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A Historical Perspective on Sustainability
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A Historical Perspective on Sustainability

concept of “sustainable” silviculture was introduced in 1713 by Hans Carl von Carlowitz in
his book Sylvicultura oeconomica =2 responsible management of forest resources
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First limits to growth and how they were overcome

 Growth is limited: decreasing marginal revenue
— Limit: energy availability
— Limit: land availability
— Limit: water availability

* transport is limited: Land transport is associated with high Kasimir Geibel, 1896
energy costs

* use of renewable energy flows is a prerequisite for ecological
sustainability
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First limits to growth and how they were overcome

100

* 1st energy transition to overcome the limit
* Solar = coal ... around 1700
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* 2nd energy transition
e coal =2 oil ... around 1900

N
o

Materialverbrauch [t/Kopf/Jahr

N
o
N

Energieverbrauch [GJ/Kopf/Jahr]

— Ensuring energy security

1900
1910
1920
1930
1940
1950 A
1960
1970
1980
1990
2000

* Preparation for 3 energy transition
e oil-solar

(Source: Krausmann, 2009)
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First limits to growth and how they were overcome

* maintenance of soil fertility is a central sustainability problem
* Justus von Liebig developed artificial fertilizer, paving the way for
a huge increase in the productivity of arable farmland

Justus von Liebig's
“Law of the Minimum”
published in 1873

“If one growth factor/nutrient
is deficient, plant
growth is limited,
even if all other

vital factors/nutrients are
adequate...plant
growth is improved
by increasing the
supply of the
deficient factor/nutrient”

- Ensuring food security

JUSTUS VON LIEBIG 1803 - 1873
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Current limits to growth

IHochschuIe

e Study of the Club of Rome 1972: The Limits to Growth
* A Synopsis: Limits to Growth: The 30-Year Update (2004, 2012)
THE LIMITS®
TO

economic
collapse

DONELLA H. MEADOWS/DENNIS L. MEADOWS

JORGEN RANDERS/WILLIAM W. BEHRENS III
”a
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What is sustainability ?

OUR

FUTURE

THE WORLD COMMISSION

The World Comission on Environment ans Development
(Brundtland Comission)
e “Sustainable development is development that meets the needs of

the present without compromising the ability of future generations
to meet their own needs"

e Brundtland Commission “Our common future” 1987

ON ENVIRONMENT
AND DEVELOPMENT
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What is sustainability ?

The ,Triple Bottom Line” —
People — Profit - Planet

bz

ochschule
Magdeburg  Stendal
The ,Quadruple Bottom Line” -
Social Economic Aspects

- business ethics
- fair trade

- worker's benefits

Adding Purpose to the Mix
People

SOCIETY

W\
N
Profit

S

> COMMUNITY WELL- BEING

-Standard of living
-Education
-Jobs

ECONOMICS

-Growth
-Profit

Equal opportunity

-Cost saving
-R&D

| SUSTAINABILITY |

Social Environmental:
- Conservation policies
- Environmental justice
- Global stewardship

ENVIRONMENT

Natural resource use
-Pollution prevention

Environmental Economic

2% S
- energy efficiency 0 % QJ
g v <) Q
Bio-diversity - green technology Afy%
Planet
(Source: Elkington, 1997)
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Resource Scarcity and the Need for Sustainable Use
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Water Security and I'H!hschu.e
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Integrated Water Resources Management

Water security (UN-Water, 2013):

“The capacity of a population to safeguard
sustainable access to adequate quantities of and
acceptable quality water for sustaining
livelihoods, human well-being, and socio-
economic development, for ensuring protection
against water-borne pollution and water-related

1 No Water Stress | Global Water Stress: 2030

. . . ow Water Stress (Based on OECD Environmental Outlook, 2008)

disasters, and for preserving ecosystems in a — st T
climate of peace and political stability” e DL RE &
EARTHSR
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Energy Security and Use of Renewable Energies

International Energy
Agency (IEA) defines
energy security as

uninterrupted ‘
availability of energy '
sources at an :GEND
. Quartile | (Lowest Risk)
affordable price. s
B Quartiie 11
. Quartile IV (Highest Risk)
sssiosie sk sy S
International Energy Security Risk Index
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Magdeburg ® Stendal

Food Security

 FAO World Food Summit (WFS) definition as of
1996, aimed at renewing the global commitment

to fight world hunger: /\

* “Food security exists when all people, at all times,
have physical and economic access to sufficient,
safe and nutritious food that meets their dietary
needs and food preferences for an active and

o 124
healthy life
@ Prevalence of undernourishment (left axis) == Number of people undernourished (right axis)
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Forecast for the Development of Global Problems I:!hschu'e

Magdeburg  Stendal

ENERGY
An energy system (+80% IN 2050) Integrating renewable energy
with substantial shares within the agrifood chain
of renewable energy could could contribute to food
be less water-intensive security objectives
Renewable energy Bioenergy development, when
can boost water security sustainably and efficiency
by improving accessibility, managed, can positively affect
affordability and safety both energy and food security
WATER FOOD

(+55% IN 2050) _ (+60% IN 2050)

Renewables can provide sustainable
energy for agricultural water supply

Source: IRENA’s Renewable Energy in the Water — Energy — Food Nexus
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Nexus Approach to Sustainable Development
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N exu S A p p ro a c h Magdeburg e Stendal

The Nexus Approach to environmental resources' management
examines the interrelatedness and interdependencies of
environmental resources and their transitions and fluxes acros
spatial scales and between compartments.

ADVANCING A NEXUS
APPROACH TO THE

SUSTAINABLE

UNU Institute for Integrated Management of Material Fluxes '?Q'Vjifgﬁ?:%”ff
and of Resources (UNU FLORES, 2015) JRCES
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Water-Energy-Food Nexus vs. Water-Soil-Waste Nexus

Water Water

Energy is needed
10 D!Oduce food Compost and Sludge

& L —— 2
Energy 4 Food

Food can be used Crop/Animal/Tree Residues
to produce energy

Source: UNU FLORES, 2015
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Water-Energy-Food Nexus and Ecosystems I',,‘
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? S
v{o 2 DEGREES 0,

Availability of
World

Water Resources

Energy Demand
for Water Supply
Water Demand

ENERGY FOOD for

security ~NEXUS “security Water Demand for

Food Production

Water Demand for

Ecosystems Energy Supply

WATER

Security - Biomass

for

8/0pyERS\T

Food Energy

—

Climate Relevance Energy Demand for
of Food Supply Food Supply
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Balancing of Interests of Competing Uses: l':!,,sc,,u.e
The Nexus Dialogue

Magdeburg e Stendal

Analysis of the basin (with indicat i i
nalysis of the basin (with indicators) Active engagement (workshop and follow up meeting)
D A R e I M e s el

Limited quantification (with indicators)

1. Socio-economic ™\ 2. Key sectors.\ 3. Analysis of \_4. Intersectora 2. Nexus 6. Solutions
context Key actors key sectors issues dialogue and benefits
Factual questionnaire 4 Opinion based questionnaire v
Key documentation
Deskstudy: Basin report:
Sector, resources, Nexus issues,
and governance solutions and benefits
analysis
(de Strasser et al. 2016)
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Nexus Approach in
Industrial Applications as part of Sharing Economy
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Future Demand of Water in Industries I?
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Forecast Industry Demand Water 2030

Source: 2030 Water Resources

Group, CLSA 2014

Global water demand

Billion m3, 154 basins/regions
6,900

900

Municipal & 4,500
Domestic 600

thermal power

Indust
ndustry BN metals & mining
B textiles
B foood
Agriculture _- Eséfn?cglasper
B other manufactoring
Existing 2030%*
withdrawals withdrawals
*assuming no water productivity gains
Source: 2030 Water Resources Group
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Nexus Approach in Industrial Applications ?

interrelatedness and interdependencies of environmental resources

- mitigating fragmentation of material and energy cycles
— closing the loops of environmental resources

their transitions and fluxes across spatial scales and between compartments

—> collaboration between sectors for responsible joint use of resources
- benefiting from cascade effects to reduce / eliminate waste

Nexus Approach in industrial applications can be considered a form of sharing economy
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Implementation of the Nexus Approach in Industrial
Applications: Industrial Symbiosis

Sharing resources to increase resource productivity

—> foster circularity
— increase products and resources life time across the value chain
—> propose Nexus dialogue as communication approach between sectors

Samples for Water-Soil-Waste Nexus as industrial symbiosis:
Industrial Symbiosis in Kalundborg, Denmark

Samples for Water-Energy-Food Nexus implementation approach as industrial symbiosis:
Industrial Symbiosis design in Zayandeh Rud River catchment, Iran
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Sharing through Appropiate Linking

1. Bilateral principle & &

2. Nucleus principle 1
| pidy piby pib
}

|

3. Cascade principle ‘ ' éﬂ % & & ‘

Source: von Koerber, University of Applied Sciences Magdeburg-Stendal, 2016
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Industrial Symbiosis in Kalundborg, Denmark

Fertilizer
industry

13 Sulphur 1990

W, 1 Surface water 1961

l Hochschule

Magdeburg e Stendal

Annual resource savings in EIP

Statoil ) Lake
14 ;’l'frga' VWater (35 affiliated business units):
Tech. -
Gas water £ 11 15 9 |WArl | pyrification || 10 * Fresh water 2.1 M m?¥a
1972 1991 Cooling Gas Steam Surface
1995 Sea 2002 of water .
water 1992 | 1982 water e il 19,000 t/a
wate 1987 L , 1987 ! /
18 Drain water 3_ Novozvmes ¢ Coal 30;000 t/a
16 Gypsum Asnzes 1973 Y .
Gyproc : Other savings:
yp 1993 Lo Power Station 8 Steam _
— 1982 Novo Nordisk * Avoided emissions
20 ﬁ?ccé\(z:/dd [ Cement 2 6 - COZ 130.000 t/a
. i Heat] Hea Fish farm 4 12 i i
vanadium industry | Hea s - Biomass) Venet * Avoided consumption of raw
NovoGrg slurry materials
4 1976 1989
17 Waste water
i 19 Sludge | — sum 80.000 t/a
Soilrem : The Municipality 1995 EYp /
1998 of Kalundborg * Avoided wastes
\§

Collaboration
with Novoren

— Waste water 1 M m%a

Source: Source: Ehrenfels&Gertler, 1997

Source: Kalundborg Symbiose Centre, 2016 SUSTAINABILITY - L viire
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Industrial Symbiosis design for Industrial Settlements in »

Zayandeh Rud River catchment, Iran

Fresh water

Results IWRM Zayandeh Rud Project Proosss watse
®

Evaporation

!

Evaporation

Glass | Process water

* Industrial settlements water consumption G0
* Today 27 M m¥a ot

household
° 2 O 2 5 6 2 M m 3/ a Evaporation (components

- Growth of water consumption 35 M m%a

Milk powder

;

Process water
Process water
Process water

Q2020

Process water

Process water
Al Water

treatment plant| C23,800_Process water

l Process water

Artificial
G,

fibre Evaporation

Evaporation

Process water

o 35 = Water savings potential Process water Process water
E 30
§
= 25
= il oromesaing [-C1A*®
20 Evaporation, Evaporation
olyamidi Metall pipe
15 vaporation thread connections G660
10
S ®
@ @ Waste
0 Process water
Buisness as usal Scenario 1 Scenario 2 Scenario 3 p,.ocewate,. procewa,e,
bilateral nucleus cascade
Source: von Koerber, University of Applied Sciences Magdeburg-Stendal, 2016 - o
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Thanks for your attention ! Gracias !

Room for Discussion.
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