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Sustainability challenges

Population growth
Rapid urbanisation

~00d supply

OWater access
OEnergy demand
OClimate change
OResource scarcity
OProfligate consumption
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Population growth (1992-2010)
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Food supply
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l Little or no water scarcity
@ Approaching physical water scarcity
@ Physlcal water scarcity

W Economic water scarcity

[0 Not estimated

Water access

3 bn people will be living in water scarce areas by
2025

CAWMA, 2007. Earthscan, and Colombo, London.
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Providing energy:
Primary energy demand
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Climate change:
GHG emissions doubled since 1970
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Systems approach and life cycle thinking:
Integrating sustainability aspects

Resources Env’l impacts

Econolilleis
costs

onomic
benefits

Social impacts Social benefits
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Some sustainability issues

Resource depletion Global warming

Energy Ozone depletion

Costs _
Air pollution Profits Acidification
Investments
Water pollution Shareholder value Biodiversity
Waste Contribution to GDP Toxicity

Value added Equal opportunities

Stakeholder involvement

Employment

Health and safety ~ Customer satisfaction

Education Wages and benefits
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Some examples
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Energy: The life cycle

Resources Env’l impacts

Economic costs Economic benefits

Social impacts Social benefits
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Key sustainability issues for energy

OFossil fuels
OClimate change
QO Security of supply

OFuel poverty
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Drivers:

Fossil fuels and climate change

Global warming potential (kg CO2 eq./kWh)
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Some other environmental impacts

1.0
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CO2 eq./kWh)
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SO2 eq./kWh)

Eutrophication (g Photochemical smog
PO43- eq./kWh) (kg C2H4 eq./kWh)

Stamford & Azapagic (2012). Int. J. Energy Res. 36 1263-1290.
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Some techno-economic aspects

190 ; 180-510

u Coal (pulverised)

140.00 i
i Gas (CCGT)

120.00 ¥ Nuclear (PWR) |
# Wind (offshore)

100.00

Solar (PV) °

80.00 -

60.00 -

40.00 -

20.00 -

0.00 -

Capacity factor (%) Fuel price sensitivity (%) Levelised cost (E/MWh)  Financial incentives (E/MWh)

Stamford & Azapagic (2012). Int. J. Energy Res. 36 1263-1290.
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Soclal impacts

Human toxicity
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The life cycle of resources

Resources Env’l impacts

Economic costs Economic benefits

Social impacts Social benefits
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Key sustainability issues for resources

Q Profligate and inequitable use

< Q00O
SO

O Lack of/low reuse and recycling
90% of products become waste within 6 months

Q Increasing scarcity

The number of chemical companies affected by
resource scarcity may triple by 2020 (IChemE)

(\
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Resource scarcity: Critical elements

hydrogen helium
: Remaining reserves )
H He

1.0079 - O_ O 4.0026
lithium beryllium 1 5 y rS boron carbon nitrogen oxygen fluorine neon
6 7 8 9

3 4 5 10
Li | Be | 50-100 yrs B|{C|N|O/| F|Ne

S 100-500 yrs i S
Na | Mg Al | Si Cl | Ar
22.990 24.305 6,95 8086 35453 39.948
potassium caleium scandium titanium vanadium chromium bromine krypton
19 20 21 22 23 24 35 36
K | Ca Sc| Ti|V Br | Kr

39.098 _40.078 44.956 47.867 0.94 996 84 79.904 83.80
rubidium yttrium technetium iodine xenon

37 39 53 54
Rb Y | | Xe
85468 88.906 126.90 131.29
caesium barium lutetium polonium astatine radon
55 56 57-70 71 84 85 86
Cs({Ba| ¥ | Lu Po| At | Rn
132.91 137.33 174.97 [209] [210] [222]
francium radium lawrencium itherfordiumy dubnium = rg Ui ponriu hassium meitnerium unonnifiom uniam ununbiu i.lnunquadil]'m
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr|{Ra|**| Lr | Rf | Db | Sg | Bh | Hs | Mt {Uun|Uuu({Uub Uuqg
[223] [226] [262] [261] [262] [266] [264] (269 [268] [271] [272] [277] 289

lanthanum cerium  |praseodymiumd neodymium | promethium [ samarium europium | gadolinium terbium dysprosium holmium erbium thulium yiterbium

*Lanthanide series Ly 58 59 61 62 63 64 65 66 67 68 69 70
La|Ce| Pr  Nd[Pm|{Sm|Eu|Gd|Tb |Dy |Ho| Er |[Tm| Yb

138.91 14012 140.91 150.36 151.96 167.25 168.93 162.50 164.93 167.26 168.93 173.04
actinium thorium protactinium plutonium | americium curium berkelium | californium | einsteinium fermium | mendelevium|  nobelium

** Actinide series 89 90 91 94 95 96 97 98 99 100 101 102
Ac | Th | Pa Pu|Am|{Cm| Bk | Cf | Es |Fm|Md| No

[227] 232.04 231.04 [244] [243] [247] [247] [251] [252] [257] [258] [259]

v 4

Adapted from Mike Pitts, TSB/CIKTN and Hunt et al. (2013) sl A S B
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How much is recycled?

Recycling rates

hydrogen helium
1 L <1% 2

H He

0 1-10%
m boron carbon nitrogen oxygen fluorine neon
10-25% g | 2| | 2 to

; B|C|[N|O|F|Ne

I:I 25'50 A) 10.811 12.011 14.007 16.999 18.998 20.180

sodium aluminium silicon phosphorus sulfur chlorine argon
1 13 14 15 16 17 18

>50% !

Na Al|Si| P | S |Cl|Ar
22.990 26.982 28.086 30.974 32.065 35453 39.948
potassium calcium scandium titanium g umg | chromium | manganese iron cobalt nickel copper zine qallium | nic | eniu bromine krypton
19 20 21 22 24 25 26 27 28 29 30 35 36

- ~ % ~ > Y
K | Ca Sc| Ti Cr |[Mn| Fe |Co | Ni |[Cu | Zn Br | Kr
39,008 40.078 44.956 47867 | 51.996 54.938 55,845 58,933 58,693 63546 65.39 79,904 83.80
= | strontum | [ | zircon ~ niobium technetium | ruthenium | = rhodium | ~palladium | = silver | cadmium tin iodine Xenan
M 43 44 45 46 47 48 50 53 54
Nb Tc|Ru|Rh|Pd|Ag| Cd Sn | I | Xe
92906 98] 101.07 10291 | 106.42 10787 | 11241 118.71 : 126.90 131.29
2 tungsten rhenium | platinums qgold mereury lead polonium astatine radon
57-70 74 75 79 80 82 84 85 86
* W | Re Au | Hg Pb Po| At [ Rn
. g |1 % 183.84 186.21 195.08 196.97 200.59 d 207.2 [209] [210] [222]
francium radium lawrencium [rutherfordium|  dubnium | seaborgium bohrium hassium melnernum | ununnilium | unununium | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr | Ra|*x*| Lr| Rf|Db| Sg | Bh| Hs | Mt |Uun|Uuu{Uub Uuq
[223] [2286] [262] [261] [262] [266] [264] [269] [268] [271] [272] [277]
promethium
*Lanthanide series b
Pm
.91 14 1 [145] 8
L. . actinium thorium protactinium | uranium neptunium | plutonium | americium
**Actinide series 89 90 91 92 93
Ac| Th|Pa| U |Np
[227] 232.04 231.04 238.03 [237]

Adapted from Hunt et al. (2013) Sustainable Industrial Systems
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Sustainable resource management

Q Catalysis: many of the critical elements used as
catalysts: e.g. PGMSs, Co, Ce, Ge, Sb, In
Use of non-critical metals

Use of non-metallic catalysts, e.g. enzymes

Q Urban mining
WEEE (50 million t/yr)
MSW (1.6 bn t/yr)
Road dust (PGMSs)
Landfills

Q Delivering service rather than product

&«Sustainable Industrial Systems
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The life cycle of food

Resources

—

Env’l impacts

0

Economic costs Economic benefits

Social impacts Social benefits

@,
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Key sustainability issues for food

OGHG emissions
QEutrophication
OWaste

OLand competition
OFood security
OGMO and stem cells
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Meet production

Q300 million tonnes of meat worldwide (2012)
Q43 kg of beef per capita

Q1 kg of beef:
50 kg of feed
15,400 litres of water
15-30 kg CO, eq.

OBeef production: 66.7 million tonnes/yr...

‘Sustainable Industrial Systems



http://www.sustainable-systems.org.uk/

Meat replacement:. Stem cells?

Research by Mark Post, Maastricht University, 2013 E _ _
Sustainable Industrial Systems
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Environmental impacts of meat vs meat
from stem cells
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Tuomisto et al. Env. Sci.&Tech. 2011 y‘Sustainable Industrial Systems
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Other sustainability iIssues

OTaste

QAppearance (white!)
OHealth impacts
QConsumer acceptance
OEthical issues

‘Sustainable Industrial Systems
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Sustainable production and consumption

ORequires systems approach and life cycle
thinking

Olntegration of economic, environmental and
social trade offs Is essential

QProviding robust evidence for policy makers

QUnderstanding consumer behaviour

@.
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New journal on Sustainable
Production and Consumption

OPublished by Elsevier

. . . Sustainable Production
OEditor-in-Chief: ____and Consumption
Adisa Azapagic

(Q B IChemE 25
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