental information.

According to 1ISO14025, EPD Programme Operator is an independent body that

conducts Type lll 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.

Methodlologies

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.

Importance of declared indicators

Relatively complete environmental impacts from global warming potential to
eutrophication, and to water deprivation etc, are listed through indicators with

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

€ Does the organization you work for conduct EPD project?

€ Where do you know the concept of EPD?

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

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

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

@& Which kind of resource you need if you feel hardto understand declared indicators in the EPDs?

Overview of participants’ response

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. '

e,
s

Declared indicators according to EN 15804

RESULTS OF THE LCA - ENVIRONMENTAL IMPACT per functional ordeclared unit

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.

g . Al A2 A3 A4 AS B1 B2 B3 B4 B5 B6 B7 Cl C2 C3 C4 D
Core indicator Unit
Global Warming Potential total (GWP-total) [kg CO2 eq.]
Global Warming Potential fossil fuels (GWP-fossil) [kg CO2 eq.] Core indicator Unit [Al1|A2|A3[A4|A5|B1 | B2|B3(B4|B5|B6|B7|Cl1|C2|C3|C4| D
Global Warming Potential biogenic (GWP-biogenic) [kg CO2 eq.] Use of renewable primary energy excluding RESULTS OF THE LCA - Resource use and waste categoriesper
renewable primary energy resources used as raw | MJ : ) :
materials(PERE) functional or declared unit
Global Warming Potential land use and land use change(GWP-luluc) [kg CO2 eq.] Core indicat Unit

Use of renewable primary energy resources used MJ ore Indicator ol
Depletion potential of the stratospheric ozone layer(ODP) [kgCFC 11 eq.] as raw materials(PERM) Hazardous waste disposed(HWD) ke

o ) ) Total use of renewable primary energy
Acidification potential, Accumulated Exceedance (AP) [mol Heq ] resources(PERT)(primary energy and primary MJ Non-hazardous waste disposed(NHWD) kg

energy resources used as raw materials)
Eutrophication potential, fraction of nutrientsreaching freshwater end [kg Peq.] Usoof oo T Radioactive waste disposed(RWD) ke

compartment (EP-freshwater) : se of non-renewable primary energy excluding
non- renewable primary energy resources used as| MJ Components for re-use(CRU) kg
. : : : : : raw materials(PENRE)
Eutrophication potential, fraction of nutrients reachingmarine end Ko N Materials for recycling(MR) ke
compartment(EP-marine) (kg Neq ] Use of non-renewable primary energy resources M]J Y
used as raw materials(PENRM) Materials for energy recovery(MER) kg
Eutrophication potential, Accumulated Exceedance(EP-terrestrial) [mol N eq.] .
Total use of non-renewable primary energy Exported energy(EE) MJ
resources(PENRT)(primary energy and primary MJ
Formation potential of tropospheric ozone (POCP) [kg NMVOC eq.] energy resources used as raw materials)
Abiotic depletion potential for non-fossil resources (ADP- kg Sb eq.] Use of secondary material(SM) ke

minerals&metals)

The EPD China Template is open to all for downloading.

Abiotic depletion potential for fossil resources (ADP-fossil) MJ, nj;fioriﬁc Use of renewable secondary fuels(RSF) MJ Well illustrating from the template, the included indicators
are accordance with EN 15804 showing in the tables at left.

o , L . Use of non-renewable secondary fuels(NRSF) MJ
Water (user) deprivation potential, deprivation-weightedwater [m3 world

consumption (WDP) eq.Deprived] Net use of fresh water(FW) m3

Possible solutions

minmm

Informative videos Course, training or workshops

Disclaimer:
This public shared poster represents the opinion of author based on the relatively limited feedback of participants. The
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

Conclusion

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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