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 PV ingot and wafer production highly concentrated: China controls over 97%
of the world’s PV ingot and wafer production capacity [1].

 Potential Chinese export restriction: Chinese Ministry of Commerce’s
“Catalogue of Technologies Prohibited or Restricted from Export” 2022
communication included solar ingot & wafer manufacturing equipment [2].

 Goal of 30 GWp: The ESIA’s European reshore objective to achieve a yearly
production capacity of 30 GWp throughout the PV value chain [3], including
ingot & wafer.

Potential export restriction sparked concerns about achieving the ESIA’s target. This
work aims to identify key equipment, materials, and consumables, i.e., polysilicon,
quartz crucibles, hotzone parts, graphite, Cz pullers, diamond wire, and wire saws,
needed to reshore this segment of the value chain.

Methodology

This research integrates qualitative insights from semi-structured interviews with
quantitative analysis using MFA models used to calculate material quantities of
equipment, polysilicon, quartz crucibles, and hotzone parts made of graphite.

Conclusions

 European quartz crucible production (demand nearly 50,000 units/a) would
be feasible due to available quartz and crucibles-fab construction lead-times.

 Hotzone parts, there is uncertainty over the willingness of existing European
graphite producers to meet the demand of 3,000 t/a due to their focus on the
semiconductor sector.

 Cz pullers proved to be the most vulnerable component. If an export ban
were implemented, it would take until year 2037 to reach 30 GWp/a of puller
capacity (demand ~1950 pullers).

 Reshoring ingot-wafer manufacturing requires a holistic approach that
incentivizes investments across all key components. The network's success
depends on a synchronized start of production.
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Results

 Table I summarizes supply vulnerabilities and necessary policy support per key
component in PV Ingot-wafer manufacturing.

 Table II shows material demand per year assuming an exponential growth to
reach reshoring goal of 30 GWp by 2030.

Table II. Material requirements per year (from MFA calculations)

Cz pullers 
(No.)

Hotzone Parts 
(t of Graphite)

Quartz 
Crucibles (No.)

Polysilicon 
(kt)

Year 
(Capacity in GWp)

----(0.0)2024

50771,2872.0(0.8)2025

1392143,5695.7(2.1)2026

2974577,61312.2(4.6)2027

57688714,78023.6(8.9)2028

10721,64927,48443.9(16.5)2029

19503,00050,00080.0(30.0)2030

For those interested in exploring the report further, 
please refer to the ESIA publication linked here:

Material Flow Analysis (MFA)

—

Fig 2. MFA modeling for the required Quartz Crucibles quantities
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System Boundary: 
Element: High purity quartz (HPQ), Material: Crucibles, Region EU, year(s): 2024 - 2030

MFA models were constructed for key components. An export restriction was
simulated to examine the impact on the availability of these components.

Semi-structured interviews
—

Fig 1. Companies interviewed in the EU PV ingot-wafer supply chain

Fifteen industry experts were interviewed from selected companies in Fig 1.
Interviewed experts answered a set of +20 questions.
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Table I. Results from interview responses per key component


