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Temperature range of waste thermal energy / oC  
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Iron and Steel                 73.0 

Non-metallic minerals                 91.2 

Clinker*                  

Glass*                  

Non ferrous metals (Primary aluminum*)                 32.3 

Chemical and Petrochemical                 141.7 

Pulp, Paper and Printing*                 125.5 

Others                 263.0 

Refinery*                  

Food and Beverages                 115.2 

Gas and Diesel Engines                 2013.5 

 

Industrial sectors

Chemical industry 11.7%

Iron and steel 16.4%

Non-ferrous metals 0.3%

Non-metallic minerals 27.3%

Paper and printing 9.9%

Refineries 34.4%
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Available energy, TJ/yr

Industrial sites

►Enormous waste heat is available all over Europe

►Temperature levels of available waste heat is sector specific

►Technical potential in Europe for electricty from waste heat is about 150 TWh/a

3

Source [1]
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►Not all of the available waste heat is easy to use

►Temperature levels can be challenging low and distributed heat sources are difficult to be harvested

Source [2]
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Waste heat recovery

technologies

Active

Waste heat

to heat

Waste heat

to cold

Waste heat

to power

Mechanical vapor

compressor (MVC)

Sorption heat

pump

Sorption chiller
Clausius

Rankine Cycle

Organic Rankine

Cycle
Kalina Cycle

Passive

Heat exchangers

Thermal Energy 

Storage

►Clausius Rankine Cycle T > 200 °C (State-of-the-art)

►ORC & Kalina T > 120 °C (State-of-the-art)
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Source: modified from [3]



2. The Organic Rankine Cycle Technology
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… and its Research Challenges

Working Fluids

Heat Exchanger Optimization

Cycle Concepts

Advanced Control Concepts

Expander Performance

Condenser Optimization
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System Integration

Operational Planning

Load Scheduling

Dynamic Operation
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3. Example 1: Steel plant
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►Fluctuations in volume flow rate are significant

►Temperature fluctuations only between 60%-90% of the maximum temperature

Volume flow rate Temperature



3. Impact of Volume Flow and Temperature
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►Usually waste heat is sensible in nature → 𝑄~𝑇

►Pinch-point limits heat transfer to Carnot cycle
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Volume flow rate Temperature

1. Efficiency is limited 

by Carnot process

2. Unused Energy/

Energy losses
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►Part load operation, as available heat is reduced

►Temperature/pressure of ORC is maintained → Efficiency remains constant
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►Part load operation, as available heat is reduced

►Temperature/pressure of ORC is reduced or waste heat utilisation is reduced
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►Waste heat amount is up to 12 MW

►Reasonable full load hours can be achieved

part-load operation

no operation

storage demand
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Challenges for Investments
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►Industry usually focuses only on 

their core-process

►Likelihood that existing assets 

cannot commit to long-term 

operation

►Typical pay-back periods are in 

the range of 3-5 years vs. >>10 

years in the energy sector

→ Low specific investment costs

→ Modularity, flexibility and “second 

life” approaches are selling points 

►Security of supply

→ Seamless commissioning 

and operation

→ Simple and easy installation 

only outside battery limit

►Retrofitting to the existing asset 

has

→ Space constraint

→ Decentral distributed waste heat 

sources are hard to capture

Quelle: Flaticon.com

Source: [4]
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Example: Cement and Glass
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Source: [5]



Example: Cement and Glass
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Source: [5]



LCOE for Cement and Glass
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Cement Glass

►Cement case: All the investigated scenarios can use the available waste heat economically

►Glass case: Bigger challenges. As waste heat recovery is more complex, electricity prices are higher

BCS: best-case scenario

ACS: average-case scenario

WCS: worst-case scenario

Source: [2]



LCOE for Cement and Glass
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Cement Glass

►Cement case: Payback periods are between 4-10 years. Interest rates between 4-15%

►Glass case: Payback periods are between 8-25 years. Interest rates between <0-5%

BCS: best-case scenario

ACS: average-case scenario

WCS: worst-case scenario

Source: [2]
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ORC Market Overview
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►More than 2600 plants

►More than 4 GWe installed capacity

►30 manufacturers

►Global market

►Rapidly growing market 

in Waste Heat Recovery

Source: [7], flaticon.com
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• Waste heat recovery is abundantly available and for free. 

• For optimal operation, part load should be achieved at constant temperature.

• Investment decisions need to be facilitated. 

• By incentives

• By technological progress

• ORC technology is a mature technology, with a lot of successful plants in the field. 

• Despite the above challenges, there are already today quite a number of commercially successful

references. 

7. Summary and Conclusion
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Energy Sources for Energy Intensive Industry
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►Basic industry uses abundant amount of fossil fuels

►The future needs a change in paradigm towards sustainable energy carriers Source: [6]
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