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What is sustainability, 
or sustainable development?

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

- 1987, UN Brundtland Commission





Why is TNS important?
PLACES TO INTERVENE IN A SYSTEM

(in increasing order of  effectiveness)
1. Constants, parameters, numbers (such as subsidies, taxes, standards).

2. Sizes of  buffers and other stabilizing stocks, relative to their flows.

3. Structure of  material stocks and flows (such as transport networks, population age 
structures).

4. Lengths of  delays, relative to the rate of  system change.

5. Strength of  negative feedback loops, relative to the impacts they are trying to correct against.

6. Gain around driving positive feedback loops.

7. Structure of  information flows (who does and does not have access to information).

8. Rules of  the system (such as incentives, punishments, constraints).

9. Power to add, change, evolve, or self-organize system structure.

10. Goals of  the system.

11. Mindset or paradigm out of  which the system — its goals, structure, rules, delays, parameters 
— arises.

12. Power to transcend paradigms.



The TNS 5-Level Framework



The TNS 5-Level Framework

The TNS  5-Level Framework is a way to organize our thinking and information, so we can be more clear 
and strategic as we discuss and plan for moving towards sustainability.
1. Systems
This refers to anything having to do with the scope of the system we’re dealing with. In the case of a game 
like football/soccer, the system would be the playing field, players, ball and all of their components. 
2. Success
For our purposes, success is a sustainable society. Success in the football/soccer game is winning, usually 
measured as the team that scored the most points. 
3. Strategic Guidelines
This is where we talk about strategic guidelines for organizations to follow in implementing their 
sustainability journey. In football/soccer, this level would be about the strategy sessions the team members 
have as they plan how to make their goals.
4. Actions
These are the concrete actions that are taken on the path to sustainability. In our game analogy, actions 
would be moving towards the net to score a goal, passing to team-mates, etc.
5. Tools
This is where we talk about the variety of tools that help organizations manage and implement their path 
towards sustainability. Different tools are effective in different situations, but a lot of them work well 
together and create synergies when utilized within the context of a strategic framework. Examples of some 
of the many excellent sustainability tools include Environmental Management Systems, ISO 14001, Life 
Cycle Assessment, Biomimicry approaches, Cradle to Cradle design, Factor 10, Natural Capitalism, 
Ecological Footprinting, etc.
In football/soccer, some tools would include the players’ fitness equipment and any strategy books they can 
get their hands on.



First of  all,  don’t get lost in the leaves

The trunk and branches represent a framework with core principles (4 Sustainability Principles) 
that help guide our conversations at a fundamental level, and the leaves represent all of  the details – 
specific issues and areas of  expertise. 

Because the task of  creating a sustainable society is so massive and complex, no one is going to have all 
the answers – there’s simply too much information. 

So we need all kinds of  scientists, economists, policy makers, researchers, teachers, business leaders, etc. 
to work together

http://www.thenaturalstep.org/en/our-approach
http://www.naturalstep.org/the-system-conditions


The system

our planet is a small blue-white ball rotating in space
The boundaries of the system are open to allow energy to pass, but the system is 

essentially closed with respect to materials
it has limits to what it can do in terms of providing ecosystem services and materials to 

power the human economy: finite resources on a finite planet



Understand the basic systems science

- The Natural Step
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Basic science tells us we must live within the cycles and limitations of nature.  

When we mess with these delicately-balanced natural 
systems, we may encounter unintended consequences that 
we would rather not deal with

While we receive more 
energy into our system 
than we will ever be able 
to use, we receive 
essentially no more 
matter, and there is no 
“elsewhere” to put it when 
we don’t want it anymore. 

Nature cycles 
materials such as 
phosphorus, 
nitrogen, carbon, 
and many others at 
rates that have 
evolved over 
millennia to suit the 
needs of the 
biosphere.

http://www.naturalstep.org/


Photosynthesis 
pays the bills

Net increases in material quality on 
Earth are generated almost entirely by 
the sun-driven process of  
photosynthesis. 

According to the Second Law of  
Thermodynamics, disorder increases in 
all isolated systems. 

The Earth is a closed system with 
respect to matter, but it is an open 
system with respect to energy because 
it receives light from the sun. 

It is this flow of  sunlight that 
continues to create structure and order 
from the disorder. 
It allows a seed to take water, minerals, and air 
and transform itself  into a tree.  
Individual components of  the system may break 
down or be dispersed while other components 
grow or evolve.  
Input energy allows the processes of  rebuilding to 
offset the processes of  decay.
Concentration and structure afforded by energy 
input determine material quality



There is value in structure

We determine the value, or use to us, of  a material by the concentration and structure 
of  the matter that makes up that material. 

For example, food and natural gas are valuable because they have a high concentration 
and structure. 

We never actually ‘consume’ energy or matter because they are neither created nor 
destroyed by any of  our actions. 

What we consume are the qualities of  matter and energy – the concentration, purity, and 
structure of  matter, and the ability of  energy to perform work. 

If  you drop a teacup and it breaks on the floor, each of  the original atoms is still 
present, but most of  the value of  holding our tea is lost.

If  you burn natural gas, again, each of  the original atoms is still present, but the value 
of  heating your home is lost



Nothing disappears
Law of  conservation of  
mass/matter states that the mass of  
a closed system will remain 
constant, regardless of  the 
processes acting inside the system.  

In other words, matter cannot be 
created or destroyed, but can be 
rearranged. 

THERE IS NO “AWAY”!

All mass and energy in the universe is conserved in one 
way or another. 
Energy and mass may be converted into different forms, 
but the total amount of  energy and mass in an isolated 
system remains constant.
This principle of  matter conservation and the First Law of  
Thermodynamics are helpful in understanding the earth as 
a system. 
For example, apart from the occasional meteorite arriving 
or spaceship leaving, the amount of  matter on earth has 
stayed the same for billions of  years. 
Another example: when matter is burned it is not 
destroyed, but transformed into waste, predominantly in 
the form of  visible and invisible gases.



Everything spreads

The second law of  
Thermodynamics (of  
entropy) states “the total 
entropy of  any isolated 
thermodynamic system 
tends to increase over 
time.” 

In simple terms, the 
second law is an 
expression of  the fact that 
over time, everything tends 
to run down to evenness – 
temperature, pressure, 
organization, etc. - unless 
something else intervenes 
in the process.

Energy and matter tend to spread; everything has a tendency to disperse 
(the Second Law of  Thermodynamics, aka the Law of  Entropy).

Although the total amount of  energy in a closed system remains constant, 
the quantity of  energy that is available in a useful form decreases with each 
transformation and tends to dissipate throughout that system. 

Entropy is a measure of  the amount of  disorder or randomness there is in 
a system, and in every isolated system – such as the universe – entropy 
always increases. Examples of  this include food decaying, colored dye 
dispersing in water, a car rusting, and human-made PCBs found in ice 
samples taken in the Arctic Circle, far away from the site of  their 
manufacture.

Thus, materials generated by, or introduced into, human society will 
eventually disperse throughout nature.



Understand the funnel
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The Natural Step uses a the metaphor of a funnel to show how 
society is being squeezed by pressures that are a consequence of 
the realities of nature and of the system that we have designed (or 
not designed, as the case may be) for ourselves.  

Pressure is created by declining life-sustaining resources and by 
increasing societal demand for those resources.  

The things we need to survive – food, clean air and water, productive topsoil and others – are in decline 
because they are being used, exhausted or damaged faster than nature can regenerate them.

But at the same time, our demand for these resources is growing. There are more than seven billion 
people on the planet and the population is increasing. So are our levels of consumption.

This is why we have to plan for sustainability and beyond, based on science-based system principles.

http://www.naturalstep.org/
http://www.naturalstep.org/en/the-funnel


Understand the basic success criteria
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More on the Success Criteria
Success can be defined as meeting certain system conditions, which have been defined by over 25 years of scientific research by 
The Natural Step, founded upon basic scientific principles, especially those of thermodynamics. 

The 4th condition has recently been expanded upon to require that society must not be degraded through the erosion of trust by 
undermining:

physical, emotional and mental health influence (participation in decisions, having a voice, democratic rights)
competence (learning, adaptability, personal growth, access to knowledge)
equity (impartial treatment, fairness, respect, diversity)
meaning (sense of purpose, caring, opportunity to make a difference)

A Science-Based Definition of Sustainability
The Framework For Strategic Sustainable Development revolves around a robust, science-based definition of sustainability. “Robust” 
means that the principles contained in this definition are both necessary and enough to achieve sustainability. They are also applicable 
to any activity at any scale and they don’t overlap (each principle covers its own domain).
 
Context:  If Earth is a system, we’d better understand the conditions it needs to keep running the way we like it
Left to its own devices, the earth is a sustainable system. As we continue to learn, however, over the past two centuries the accumulated 
impacts of one group of actors in that system (humans) are now threatening the stability of the whole thing. That affects our continued 
well-being. In fact, it is exactly like sawing off the tree branch on which we sit.
An international network of scientists have unanimously and publically concluded that human society is altering life-supporting natural 
structures and functions in three fundamental ways. Consequently, they were able to define three basic “system conditions” that must be 
met if we want to maintain the essential environmental services that sustain human society.
Further, because human action is the primary cause of the rapid change we see in the natural environment today, they included a fourth 
system condition that focuses on the social and economic considerations that drive those actions–recognizing that human beings will 
always prioritize the meeting of their basic needs (just like every other creature on the planet).
Together, these form the “trunk and branches” of our approach to strategic sustainable innovation and development.  While written to 
be clear scientifically, the specific wording of the four system conditions can be confusing to non-scientists. However, the system 
conditions can be reworded as basic sustainability principles that provide explicit guidance for any individual or any organization 
interested in moving towards sustainability. In most instances, we refer to the basic sustainability principles.
What Does This Mean for Us?
At first reading, the system conditions and sustainability principles might seem to imply that we must stop extracting all materials from 
the earth and stop producing all human-made substances and that, further, we must never disturb a natural landscape. But that’s not 
what they mean. The problem is not that we mine and use heavy metals, or use chemicals and compounds produced by society, or 
disrupt natural processes. It is, rather, that our industrial and economic systems have developed so that environmentally damaging 
practices like these will continue to grow indefinitely, having greater and greater impacts over time. As long as our impacts were small 
relative to the capacity of the planet to handle them, the big picture wasn’t so scary. But because we are systematically increasing these 
impacts, they are now large and getting larger. As a result, we are at the point where there really aren’t “plenty of fish in the sea”. This is 
the trouble. These systematic increases cannot be sustained on a finite planet.
With respect to the fourth sustainability principle, as long as people’s basic needs go unmet, we will cut the last tree, dam the last river 
and pull the last fish from the sea in our efforts to survive. So we can’t have environmental sustainability without social sustainability. 
Besides, it’s no use building a world where our own well-being isn’t included in our definition of success!

http://www.naturalstep.org/en
http://www.thenaturalstep.org/en/our-approach
http://www.thenaturalstep.org/en/the-funnel


Sustainability Principle #1

• To become a sustainable society, we must 
eliminate our contributions to … the 
systematic increase of  substances extracted 
from the Earth’s crust, such as toxic metals 
and fossil fuels.  

• In other words, we cannot dig stuff  up from 
the Earth at a rate faster than it naturally 
returns and replenishes.



Sustainability Principle #2

• To become a sustainable 
society, we must eliminate our 
contributions to…the 
systematic increase of  
concentrations of  substances 
produced by society, including 
plastics, dioxins, PCBs, DDT, 
and many others.

• In other words, we cannot 
make chemical stuff  at a 
rate faster than it takes nature 
to break it down.



Sustainability Principle #3

• To become a sustainable 
society, we must eliminate 
our contributions to…the 
systematic physical 
degradation of  nature and 
natural processes, such as 
over-harvesting forests, 
habitat destruction, 
overfishing, etc.

• In other words, we cannot 
cause destruction to the 
planet at a rate faster than it 
takes to regrow.



Sustainability Principle #4

• To become a sustainable society, we must 
eliminate our contributions to…conditions 
that systematically undermine people’s 
capacity to meet their basic needs, including 
unsafe working conditions, lack of  a living 
wage, and many more.

• In other words, we cannot do things that 
cause others to not be able to fulfill their 
basic needs.



To apply them, use the ABCD process
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What is Backcasting
The concept of 
“backcasting” is central to 
a strategic approach to 
planning for sustainable 
development and 
innovation. A successful 
outcome is imagined in the 
future, then the question is 
asked: “what do we need 
to do today to reach that 
vision of success?” We do 
this all the time when we 
plan a trip to buy groceries 
or find a new home.

So strategic sustainable development relies on backcasting 
from sustainability principles – principles based in science, that 
represent something we can all agree on: if these principles are 
violated, our global society is un-sustainable. To achieve a 
sustainable society, we know we have to not violate those 
principles – we don’t know exactly what that society will look 
like, but we can define success on a principle level. In this

Backcasting from Scenarios vs.principles
In the context of sustainability, we can 
imagine an infinite number of scenarios for a 
sustainable society. Backcasting from 
scenarios can be thought of as a jigsaw 
puzzle, in which we have a shared picture of 
where we want to go, and we put the pieces 
together to get there. However, getting large 
groups of people to agree on a desired future 
scenario is often all but impossible–they have 
too many different perspectives and vested 
interests. Further, scenarios that are too 
specific may limit innovation, and distract our 
minds from the creative solutions needed for 
sustainable development.

Backcasting is often more effective than forecasting, which tends to 
produce a more limited range of options, hence stifling creativity. 
More importantly, forecasting relies on what is known today–but 
that knowledge is always imperfect and things change over time.

 P

http://www.naturalstep.org/the-system-conditions


Swedish Early Adopters

• IKEA 

• Electrolux 

• Scandic Hotels

• McDonald’s

• Rural communities and large cities 

• Agricultural sector

North American Early Adopters
• Interface 
• Collins Pine

IKEA, the world’s largest furniture 
manufacturer, became the first company 
to utilize The Natural Step, soon followed 
by Electrolux (world’s largest appliance 
manufacturer), and Sweden’s railway, 
largest hotel and supermarket chains, 
biggest oil company, and McDonald’s. 

It was also adopted by rural communites 
and large cities like Stockholm who 
became “eco-municipalities.” 

Thousands of farmers utilized the NSF to 
shift toward sustainable agriculture, 
saving money and reducing pesticide 
use 75%.



Other adopters

• Hundreds of  businesses, including Starbucks, Nike, Rohm & 
Haas, Bank of  America, CH2M-Hill Engineering, White Bear 
Racquet & Swim, Baltix Furniture and Cunningham Group 
Architecture

• Government agencies such as the State of  Oregon and US 
Army and Navy

• American Planning Association

• Cities of  Whistler, Santa Monica, Portsmouth, Duluth, 
Madison and 24 WI “eco-municipalities”

• Hospitals such as Ridgeview Medical Center

• Academic institutions such as the University of  Texas, Houston

• Religious institutions, such as the Basilica of  St. Mary and St. 
Joan of  ArcChurch in Minneapolis



Further Reading

• The Natural Step for Business, Brian Natrass and Mary 
Altomare, 1999.

• The Natural Step Story, Karl-Henrik Robert, 2002.

• The Natural Step for Communities, Sarah James and 
Torbjorn Lahti, 2004.

• The Natural Step, David Cook, Schumacher Briefings, 2004.

The Natural Step, www.naturalstep.org.

http://www.naturalstep.org/


1. What We Take from the Earth’s Crust – Mining of Metals/Minerals, Burning 
Fossil Fuel

Conserve energy by turning off lights and computers when not in use, unplug chargers

Use compact fluorescent bulbs (then recycle) and efficient Energy Star appliances

In winter, decrease heating (68° if home, 58° if not or night), insulate, have energy audit

In summer, use fan, reduce cooling (72° if home, 85° if not), and use trees for shading

Reduce hot water use with showers, baths, laundry, dishwasher and frontloading washer

Use natural landscaping, human or electric battery-powered lawn mower, avoid leaf 
blowers

Use renewable energy (solar, wind, geothermal) and purchase green energy

Bike, walk, use public transit, telecommute, carpool or clean/energy-efficient vehicle

Eco-drive: properly inflate tires, drive speed limit, avoid sudden stops/starts, tune car 

Recycle metals, fluorescents, cell phones, computers and other electronics and white 
goods

Do green building/remodeling; Purchase used household goods & toys and reuse/recycle

Use rechargeable batteries (recycle at end of their life) & non-mercury thermometers

Avoid heavy metals: Mercury/lead-free toys, non-uranium fire alarms, RoHS-compliant 
products



2. What We Make – Hazardous Chemicals, Pesticides, Plastics

Use natural, non-toxic, non-chlorine cleaning products; use green dry cleaning

Use natural, non-toxic personal care products and regular soap (avoid anti-bacterial soaps)

Recycle & Reduce plastics: Reusable BPA-free water bottles, foodware, cups, plates & cutlery

Purchase non-toxic, non-VOC, formaldehyde & phthalate-free children’s toys, paints & goods     

Replace hazardous pesticides with safe, natural pest control in home, yard, garden, and work

Buy certified organic food (preferably local) and avoid genetically modified foods  

Buy clothes made from organic cotton and hemp; purchase/obtain used clothes and pass on 



3. What We Do to the Earth – Eco-Systems, Bio-Diversity and Natural Resources

Reduce paper use with e-communications, e-billing, 2-sided copying & cloth napkins and 
towels

Reuse corrugated & cardboard boxes and then recycle; Get off junk mail and catalogue lists 

Use 100% post-consumer recycled copy paper, stationery, towels, tissue & toilet paper

Reuse wood and use non-Old Growth, certified, sustainably-harvested wood products 

Compost waste food and yard and garden material

Reduce water use with efficient shower heads, faucets and toilets; use gray water

Protect & enhance wildlife habitat; reduce paving; create rain garden & barrel; use green roof

Address sprawl, reduce work commute, encourage sustainable building development 

Avoid sea food from endangered species and factory fish and seafood farms

Eat a plant-based diet and more local, organic produce and grains; plant an organic garden



4. How We Meet Human Needs – Health, Well-Being, Social Justice, Community

Smile; treat everyone with respect; practice random acts of kindness & conscious consumption

Live a healthy, sustainable  lifestyle: exercise, diet, sleep, meditation, play, creativity, Sabbath

Fulfill your fundamental needs, develop a sense of community and participate in organizations

Work to create a just society; donate time, money & resources to help the disadvantaged

When traveling, practice eco-tourism and better understand different cultures

Use socially responsible investments and pension funds; help build a local, living economy

Buy Fair Trade & products from artisans, shop at co-ops & local sustainable business


