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outline

� why exergy?

� short-cut method

� example process

� results: comparison

� conclusions
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calculation of exergy
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exergy as measure sorting the options
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basic process scheme with recycle
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separation by distillation cascade
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process: ethylene � ethylene oxid

reagent recycling

solvent

conditioning

heat integration

main process
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comparison of routes and methods

-5

0

5

10

15

20

25

30

g
lu

c
o
s
e

 →
e
th

y
le

n
e
 g

ly
c
o

l

e
th

y
le

n
e
 o

x
id

 →
e
th

y
le

n
e
 g

ly
c
o

l

e
th

y
le

n
e
 →

e
th

y
le

n
e
 o

x
id

e

e
th

a
n
o
l 

→
e
th

y
le

n
e

 

 

 

e
x
e

rg
y
 l
o
s
s
e
s
 i
n
 M

J
/(

k
g
 p

ro
d
u
c
t)

 other utilities

 utilities for separation

 chemical exergy

 footprint

 physical exergy
g
lu

c
o
s
e

 →
e
th

a
n
o
l

d
e
ta

ile
d

s
h
o
rt

-c
u
t

d
e
ta

ile
d

s
h
o
rt

-c
u
t

d
e
ta

ile
d

s
h
o
rt

-c
u
t

s
h
o
rt

-c
u
t

d
e

ta
ile

d

s
h

o
rt

-c
u
t

d
e
ta

ile
d

10

order almost unchanged by short-cut
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COH composition
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evaluation of options

� exergy as universal measure:

� short-cut gives proper order

� can be used on variable level of refinement

� glucose → products with more oxygen

� plant oil → products with less oxygen

� energy demand for processes will increase

� land area required for biobased feedstock:

200 to 800 m2/capita (food ≈ 7000 m2/capita)
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possible biobased synthesis pathways

gasification, pyrolysis:

C1- (C2-, C3-) building blocks

extract major components:

starch, sugar, vegetable oil

remains: energy use

separate „all“ components:

cellulose, lignin, use of whole

plant, biorefinery
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Δ > 0.3 MJ/kg
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