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CRITICALITY ANALYSIS:

1. Base year 2017
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Background

Technologie-Shift

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.

Research Method

Material-Demand

SCOPE (raw materials, indicators) 

1. Criticality analysis (base year 2017)

3. Comparison of supply and demand (target year 2050) 

2. Criticality analysis (target year 2050) 

b. Bottom-up: Demand side 

(Germany, PV use)

3 Parameters:
Development 

paths for demand 
determining

National raw 
material 

demand up to 
year 2050

Scenario Analysis 

 Tellur (Te)
 Cadmium (Cd)
 Indium (In)
 Gallium (Ga)
 Selen (Se)

 Depletion time (DT) 
Ratio of reserve to annual 
mining production.

 By-production (BP) 
By-production share of 
critical element extraction.

Element-Criticality

a. Top-down: Supply side 

(global, all uses of elements)

2 Parameters: 
Extrapolation of 

historical 
supply trend

Global raw 
material 

supply in year 
2050

Results

SCENARIO ANALYSIS:

a. Top-down: Supply side results b. Bottom-up: Demand side results

Annual mining 
production (P)
Determining future values 
using historical growth rates

Development Paths Assumptions:

Reserve (R)
Determining future values 
based on static and dynamic 
development of the reserve 

Parameters: 2017 2050

P1: Not reaching expected values 
of Te, Cd, In, Se
P2: Achieving expected values 
with better extraction techniques
P3: Achieving expected values 
through own mining production 

R1: Current reserve (static approach)
R2: Current reserve base (dynamic 
approach)
R3: Ultimately Recoverable Resources 
(URR) (dynamic approach)

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

Market shares
2 paths (continuity, thin-
film renaissance)

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

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.

Conclusion

2. Target year 2050

1.

1.
2.

I. Calculation Indicator DT II. Calculation Indicator BP

Depletion

time (DP) Annual mining
production

Reserve of
raw material By-produc-

tion (PB) Annual mining
production

Amount of raw material 
extracted from by-production 

III. Calculation of supply risk

3. COMPARISON SUPPLY AND DEMAND:

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.

Supply risk indicates an element
is not available or only available
to a limited extent.

RESULT:

The analysis 
shows the 
least criticality 
for tellurium 
and the most 
criticality for 
indium of all 
raw materials.

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

The results of the criticality assessment lead to these statements:

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 
quantities to raw material reserves. 
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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.

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.

Central problem areas:

Development Paths Assumptions:

oborny
Stempel


