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THE major driver

world population
7.600.000.000

food

2.8 kg/(cap d)

energy

21.000 kWh/(cap a)
materials

ca. 0.9 kg/(cap d)

fossil resources

5.6 kg/(cap d)

land area

agricultural: 7.000 m2/cap
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petrochemicals ≈ 4% of fossil resources

4

crude oil
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agenda
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 world population  driving force

 energy transition  time scale

 food vs. fuel & material  limiting criteria

 feedstock  fuel & material  available options

  chances, challenges

world population scenarios

6

1960 1980 2000 2020 2040 2060 2080 2100
0

2

4

6

8

10

12

14

m
y
 y

e
a

r 
o

f 
b
ir

th

 

 

w
o

rl
d
 p

o
p

u
la

ti
o
n

 i
n

 b
ill

io
n

year

low variant

medium variant

high 

variant

to
d
a

y

source:

United Nations

World Population Prospect

2017 Revision



4

development of UN-WPP predicting for 2050
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conclusion
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The UN high-population variant has to be considered

as realistic a scenario as the medium variant.

annual primary-energy consumption
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future growth scenarios of wind & solar
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on global 
average!

CO2 according to three scenarios
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conclusion
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time-scale: turning point in 5 to 10 years

strong effect in 10 to 20 years

volatile prices of fossil feedstock foreseeable

By then, bio-economy should better be well on its way!

Reducing population growth simplifies transition.

world hunger
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assumptions for scenario analysis

 continue trends

 slow increase of per capita kcal-supply

 increase agricultural productivity

 intensify animal production

 10% primary energy bio-based
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workarounds?
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conclusion
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To feed the world, change in behavior essential:

 maximum 2 children per family

 exclusively plant-based food

Nevertheless: competiton for land area between

 feedstock for biofuels and biomaterals

 food production.

 land-area demand for feedstock

is essential selection criterion!
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calculation of exergy
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+ exergy losses in processes and equipment
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chemical exergy of various materials
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Increase in energy and land use by a bio-based chemical industry.

Chemical Engineering Research and Design 92 (2014 ) 2006-2015
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chemical exergy of various materials

27

0

10

20

30

40

50

60
80

100
120
140

P
A 6

.6po
ly
st
yr

en
e

PE
T

PV
C

po
ly
pr

op
yl
en

e

po
ly
ca

rb
on

at
e

H
2
O, CO

2

methanol

glucose
amylose

ethanol

glycerol
lactic acid

CO

po
ly
la

ct
ic
 a

ci
d

po
ly
et

hy
le

ne

ethene

plant oil

coal

crude oil

methane, natural gas




c
h

e
m

ic
a

l 
e

x
e

rg
y
 i
n

 M
J
/k

g

hydrogen

   fossil            biomass     intermediates     products

feedstock

fossil

after: Philipp Frenzel, Rafaela Hillerbrand, Andreas Pfennig:

Increase in energy and land use by a bio-based chemical industry.

Chemical Engineering Research and Design 92 (2014 ) 2006-2015

bio-based?

chemical exergy of various materials
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elements in chemical industry by weight
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exergy demand for different routes
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feasible reactions
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options for
bio-based
chemicals
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gen. feedstock products
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3 corn straw
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1 + 3 wheat + straw ethanol + CO2
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1 rape seed plant oil

2 miscanthus/reeds

ethanol + CO2

ethanol
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2 wood

ethanol + CO2

ethanol

ethylene
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world average productivity

color:
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conclusion
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• solely third generation bio-processes not feasible

• first and second generation compete for same land area as
food

• various options available as feedstock:
sugar cane, sugar beet, corn, palm oil, miscanthus/reeds

• preferably either sugar chemistry or utilization of CO2

• cellulose utilization is add-on benefit, but large by-prodcuts

• strong interaction: 
agriculture  food  chemistry  energy

Andreas
Textfeld
for updated values without crop rotation, please see later publications.
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chances, challenges

 biobased chemistry: various options

 bio-economy ≠ only bio-technology

 bio-economy ≠ automatically sustainability

 technology  human behavior

 economics, ecologics, ethics

 big chance: real circular economy

 all happens in ±30 years (or it is too late)
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