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Sustainability – history og theory

Three hundred years : 1700 – 2022

From philosophy to business
Philosophy – research – institutionalize - business



1713 – 1968 Sustainable history
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1713 – Forestry and mining

Nachhaltigkeit (restraint??) 

Hans Carl von Carlowitz was a tax 
auditor, forester and managed 
mining operations.

Sylvicultura oeconomica oder 
haußwirthliche Nachricht und 
Naturmäßige Anweisung zur 
wilden Baum-Zucht, 1713

(… or Domestic Notice and 
Natural Instruction for Wild Tree 
Breeding…)



1798 - Economists- Population growth

Thomas Malthus and David Ricardo

An Essay on the Principle of Population, 1798

Development in population and food  

Population Food  



1802 – A German ”invent” the nature

Alexander von Humboldt, who by some is considered to 
be "inventor" of the nature, was a German scientist, 
explorer and, not least, a romantic.

Humboldt describes nature                                                       
as a net where everything is                                                     
connected, including humans. 

He was supposed to have                                                 
predicted climate change                                                            
in the 19th century.

Views of Nature, 1808



1864 – American environmentalist

The philology George Perkins Marsh, who some 
consider to be America's first environmentalist.

Marsh believed that man created the earth (not 
as a god) - the first thoughts about the 
Anthropocene age.

Man and Nature, 1864



1891 – American environmentalist

The paleontologist and geologist Nathaniel 
Southgate Shaler 

Flooded areas in the eastern part of United 
States and dry areas in the western part of 
United States led to thoughts about human 
influence on the earth.

Nature and Man in America, 1891.



1910 – Sustainability defined for the first time

Gifford Pinchot  – American Forester and politician

The central thing for which Conservation stands   
is to make this country the best possible place to 
live in, both for us and for our descendants.

The Fight for Conservation, 1910.



1948 – Population growth

The ecologist and zoologist William Vogt, who was 
director of the Planned Parenthood association

Road to Survival, 1948

The conservationist Henry Fairfield Osborn Jr.

Our Plundered Planet, 1948

Both Vogt and Osborn believed that the size of 
the population should stay within a sustainable 
size and that the problems could not be solved 
with technological solutions.



1968 – Population growth

Anne and Paul Ehrlich, Stanford professor

The Population Bomb, 1968 



1971 – The IPAT model 

Paul Ehrlich, John Holdren og 
Barry Commoner agree on the 
IPAT formula: 

I = P ∙ A ∙ T
I: Environmental impact

P: Size of population

A: Affluence (consumption)

T: Technology



1972 – Club of Rome
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D.H. Meadows, D.L. Meadows, J. Randers, 
og W. W. Behrens III from MIT                    
model World3 (dynamic system analysis)

The Limits to Growth, 1972 

I = P ∙ A ∙ T

.



1972 - UN Stockholm Conference

Aren’t poverty and need the most important pollutions? How can 
we talk to villagers and slum-dwellers of the need to protect the air, 
the ocean and rivers when their own life is contaminated? 

The environment cannot be improved in conditions of poverty. 

Indira Gandhi



1980 World Conversation Strategy

World Conservation Union, FN og WWF

For the first time in a written report, we come across 
sustainable development, the purpose of which is to 
promote social and economic welfare.

Human beings, in their quest for economic 
development and enjoyment of the riches of nature, 
must come to terms with the reality of resource 
limitation· and the carrying capacities of ecosystems, 
and must take account of the needs of future 
generations.
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“The loss of plant and 
animal species can greatly 
limit the options of future 
generations; so sustainable 
development requires the 
conservation of plant and 
animal species.”

” Sustainable development is development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs.“

Our Common Future, 1987

1987 – Brundtland Report and the 3 pillars



1992 – 2022 - Sustainable history

1992 1995    1996     2000     2002       2009       2010         2015       2016           2017           2018         2020    2022



1992 - Rio Conference - Agenda 21

Agenda 21 a non-binding action plan for sustainable 
development.

300 pages in which it is described how sustainable 
development can be obtained in the det 21st century.

The report is very technical and did not appeal to 
ordinary people.



1995 – 2023 – COPxx

The United Nations Climate 
Change Conferences.

The conferences serve as 
the formal meeting of the 
UNFCCC parties 
(Conference of the Parties, 
COP) to assess progress in 
dealing with climate 
change.



1996 – ISO 14001

Standard for environmental 
management system 

No environmental requirements, only 
regulatory requirements.

Requirements for documentation



2000 - UN 2015 goals



2001 – Greenhouse Gas Protocol

GHG Protocol establishes 
comprehensive global 
standardized frameworks to 
measure and manage GHG 
emissions from private and 
public sector operations, value 
chains and mitigation actions.



2002 - Cradle to Cradle

The German chemist  Michael Braungart and 
the American architect William McDonough 
establish Cradle to Cradle



Johan Rockstrøm, et al., 

Stockholm Resilience Centre

2009 Planetary boundaries

Data: 2023



2010 – Cirkular economy

Ellen MacArthur Foundation

World record around the world, 2005 



2013 Most expensive TV commercial - SodaStream 

3. Feb. Superbowl

30 sec. ≈ 3,3 millions USD

5. Feb. The Guardian

Low sale for a long time

put our own house in order

../../../Artikler og Taler/The SodaStream Effect Super Bowl Commercial.mp4
https://www.youtube.com/watch?v=ac0v5z0vXTo&list=PPSV


2014 – Absolute Sustainability

Anders Bjørn og Michael Hauschild, DTU



2015 - Science Based Targets initiative

https://sciencebasedtargets.org/companies-taking-action#table


2015 - UN 17 Sustainable Development Goals



2015 (2006) – B Corp

A global movement of companies with a common 
goal to redefine what makes a company successful. 

Companies are certified according to environmental 
and social responsibilities. 

September 2022, 5.697 certified

Grading system: minimum score 80 of 100



2016 (2013) – Future-Fit

Renewable Energy

Water

Natural Resources

Procurement

Operational Emissions

Operational GHGs

Operational Waste

Operational Encroament

Community Health

Employee Health

Living Wage

Employee Terms

Employee Discrimination

Employee Concerns

Product Communications

Product Concerns

Product Harm

Product GHGs

Product Repurposed

Business Ethics

Tax

Lobbying

Financial Assets

Open-source tool

Strategic tool

A member society



2017 – Doughnut economy



2017 (2004) - ESG

2004 - “Who Cares Wins“, was a 
joint initiative of financial 
institutions at the invitation of UN.

2017 – Nasdaq initially introduce a 
guide  Nasdaq’s Nordic and Baltic 
markets.



2018 - Greta Thunberg

What Greta say:

Hey adults, will you be kind and 
listen to what the scientists tells us.



2019 – EAT–Lancet Commission

To Achieve Planetary Health Diets for 
nearly 10 Billion People by 2050.



2020 - EU taxonomy

A part of ”Green deal”.

A classification system established to clarify 
which investments are environmentally 
sustainable.

The aim of the taxonomy is to prevent 
greenwashing and to help investors make 
greener choices.



2022 - IPCC – Sixth Assessment Report



2022 – Large companies take responsibility



2022 - Large companies takes responsibility



2022 – Centre for Absolute Sustainability



The future - Absolute sustainability

Climate, earth and consumption 



Human Development / Ecological Footprint

Ecological Footprint:  EF = ΣTi/Yw x EQFi

Ti : tons of each product i consumed in the nation in a year
Yw : yearly world-average yield for producing each product i
EQFi : equivalence factor for each product i

Human Development Index: 𝑯𝑫𝑰 =
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Human Development Index

USA

Uruguay
Moldova

India Cyprus

Bahamas

Sri Lanka

Denmark

Japan

Luxembourg

Seychelles Qatar

Cuba

Brazil

China
South Africa

Indonesia

Russia

Ukraine

Sources:
UN, Human Development Index (HDI), 2021
Global Footprint Network, Ecological Footprint , 2019

Belize

2022 (2013) – Center for Absolute Sustainability 

Norway

Switzerland



How will the Anthropocene epoch change the temperature on earth?

The stable Holocene time period

Source: Global IGBP Change



Greenhouse gasses (CO2-e) by sectors (2016)

Cars ≈6,4% / Trucks ≈5,5%

Plastic ≈3,4%

Cement ≈5% (tot ≈8%)

CaCO3=>CaO+CO2

≈77% for feeding animals

Laughing gas (N2O) Methane (CH4)

Fe2O3+3CO=>2Fe+3CO2   (≈3,9%) 

Fashion: 
≈Industry 2,4% 
≈Agri. 0,6% 
≈Use 0,9% 
≈Waste 0,13%
≈Retail 0,13%
≈Transport 0,13% 
≈Total  4,3%
 

Building: 
≈Building Construction 7,3%
≈Cement 3% 
≈Deforestation 2,2% 
≈Use 17,5% 
≈Total  30,0%

Absolute sustainability - factor > 8

45

Sources:
Our World in Data

39 billion t

10 billion t

2,7 billion t

1,7 billion t

≈5,3 billion t-

≈5,3 billion t

53 billion t- 

1 billion t



0,42%

Renewable energy - 604 EJ (Exajoule) in 2019

4,6 mill. Offshore wind turbines       1,1 mill. km2 solar panels             Incoming solar energy

19 x around the world 5.000 x our consumption0,87% of the surface of the Earth

0,84%
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Hierarchy of needs

Utilitarian ethic

(Teleological)

Duty Based Ethics

(Deontological)

 

…

Non-renewable resource use

Water use

Land use

Ecotoxicity

Eutrophication

Acidification

Photochemical ozone formation

Stratospheric ozone depletion

Climate change

Safe Operating Space

Equality

Development rights

Ability to pay

Grandfathering

Sharing of safe operating space

Absolute Sustainability 

350ppm
1,0W/m2

<10E/MSY

<10%HANPP
≈ 276 DU

3,44Ωarag

11Tg/y

0,1AOD75%

0

62Tg/y

10,2%

11,1%

417ppm

2,91W/m2

>100E/MSY

30%HANPP

60%
2,8Ωarag

22,6Tg/y
190Tg/y

18,2%
15,8%

0,0,76AOD

284,6DU
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Sources:
Bjørn & Hauschild: Introducing carrying capacity-based normalisation in LCA.
Ryberg, et al.: How to bring absolute sustainability into decision-making: ……… 
European Environment Agency: Is Europe living within the limits of our planet?
Lucas & Wilting: Using planetary boundaries to support national ………
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Example Climate change

ppm CO2 or W/m2 energy imbalance in the atmosphere  (Planetary boundary frame)

↓

kg CO2-eq per person per year (LCA frame)

Impact category World Europe Unit
(per person year)

Climate change 985 985 kg CO2-eq
522 522 kg CO2-eq

Ozone depletion 0.078 0.078 kg CFC-11-eq
Photochemical ozone formation 3.8 2.5 kg NMVOC-eq
Terrestrial acidification 2.3×103 1.4×103 mole H+ eq
Terrestrial eutrophication 2.8×103 1.8×103 mole N eq
Freshwater eutrophication 0.84 0.46 kg P eq
Marine eutrophication 29 31 kg N eq
Freshwater ecotoxicity 1.9×104 1.0×104 [PAF]×m3×day
Land use, soil erosion 1.8 1.2 tons eroded soil
Land use, biodiversity 1.5×104 9.5×103 m2×year
Water depletion 306 490 m3

Planetary boundaries – Safe Operating Space



PB = planetary boundary level

e = country-level environmental pressure

E = global environmental pressure

pop = country-level population

POP = global population

gdppc = country-level per capita GDP

GDPpc = global per capita GDP

rci = country-level responsibility capability index

RCI = responsibility capability index summed over all countries

re = country-level resource efficiency

RE = global resource efficiency

c = country

r = planetary boundary

t = year

Absolute Sustainability – Sharing principles 

Sharing the safe operating space - ethics



Which one is best?               

Is it good enough?
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Lower impact Higher impact

Sustainable Unsustainable

Absolute Sustainability 



CO2-e = Population ∙ Affluence ∙ Technology

I = P ∙ A ∙ T

CO2-e = Population ∙ GDP pr inhabitant ∙ Technology

18g / $  (2050) = absolute sustainability

90g / $  (2030) : 50% of 1990 emission

358g / $  (2020)
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Population (Billion inhabitants)

GDP  per inhabitant (Thousand $ / inhabitants)

Technology (100g C02 / $)

Planetary boundary (Billion ton CO2-e)

41g / $  (2020) = absolute sustainability

3,7 (<1 W/m2≈1,09°C)

6,9 (<2C)

Sources:
The World Bank: Population, CO2 emissions, GHG emission, GDP.
PWC:  The World in 2050.
Bjørn & Hauschild: Introducing carrying capacity-based normalisation in LCA.

5,3 Billion ton CO2-e



Sources:
Concito
Takt
Moroso
European Environmental Agency
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Utilitarian ethic

CO2-e Price CO2-e/$

kg/(kg km part)    $/(kg km part)   g/$

Plastic chair 24,6 $155 159

Wood chair with steel base 22,9 $236 97

Wood chair 13,8 $369 37

Cabbage, white, raw 0,25 $1,03 242

Pasta 1,2 $5,91 203

Potatos 0,36 $3,69 97

Mulle 0,22 $9,60 23

Milk oak 0,37 $2,95 125

Milk cow 0,61 $2,22 275

Chicken 2,22 $6,65 334

Pork meat 3,58 $10,34 346

Beef meat 32,5 $10,34 3143

Gasolin 4,03 $2,07 1949

Car - Petrol 0,215 $0,32 665

Car - Diesel 0,213 $0,32 658

Car - Electrical - renewable 0,07 $0,32 216

Car - Electrical - EU mix 0,168 $0,32 519

Car - Electrical - 100 coal 0,302 $0,32 934

CO2-e = Population ∙ Affluence ∙ Technology



Rich countries

Poor countries

Science Based Target (SBTi) - pathway
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Phosphate = Population ∙ Affluence ∙ Technology

I = P ∙ A ∙ T
Phosphate = Population ∙ GDP pr inhabitant ∙ Technology

21,2mg / $  (2050) = absolute sustainability

88mg / $  (2030)

178mg / $  (2020) 48mg / $  (2020) = absolute sustainability

6,2

Sources:
The World Bank: Population, GDP.
USGS: Phosphate Rock - Historical Statistics.
PWC:  The World in 2050.
Bjørn & Hauschild: Introducing carrying capacity-based normalisation in LCA.
Steffen et al: Planetary boundaries: Guiding human development on a changing planet.

6,2 Million ton



Phosphate = Population ∙ Affluence ∙ Technology

I = P ∙ A ∙ T
Phosphate = Population ∙ Agri. GDP pr inhabitant ∙ Technology

0,5g / $  (2050) = absolute sustainability

2,1g / $  (2030)

4,1g / $  (2020) 1,1g / $  (2020) = absolute sustainability

6,2

Sources:
The World Bank: Population, GDP.
USGS: Phosphate Rock - Historical Statistics.
PWC:  The World in 2050.
Bjørn & Hauschild: Introducing carrying capacity-based normalisation in LCA.
Steffen et al: Planetary boundaries: Guiding human development on a changing planet.

6,2 Million ton
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Extinction of animal species
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Sources:
The World Bank: Population, GDP.
PWC:  The World in 2050.
WWF: What is the sixth mass extinction and what can we do about it?
Steffen et al: Planetary boundaries: Guiding human development on a changing planet.
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Global use of land se (2019)

0,06% Mining
0,057 Million km2

0% 20% 40% 60% 80% 100%

World

Agriculture 50% Cultivated forest  27% Old-growth 10% Shrub 11% Urban 1% Freshwater 1%

37%

0% 20% 40% 60% 80% 100%

EU

Agriculture 38% Cultivated forest  35% Old-growth 1% Shrub 15% Urban 10% Freshwater 1%

36%

0% 20% 40% 60% 80% 100%

Denmark

Agriculture 60% Cultivated forest  13% Old-growth 0,2% Shrub 10% Urban 14% Freshwater 3%

13%



What about the nature?

Old growth forest Cultivated forest



Where is the CO2 absorbed in nature?



Where is the CO2 absorbed in nature?



Where is the CO2 absorbed in nature?

Source: Emilio Badalamenti, et.al.: Carbon stock increases up to old growth forest along a secondary succession in Mediterranean island ecosystems



Healthy Diets From Sustainable Food Systems

Source: The EAT-Lancet Commission, 2019



Healthy Diets from Sustainable Food Systems

Source: The EAT-Lancet Commission, 2019
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Plastics within planetary boundaries

2030 Share of Operating Space

Scenarios
• Fossil-based
• Biomass
• Carbon Capture and Utilization (CCU) + mix*
• Carbon Capture and Utilization (CCU) + wind

Current recycling rate 23% 

High recycling rate 94% 
• Mechanical recycling of pure plastic 39%
• Chemical recycling of mixed plastics 55% (pyrolysis)

*Energy Agency Net Zero by 2050 scenario

Source: Marvin Bachmann. et.al, 2022

2030 Share of Operating Space

Scenarios
• Fossil-based
• Biomass
• Carbon Capture and Utilization (CCU) + mix*
• Carbon Capture and Utilization (CCU) + wind

Current recycling rate 23% 

High recycling rate 94% 
• Mechanical recycling of pure plastic 39%
• Chemical recycling of mixed plastics 55% (pyrolysis)

*Energy Agency Net Zero by 2050 scenario



Plastics within planetary boundaries

Source: Marvin Bachmann. et.al, 2022



Plastics within planetary boundaries

Source: 
Paolo Gabrielli,

PlasticPlastic Plastic Plastic



Plastics within planetary boundaries





The future - Two utopic possibilities

To live in harmony with the nature.

To live beside the nature.



To live in harmony with the nature

Hunter-gatherer societies



To live in harmony with the nature

Living remote

What about?
Transportation
Energy
Sharing



To live beside the nature – Plug in City



To live beside the nature – The Line 



What about our food?

An estimate by Professor Dickson Despommier: 
by vertical farming it is possible to produce food 
for 50.000 person in a New York block (about 
80x274m og 30 floors)



Is this indulgence?
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