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Research Method

Central problem areas:
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In order to meet national and global climate targets, a
transition to a renewable energy system must take
place to reduce greenhouse gas emissions in the
energy demand sectors.

This transition requires a responsible use of raw
materials, as the consumption of resources has
increased significantly over the last decades, and
especially for low carbon technologies, the raw

~=-=  material requirements have become more complex.
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Supply Risk

For the long-term use of these raw material-using
systems, the elements that have a high criticality for
the reference system must be identified in order to
detect future supply risks by assessing the demand and

availability of raw materials for specific technologies.
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: 3. Comparison of supply and demand (target year 2050)
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Tellur (Te)
Cadmium (Cd)
Indium (In)
Gallium (Ga)

Selen (Se) q

Depletion time (DT)
Ratio of reserve to annual
mining production.
By-production (BP)
By-production share of
critical element extraction.

Results

CRITICALITY ANALYSIS:

1. Base year 2017/

|. Calculation Indicator DT

|. Depletion time

ll. Calculation Indicator BP

Il. By-production

RESULT:

Versorgungsrisiko Versorgungsrisiko
INDIKATOR 1: Statische Reichweite (SR) INDIKATOR 2: Nebenproduktion (NP)
Definition Kurzdefinition | Wertebereich | Versor gungsrisiko Reserve Of Definition Kurzdefinition | Wertebereich | Versorgungsrisiko .
raw material I Amount of raw material
SR > 100 Jahre > 100 a 0 gering Deplet|0n _ Hauptprodukt 0-10% 0 gering By—produc— extracted from by—production
) ) . - Uberwiegend ) ) =
SR =50...100 Jahre | 50 - 100 a 03 mittel gering time (DP AR 10-50 % 03 mittel gering . ..
(DP) Annual mining aplprocud tion (PB) Annual mining
SR=20..50 Jahre | 20-50a 07 mittel hoch production Nebenprgdukt 50 -90 % 0,7 mittel hoch production
SR <20 Jahre <20a 1 hoch ﬁ:iif\rg'riz'ﬁg 90 - 100% 1 hoch
Statische Reichweite 2017 Auswertung SR 2017 Nebenproduktion 2017 Auswertung NP 2017
Kritische |Abbauproduktion |Reserven im |Jahre bis zur | Definition | Kenn- | Versorgungs- Kritische |APbauproduk-| . MEwEE duktion| ~ Anteil Neben- Rohstoffmenge | Abbauanteil Rohstoff| o o . oo Versorgungs-
Elemente |im Jahr 2017 [tf]  |Jahr 2017 [t] |Erschépfung SR ziffer risiko SR tion im Jahr ; produktion an abgebaut aus aus Neben- : i
WD 2017 [t] Hameiie L et 207 (1} Hauptproduktion [%)] | Nebenproduktion [t] produktion [%] b 2y e R
Tellur 417 31.170 75 50-100 a 0,3 mittel gering
Tellur 417 Kupfer 19.700.000 0,0021% 417 100% 90 - 100% 1 hoch
Cadmium 23.540 590.000 % 20-50a | o7 | mitiel hoch Cadmium |  23.540 Zink 13.200.000 0,1783% 23.540 100% 90-100% | 1 hoch
ez e SL e <&va { och Indium 720 0055% 720 100% 90-100% | 1 hoch
Gallium 315 5.200 17 <20a 1 hoch Gallium 315 Bauxit | 300.000.000 1% 315 100% 90-100% | 1 hoch
Selen 3.285 99.000 30 20-50a 0,7 mittel hoch Sel 3.285 Kupfer 19.700.000 0,0167% 3.285 100% 90 - 100% 1 hoch
. o H H
IIl. Calculation of su pply risk Il Supply risk of the elements in year 2017
.
Gesamt-Versor: gungsrisiko Versorgungsrisiko global 2017
(Aufsummiert aus Teilergebnissen der Indikatoren) Kritische |Kennziffer| Kennziffer| Gemittelte | Summierter Gesamt-VR
Summierter et veie Elemente | SR 2017 | NP 2017 |Kennziffern| Wertebereich | Rohstoffkritikalitat
. . . INDIKATOR 1 INDIKATOR 2 Wertebereich Rohstoffkritikalitat
Supply risk indicates an element o[ 03 [ 1 [ oo [ 031-009 [ vamcasiaea
<0,3 nicht kritisch i =
. . . Einzelergebnisse | Einzelergebnisse Cadmium 07 1 0,85 >07 kritisch
I S n Ot ava I I a b | e O r O n I ava I I a b I e Versorgungstrisiko | Versorgungsrisiko 0,31 - 0,69 nahezu kritisch - w
eines Rohstoffs | eines Rohstoffs Indium 1 1 1 >07 kritisch
0,7 kritisch
I . . d 20 fise Gallium 1 1 1 >07 Kritisch
to a I l I l Ite eXte n t O Selen 0,7 1 0,85 >0,7 kritisch

The analysis categorizes the element tellurium as
almost critical and all other four elements as critical.

SCENARIO ANALYSIS:

a. Top-down: Supply side results

Rohstoffangebot im Jahr 2050 [t]

Kritische

geringe Reichweite (R1)
min. (P1) / max. (P2) Produktion

mittlere Reichweite (R2)
min. (P1) / max. (P2) Produktion

groBte Reichweite (R3)
min. (P1) / max. (P2) Produktion

Elemente I 550 - P1] 2050 - P2]2050 - R1| 2050 - P1] 2050 - P2] 2050 - R2| 2050 - P1] 2050 - P2| 2050 - R3
Tellur 388 860 | 31170 | 388 860 | 48.000 | 388 860 | 98.000
Cadmium| 24.848 | 50.913 | 590.000 | 24.848 | 50.913 |1.200.000] 24.848 | 50.913 |2.630.000
Indium 760 1276 | 5.600 760 1276 | 47100 | 760 1276 | 112.000
Gallium 748 728 5.000 748 728 | 42.000 | 748 728 |1.000.000
Selen 3.057 | 3.407 | 99.000 | 3.057 | B3.407 | 172.000 | 3.057 | 3.407 | 600.000

Annual mining

production (P)
Determining future values
using historical growth rates

Parameters:

Reserve (R)

Determining future values
based on static and dynamic
development of the reserve

Development Paths Assumptions:

P1: Not reaching expected values
of Te, Cd, In, Se

P2: Achieving expected values
with better extraction techniques
P3: Achieving expected values

approach)

through own mining production

R1: Current reserve (static approach)
R2: Current reserve base (dynamic

R3: Ultimately Recoverable Resources
(URR) (dynamic approach)

0. Bottom-up: Demand side results

Rohstoffnachfrage im Jahr 2050 [t]

2050 - Hoch 2050 - Trend 2050 - Niedrig |2050 - Mittel

Kritische 2050 - Dinnschicht 2050 - Diinnschicht 2050 - Kontinuitat
Elemente | 2050 - L.E.| 2050 - D. | 2050 - L.E.| 2050 - D. 2050 - L.E. 2050 - D.

Bedarf A Bedarf B Bedarf C Bedarf D Bedarf E Bedarf F
Tellur 563,91 296,33 230,38 121,83 50,28 34,25
Cadmium 644,39 411,11 266,15 171,51 59,38 43,50
Indium 524,66 474,19 223,35 202,64 39,92 32,81
Gallium 49,17 34,26 20,38 14,21 3,57 2,70
Selen 420,68 219,17 174,61 92,02 30,99 20,41 : —>

2017 2050

PV installation
4 paths until 2050 (low,
medium, high, trend)

Zeithorizont

2050

2017

|

Parameters:
Market shares

2 paths (continuity, thin-

film renaissance)

Specific material demand
2 paths until 2050 (slow
development, breakthrough)

Development Paths Assumptions:

A
I. Niedrig

. Trend | Mittel 1. Hoch
&

» PVA-

" Wachstum
I. BS-Ausbau: PV-Bruttozubau

Zeithorizont

Zeithorizont

A A
II. Kontinuitét II. Diinnschicht- . Eangsal(rlne I1l. Durch-
Renaissance ntwicklung bruch
2050 ] Z 2050 /. N
2017 Dinnschicht- 017 _ Material-

Il. BS-Markt: Marktanteile Untertechnologien

= .
anteil 4
o " reduktionen

lll. BS-Effizienz: Spezifischer Materialeinsatz

RESULT:

The analysis
shows the

indium of all

least criticality
for tellurium
and the most
criticality for

raw materials.

2. Target year 2050

Supply risk 2050 — R1P1 Supply risk 2050 — R1P2 Supply risk 2050 — R1P3

Kritische | SR | NP | Versorgungsrisiko Kritische | SR | NP | Versorgungsrisiko Kritische | SR | NP | Versorgungsrisiko
Elemente | 50 | 50 R1P1 Elemente | 50 | 50 R1P2 Elemente | 50 | 50 R1P3

Tellur 03| 1 ]0,3-0,7| m.VR Tellur 0,7 I > 0,7 VR Tellur 0,7103]0,3-0,7| m.VR
Cadmium| 0,7 | 1 > 0,7 VR Cadmium | 1 il >0,7 VR Cadmium| 1 |0,3]0,3-0,7| m. VR
Indium 1 1 > 0,7 VR Indium 1 1 > 0,7 VR Indium 1 10,7] >0,7 VR
Gallium 1 1 > 0,7 VR Gallium 1 1 > 0,7 VR Gallium il 1 > 0,7 VR
Selen 0,7 1 > 0,7 VR Selen 0,7 1 > 0,7 VR Selen 0,710,7| >0,7 VR

Supply risk 2050 — R2P1 Supply risk 2050 — R2P2 Supply risk 2050 — R2P3

Kritische | SR | NP | Versorgungsrisiko Kritische | SR | NP |Versorgungsrisiko Kritische | SR | NP | Versorgungsrisiko
Elemente | 50 | 50 R2P1 Elemente | 50 | 50 R2P2 Elemente | 50 | 50 R2P3

Tellur 0 1]03-0,7] m.VR Tellur 03| 1 1]0,3-0,7| m.VR Tellur 0,3|10,3|] <0,3 | keinVR
Cadmium | 0,7 | 1 > 0,7 VR Cadmium| 0,7 | 1 > 0,7 VR Cadmium (0,7 (0,3]0,3-0,7| m.VR
Indium 0,3] 1 |0,3-0,7] m.VR Indium 0,7 1 > 0,7 VR Indium 0,7/0,7| >0,7 VR
Gallium [0,3f 1 |0,3-0,7] m.VR Gallum |03 1 |03-0,7| m.VR Gallium [0,3| 1 |0,3-0,7] m.VR
Selen 0,3 1 |0,3-0,7| m.VR Selen 03| 1 10,3-0,7| m.VR Selen 0,3/10,7/0,3-0,7| m.VR

Supply risk 2050 — R3P1 Supply risk 2050 — R3P2 Supply risk 2050 — R3P3

Kritische | SR | NP | Versorgungsrisiko Kritische | SR | NP | Versorgungsrisiko Kritische | SR | NP | Versorgungsrisiko
Elemente | 50 | 50 R3P1 Elemente | 50 | 50 R3P2 Elemente | 50 | 50 R3P3

Tellur 0 1 ]103-0,7| m.VR Tellur 0 1 ]0,3-0,7] m.VR Tellur 0 |0,3] <0,3 |keinVR
Cadmium| O 1 10,3-0,7| m.VR Cadmium|0,3] 1 |0,3-0,7| m.VR Cadmium| 0,3]|0,3| <0,3 |keinVR
Indium 0 1 10,3-0,7| m.VR Indium 0,3 1 |10,3-0,7| m.VR Indium 0,3/0,7]0,3-0,7| m.VR
Gallium 0 1 1]0,3-0,7| m.VR Gallium 0| 1]03-0,7[ m.VR Gallium 0 110,3-0,7| m.VR
Selen 0 1 ]103-0,7| m.VR Selen 0 1 ]0,3-0,7] m.VR Selen 0 [0,7]0,3-0,7| m.VR

3. COMPARISON SUPPLY AND DEMAND:

RESULT: Only for the elements indium and tellurium can a high supply
risk arise from the future demand. The decisive factor for the high
probability of a shortage of raw materials is the small ratio of required
guantities to raw material reserves.

From six supply and six demand
scenarios, a wide range of results
emerges for different worst-case and
best-case conditions in year 2050.
For all five elements exist scenarios
for which there is a possibility of a '
medium supply risk in the future. On
the other hand, future developments
can also occur for which no future

supply risk can be assumed.

Versorgungssicherheit m VR 2017 Versorgungssicherheit |_Tpo_] VR 2017
| l l
— Rwpr | { Rw2 | H RrRP1 | A RP2 | H{ RP1 | { R3P2 | — Rt | H Rw2 | { RP1 | { RP2 | { RPL | { R3P2 |
- RwpaA | H RrRip2A | H RepiA | H ReP2A | H R3PiA | H R3P2A | AVR2050 — RwpiA | H RP2A | H Rp1A | H R2P2A | H R3P1IA | H R3P2A | AVR2050
| RipiB | H Rw2B | 1 R2PiB | H R2P2B | H{ R3P1B | H R3P2B | - RrRipie | H Rp2B | H RepiB | H Rep2B | H R3P1B | H R3p2B |
— Rrwpac | H Rwp2c | H Rrepac | H Rep2c | H O R3Pic | H R3P2C | — Rrwpaic | H Rip2c | H Rpac | H Rep2c | H R3PIC | H  R3P2C |
— Ripib | H R | H RepaD | H ReP2D | H R3PAD | H R3P2D | — RipaiDp | H RiP2D | H RPiD | H RP2D | H R3PID | H R3P2D |
H RripaiE | H Rwp2e | H RepiE | H Rep2e | H R3PiE | H R3P2E | “u”m —H RripiE | H RwP2e | H RepiE | H R2p2E | H R3P1iE | H R3P2E | H
 riear | Y R | Y RepaF | Y Rree2r | Y m3paF | Y O R3P2F ] !pm J L Ripar | Y Rmapr | Y mopar | Y mop2Fr | Y R3paF | Y R3p2F | Ie

Conclusion

The results of the criticality assessment lead to these statements:

1. In relation to the overall results, tellurium and indium show a high criticality.
Indium causes the lowest supply security of all elements. As a result, problems

can arise in the manufacture of all thin-film PV cells.

2. The elements cadmium, gallium and selenium show only low criticality. Therefore
it is highly unlikely that security of supply will be impaired for these elements.

3. Only the results obtained from the quantity values of the worst-case scenarios
indicate criticality of all five elements and therefore low security of supply.

4. The best-case scenarios show that, with the exception of indium, none of the

other elements considered can lead to problematic security of supply.

5. This underscores the previous first thesis that indium is the element with the
highest criticality and thus has the lowest overall security of supply.
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