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Background / Description of the project:

Bioeconomy related innovations may have a pivotal role in support to a more circular and decarbonised
economy. Nevertheless, it is essential to ensure at an early stage of development that such technologies
are bringing more benefits than burdens, and that trade-offs are identified and minimized, to guide
investment and technology deployment towards a sustainable economy.

Therefore, this project intends to develop an innovative robust framework - based on Life Cycle
Assessment (LCA) - for the environmental assessment of emerging technologies for bio-based
products (BbP), as essential decision support for policy makers and investors. By comprehensively
assessing new technologies and their potential upscale, considering alternative development scenarios, the
framework will help to foster eco-innovation, to minimise impacts, and to unveil trade-offs, towards a
sustainable circular bioeconomy. The development of this framework will be useful for various EU policies
such as the Bioeconomy Strategy, the Circular Economy Plan and the European Green Deal.

Scientific importance, impact and added value

There is a great need for the development of methods to support decision making towards a sustainable
bioeconomy, informing the selection of sustainable feedstock and pathways, for the production of bio- based
products. Along these lines, this project aimed at:

- Contributing to the methodological development of prospective LCA. Prospective LCA has been gaining
prominence in the assessment of environmental impacts of emerging technologies, but several
methodological challenges exist related with the integration of the dimensions of scale and time. The project
addressed these aspects by i) carrying out a systematic identification and classification of emerging
processes for bio-based products production and upscaling approaches (scale dimension), and ii) developing
an approach that enables the modelling of processes that will be at industrial scale in a future time (time
dimension). Additionally, an assessment of the main uncertainty sources inherent to this type of studies is
developed.

- Assessing environmental impacts under different technological and socio-economic scenarios. Several
factors influence the deployment of the bio-based products technologies. To address them, a scenario
analysis is performed by considering several factors that influence the development of bio-based products
processes, such as biomass availability, climate conditions, or increase in food production, to provide a firm
basis for further technology development.

- Providing support for policymakers and industry in the selection of sustainable pathways. The framework
can support policymakers and industry in the selection of sustainable pathways for the production of bio-
based products, which are still at an early stage of development. This will allow to steer investment and
deployment of technologies that minimise environmental burdens and support the development of
sustainable policies for the bioeconomy.




DAY 1 - 6™ DECEMBER 2021

Welcome and adoption of the agenda

Serenella Sala, Deputy Head of Unit, JRC D3

Participants were welcomed and the meeting rules and agenda were presented. The main workshop aim was
to gather ideas and comments on the framework developed by JRC by a number of experts selected based on
their prominence in the field and complementary expertise.

Tour de Table
46 participants (14 from EC: 9 from JRC, 5 from DG RTD, ENV and GROW, and 32 from organisations and
universities) presented themselves and expressed their interest in the project, as well as their expectations.

Introduction to the project and overview on proposed LCA-based framework for the environmental
assessment of emerging technologies for bio-based products
Carla Caldeira, Project coordinator, JRC D3

Carla Caldeira presented the overall scope, the context, objectives and expected outcome of the JRC exploratory
project PLANET BIO™.

Ms Caldeira emphasised that selected sustainable pathways should be identified at early stages of their
development. This exploratory project aims at developing a framework that decision makers can use to identify
sustainable pathways for scaling up bio-based technologies. Several aspects need to be taken into
consideration when designing effective policies: e.g. techno-economic assessment, social impacts, feedstock
security and the environmental impacts: this is where prospective LCA (pLCA) can be of help.

Prospective LCA looks at the future environmental impacts related to technologies and their products. It would
involve identifying emerging processes of bio-based products and upscaling approaches for those products,
plus developing an approach that enables the modelling of processes that will be at industrial scale in the
future. On top of that, scenario analysis would be used to assess several factors that influence the
development of such processes.

To help the discussion along the workshop, the framework has been tested through four case studies: namely,
the production of:

e polymers from mango waste

¢ polyhydroxyalkanoates (PHA) from organic wastes

e bio BTX, a combination of benzene, toluene, and xylene, from agriculture and forest residues and
energy crops

e protein from CO;

The project started in 2020 with data collection on key technologies, the advancement of methodology and
scenario analysis, etc. The expected conclusion is in May 2022 with a technical report on the framework.

! https://knowledge4policy.ec.europa.eu/publication/prospective-life-cycle-assessment-emerging-technologies-bio-based-
materials_en
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Prospective modelling to assess the environmental assessment of emerging technologies for bio-
based products
Presentation of Stefano Cucurachi and Bernhard Steubing, Leiden University

Stefano Cucurachi firstly explained the prospective LCA modelling choices: after going through the standard
phases of LCA studies, the differences between standard and prospective LCAs were illustrated from a
methodological perspective.
He presented the definition of goal and scope with explicit consideration on the:

e Technology Readiness Level (TRL) of the bio-based system under assessment

e TRL of the incumbent system under comparison

e the function(s) of the system

e system boundaries

Mr Cucurachi mentioned some considerations that can help the analyst define the right functional unit:

Functional Unit Example of Focus of Research
Type functional unit
output-based 1 kg product Novel technology, attempting to compare

best feedstock to produce a product (useful
for comparing incumbent vs novel
technology)

feedstock-based 1 ton biomass Novel use of feedstock, attempting to
compare best use of biomass feedstock

land-based 1 hectare Novel use of land, attempting to compare
best use of agricultural land

They developed a series of decision trees, to help the practitioners define the scope of the study (e.g. functional
unit, system boundaries). Regarding the functional unit it can be output-based, (to assess novel technologies
and compare best feedstocks for a given product), feedstock-based (to assess novel uses of feedstock, i.e. to
compare best uses of a given feedstock) or land-based (to assess novel uses of land) (ref to table above). As
an example of a case study, comparing microwave extraction vs. conventional acid extraction for the production
of pectin from orange peels, the selected functional unit would be output-based (i.e. 1 kg of pectin). A decision
tree can also help identify the most suitable system boundaries for the analysis: in the example for comparing
a bio-based versus a fossil-based PET (polyethylene terephthalate) bottle, the system boundaries chosen could
be “cradle to gate” as the end product is chemically and functionally identical.

They created a decision tree for the allocation system as well. The analyst could verify the existence of a
market, and that related data are available to assess the emerging such market for the bio-based products
(BbP) system and incumbent. Some aspects they considered: more on allocation and cut-off criteria aspects,
related to the inventory data, and upscaling of foreground and background systems. They looked into how to
make decisions already in the early stages of the LCA process, related to data, or whether to go for process
simulations and/or calculations. They also examined the relationship between proxies and detailed modelling.

Next Bernhard Steubing presented the chapter on scenario methodology, by illustrating the main phases.
Phase 1 of LCA focuses on the goal and scope of the model. Several issues should be analysed:

e Scenario type (predictive, explorative or normative)
e Time horizon

e TRL (in the current or in the future)

e Foreground and background data

e |dentification of alternatives



Phase 2 defines a 4-step procedure to perform the Life Cycle Inventory (LCI) analysis. Here they focus on being
practical and provide easy solution for LCA practitioners:

a) lIdentification of influencing parameters, where different methodologies can be used, e.g. PESTEL,
causal loop diagrames, initial LCI model, etc.

b) Construction of sub-scenarios for each parameter, i.e. which are the values of these parameters in
the future

c) Creation of scenarios from sub-scenarios, e.g. sub-steps, consistency check, etc.

d) Implementation of scenarios in the LCl model.
Mr Steubing presented an example for the use of causal-loop diagram, to reconcile the data availability and
the direct factors that influence the results, so that limitations can be identified. This diagram also helps
communicate what has been modelled in the LCA, such as the parameters included in the LCI, differentiating

between ‘surrounding parameters’ (mostly qualitative and not included in the inventory) and ‘technology
parameters’ (quantitative data as part of the inventory).

A further step of the scenario development aims at performing a consistency check of the considered
parameters, identifying morphological fields and developing narratives and scenarios.

Finally, the implementation of scenarios in the LCl model is performed to quantify all the assessed parameters
in each scenario for both cases, foreground and background scenarios.

A key learning from the presented exercise: during the development process of scenarios it is very important
to engage with stakeholders in the project/sector, which will influence the success of the analysis.
The main take away messages are:

e Scenarios can be developed in many ways;

e The presented approach is a simple, but structured one, tested on several case studies;

e Designing good scenarios is important, as well as the identification of parameters;

e Transparent reporting of how scenarios were generated is crucial for a transparent and useful LCA.

The next chapter focused on modelling and accounting the biogenic carbon.

The main issues are:

e Timing of emissions: the sequestration and emissions may have different temporal profiles and
thus carbon neutrality may not imply climate neutrality.

e (Carbon storage: temporary or permanent (long-lived vs. short-lived products).

e Land use change: direct and indirect.

They collected information on biogenic carbon accounting in scientific literature. Dynamic and conventional
LCA have different characteristics in terms of biogenic carbon accounting, namely it is difficult to include in
conventional LCA while it dynamic LCA has been designed to account for biogenic carbon. Yet, some challenges
remain.

Mr Steubing also talked about the collection of information on standards for biogenic carbon accounting. He
mentioned temporary and permanent carbon storage, as well as direct and indirect land use changes.



He presented some general discussion points to address when accounting biogenic carbon:
e (Counter-factuality and verification
e Choice of time horizon
e  Multi-functionality

e System boundaries

Implications of these points on prospective LCA:

e Issues such as timing of emissions, carbon storage and land use changes fall, by definition, into the
realm of prospective LCA, as they rely on assumptions on the future

e Scenario or sensitivity analyses could be performed for different approaches (e.g. alternative biomass
feedstocks, sequestration of CO2, emission profiles related to land use change, temporal carbon
change in products, etc.)

Stefano Cucurachi took over the presentation by talking about uncertainty and sensitivity analysis.

This section focused on the following aspects:

* (lassification of types of uncertainty and sensitivity
* Connection between relevant literature and BbP systems
* Guidance to the analyst/practitioner towards making choices about how to model uncertainty

e Application in an example

First, they collected and classified the information available in the literature. They started with three main
dimensions of uncertainty: the nature (epistemic or ontic), location (quantity, model structure and context)
and level of uncertainty (shallow, medium, deep uncertainty and recognised ignorance).

The statistical analysis to be applied depends very much on the data. The most commonly used classification
available in the literature for sensitivity distinguishes two types of analyses: local and global®.

On the basis of the identified classifications, they proposed a stepwise approach:

uncertainty location and identification by LCA phases,
uncertainty characterization,
qualitative importance ranking,

treatment of uncertainty,

i A W N &

uncertainty communication.

They recommended that the practitioners work with probability distributions and explain how this approach
could be performed by uncertainty assessment (UA), sensitivity analysis (SA) and scenario exploration:

* UA or the quantification of the uncertainty in the inputs to the LCA model, and the propagation of
uncertainty information of the inputs into uncertain model results

* SA, or the study of how the input uncertainties contribute to the output uncertainty

* Scenarios

2 Razavi, S., Jakeman, A, Saltelli, A., Prieur, C., looss, B, Borgonovo, E., ... & Maier, H. R. (2021). The future of sensitivity analysis: An
essential discipline for systems modeling and policy support. Environmental Modelling & Software, 137, 104954, Razavi et al., 2021
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They also showed examples to the participants on how to apply Monte Carlo analysis (MCS), sensitivity analysis
(SA) and scenario analysis.

The presentation was concluded by bringing up discussion points to be considered during the workshop:

* How can we make our methodology/recommendations more specific for BbPs?

* How is uncertainty for emerging BbPs different from uncertainty for other emerging technologies?

* How to reconcile theoretical and methodological discussions to the practical needs of the
analyst/practitioner?

*  Which practical conclusions should we draw for the modelling of biogenic carbon in pLCA?

* How to combine the individual parts into a bigger framework? Is that even a meaningful goal?

Discussion
Carla Caldeira started the discussion by going through the questions posted in the chat and the comments
from the participants.

Do you suggest consistent background data for the (EU) future?
For the background scenarios like SSP (Shared Socioeconomic Pathways) 2, the idea is to combine the included
parameters from an integrated assessment model with an LCA database for pLCA>.

Regarding the cases that compare replacement of material for another one with the same function: What
about a function basis, like in packaging, and comparison of plastics and fibre packaging?
The reply referred to the approach generally used in LCA.

Is the assessment of harmful substances somehow included?
The framework will follow the standard procedure for the Environmental footprint method (PEF), which includes
human toxicity and eco toxicity.

Why "allocation’, and not "basket” or "gross” approach, avoiding allocation?

This is a broader discussion, which we could not cover in the presentation. There has been a lot of work about
this in the literature recently. It is an ongoing topic on how to avoid allocation, and when to avoid it. Another
point of focus is what kind of other methods there are in place to avoid allocation: i.e. the standard versus
common practice.

Does it make sense to design a default list for the surrounding parameters to guide the non-expert practitioners
as starting point for phase 2A of the scenario analysis?
The suggestion was well received by the participants and an indicative list can / will be included in the report.

Regarding how to approach the circularity of products: The units and uses change along the life cycle of
products, e.g. woody biomass used first as textile, then as insulation material, and finally for fertiliser or as a
source of energy. How could that be modelled in a pLCA? How could the standards cover this?

It all depends on the scope and the question to be analysed and answered with the LCA. If the practitioner
wants to look at a product, it is suggested to use an allocation approach to differentiate the different phases
or uses of a product. If the practitioner instead wants to assess wood-based products, then the basket of
products approach would be used to include the full set of uses.

The methodology should include these differences to promote those that are investing in circularity (circular
processes).

3 Mendoza Beltran, A., Cox, B., Mutel, C., van Vuuren, D. P., Font Vivanco, D., Deetman, S., ... & Tukker, A. (2020). When the background
matters: using scenarios from integrated assessment models in prospective life cycle assessment. Journal of Industrial

Ecology, 24(1), 64-79., When the Background Matters: Using Scenarios from Integrated Assessment Models in Prospective Life Cycle
Assessment - Mendoza Beltran - 2020 - Journal of Industrial Ecology - Wiley Online Library
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Is it difficult or impossible to include biogenic carbon accounting in a conventional LCA (referring to one of the
slides)? The reference to the accounting methodology in the |[LCD Handbook (and taken up by EN standards)
was also mentioned.

The slide intends to say that it is impossible in regular LCA software to perform dynamic carbon accounting at
this moment (lack of implementation).

Could you make a clear distinction between different definitions for uncertainty and sensitivity?

On shallow versus deep uncertainty: does the report identify in which stages of the process uncertainty plays
a role?

In the literature of sensitivity analysis, there is a lot of inconsistency. We tried to provide some form of
classifications on uncertainty. The distinction between uncertainty and sensitivity is not clear, so maybe it
should be avoided.

It was surprising that microplastics (and their end of life) were not part of the indicators / impacts of LCA. By
looking at the current indicators, we are moving towards an undesired situation (e.g. landfill of plastics show
better results than incineration because the release of micro-plastics to the environment are not accounted).

Another comment was about the importance of how pLCA will communicate the analysis and results to a wider
community: Some technologies close to the market may get investments, while future (currently immature)
sustainable technologies are hampered, i.e. the pLCA can hamper the development of future technologies, if it
compares different technologies with different levels of development.

Communication to outsiders is key also in scenario methodology. The methodology that is presented may not
be the final one and it may be replaced or improved in the future, and this should be communicated.

A methodology or common framework should be made available, so that beginners can apply it, instead of
paying for professional pLCA analyses. How could the system be simplified meaningfully, to provide orientation
apart from guidance?

The draft methodology shows the state of the art rather than providing guidance for practitioners. It would be
more useful to have this guidance-approach and to simplify the process/analysis.

Economic allocation may not be feasible unless there are existing markets for the bio-based products,
estimation of which could be the price in the future of a novel-product. Could estimated future prices be used
in economic allocation?

The request for funding these kind of projects starts with identifying that the cost of the technology - as it is
to be developed - will go down by x percent. There is already the possibility to get information from technical
economic analysis and the likes, and understand the prospect already at that stage.

In an early stage of a technology, the expectations are always very optimistic. The economic costs, feedstocks,
etc. can be underestimated. This may hamper the further development of the process, ie. with a mass
allocation, this risk is lower than with economic allocation.

Are micro and nano plastics included in the revision of the PEF?

Currently no revision of the PEF is being developed regarding this particular aspect. Methods to address this
are still emerging and may be included in the future. In the recent publication of the plastic LCA method there
are some suggestions that can be used.

Data for existing processes are available, but they are sometimes old. How can practitioners apply data for
new processes or new energy mixes?

There is literature addressing this issue. Future scenario databases are available, including energy mix. The
point is relevant though. There is a need for data harmonisation.

One expert proposed that JRC could lead the work on generating future scenarios that represent EU policies

and the best data available at EU level. Others also agreed on that. For each practitioner it is impossible to do
scenario development, and JRC could help with the data, perhaps also with a focus on the bioeconomy.
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Ms Caldeira asked the participants about their views on biogenic carbon: Would it make sense to include it as
a part of the scenario development section and include a sensitivity analyses? Or should it be better defined?
There is an increasing amount of information. The biogenic issue in terms of climate change impacts is relevant
for longer life production cycles. The minimum guidance that should be provided is on the climate change
scenarios and biomass availability, most importantly for woody biomass. The recently published IEA Task 45
report on science status is relevant in this question. Transparency and disaggregation is key.

There is no harmonised method for biogenic carbon accounting, thus it would be difficult to include in the
methodology framework. It would be possible to include as additional information which could also refer to

sensitivity analysis on different methods available (Brandao, 2013).

Another comment was on the consideration of recycling of products to refer to temporal or permanent carbon
storage.

End of first day
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DAY 2 — 7" December 2021

Welcome back and insights from the previous day
Carla Caldeira, Project coordinator, JRC

Ms Caldeira welcomed the participants, repeated the objective of the PLANET BIO project and presented
insights from the previous day of the workshop, as well as an overview and general considerations:

e The outcome of the project could be a practical document building on standard for bio-based
products; underpinning information can be provided in annex

e Concrete and specific guidance in regards the prospective challenges would be more useful for the
practitioner

e JRCis well positioned to develop/manage a database on background data for prospective LCA. This
would foster transparency and robustness in the methodology.

e C(lear and targeted communication of the outputs of the study to a wider audience is key. If results
are misleading, some technologies close to the market may get investments, while future (currently
immature) sustainable technologies are hampered. i.e. the pLCA can hamper the development of
future technologies if it compares different technologies with different levels of development.

She also mentioned some more specific points raised during the first day of the workshop:
e Recommendation to look broadly at allocation and alternatives when modelling BbP systems

e Designing a default list for the surrounding parameters to guide the non-expert practitioners as
starting point for phase 2A shall be included in the report / outputs of the project

e How to deal with biogenic carbon, as part of the scenario assessment, and whether to stick there with
recommendations in the PEF or not, is still worth a further discussion

e Make sure to have clear and consistent definitions on uncertainty and sensitivity

Ms. Caldeira brought up some discussion points for the second day:
e How can we make our methodology / recommendations more specific for BbPs?
e How is uncertainty for emerging BbPs different from uncertainty for other emerging technologies?

e How to reconcile theoretical and methodological discussions to the practical needs of the analyst /
practitioner?

e  Which practical conclusions should we draw for the modelling of biogenic carbon for pLCA?

Presentation of Case study 1
Jade Miiller Carneiro, University of Coimbra
A case study on the production of biopolymer from mango wastes, illustrating the application of the framework.

As a start, biopolymer films were obtained in the laboratory, extracted from mango seed, intended for
packaging applications. The goal of the study was to analyse the future environmental impacts of the
biopolymer films, currently at an early research stage (TRL 3) and expected to be deployed in the next 30 years
(TRL 9 by 2050). The presentation focused on how the evaluation framework could be applied to this novel
technology, including the guidance to select the system boundaries, the functional unit, impact allocation, etc.
It specifically addressed the modelling choices and scenario methodology for this value chain. They ended up
with 4 pairs of scenarios, depending on the increase of vyield, size of the plant and two different policy
ambitions, and the results (in terms of GHG emissions) from the scenario analysis were presented.

Ms Carneiro mentioned some thoughts and learnings from the case study, one of which was that there should
be a link with the technology experts despite of the flexibility offered by the framework. Another learning was
that data from pilot and techno-economic analysis could be combined to have better results. Some other
learnings on the type of impact allocation to apply and the guidance of the functional unit to consider were
also given.
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Discussion:

Why is there a 30-year timeframe to reach TRL 9?

In general, more emphasis should be given to the possibility of achieving a product that is marketable and
make a sensitivity analysis there, because quite often people realise during development that they need more
processing.

How do you deal with waste streams and how does it influence the calculations, e.g. anaerobic digestion, etc.?
Note: the bigger the scale, the longer the timeframe, in general.

A clarification on whether the resulting material may be used for food contact was also requested. In such a
case, the properties of the product should be very specific.

The scale was small, due to the availability of the feedstock: 1-3 ktones per year.
The price will depend on the quality of the product. The resulting material could be used for food contact even
if a secondary packaging material might be also used.

Have you considered in the scenario what would happen if you did not use the waste? Having chosen cradle to
gate as system boundaries, if you compare with the fossil counterpart, the end of life should be included.

In Brazil, there is mainly landfilling, and the avoided emissions will be accounted for. The team is working on
the end of life approach, because they need to adjust the functional unit and boundaries, but they will deal
with that in the future.

Presentation of Case study 2

Mateo Saavedra del Oso, University of Santiago de Compostela

A case study on the production of polyhydroxyalkanoates (PHA) from organic wastes by open mix cultures,
illustrating the application of the framework.

PHA are bio-based and biodegradable polymers with yet a small market size. The TRL is still low (TRL 5), but
represents an opportunity for major adjustments. The study focuses on Chapter 3, on building scenarios. It
focuses on two phases, goal and scope and the inventory analysis.

The goal of this LCA was to assess the environmental performance of PHA production by Mixed Microbial
Cultures (MMCQ) in future framework where its large-scale production was implemented, and provide
environmental guidance to the developers. The researchers have chosen an exploratory approach to see how
the process could be developed. They selected the “cradle to gate” approach.

A system multi-functionality addressed by the JRC methodology to break the system down in subsystems was
considered with 2030 as time horizon. The background data, sources from the literature on PHA production on
pilot-scale and ecoinvent 3.7.1 were used.

Regarding the inventory analysis: they carried out a literature review, expert surveys and workshops with
stakeholders and a PESTEL analysis. They conducted a hybrid casual loop diagram, which goes from the big
picture to the model parameters. All the consistencies were analysed with the morphological fields through a
cross-consistency check. The combination of scenarios was very diverse, so they selected the four most realistic
scenarios to be analysed. Finally, they implemented the scenarios in the LCA model and showed the next steps
to be addressed.

Mr Saavedra del Oso’s experience when using the framework was:
e To further develop the multi-functionality method

e To upscale. It would be nice to have a more detailed methodology to apply process units

e To explore the impact of the most influential parameters

Discussion:

Did you compare your study approach with the activities of Danimer Scientific, the leading global PHA producer?
No, we did not compare the two. The goal of this study is to compare different PHA production routes (e.g.,
MMC and pure cultures) and assist the decision-making in the development of this process. If we wanted to
compare this product with another biopolymer or oil-based plastic, then we would have included the
compounding and shaping, use and end-of-life, and use a different functional unit.
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Did you take into consideration the stability and homogeneity of the feedstock over the year, and how does it
affect the outcome of the results?

No, we just considered the average concentration of each feedstock. However, some parameters on the
feedstock characteristics (especially from sludge and wastewater) could be controlled.

About the background data: only electricity mix development or other aspects were included as well?

The integrated assessment models are focused on specific issues, mainly climate change, and energy is an
important part in those. Most of the combinations of LCA databases have so far targeted the energy sector,
and there are ongoing activities to include other sectors, e.g. steal and cement, and there are some scenarios
for some key metals. There is no scenario of everything, some important sectors are missing, like the whole
bioeconomy: there are no future scenarios for that at the moment. It would be very important and interesting
to develop such scenarios, maybe based on items, or on other data.

We need to complete the future modelling of the economy, or at least cover key sectors. There are several
groups developing such future scenarios, and the uptake of that is huge. Everyone is interested in that.
Modelling future technologies with current or past data is off.

The data come from SSP2, but they are quite limited for certain processes. For the sake of transparency, this
should be stated much more clearly.

Acid use model is not included in the data and it only has scenarios for the energy production. The team will
make it explicit in the presentations and publications. Indeed one of the big challenges for the future is to get
to an agreement on the scenarios and the documentation of the background data (contrary to the ecoinvent
database, which is available to all practitioners).

Renewable carbon initiative to combine recycling and COZ2 is being explored and could be taken into account in
the modelling exercise.

The bioeconomy pushes for using waste streams before other feedstocks, but this is not so easy (stability of
the product, availability, etc.).

Presentation of Case study 3
Emma Zuiderveen, JRC / Radboud University
A case study on the production of bio-BTX, illustrating the application of the framework.

Ms Zuiderveen explained what BTX are: important petrochemicals (aromatics Benzene, Toluene and Xylene)
commonly made of naphtha, which can be used in several applications. The goal of the study was to model
the environmental impact of a bio-BTX production plant (TRL 9) from second generation biomass in 2050 in
Europe. This case study focuses on chapter 2 (goal, scope and LCI).

The most promising process currently is the CFP process. Thing to note is the methodological challenge,
considering the scarce literature data, and how to apply it to the upscaling.

Ms Zuiderveen applied the decision trees to select the functional unit, and eventually chose the production of
1 kg of BTX as functional unit. She selected a “cradle to gate” approach as system boundary, since she
compared three types of feedstocks, namely agricultural residues, forestry residues and dedicated biomass
crops (e.g. poplar). She also explained the large uncertainties in the exercise, especially in the technological
process development and the future developments, e.g. share renewables in energy mixes.

The prospective LCA approach was therefore:
(1) Different strategies to upscale lab-scale bio-BTX to industrial scale, based on Piccinno et al.
(2016) and van der Hulst et al. (2020).
(2) Scenario analysis based on the approach of Langkau and Erdmann (2021).
(3) Systematically change background processes (Steubing et al., 2020).
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She also used the decision tree for the upscaling approach from the guidance methodology which suggests in
this case to use process calculations (from Piccinno et al, 2016), but some proxies (e.g. for fast pyrolysis)
might be also applied. She explained different approaches for the assumptions on the technical development.

Ms Zuiderveen presented some reflections:

* Good guidance in regard to modelling choices
*  Streamlining prospective LCAs makes them more comparable
* Upscaling guidelines are useful, but an extra step would be helpful on how to model generally the
technological development of a product
* E.g. the framework of van der Hulst et al. (2020)
* Upscaling remains very uncertain when there is little information available
* Uncertainty assessments are therefore very important
* Scenario development: prioritizing parameters in the first place proved difficult (at step A)
* Engagement of stakeholders
* Good information on state-of-the art biogenic carbon literature and modelling, but practical guidelines
on how to actual treat it would further benefit the framework.

Discussion

TRL nomenclature was used wrongly, as TRL9 is commercial production, while a pilot scale is in general TRL 6-
7.

There is different literature about the definition of TRL. We would benefit from a harmonised classification
and the definition from the Commission is the best available currently. However, the figure which triggered the
discussion comes from a published paper.

To clarify the process: you produce first pyrolysis oil from these raw materials and then convert to BTX? If so,
note that pyrolysis is already established in commercial scale, so for pLCA only its conversion to BTX is relevant.
In this case, fast catalytic pyrolysis was considered so the technological process is different.

In general, | missed the importance of Conceptual Process Design phase, as a step to generate useful data. |
think for prospective LCA a good modelling tool is very important and | assume most of us would use that kind
of tool. To go one step further and really have a conceptual modelling, it can be very useful to pinpoint the
hotspots in the processing part. Just a general remark.

Have you compared the proxy and Piccinno approaches, and if so, how did they compare?

We have not compared them yet, as the research is not at that stage yet.

Presentation of Case study 4

Octavio Wurmbdck, Leiden University

A case study on the production of protein from CO,, illustrating the application of the framework.
Methanotrophic bacteria, using H instead of methane. So far, only two LCA studies have been published.
Fermentation is a millennia old process. Here, the process was to turn air and water into protein powder through
fermentation. The technology decouples production from agriculture, it can be produced everywhere as a close
system. It does not use pesticides, fertilisers, etc. It keeps the water in a close system, so it is also more
efficient.

The result is a meat replacement, which can be used as animal feed or consumed directly by humans.

There are some identified gaps in the literature.
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Mr Wurmbock presented the question: What are the environmental impacts of producing 1kg of micro-protein
(MP) at manufacturing scale during constant energy and H2 supply, and how do these results compare to the
production of 1kg of soybean meal?

He conducted four phases in the study, and the technological setup was also presented:
The system depends greatly on the energy, both sources and efficiencies. This plays a big role in the scenario
analysis.

There is a pilot plant already available. The current state is TRL 7-8. Thus, the issue of data is marginal
compared to other pLCA studies. Mr Wurmbdck could not have access to first-hand data, so he used literature
data.

Discussion

Why is it wrong to use energy mix for exploring the sensitivity of your system?
The goal was to create realistic scenarios. A constant energy supply is needed, otherwise the microbial proteins
get stressed and they might die, so 100% wind power supply was not considered.

The burden of the CO; stays with the process it originates from.

Why did you change the temporal reference between the three scenarios and did not keep the year constant?
The technology is already very well established: within the next 5 years, there will be a factory to produce this.
In 2035 the market penetration level will be around 30 or 40, which means there will be around 10 factories
in Europe to produce this. This technology will probably be at the same or similar level, aside in production in
terms of quantity.

There was a discussion on the possibility to compare against the nutritional value (protein) instead of quantity
(1kg of meat or soybean).

For the comparison in terms of protein, the quantity in soybean and MP is equivalent. Also, as soybean is being
used as aqua feed for the production of fish-based food, it is also a good counterpart to do the comparison
with.

Discussion on the overall outcomes of the workshop

Points stressed during the workshop:

e There is an agreed need to develop background databases, but sector specific databases (derived
from discussion with specific stakeholders) should be taken into account with caution. In any case,
transparency on the data used on the pLCA is a key factor for the success and dissemination of
the methodology.

e The suggestion to develop data for future scenarios for the bioeconomy, done by the JRC was
welcomed by many participants.

e Regional databases should also be considered. Local approach and management are key and
impacting.

¢ In addition to the modelling challenges, there are regional differences, but the data sometimes
are very coarse. There could be hierarchy of scenarios.

e The application of the guidance in the case studies is a perfect test of the methodological
framework and conclusions derived from the process should be included in the final report.

e Practical conclusions for the modelling of biogenic carbon should be drawn.

e The scenario methodology and upscaling can be done in different ways, there is no common
recipe to follow.
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Closure
Carla Caldeira, Project coordinator, JRC

Ms Caldeira thanked the participants for the input provided and invited them to share by mail further insights
on the points presented and on potential case studies to be performed in the future. The expert reviewers of
the report were also acknowledged.
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DAY 1
6th December 2021

Annex 1: Agenda

10:00-10:05

1. Welcome and adoption of the agenda

10:05-10:20

10:20-10:45

10:45-11:15

11:15-12:15

12:15-12:30 6. Next steps and closure

Serenella Sala, Deputy Head of Unit D3, JRC

The presenter will welcome the participants and present the proposed agenda.
2. Tour de Table
All participants

The participants will present themselves and express their interest in the project as well as
the outcome they expect from it.

3. Introduction to the project and overview on proposed LCA-based framework
for

the environmental assessment of emerging technologies for bio-based products
Carla Caldeira, Project coordinator, JRC

The presenter will talk about the context, objectives, and expected outcome for the project
and provide an overview of the framework.

4. Prospective modelling to assess the environmental assessment of emerging
technologies for bio-based products

Stefano Cucurachi, Bernhard Steubing, Leiden University

The presenter will present relevant modelling aspects for prospective LCA of emerging
technologies for bio-based products.

5. Discussion
Carla Caldeira, Project coordinator, JRC

The participants will have the opportunity to pose questions regarding the framework.

Carla Caldeira, Project coordinator, JRC
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Annex 3: Introduction to the project and overview on proposed LCA-
based framework for the environmental assessment of emerging
technologies for bio-based products - Presentation of Carla Caldeira,
JRC

PLANET BIO

Prospective LCA for Novel and Emerging

Technologies for BIO-based products

Carla Caldeira, Serenella Sala
6" December PLANET BIO Workshop

Contents

EU policy and innovation
Why is prospective LCA relevant in EU policy?
How can prospective LCA support EU policy?

The Planet Bio Project
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What is Prospective Life Cycle Assessment?

Prospective

Promote the integration of
environmental criteria in early
stages of technology

Life Cycle Assessment (LCA)

An integrated assessment method for the systematic
evaluation of the environmental aspects of a product
or service system through all stages of its life eycle.
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scale and time, considering
future developments
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Prospective LCA supporting EU policies

# European Green Deal aims at having Europe as a climate-neutral continent by 2030

~ Bioeconomy related innovations are fundamentalto the development of a more circular and
decarbonized economy

EU Circular Econemy Plan

= Essential to ensure at an early stage of development that such technologies present indeed
less environmental burdens to guide investment and technology deployment towards a
sustainable economy

" EU Biceconomy Strategy

Need to ensure the selection of sustainable production pathways from
early stages of development

| o
LommissiEn
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The example of the bio-based industry

Bio-based Industries Joint Undertaking
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Aspects to consider to design effective policies

( Tech
Feedstock echno-
security economic
9 ) | assessment
s ~
Environmental Social
e /mpacts Impacts
LCA
Today Future
[ E—

Challenges in assessing Innovative and
disruptive technologies

Bio-based products (BbP) related innovations are fundamental for the development of
a more circular and decarbonized economy

Environmental sustainability e.g Biomass availability

+  Climate conditions
Lab scale® e II"I‘IPHEE? +  Increasa in food production
BbP Technologies _d__.--""-- Scenario & \ +  Variability of supply and demand
as solutions for Industrial scale
sustainability
r_d,
:\E }T :> Scenario B
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a lWEE A l:\
TODAY "%-_Jumns——-*""
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Scenario C
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Praspective LGA for N:wel and E merging Technnl:}gies for B I O—based products

febea Develop a robust framework for

environmental assessment of emergin
PLANET BI® sine

technologies for bio-based products to

%I._, support policymakers and industries in the
\’y selection of sustainable production pathways
- Eurpean

PLANET BIO framework

PROSPECTIVE LCA <+ |SCENARIOANALYSIS

» Carrying out a systematic identification » Developing scenario analysis by
and classification of emerging

considering several factors that
processes for bio-based products

influegnce the development of
production and up-scaling approaches processes for bio-based products
(scale dimension)

#» Developing an approach that enables the modelling of processes
that will be at industrial scale in future (time dimension)

_» Biopolymer from mango wastes

-~
Tested with _—= Polyhydroxyalkaneates (PHA) from organic wastes
case studies ™ Bio-BTX from agricultural and forest residues and energy crops

Protein from CO, |
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Timeline and expected outcomes | . ..
March 2020 March 2021 ~ March 2022

WP1. Data collection
for key technologies

WP2. Methodological advancements for
prospective LCA

WP3. Scenario analysis

Technical repart llustratin
the framework applicatior
considering development
scenarios

Top emerging bio-based products

Top emerging bio-based products (BbP).

Matural rubber, vegetable fibres, renewable oils and fats, lignin, terpe
polyelectrolytes, urban biowastes [ 3
o JmRnEn, " .'. H
-] ‘ I?.It’ﬁ...ﬁ ﬁ N
, ‘ ; a e e Y
Main feedstock used: g e i

and irdorial

Food processing waste

= os oW =

o b1 L] &0 £ uI.l.i\:" 125
Agri_based feedstﬂck e e e e e e

TRL distribution of emerging technologies reviewed. From Ewropean Commission,
. 2018
Urban biowaste
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Upscale approaches for key processes

Mapping processes to LCl databases

STEP1
|dentification of
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products
STEP 2

Mapping to LCI
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Other approaches to obtain LCl data

Upscaling approaches can be based on

i} operational parameters at different scales
including temperature, pressure, yield,
enargy input;

i} governing equations which is an
enginearing-based approach;

i} chemical properies (2.9. stoichiometric
ratios and molecular structure).

The methods present significant trade-offs
between data intensity and uncertainty,
thus the selection of an extrapolation-
based upscaling approach must be done
on a case-by-case basis (Mavarre et al_,

20227, -
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Feedstock and products
Input Biomass
BTX

Sugarcane bagasse
[Gherhannschad ot al. 2018) Ex-situ catalylic fast pyrolysis
Rice straw
Agro-based Chen et al, 2018 Catalytic fast pyrolysis BTX
ro-pase Pinewood sawdust : _
feedstock N g et 20 Catalytic fast pyroiysis BTX
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Timeline and expected outcomes
WORKSHOP

March 2020 March 2021 March 2022

WP1. Data collection
for key technologies

ki

WP2. Methodological advancements for

prospective LCA
WP3. Scenario analysis

# Present and discuss the draft framework

» Feedback on relevant aspects to address when
performing LCA of bio-based products

| o
Commiision
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Issues when performing LCA of emerging bio-
based products

Ma function still defined //_ I_Ifﬂ wde assessment frammrk \
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technology be at TRL 9 Goal and scope » . .
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Building on existing guidelines for LCA
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Annex 4: Prospective modelling to assess the environmental assessment
of emerging technologies for bio-based products - Presentation of
Stefano Cucurachi and Bernhard Steubing, Leiden University

Prospective modelling for the
environmental assessment of

emerging technologies for bio-
based products

Universiteit CML

- Leiden Institute of Environmental Sciences
" The Netherlands Department ot Industrial Ecology

Discover The world at Laden University
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Guiding criteria to support the analyst:
some examples

Definition of goal and scope with explicit
consideration of the:

* TRL of the BB system under assessment
* TRL of the incumbent system under comparison

* At low TRLs the function or functions of the system
might not be yet defined

* System boundaries

Functional unit

Some considerations that can help the analyst defining the right functional
unit

Functional Unit Example of Focus of Research
Type functional unit
output-based 1 kg product Novel technology, attempting to compare

best feedstock to produce a product {useful
for comparing incumbent vs novel
technology)

feedstock-based 1 ton biomass Movel use of feedstock, attempting to
compare best use of biomass feedstock

land-based 1 hectare MNovel use of land, attempting to compare
best use of agricultural land
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Functional unit — decision tree
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4 Feedstock level analyses aim to
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/ .
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— [ — | ! production with the
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Functional unit — decision tree
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System boundaries — decision tree

riﬂnmmnn rﬁnn:h:-c'u?if
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System boundaries — decision tree

Example: bio-based PET FD
bottles versus @
petrochemical PET l»

bottles, different — _
fEEdSt'DCk, but r{‘_ Commaon cutpul? —  Comman oulpat?
chemically and

functionally identical © @
factory output.
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System boundaries — decision tree

In such an instance, the
two systems do not @ t
have a common
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System boundaries — decision tree

BBP case 1_®

study:
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such market for the BBP - .
system and incumbent. Q <>

] }

P.lh:s-m:rg:.l Frytarid Biophysical
allacation allocation
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Other aspects we consider

*More on allocation and cut-off criteria
*| Cl data

* Upscaling of foreground & background
systems
(see next section on scenarios)

*Process simulation vs. process calculations
*Proxies vs. detailed modelling
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Chapter3:

| Chapter 2: Modeling

Scenario —
methodology

Chapter 3: Building
scenarios

Ganl & Scope definition

Gual definition
Scope definition
Function, functivaal
unit, ashersatives and

'
L
'
'
'
'
'
1
! redernes
: — Interpretation
: Inventory analysis (LC1) * Consstency/
' : 2 completeness chock
: * Data quality, coflection, « Contritetion/ ‘
{ validation _ Perturbation snalysis |
, » “Siwiems boundiey * Sensiivity and
' F e Uypmealing FG/BG uneertabety analysis
i * Allocation PR a———1
1 B reoomendations
LI ®
Impact assessment (LCTA) “
Chapter 4: * Cegury sehetian
™ = Characterisation methud -
Modeling oo s )
biogenic carbon  * ‘ 8

Chapter 5: Dealing with
uncertainties
and sensitivities

Focus on phases 1-2 of LCA framework

Scenario-related tasks Scenario-related tasks
- Keychoices: e.g. Goal and scope
consideration of TRL, definition

time, and scenario type

- Scenario
development:
steps A-D

Inventory Analysis Interpretation

Impact Assessment
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Phase 1: Goal and scope

* Scenario type (predictive, explorative, normative)

* Time horizon (how far in the future?)

* TRL (current? future?)

* Foreground and background data (data to build upon)

* |dentification of alternatives (which systems should be modelled?)

hi, Seubing, Siebler, Mavarm | Leiden Linkersity (ML)

Phase 2: Inventory analysis

(&) Identification of influencing parameters
Sub-steps: PESTEL analysis, Causal Loop Diagram, initial LEI model 4

-

(B] Construction of sub-scenarios for each parameter
Sub-steps: parameter sub-scenarios

-
|C) Creation of scenarios from sub-scenarios -
Sib-steps: consistency check, scenarlo creation ‘
-
|

(D) Implementation of scenarios in the LCI model
Sub-steps: refined LO model, scenarlo data |parameters)

Seubing, Siebler, Navarre | Leiden University (CMIL)
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A) ldentification of influencing parameters

LCI model

Big picture Specific technology

Technology parameters Unit processes and flows |
{cpeantitabive; parl of LCT maodel)

Wikat cam b pepevaertod fn the LCT model? |

| Syt :
: —
' 1 dumw
T Tramspan i
H Seed i
: Shells /| deoortication | ¢
= Kemieks |
] [ MEs ]!
i Froduestion |
i i
i I, SHE Singeh |
E cue T | —_— Bicpuhaner | | -
i production | exc | production EBE N
- * Ebviniaty :
: Marketfor | |
' T eledtrety 0
; e — -
d " md.l.l“nnr =7 Hedlrdnw

Lageaiddy

=3 +_ =, of 01 {binary) Infecnes m o L
m == Influemes not cossdered _W il prosss * _

B) Parameter sub-scenarios
Paramster ___|Type ____|Sub-scenario 1 Sub-scenario 2 Sub-scenario 3 | Additional explanation

The number of sub-scenarios is

Production scale Qualitative Small Madium Large
specific for each parameter
Environmental
Qualitative Libaral Strict
policy
Acid usage Qualitative Lo High -
Can also be quantified at this
Cuantitative 0.1 kg / kg CNC 0.5 kg f kg CNC
stage already
This could be a sufficient
Dualitative Lewar High - classification, when working
with background scenarios

This may require further data estimation and up-scaling, which was not a specific focus of this part.
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C) Scenario development

Edvaironimaital

* Consistency check
* Morphological fields
* Development of narratives and scenarios

bj

Pammeter Frodiu o sl Ersvimpamssiial goficy Sl iHags
Paramaisr Luf-wamenio | Sral! Meshum  Lovpr | Libemt Siwiet low Migh
Ervironmantal | Coers
podicy Sérict
Lo
A unage High Esraircnmuaintal Share ol
Shareof Tow o Productionscale | policy Frnsasiey
rmeaabin | gk Smal Lin=ral [T=™

C) Scenario development

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Sub-scenario

“worst case™ “Marrative X" “Marrative ¥™ “hest case”
small b b
Production scale LEELITTH
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D) Implementation of scenarios in LCI model
parameter et Isconaio 1 Iscomarioz _scenarios |sconaos | .|

kg / kg CHC 0.5
power share % 2005 200 S0 50%
r share

I
=%
o

£
a
2

10% 10% 40% 40%

Foreground S

Transport distance km

Eéﬁ

Electricity use kwh

NOx emissions . .
Scenario 1 |Scenario 2 Scenario3 | scenariod .. |

Share of renewables 55P2-base 55P2-hase 55P2-RCP2.6 SSP2-RCP2.6

Background

Take-aways scenario part

* There are many ways in which scenarios can be developed

* What we present here is a simple, but structured approach that has
been tested and adapted throughout a number of case studies

* Designing good scenarios is really important and the identification
of parameters that could play a role in the future is an important
step/learning by itself (= part of the value of a study can/should

come from the development of scenarios rather than the final LCA
results)

* The transparent reporting of how scenarios were generated and
which assumptions they are based on is crucial for a transparent and
useful LCA
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Ch a Dte r 4 : Chapter 3: Building

n s ' Chapter 2: Modeling . SCOIEIDS
' |

Biogenic carbon oiobick ‘
) 1
|

a C co u n t i n ' Ganl & Scope definition
1

g \ * Godl definition
) « Senpe definition
' * Function, functicaal
! unit, aersatives and
! redernioes
1
) Interpretation
' Inventory analysls (LC1) ¢ Consstency/
1 . completeness choek
X * Data quality, coflection, « Contritetion/
g validation Perturiation snalysis
+ “Siywems boundisy o Seoswivite and

' * Upsealing FG/BG uneertalety amalysis
1 * Allocation o Concdusions st
1 B reoomendations

Impact sssessment (LCIA)

Chapter 4:

Modeling
biogenic carbon

o Cwlegory selation
o Characterisation methd

Chapter 5: Dealing with
uncertainties
and sensitivities

b, Steubing, Siebler, Navarre | Lelden University (CML)

Important issues

* Timing of emissions
* Carbon sequestration and emissions may have different temporal profiles and
thus carbon neutrality must not imply climate neutrality

* Carbon storage
* Temporary
* Permanent

* Land use change

* Direct
* indirect

schi, Seubing, Siebler, Navarme | Leiden Linkversity (CRIL)
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Biogenic carbon accounting (in scientific
literature)

Conventional vs. Dynamic LCA

Issue Conventional LCA Dvmanmie LA Remaining challenges

Timing of Difficult to include Deesigned to be Choiee of time horizen

emissions included

Temporary and Difficult to include, although Designed to be Choice of time horizon; verification
permanent certain simplified aceounting included of storage;

carbon storage

'Land use change
(LUIC)

ki, %eubing, Siebler, Mavarme

methods have been proposed

Can be included based on an
allocation of LUC emissions over
time

eiden Linkhersity (CML)

Can be included
based on a dymamie
el

Data to mode] LUC

Allocation of LUC emissions over
tifine

Quantifying mdirect land use
change

Biogenic carbon accounting (in standards)

ISO 14067, PAS 2050, GHG Protocol, PEF

- Temporary carbon storage is generally not included in the CF, but can in certain standards be

reported separatelyv, using weighting factors to account for the temporal delay in emission.

- Permanent carbon storage is not considered in the CF in the IS0 14067 and PEF standards, but can

be reported separately. In PAS 2o50 and carbon storage bevond the time horizon of the study is
considered permanent and ineluded in the CF.

- Direct land unse changes are ncluded in all compared standards, vet they are to be separately

reported except for PAS sogo.

- Indirect land use changes are not mcluded in any of the standards, but can be separately reported at
least in the GHG Protocol. IS0 14067 states that it “shall be considered [...] once an internationally
agreed procedure exists™.
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Discussion (general issues)

» Counter-factuality and verification (carbon sequestration and
temporal/permanent storage happen in the future)

* Choice of time horizon (subjective choice / convention)

* Multi-functionality (general LCA challenge; allocation corrections
based on carbon content may be necessary))

» System boundaries (cradle to gate vs. cradle to grave; advantage of
BBPs difficult to see if Eol is excluded)

Implications for prospective LCA

= issues such as timing of emissions, carbon storage, and land use changes
fall, by definition, into the realm of prospective LCA, since all rely on
assumptions about the future.

* Scenario or sensitivity analyses could be performed for:
alternative biomass feedstocks and in relation to that

the sequestration of CO2 over time

emission profiles related to a land use change

the time of temporal carbon storage in products

Eol options leading to different quantities of biogenic carbon re-used, recycled, or
otherwise released and/or permanently stored

=» Should we draw other/additional conclusions here? (question for
discussion)
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Chapter 5:
Uncertainty and
Sensitivity analyses

Chapter 4:
Modeling

biogenic carbon

Focus of the chapter

: Chapter 2: Modeling
, choices

Chapter 3: Building
scenarios

Ganl & Scope definition

Interpretation
Inventory analysis (LCI) ¢ Consstency/
completeness chock

* Dala quality, coflection,
validation
8

Impact sssessment (LCIA)

o Cwlegory selation
o Characterisation method

Chapter 5: Dealing with
uncertainties
and sensitivities

* Classification of types of uncertainty and sensitivity
* Connection between relevant literature and BBp

systems

* Guidance to the analyst/practitioner towards making
choices about how to model uncertainty

* Application in an example
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Classification of uncertainty and uncertainty dimensions

We start with three main dimensions of uncertainty:
the nature, location and level of uncertainty (Walker et

al., 2003).

Classification of uncertainty and uncertainty dimensions

.
Uncertainty 5
examples :§- § §
: ¢ accuracy or representativeness of an : X |
! epistemic i indicator towards an area of protection it
! (knowledge uncertainty/ ! searas casssssans e
5 uncertainty) « data availability/ representativeness of X
background processes used z
=
e
s o T
Z. | ontic » variability of performance characteristics | X
Grortabalit wintv/ : (are the functional units comparable?)
¢ (vaniability uncertainty/ : ; :

! aleatorv uncertainty/

: variability)
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Classification of uncertainty and uncertainty dimensions

Uncertainty
examples

| Goal & Seope
D Lel

quantity ! » representativencss of data used for each !
! (inputs and parameters) |  flow X:

model structure : : !
(strueture, parameters |+ variability of LCLA indicator relationships | : X
and variables) ;

Loecation

! context ; _
: (modelling context and  § + technological representativeness ' X : :
e"cpe rimental frame
'...:I..;.........

hi, Steubing, Siebler, Havarme

Classification of uncertainty and uncertainty dimensions

. shallow uncertainty
(probability distributions):

medium uncertainty | « multiple possible futures or alternative

(rank ordered scenarios) model structures (perceived likelihood)

Lev

. deep uncertainty

et aiy res multiple alternatives without being able
PRODAMIULY IACAStITS to rank order the alternatives

ignorance)

. recognized ignorance : « uncertainty where no alternative states
(sample space ignorance) :  <an be determined
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Classification of sensitivity

The most commonly used classification available
in the literature for sensitivity distinguishes two
types of analyses: local and global (Razavi et al.,,
2021).

On the basis of the identified classifications,
we propose here a stepwise approach

(i) Uncertainty location and identification by LCA
phases,

(ii) uncertainty characterization,
(iii) qualitative importance ranking,
(iv) treatment of uncertainty,

(v) uncertainty communication.

[after (Baustert, 2021; R. Heijungs et al., 2019; Henriksson et al., 2015)]:
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e

o &
Characterization S—
H ! | }
of uncertainty . 1
'_E e e e
I : | |
Uncertainty expression: (P) | . e O y
probability distribution, (V) = £ E i3 ; E
variance, (F) fuzzy sets, (S) l 1 l l l 1
multiple scenarios and (C) B A
uncertainty communication e R SR NN R — RN E——
only. meertainty ve | ms | v | s | s s
':.E srenaming) i i

Treatment

*UA, or the quantification of the uncertainty in the
inputs to the LCA model, and the propagation of
uncertainty information of the inputs into
uncertain model results

*SA, or the study of how the input uncertainties
contribute to the output uncertainty

*Scenarios
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Treatment: UA, example

Characteriza:
Available tion .
methods (expressed What is needed? Result/ output

by)

Distribution type (e.g.

og-nom, ianguiar) [ Stehuton of
sampling P and central values (e.q. comparison of disEersinnlg.
(MCS) mean, dispersion,

standard deviation

hi, Seubing, Siebler, Mavarm | Leiden Linkersity (ML)

Treatment: SA, example

between two studies)

Characteriza:
Available tion .
methods (expressed What is needed? Result/ output

by)
Moment N
indep;ndent Distribution type and Considers correlations with
Global p central values - .t ':' ) rt ’ - d
Se?u:liviw (Brightspace 2.0 and interaction Eﬂﬂi‘? ”
Analyels Activity Browser)

—
B —

aaantity
{inpats and

parameters)

—

_—

aqaantity
(inputs and

parameters)
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Treatment: SA, example

bl Characteriza:
Available tion .
methods (expressed What is needed? Result/ output [
by)
quantity
{inpats and
Scenario Multiple conceptual Usually, output ranges pAraAmeRers)
lvsi ] models and expert from best (optimistic) to
ana "I'SIE » Pl
judgment warst (pessimistic) case

BBP case Comparison of microwave extraction and

study: conventional acid extraction
[i} uneertainty location and indification (] unstaetainty charsstar zaticn [il] ranking
by LA phases lacation naturs
z|. & £
& i E E 2|2 %’ high (1) to
BlEga|e|2s low [4)
|Gaal & Scope: |rechnological representativness
(CE, MAEL+Z) * * " *E :
raprasentativensss af . . . > g 3
rperf-:nrmaﬂte charactedistics
prographical represen Lalivensss
[Sicily, 1T} ] # ] ] 5
LCk: variability in orange juice . . . N
production
representativeness aof flows
considered * * * * :
representativeness af BG
processas usad ¥ ¥ * * ;

q

E
representativeness of data for FG . . . PRV .
processes used
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Questions to guide the discussion

* How can we make our methodology/recommendations more specific for
BBPs?

* How’s uncertainty for emerging BBPs different from uncertainty for other
emerging technologies?

* How to you reconcile theoretical and methodological discussions to the
practical needs of the analyst/practitioner?

* Which practical conclusions should we draw for the modeling of biogenic
carbonin pLCA?

Perhaps also?

* How to combine the individual parts into a bigger framework? |Is that
even a meaningful goal?

Thank you!

Contact
b.steubing@cml.leidenuniv.nl

s.cucurachi@cml.leidenuniv.nl
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Annex 5: Discussion points

Discussion points

How can we make our methodology/recommendations more specific
for BBPs?

How's uncertainty for emerging BBPs different from uncertainty for
other emerging technologies?

How to reconcile theoretical and methodological discussions to the
practical needs of the analyst/practitioner?

Which practical conclusions should we draw for the modeling of
biogenic carbon in pLCA?

How to combine the individual parts into a bigger framework? |Is
that even a meaningful goal?

| o
Comminsion
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Day 2
7th December 2021

Annex 1: Agenda

10:00-10:30

10:30-10:50

10:50-11:10

11:10-11:20

1. Welcome back and insights from the previous day
Carla Caldeira, Project coordinator, JRC

The presenter will welcome the participants back and present insights gained from the
discussions in the previous day. Discussion with the participants.
2. Presentation of Case study 1
Jade Miiller Camneiro, University of Coimbra

A case study on the production of biopolymer from mango wastes will be presented,
illustrating the application of the framework. Discussion with the participants.
3. Presentation of Case study 2
Mateo Saavedra del Oso, University of Santiago de Compostela

A case study on the production of polyhydroxyalkanoates (PHA) from organic wastes by
open mix cultures will be presented, illustrating the application of the framework.
Discussion with the participants.

Coffee break

11:20-11:40

11:40-12:00

12:00-12:50

12:50-13:00

4. Presentation of Case study 3

Emma Zuiderveen, JRC / Radboud University

A case study on the production of bio-BTX will be presented, illustrating the application
of the framework. Discussion with the participants.

5. Presentation of Case study 4

Octavio Wurmbdck, University of Leiden

A case study on the production of protein from CO, will be presented, illustrating the
application of the framework. Discussion with the participants.

6. Discussion

Discussion with the participants.

7. Next steps and closure
Carla Caldeira, JRC
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Annex 2: List of participants

No Country Name Affiliation

1 EU Carla Caldeira EC JRC

2 EU Valeria De Laurentiis EC JRC

3 EU Jorge Cristobal Garcia EC JRC

4 EU Marios Avraamides EC JRC

5 EU Javier Sanchez Lopez EC JRC

6 EU Maria Teresa Borzacchiello EC JRC

7 EU Zsuzsa Turoczy EC JRC

8 EU Giulia Fiorese EC JRC

9 EU Adrian Tistan ECRTD

10 PT Researcher -

11 ES Almudena Hospido University of Santiago de Compostela

12 IT Fabio Fava University of Bologna

13 NL Bernhard Steubing Leiden University

14 PT Carla Rodrigues University of Coimbra

15 BE Celestin Demuytere Organic Waste Systems (OWS)

16 BR Maria Cléa Figueirédo EMBRAPA (Brazilian Agricultural Research
Corporation)

17 NL Emma Zuiderveen Radboud University

18 NL Ed de Jong Avantium Technologies

19 NL Flora Siebler Leiden University

20 PT Fausto Freire University of Coimbra

21 IT Francesca Braca Laboratory ARCHA Sir.l.

22 NL Iris Vural Gursel Wageningen Food & Biobased Research

23 PT Jade Miller Carneiro University of Coimbra

24 NL Mark Huijbregts Radboud University

25 SE Marta Behjat University of Chalmers

26 IT Matteo Prussi Politecnico di Torino

27 ES Mateo Saavedra del Oso University of Santiago de Compostela

28 NL Nicolas Navarre Leiden University

29 DE Nabil Abdalla IFEU

30 DE Nils Rettenmaier IFEU

31 DE Octavio Wurmbdck Leiden University

32 BE Pieter Deckers Organic Waste Systems

33 SE Rickard Arvidsson University of Chalmers

34 CH Roland Hischier EMPA

35 NL Stefano Cucurachi Leiden University

36 DE Sabine Langkau Fraunhofer IS

37 DE Anna Sander-Titgemeyer Technical University of Munich

38 PT Tiago Lopes Laboratorio Nacional de Energia e Geologia

39 DE Uwe R. Fritsche [INAS

40 DE Horst Fehrenbach IFEU

41 DE Gabriele Weber-Blaschke Technical University of Munich
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Annex 3: A case study on the production of biopolymer from mango
wastes - Presentation of Jade Miiller Carneiro, University of Coimbra

1 2 @ 90

UNIVERSIDADE 1

COIMBRA

Application of the pLCA methodology
Prospective life cycle assessment of nano-reinforced

biopolymer films based on mango processing wastes

Jade Miller Carneiro, Carla Rodrigues, Fausto Freire

7" December2021

Intfroduction

» Blopolymerfilms were obtalinedin Bicpolymer films for packaging

the laboratory’ from a waste from - —
mangeo puip/juice industry (mangeo e nanocrystals nanocrystals

. - B o ]
seed) infendedfor packaging e (ene) {SNC)
i ulp _
GPP"‘:CIHDH p p rangs karnel
rriemtial

. aspplicatinn starch (MKS)

peel i .

= The goal is to analyse the future

environmentalimpacts of fwo seed — shell
biopolymer films, curently at an ™ ¥
early research stage [TRL 3], and =

expectedto be deployed in 30 H o

yvears (TRL 9 by 2050| kernel
*Experments by Qliveira et al [2018] and Silva et
al. [2019)
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PLCA methodology issues addressed

pLCA modelling choices / Life cycle assessment framewark \\ {/

* Mo function defined Goal and scope |—»
« Timeframe—when will definition [+ Scenario analysis

the technology be at TRL
b

k.

Invantory ™ Interpretation

S .
" ncermain
. n:u:kgraun@;du@m ) ’

x . Sensitivity analysis

Biogenic carbon accounting Impact I
assessment [

N - /

Application of the
framework for pLCA

modelling choices
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v Boundaries: cradle

to gate

pLC A 1GIm1 Mango cultivation J | Filmi| > R: Common
. e | feedstock & ocutput:
modelllng I | s | o arEGaTe 1O gate®
T W, e : |
choices A" oo [ e s
:I ?Of burden- 'mmposeeds I v Economic
Research questions 'l ree I Collection of seeds | | - allocation
: e e e | » R: existing market:
,| I"‘"‘” seets | : economic
Which biopolymer film il { Seed decortication | I| v Economic allocation*
formulation has lower ||| I 23 | » R:nomarket & only
environmental il —adai i ‘“‘“""‘a | material outputs:
Impacts? | | Cellulose | Diopfivsiod]
¢ Starch starch -H 'Ushg“mw;’[él‘ price for
1| ; ' SNC production | production 1| SNC rom A!:-»nmlo';%ssket al
How can the 'i progicion | 12017
environmental :| starch W ke ot B
performance of the || steech ! narocrystals Btk g
biopolymerfiimsbe | | [T
Improved? | -I Film production |~ TS,
e e e == _ .| ¥ 1 Klogrom of biopolymer fim
| Own modelling 1 kg biopolymer film » R: Procduct-level RQ,
b Broms grévioos suidies " comparative: cutput-based

F1l

Applying the pLCA framework — allocation

Economic allocation of co-products from CNC

production

Co-products Amount (kg)  Price {S/kg) Total revenue ($)  Allocation factors
CNC 1.00 5,80 380 Ta4%

Sigar 4.42 0.40 137 23%
Gypsum 25.46 0.01 0.24 3%

Sum 7.81

Effect of CNC prices on the LCIA

restlts

Highly uncertain CNC prices:
Market projections between 4.4-
115/kg [Cowie et al., 2014)
Between 67% and 85% of the
burdens could be allocated fo
CHNC

Glabal warming petential (IPCC 2013, 100v) pDefault  Minimum Maximum Censiderablechange
CNC production (kg CO-eq/kg CNC) 8364 7799 96,07 In CNC impact |-
%iChange 7% 15% TR/ +15%)

. . . But little eftfecton
Film2 total impact (kg CO;-eq/kg film) 6.19 6.12 6.34 total biopolymer film
%Change -1% 2% impacts
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H |
Upscaling .Irnlm [ Mango cultivation | : Film |
{ 1
| bt | 199,
~ R: Operational ! peel
parameters : Pulping” |-~ : """""""""""""" ==t
known, no access | mango seeds | |
to simulation A !
software: Detailed || l Collection of seeds | | ; v Detailed
process | mingosesds | ) process
calculations | | calculations
Y Simulation '[ Seed decortication } | / [Piccinno et
from previous | e , al., 2018)
study [Pereira + !
da “'-/ . | /i Cellulose ) i
Slivaet al., Starch =tarch - .3 Bnin,
ﬁOQY) II 7 '_"’I SNC produc‘lon I production |
2021 ||| production Bntdied! widimbibeinel i l | Tmp——
ol y ‘
v Extrusiond | . compared: Piccinno et
;ri\;nm o |1|_ o) : : al. (2016} using data
. L — 7 from Technoeconomic
ecoinventand | _;"4 Film production I analysis (Abbati de
Kent [2018] B e e e e Assis ef al., 20717]
|| Own modelling
|| From previous studies

Applying the pLCA framework — upscaling

00 LY chmate changs. WP 103a

» Enormous acid consumption (same
as lab, 140 kg H.50,/kg CHC)

-

-
-

Electricity use increase

FProcess change

[neuiralisation/separation)

# Reduction in acid consurmption (-
737%)

» Co-products

*
i'i

-
&

e

-

o kL] Ed B

Y = o = Electricity use reduction

I- Usingg Piccinno et al, (2018) from kb-scole, CHC from mango seed %hié&”ﬁf@?%ﬁ%%ﬁ?&?%&% i

pulp. 2- Modified [vield) from Abbatide Assis et al. |2017], from pilot, CHC



Application of the
scenario methodology

Phase 1: Goal and Scope

Technology readiness level (TEL): 3
Timeframe: 30 years — expected to reach TRL 9 by 2050
scenario type: Explorative

Background scenarios: $SP2-base (liberal climate policy) and $SP2-
RCP2.6 (strict policy)
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Phase 2 {LCI} Identlf'catmn of influencing parameters (A)

Technology parameters

————— Unit proweesses and flows |

What can be represented in the LCT model? |

Transport distanoe

Steam usage

Aridusage

Actd recovery

+

Extraction yiald

Electricity usage

Internal foreground parameter | Foreground urdt process | —+ Intermediate flow D Albarnatlve prodection

=3 #,-,or 0/1 {blnary) Influepes m Back A + Elomentary flow +
=3 Influence not considered | unt p |

Sub-scenario creation (B)

Cross-consistency Meorphological fields
assessment

Farametes | Prodection scale Bl rncovery %ﬂm et el rocen Envennmentsl shereof
Parmmeier

Production wala

Larga
i recovery Envieonmental  Share of
Produrtion scal e oo ezl renawablas
small iq,
Estrastion yieids "
=
Seare nf renewpbies
Inconsistent
Mayba consistan .
Fully consistent SCendanos
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Scenario creation (C) and implementationin LCI (D)

Moderate yield Factory size Yleld increase (max)
same FG, different Crease,
— o change inyie

e L — TR ———— e e .

Soananio crea ion
Parameker

moduction Laiol 1 n ® iy F] F] B [ i
Lorge 1 L " x % " [ x !

[ I & [l LI i

Low 1 L ] 1y iy | !

Yields Madiam ¥ 1y % % ' % % 1) I
High 1 (] (] LI X ] 1

Eswdirnnimmiital tiberial ] X I % L % % " 5 % !
Strict E ] o U ] U U !

L ] . L | LN L . !

Shara of reesrwaties e a ix * LR " i
High . L] Ly L] i L] iy L] i

[ [ [ [N 1

Tramdstion 1o LO) micsdal ] ' i " !
Paranistar Unit T i la aiolh T T Coananioda aiolh T TSrdanio & Geanaodl | T Siedariofa Ganaodl !
WK WIMEEReneh-dy] |, 35% B iy o % ., % 0% D wE
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Thoughts and learnings from the framework

application

= For coproducts with no market prices, it may be more practical o apply
economic allocation using price estimations and assess sensifivity to
prices

= More specific guidance on the functional unit definition could be useful,
e.g., comparing fossil- and novel bio-based materials considering
substitution potential

» It can be difficult to build comprehensive and consistent scenarios if
there is no access fo technology experts

« Possibility to combine upscaling approaches to overcome some of their
limitations(2)

= |In addition to given upscaling methods, it can be useful for practitioners
to get information from TEAs and pilot plant to guide FG modelling.

Thank you

Obrigada

Jade Mlller Carneiro
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Annex 4: A case study on the production of polyhydroxyalkanoates (PHA)
from organic wastes by open mix cultures - Presentation of Mateo
Saavedra del Oso, University of Santiago de Compostela

Applying a systematic scenario
methodology within prospective

LCA: a case study of PHA
production

i QP FRCroup CRAIUS

ok Ea
"r The Netherlands USABLE PACKAGING
Tl HITOFERHITFITIEEL D R

Diseover the world at Laiden University

A new biobased value chain

ﬁl- <o) e !
® S 2

770 0) = oad
A :

Food-processing wastes Mixed microbial Polyhydroxyalkanoates
Organic urban wastes cultures (MMC) (PHA)

"D

PHA production from rich-carbon wastes Low TRL: 5
c ’ can diminish both environmental impacts Opportunities for major adjustments
and production costs @

Prospective LCA to ensure environmental guidance

Discover the world at Letden University
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Combining a systematic scenario methodology
with prospective LCA

Chinpter ;5 Building
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Inventory analyses: (A) identification of influencing
parameters

= Environmertal and biceconemy pelicies: Green Mew Deal,
Cirgular economy action plan, Farm to fork strategy

« GOP, BED investment, production costs
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loop diagram

+ Srale production, choice of feedstock, acidification visld,
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Inventory analyses: (B) Construction of sub-scenarios
for each parameter
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Inventory analyses: (C) Creation of scenarios from
sub-scenarios: cross-consistency check

Check the consistency of scenarios is to
critieallv evaluate whether a chosen set
of parameters values makes sense when
assessed against the previoushy
developed CLD
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Inventory analyses: (C) Creation of scenarios from
sub-scenarios: Morphological fields
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Inventory analyses: (D) Implementation of scenarios

in the LCI model
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Thank you

Mateo Saavedra del Oso
[ v @saavedradelosom

om msaavedra.deloso@usc.es
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Annex 5: A case study on the production of bio-BTX - Presentation of
Emma Zuiderveen, JRC / Radboud University

PLANET BIO
Case study
Bio-BTX

December 7, 2021
Ermma Zulderveen
Radboud University, Joint Research Center

11T LCi: Upscad L) Road phead  Reflacteons

rrodection  Goal B Sco
o See aees 2@

CHa
: |
What is BTX? E’FH [f,:ﬂ
« BTX: Benzene, Toluene and Xylene. o -
* Single-ring aromatic compounds. jH; ciH.z GLH-,
" CH3 - -
* Most common process: catalytic [f | S [,f *i Ef U
reforming, from naphtha. 2y e H’L“L:H E'T'#
- 3

Important intermediate for many
materials.

CHs
ortho-xylena meta-xylene para-xylena
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w.4'g'

s v d,‘_'

atroduction Goal BScopa LR Upscaling  Aosd shead  Redloctions
LI X L & 1L 1 I X J
L X 1]

Starting point:

-

Bio-based replacement of a large scale petrochemical

* Second generation biomass

+ State-of-the-art CFP process

Upscaling from lab-scale literature: how to deal with this?
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Focus on Chapter 2

- ' ™
Goal, scope, functional unit, = Gm;‘:;m
systern boundary
-
Upscallng foereground systems s—— intarpratation
J

Introductesd  Goal & Soogs Lok cAling  Rosd shesad  Redlactions

e

Goal & Scope

* The goal of the study is to model the environmental impact of a bio-BTX

production plant (TRL 9) in 2050 in Europe.
+ Temporalscope; 2021 = 2060

* Geographical seope: Europe (EU)

General steps bio-based production:

Main
technology

Downstream
processes

Biomass
cultivation

Big-tased
product

Pretreatment
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Functional Unit

System boundary Feedstock:
E— (1) Agricultural residues
(2) Dedicated crop

@ 0) (3) Forestry residues

Common sutput? Common cutpul ?

PP @G

(] (=] (=)

Cenclia o griewn ]

Cradle-to-gate
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Upscaling s Interpretation

LLI: Upscaling Rogd shead  Redlactors

-2 9@ L]

Goal & Scope

* The goal of the study is to model the environmental impact of a bio-BTX production
plant (TRL 3) in 2050 in Europe.

* There are large uncertainties in prospective LCA regarding:
* Technological process development
*  Future developments, e.g. share renewables in electricity mixes,

* The prospective LCA approach will therefore:
(1) Different strategies to upscale lab-scale bio-BTX to industrial scale, based on
Piccinno et al. (2016) and van der Hulst et al. (2020).
(2) Scenario analysis based on the approach of Langkau and Erdmann (2021) .
(3) Systematically change background processes (Steubing et al., 2020).
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Technical development _/
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A systematic approach to assess the esvironmental impact
of emerging technologies
A case stady fo¢ the GG foatprint of CIGS sobw phetawsitak: lamisate

L L o A T
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Scenario analysis

\ Langkau and Erdmann (2021}, Steubing et al (2020

|
ale-up framework for chemical
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Background
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There are different strategies for upscaling

Observation: you need a
\ Observation: | needed an extra step to get an overview certain level of knowledge.
R of the technological developments in general, _J/
{ Scuiad Proasa .’/_,—'—
g—‘f.:..w .
T « Proxy: Fast Pyrolysis.
-&amwn:m)
'—?-: —
ommeny )
-
:_\__dr:ﬂ__
Ea...m:“\
——— - Process calculations: based
n--ipuj::)
x“r'_:;_':'___ on the framework of
m""‘:"_"'“‘““'__:) Piccinno et al. (2016).

Data intmemity

LCI: Upscaling  Rosd sbead  Radlactions

L X 1 X I F -
L 1 ]

Drow up o process design.
/_ Approximate with process calculations.

Phase |
Phase Il
-  Indusirial leaming »
Phasze (Il Seenarie
i ~ Extemal developments analysis

Framewark fraom wan der Hulst et ol [2020]
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Flow Diagram

Flow diagram Agricultural Residue (CML convention)
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Lignin isolation:

1) Selvent extroction (benzensfethanol, 24h)
2] Paweder milling (72h)

3) Extraction [dioxans/water, 24h)

4) Precipitation in diethyl ether,

5] Vacuum drying (40°C, 12h).
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. Pechms wad, 204
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A Heating energy &
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steam consumption

B.C: Heating energy & Calemtation stirring energy

Lignin isolation:

Al Stedin exploston i reactor

(200°C, 3minm, 2 wt% H2504, INPa)

B, €: Solvent extraction in reactor

(100°C, 20min, dioxane/water, 20% solvent reduction)

Rl actions
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Gol & Scope LLL Jpscaisng Rood shead  Ratlactaons

Technical development
Van der Hulst et al. (2020)
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Now 2050
Experimenta g Piot Industry Scenario analysis

Langkau and Erdmann (2021}, Steubing et al. (20209
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Reflections

Good guidance in regard to modelling cholces
+ Streamlining prospective LCAs makes them more comparable
Upscaling guidelines are useful, but an extra step would be helpful on how to model
generally the technological development of a product
*  E.g the framework of van der Hulst et al. (2020)
Upscaling remains very uncertain when there is little information available
*  Uncertainty assessments are therefore very important
Scenario development: prioritizing parameters in the first place proved difficult (at step A)
*  Engagement of stakeholders

Good information on state-of-the art biogenic carbon literature and modelling, but
practical guidelines on how to actual treat it would further benefit the framework.
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Annex 6: A case study on the production of protein from C02 -
Presentation of Octavio Wurmback, Leiden University

Turning biogenic carbon

into high value protein

§ Universiteit
) Leiden
¥ The Netherlands

Discover the world at Lesden University

Meat replacement from MP

Discover the world at Letden University
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Literature gap

not allocated; no differentiated between biogenic & fossil
CO=2

not allocated /identified as a hotspot
identified as a hotspot

continuous energy production not considered

not considered (e.g. cost of production)

not considered

Discover the world at Leiden University

Main Research Question

What are the environmental impacts of producing lkg of MP
protein at manufacturing scale during constant energy and H2
supply, and how do these results compare to the production of 1kg
of soybean meal?

Diseover the world at Laiden University
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Research approach, 4 phases

1) Baseline/pilot-scale LCA; optimising technological setup
2) Parameter analysis

3) Development of narrative and gualitative scenarios

4) Ex-ante LCA of three MP production systems compared to soybean meal

Discover the world at Leiden University

Phase 1: optimising technological setup
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Diseover the world at Laiden University
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Pilot-scale charaterisation:

Pilot-seale results related to climate change and resources
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Pilot-scale charaterisation:
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Pilot-scale charaterisation:

Pilot-scale results related to human health
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Pilot-scale charaterisation:
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Produced on site
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Phase 2: parameter analysis - PESTEL

+ Political: policy support, lobbving of established stakeholders, power of the established suppliers, subsidies
for agricultural production, health targets, access to renewable energy supply

* Economic: price development, consequences on employment, funding grants for R&D for biobased food

products, economies of scale, health care costs

* Sociological: stakeholder mvolvement, food conswmption habits, acceptamce of novel production method,
education on environmental issues and solutions,
advertisement,
materials/elements, mdependence of so1l and weather conditions. resource efficiency. water saving. resource

general disaffirmation of GMO food i the EU,
l.'.‘Gl]":'l'Ll]lP"Dll

envirommental AWAIEIIESS, sustamable

availability, food availability, local food production

habats.

ethical  sourcmg

* Technological: technological development. technical efficiency. flexibility of food production, comparatively

easy to scale up the production system, grnid stability,

* Environmental: climate change impacts highly dependent on source of energy, land and water availability,
less strain on soils, resource availability, good local connection

* Legal: food regulation, legislation to mitigate climate change and air pollution, EU food and safety laws

Id at Leiden Unrversity
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Phase 2: parameter analysis - CLD
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Phase 3: Building of scenarios / CCA

v [0 v vl B rearial wwarains | Tund g Yo FEL ) Faty D T PrgaliaTi LS [ Precumios sak MFL_ |
LT ww | Hp | L~ [N Jucow T i [T Juoww Jrigs =
_ 1
e v slTTE —
[ g LR ™
. . b [P i
v ronrares | s e L Tor 1 I 3
Furding o RED- i I = I =
= : ] 1
vy [T El a L
F— a
e oy Oy ™ i I A E]
i, i 1| =
Frocactio s s i el T
Frodctonsol WAL T = ! 2 >
Liw i ] :
. By [a ) . = ! 2
Fabdit aasEnoE
s Lo 1 I 1 1 ] 1 ] D 1 3
B 1 | 1 [ [ 1 3 1 i i
Stormge of v
o of food L i~ 5 6 6] F] L F Fl F]
T ] ] 1 F 1 a 1 a L 1 3 1 1
ke B BT
e . ™ 1 | 1 B 1 3 1 3 3 i 1 F
T ] 1 Fl 1 2 1 ] L 1 1 Fl L
RG0S B
e - Low 1 F 1 Fl 1 2 1 a 1 1 I ]
. " Hip [ [ [ [ 3 1 -] L i 3 3 i
Dearhuistonsy  oF = 5 5 = T F] T 3 T 1 o ]
T a o o o a L F] L 0 ) 1 1
T oA
R Ay ™ r 5 o o T 3 1 3 ] i 1 3
Wit o batiae Hp = ] = = = = 2 z : . ; :
e Lo a o o o L F] L a 1 1 0 3
' - Hp [] [] 1] 1] 1 a L 3 il 3 1
U ! grawn baydeogan Tor ] o D T T F] 1 F] 1 a 1 a

v | Sbancirirchamem
= Lorw | Lo | Law High Joa High JLaw -t Jlaw I3 Jlaw |

3 i
1 3
3 i
1 3
3 [] |I
[ [1]
[ [1]
& o a a [ a o a o [ o ]
& o a a o a o a o [ o [
a 1 q a T | 1 3 1 Fl 1 F L o | [ |
1 ] q a 1 2 | 1 I 1 a 1 a o | [ |

89



Phase 3: Story line
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Ex-ante LCA of three MP reference systems

Ex-ante LCA on

1) Bicenergy using biomass in the UK

2) Geothermal energy in Island

(steam: CHP, CO2: point source biomass combustion)

3)  Hydropower in Finnland
(steam: CHP, CO2: point source biomass combustion)

a) pilot scale (TRL 5-T)
by 2025(TRL %)

€) 2040 (MPL 5-50)

dy 2055 (MPL 50-100)

Diseover th oeld at Levden University
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Phase 4: ex-ante LCA biogenic CO2 sources

Biogenic carbon sources can come from bioenergy
plants or other waste streams .

+ CO2 released back into the atmosphere during
biomass combustion

+ Alternatively, it can be captured and stored (CCS) or
utilised (CCU)

* Once the Erotein is consumed, CO2 is released again
into the atmosphere

« Hence a clean source of CO2 1s needed

Source: https://www.ieabloenergy.com/iea-
publications/faq/woodybiomass/biogenic-co2/




Phase 4: ex-ante LCA biogenic CO2 sources

» Carbon assimilated by the body is usually not

accounted for in LCA —
» One ean assume that carbon will eventually end up in u co,
the atmospher ! : |

» Therefore souree of carbon is very relevant

“Blogenic

« Cradle to gate analysis co, carbon” cycle

Discover the world at Leiden University

Future system charaterisation:

Future system - results related to elimate change and resources
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Future system charaterisation :
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Future system - results related bo ecosysten quality
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Future system charaterisation :

Future system - vesults related to human health
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Contribution & hot-spot analysis

Human health related impact categories related to:
» Steel for wind turbines and deep well drilling

»  Nuclear waste treatment related to wood pellet production (up to 50% contribution!!)

+ Water recycling

»  Phosphoric and sulfurie acid production

*  Steam from CHP

= Biomass feedstock!

»  CO2 from biomass (if allocated appropriately)

Discover the world at Leiden University

Consistency and completness check

1) Completness check:

* Results were in line with previous publications

2) Consistency check:

» Missmatch between foreground an background data as well as
temporal missmatch was overcome through contribution analysis of
incumbent technology

+ Data was consistent between alternatives

Diseover the world at Laiden University
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