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Emerging technologies

 High uncertainty and degrees of freedom
« Scarce data, but lower lock-in

« Using lab/pilot/early stage data likely leads to skewed results compared to mature
technologies

« Developments
* Diverse scaling
* learning
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LCA for emerging technologies

History
Many approaches
Even more recommendations

METHODS, TOOLS, AND SOFTWARE
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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

Mitchell K. van der Hulst%?

| MarkA.J. Huijbregts® | NielsvanLoon® |

Mirjam Theelen® | Lucinda Kootstra? | JosephD.Bergesen®* | MaraHauck?

Department of Environmental Science,
Institute for Water and Wetland Research,
Faculty of Science, Radboud University
Nijmegen, Nijmegen, The Netherlands
2Department of Climate, Air and Sustainability,
TNO, Utrecht, The Netherlands
3Solliance/TNO, Eindhoven, The Netherlands
“Bren School of Environmental Science &
Management, University of California, Santa
Barbara, California

Correspondence
Mitchell K.vander Hulst, Department of Envi-
ronmental Science, Institute for Water and
Wetland Research, Facultyof Science, Radboud
University Nijmegen,POBox 9010,6500 GL
Nijmegen, The Netherlands,

Email: mvanderhulst@science.ru.nl

Fundinginformation

Abstract

Estimating the environmental impact of ment
. . 5 &

is uncertain but necessary to guide invLRa.dboud Un ]VEl’Slty gi gase a

- N
systematic procedure to assess the fut: A0 slogy

development stage (technology readiness level < 9), the recommended experience mechanisms

0 ' T e 2B Ty, v “7) size scaling EﬁECtS. and (E) process Synergies.
Thee b s 0 L L I A N c E(per]ence with similar technologies or quantified
thr SOLAR RESEARCH ilculations. In the industrial development phase,

(d) industrial learning, based on experience curves or roadmaps, and (e) external developments

should be included Extarnal davalnomante cuch ac chanaac in tha electricity mix can be included
with information fi in nOVat on he applicability of our approach
with the greenhou for 1 Ife uction of copper indium gallium
(di)selenide (CIGS) photovoltaic laminate. We faind that the GHE fantarint ner Lilawat nesk of
produced CIGS laminate is expected todecr Bren School cale

production with the largest decrease bein; o SWEOnNEN 4 jﬁi?":f,i& y of

applying our approach in practice would greatly benefit from the development of a database con-



Prospective LCA

“an LCA is prospective when the (emerging) technology studied is in an
early phase of development (e.g. small-scale production), but the
technology is modeled at a future, more-developed phase (e.qg. large-
scale production).”

* Also called ex-ante, ...

Arvidsson et al., 2017 ———— 'I'NO ‘r'&?ﬂ?é‘twn



PROSPECTIVE LCA

foreground

« Technology changes
- Engineering calculations, process modelling, gyt

« Alternatives might change

- Economy changes (e.qg., energy transition)
- IAM based scenarios

e TJterative and communicative

76th LCA Discussion Forum (2020)



Phase II Phase I

Phase III

Stepwise approach

" TRL
MRL Experimental Prototype
_MP

l Industrial Industrial
early mature
production production

Process changes

Size scaling

Industrial learning

External developments

1
I
I
I
I
I
I
1
Process synergies !
I
I
1
I
1
I
I

m innovation
for life

€C0C Y21bI €T



Phase II Phase I

Phase III

Example 1kWp CIGS laminate

" TRL
MPL Experimental Prototype

MP

Process chan

Industrial Industrial
early mature
production production

TRL9, 2030
(MPL6)

m innovation
for life

€C0C Y21bI €T

10



Process Changes

Replacement of materials,
equipment or processing
methods for alternatives
 Physical limitations

« Improve performance

« Cheaper production

 Safer production

Modeling approaches:

« Deduce from existing industrial process with
similar function

« Consult technology experts

Case study example

1) Processing method: sheet-to-sheet - roll-to-roll
2) Buffer material: Cd(S) -» Zn(0O,S)

3) Transparent conductive oxide : i-ZnO/AZO - i-
Zn0O/ITO




Size Scaling Modeling approaches:

» Scaling curves
« Geometry calculations

» Product scaling

« Equipment scaling

Case study example
30x30 cm? - 60x120 cm?
- electricity demand




Process Synergies Modeling approaches:
« Deduce from

plant flow chart of existing industrial process
» Consult technology expert

« Recycling of unutilized
inputs

 Waste valorization

— L F H) ]
« Heat recovery Case study

Indium from spent ITO sputtering targets is recycled




Industrial
Learning

Modeling approaches:
« Extrapolation of learning curves
* Roadmaps

Learning-by-doing
Case study example
Learning-by- CdTe curves and projections on cumulative production

(re)searching

Learning-by-
interaction
, 4 cdTe t . cGs
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External
Developments

Modeling approaches:

« Adjusting LCI databases with projections from
IAMs

Decarbonization of the
energy sector
Case study example

Material/energy Updated grid mix of the electricity used in the
efficiency foreground process, based on projections from an IAM

improvements

Land use intensification




Example: results

Pilot production

Process changes

II

Phase Phase
I
11

Size scaling

Process synergies

Industrial learning

Phase
I11

External developments
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GHG footprint / kW, CIGS laminate (kg CO, equiv.)
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Plastic waste treatment

M.K. van der Hulst ev al Resources, Conservanon & Recycling 186 (2022) 106582
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Van der Hulst et al., 2022

GHG Savings - HVC progucts

W Avoided HVC Juction i€ Avoided fossil CO, at HVC end-of-life Carbon storage credit

Fig. 4. Process contribution analyses of GHG footprints for treatment of 1 kg in year 2030. Numerical values are provided in Supporting Materials 2. Net GHG
footprints for each scenario are indicated with grey/white squares. Emission saving potentials are indicated with grey bars. The GHG savings from avoided fossil CO;
emissions at HVC end-of-life are marked with a dashed border. These savings are (o be subtracted from the results in case one assumes a use and end-of life scenario
for the HVCs or products derived in which incineration is not the end-of-life fale. GHG: greenhouse gas; BL: baseline soenario; RCP: representative concentration
pathway 4.5 W, ‘m’ by 2100 scenario; ER: electric boiler; BE: biogas boiler; COx: carbon dioxide; HVC: high value chemical.




Lessons for LCA PV Harmonization Discussion

 Foreground inventory changes can learn from each other

- Some generalisable, e.g. process changes (roll-to-roll) and synergies (TCO) to
expect

 Joint database?
* Yes, background matters
« E.g. for which SSPs to present results for new PV technologies?

innovation
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