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Introduction & Objectives:
Main function of technological forecasting: 
• to provide a consensual vision of the future science and 

technology landscape to decision makers.

How to assess the advantages and 
shortcomings of emerging technologies 
before having experienced them?

For the problem perception stage:

In order to decrease risks and make a trustworthy 
assessment, we should have knowledge; 
however, we do not have the required knowledge, because 
the technology is emerging.
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Example of proposed analysis:
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Rankin PEMFC
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actual market target performed actual market target performed
1. Cost: 17% 100% 25% 100%
1.1. Installed Cost NG, EUR/kW 15000 4000

27%

10000 4000

40%
Importance: High

1.2 Operational cost, EUR/kWh 0.3 0.02
7%

0.2 0.02
10%

Importance: High

2. Durability: 49% 100% 10% 100%
2.1 Durability in operating 

conditions, years
2 15

13%

2 15

13%
Importance: High

2.2 Cycling ability, number of 
stops per year

125 125
100%

10 125
8%

Importance: High

2.3 Start up time, min 90 15

17%

240 15

6%
Importance: Moderat e

3. Energy Efficiency, % 85% 100% 93% 100%
3.1 Electrical efficiency, % 28% 35% 80% 30% 35% 86%
3.2 Thermal efficiency, % 59% 65% 91% 55% 50% 100%
3.3 Ratio Electrical power / 

Thermal Power
0.51 0.04 0.04 0.04

4. Emissions 100% 100% 100% 100%
Importance: High

4.1 Substances, ppm 40

CO < 56ppm 100% CO < 56ppm 100%
Importance: High

NOx<34 ppm NOx<34 ppm

4.2 Noise, dB 0
100%

0
100%

Importance: High

5. Maintenance interval, h 1000 8000
13%

2000 8000
25%

Importance: Moderate

6. Adequacy to user 
requirements, 

56% 100% 79% 100%

6.1 min. temperature return, °C
Importance: High 50 60 83% 500 70 100%

6.2 min. flow temperature, °C

Importance: Moderate 70 80 88% 900 90 100%
6.3 size, m 1.5x0.85x1.7 0.5x0.5x1 0.55 x 0.55 x 

1.60
0.5x0.5x1

Importance: Moderate 2.17 0.25 12% 0.48 0.25 52%
6.4 weight, kg 500 70

14%
170 70

41%
Importance: Moderate

Average for technology: 39% 100% 40% 100%

PEMFC SOFC

Larger gap between desired value of feature and actual 
one indicates more problems to be solved on the way to 
commercialize an emerging technology.

Critical-to-market features values for SOFC, PEMFC with Natural Gas as the fuel
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Map of problems of PEMFC on a time scale: technological context

Network of contradictions for PEMFC & Resource limitation assessment 
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Results & Conclusions:
What are the reasons of the complexity of 
assessing resource limitations?

• Dynamic nature of limited resources;
• Multiple contexts compatibility;
• Noise and Signal knowledge;
• Preconceived limitations, and biases of experts; 
• Dynamics of necessary and sufficient description.

Two studies performed in the period from
Sep. 2004 to Dec. 2006:
Problem mapping and the assessment of scarce resources assists:

• in the assessment of technology barriers and opportunities 
in a bias-free way;

• in the accumulation of knowledge about limited resources 
in a structured way;

• in the recognition of the alternative pathways 
independently from existing solutions.
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Main function of technological forecasting: 
• to provide a consensual vision of the future science and 

technology landscape to decision makers.

High quality technological forecast:
• accurate, credible and visionary; 

• to portray the evolving relationships with adequate breadth 
and depth;

• to provide a comprehensive description of the evolution and 
relationship of most critical sciences and technologies in the 
past, present and future;

• to provide a high degree of certainty, reliability and 
objectivity (bias-free).
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Map of problems of PEMFC on a time scale: technological context
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3.1 Electrical efficiency, % 28% 35% 80% 30% 35% 86%
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3.3 Ratio Electrical power / 

Thermal Power
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4.1 Substances, ppm 40

CO < 56ppm 100% CO < 56ppm 100%
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6.1 min. temperature return, °C
Importance: High 50 60 83% 500 70 100%

6.2 min. flow temperature, °C
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Importance: Moderate 2.17 0.25 12% 0.48 0.25 52%
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PEMFC SOFC

Larger gap between desired value of feature and actual one 
indicates more problems to be solved on the way to 
commercialize an emerging technology.

Critical-to-market features values for SOFC, PEMFC with Natural Gas as the fuel
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What are the reasons of the complexity of 
assessing resource limitations?

• at different stages of a system’s evolution, different resources 
can be identified as ‘scarce resources’ - Dynamic nature of 
limited resources;

• it is necessary to take into account also economic, social and 
environmental resources. How to measure and unify all these 
resource limitations? - Multiple contexts compatibility;

• appropriate data should be collected - Noise and Signal;

• for emerging technologies it is necessary to work with experts 
to overcome knowledge shortages - the problem of 
preconceived limitations, and biases of experts; 

• to identify a system it is necessary to define its boundaries, 
and its interaction with the environment in the dynamics – the 
Dynamics of necessary and sufficient description.

Two studies of the future of new energy 
conversion technologies performed in the 
period from Sep. 2004 to Dec. 2006:

Problem mapping and the assessment of limited resources assists:

• in the assessment of technology barriers and opportunities in a 
bias-free way;

• in the accumulation of knowledge about limited resources in a 
structured way;

• in the recognition of the alternative pathways from present to 
future technologies independently from existing solutions.

How to assess the advantages and 
shortcomings of emerging technologies 
before having experienced them?

For the problem perception stage:

In order to decrease risks and make a trustworthy 
assessment, we should have knowledge; 
however, we do not have the required knowledge, because 
the technology is emerging.

Network of contradictions for PEMFC & Resource limitation assessment 
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