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Efficiency of industrial processes
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/\ How to quantify the different streams ?
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Definition of exergy

/ The exergy of a stream is the \
maximum amount of work

the stream can perform by evolving towards
thermodynamic equilibrium with a

reference environment
through reversible interactions only with this

\ environment /

A No distinction between mass streams and energy streams
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Exergy of energy streams

e Electrical and mechanical energy (E) can be fully transformed into work

l Energy E Exergy B — W

_ Work W
Reversible process = =

e Thermal energy can only partially transformed into work (Carnot-law)

T >

Heat E

Exergy B = Wi
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Exergy of mass streams

In general: potential to perform work due to inequilibrium with
environment (composition, temperature, pressure ...)

Stream
P, T,

1 Physical exergy

Stream in physical equilibrium with environment
Po,Tos

1 Chemical exergy

Chemical equilibrium with environment:
stream with environmental composition

Po, Tor By

uonle|naje)

Standard reference environment (literature)
—> Molar chemical exergy of pure chemical elements B,
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Exergy calculation for single phase stream

UR— EXERGY

Pure elements
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( D1Pﬂ) Formation Stream 4
energy (T.P) Physical
o exergy

Elementary

exergy Total

S AT W . exergy

Stream (To,Po)

Chemical
exergy

Reference state (To,Po)

Exergy content of multiphase stream = sum of phase exergies
—> effect due to (macroscopic) mixing of phases is often negligible (=T,A™MS)
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Typical methodology
Data
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-_— o
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Bohys,a= Bohys,1 T Bphys 2t ---
B= Bchem,A + Bphys,A+ B ...

v
Multiphase stream

Bchem= Bchem,A +..

Bphys= BthS,A + “ee
B=B,+ ..
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Pyrometallurgical issues

Exergy = generic concept: straightforward implementation for many common
simple streams but difficult for streams with complex composition

Issues with high-temperature pyrometallurgical streams:

eInconsistent descriptions: element- / compound- / phase- / ... based
eNon-uniform incorporation of compositional information from different sources

—> Comparison between independent analyses is difficult

Solution: Use a semi-analytical approach: determine exergy based on a calculated
equilibrium composition
eStart from any available composition

eAccount for the formation of compounds and (solution) phases

eUse boundary conditions to incorporate quantitative or qualitative knowledge (e.g.
measured non-equilibrium phases, measured phase concentrations ...)

- Implemented with ChemApp / FactSage and FACT databases
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Suggested methodology

Amountcompound 1

Quantitative composition

Amountcompound 2
P |:> Phase presence?
Temp.

Temp.

. Compound 1 . Compound 2 Calculated equilibrium composition
Gt Behem,1 G¢ 2 Bchem,2 (with boundary conditions)
H,H,,S,S, 2 Bohys1 || H/Ho,S,So - Bohys,2
Phase A v Calculation for phase A Calculation for phase B
asen At Ty Ho,So.) Geg At T, Ho,So.) Geo
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Bphys,A= Bphys,l * Bphys,2 e 9 Bchem,A Bphys,A 9 Bchem,B Bphys,B
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. Y Multiphase stream
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chem chem,A B _ +B
B,..=B + .. phys™ = phys,A phys,B
phys phys,A —
B=B,+.. B= Bphys + Bchem
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Initialization
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Zinc recycling process

Verscheure et al. (2007)

Zinc feedstock

Cokes Waste gas
Zinc oxide

/ Hoat loss

Secondary
blast air
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Zinc recycling process - model

Zinc feedstock
Cokes Waste gas
TZinc oxide Hea’[er
7/ I
Secondary == _'-.. L . Heat loss/ Fumer
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Zinc recycling process - model

Based on data from Verscheure et al. (2007)

Electricity Slag
Primary Matte
blast air
Methane Heat loss

Cokes Off gas
Zinc
oxide

Flux
Feedstock
-
Secondary Afterburner heat
blast air
B Resources B Emission [] Internal B Product
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Exergy analysis — base case

Primary Based on data from Verscheure et al. (2007)

blast air
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| Matte
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> Products
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Zinc oxide

Flux

[ Resources

Feedstock
Secondary B Products
blast air B Waste
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Conclusions

e Exergy analysis allows an unambiguous assessment of
the efficiency of a process

e Translating the theoretic concept into a widely
applicable and practical methodology is not
straightforward

e A methodology for exergy calculations on complex
pyrometallurgical process streams is suggested and
implemented using FactSage/ChemApp

e A case-study on zinc recycling proces shows briefly the
potential of exergetic efficiency analysis
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