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PERCEIVED PROBLEMS

Plurality of approaches
could lead to

different outcomes

Absence of an explicit,

overarching protocol
for assessing emerging
technologies

AIM OF OUR STUDY

Combine recommendations
for prospective LCA in a

systematic approach

Showcase
applicability and utility
IN a

case study
for a thin-film PV technology
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Process Changes

* Physical limitations
* Improve performance
 Cheaper production

e Safer production

Modeling approaches:

 Deduce from existing industrial process with
similar function

 Consult technology experts

Case study example

Cheaper roll-to-roll processing with flexible materials leads
to changes in bill of materials and energy requirements
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Size Scaling Modeling approaches:
* Scaling curves
* Geometry calculations

* Product scaling

scale parameter

* Equipment scaling Case study example
Scaling curve is applied to upscale electricity demand for
processing equipment that can handle wider panels
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Process Synergies Modeling approaches: .
* Deduce from
plant flow chart of

: " : existing industrial process |
* Recycling of unutilized inputs Consult technology expert

Tar:l

| Feed Hopper

e \Waste valorization

Case study
* Heat recovery Indium from spent ITO sputtering targets is recycled
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Industrial Learning Modeling approaches:

* Extrapolation of learning curves for similar technologies,
using projections for cumulative output

Learning-by-doing

Case study example

Learning-by-(re)searching The future GHG footprint of CIGS is projected using the
learning rate of a comparable thin film PV technology (CdTe)
and projections on cumulative production of CIGS

Learning-by-interaction
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External Developments Modeling approaches:
* Adjusting LCI databases with projections from IAMs
ecoinvent IMAGE
US LCI REMIND

e Decarbonization of the
energy sector

Case study example
* Material/energy efficiency Updated grid mix of the electricity used in the foreground

Improvements process, based on projections from an IAM

e Land use intensification
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A systematic approach to assess the environmental impact
of emerging technologies

A case study for the GHG footprint of CIGS solar photovoltaic laminate
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Abstract

Estimating the environmental impact of emerging technologies at different stages of development
is uncertain but necessary to guide investment, research, and development. Here, we propose a
systematic procedure to assess the future impacts of emerging technologies. In the technology
development stage (technology readiness level < 9), the recommended experience mechanisms
to take into account are (a) process changes, (b) size scaling effects, and (c) process synergies.
These developments can be based on previous experience with similar technologies or quantified
through regression or engineering dimension calculations. In the industrial development phase,
(d) industrial learning, based on experience curves or roadmaps, and (e) external developments
should be included. External developments, such as changes in the electricity mix can be included
with information from integrated assessment models. We show the applicability of our approach
with the greenhouse gas (GHG) footprint evaluation for the production of copper indium gallium
(di)selenide (CIGS) photovoltaic laminate. We found that the GHG footprint per kilowatt peak of
produced CIGS laminate is expected to decrease by 83% going from pilot to mature industrial scale

production with the largest decrease being due to expected process changes. The feasibility of
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https://onlinelibrary.wiley.com/doi/10.1111/jiec.13027

OUTLOOK

v

The application of our
proposed approach in

other case studies
could help to

assess its validity and
applicability

Further research into

size scaling and

learning curves
as well as the incorporation
of predictions from

integrated assessment
models

The creation of

open-source databases,
containing process-specific
information
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