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Waste Heat Recovery in Glass Industry

* High Energy Consumption; 300 Tbtu/year

* 70 % of the consumed energy is devoted to glass melting

* Glass melting is energy intensive requiring temperatures at about 1200-1500°C
* Exhaust gases around 500°C (typical for “old” glassworks)

Case study Yioula Glassworks S.A. — Attiki,Greece

The case of Yioula Glassworks S.A.
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The Rankine Cycle

*The exhaust gases leave the system at 180°C — industrial constraints 2,7 MWth

*Only dry fluids examined (no superheating)
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Water- Steam Rankine Cycle
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SKj/ksg
Water condensation temperature/ pressure 60° C/ 0,198bar
Gases’ temperature at the inlet / exit of the WHR system 483 /180° C
Maximum superheating temperature 460° C
Isentropic efficiency
Turbine 80%
Pump 70%

Electric efficiency/ mechanical efficiency 98% / 99%
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Water Steam Rankine Cycle-Thermodynamic optimization

High pressure 26,5bar

Superheating temperature 460 °C

Pel 701,8 kW

Nth 26,05%

Nt 66,16%

Nsys 17,23%
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] . 'Intermediate’ Organic |
The Organic Rankine Cycle ' Thetmo-oil +  Rankine Cycle
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Organic Rankine Cycle

*Non Regenerative ORC- Turbine inlet saturated steam

Organic fluid Tcond(°C) Condensation pressure piow (bar)
MM 60 0,0266
MDM 66,6 0,05
D4 87,1 0,05
D5 143,2 0,05
toluene 60 0,184
pentane 60 0,213
Exiting gas temperature 180° C
Maximum temperature of diathermal oil 380° C
Isentropic efficiency
Turbine 85%
Pump 70%

Electrical efficiency/ Mechanical Efficiency 98% / 99%
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Non Regenerative ORC — Thermodynamic Optimization .Intermediate; Organic
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Regenerative ORC — Thermodynamic Optimization
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. 9,3%
How the regenerator affects the system’s efficiency ? fsyspentane c = 11%
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0,9% self consumption

Non Regenerative ORC

Power Output
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Decreased condensation requirements
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The regenerator decreases the exergy destruction in this case

Exergy destruction

Exergy losses

Temperature [°C]

Heat [%0]



EXERGETIC COMPARISON - IRREVERSIBILITIES
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Gas_oil hex
economizer
Evaporator
Superheater
Regenerator
Feeding pump
Pump?2

Turbine
Condenser
Generator losses

Exergy exiting exhaust
gases

Generator
EXERGETIC EFFICIENCY

31,44
157,29
64,1

0,86
0,02
121,8
219,16
22,54

733,91
29,58%
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How the spot market price affects the feasibility of the investment?
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The ORC Regenerated with toluene as working fluid can be feasible even at lower
spot market prices
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CONCLUSIONS

Given heat source temperature level =500°C:

*If the condenser is air cooled, ORC systems recover energy more efficiently than
water steam systems

*The use of a regenerator increases the efficiency and the profitability of the project.

*Toluene and MDM are very competent in the field of waste heat recovery.
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Thank you for your attention !

At your disposal for further analysis!




